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* < 3 & (Abstract)

The characteristics of wind and waves in the coastal area of Taoyuan show a nature variation
due to the influence of the northeast and southwest monsoons and typhoons. Aerial photos taken in
the past 20 years show apparent differences and changes in the intertidal algal reefs covered by sand
in the areas of G1, G2, and G3 after constructing four jetties of inlet and outlet nearby. This project
aims to study the mechanism of sediment transport in the intertidal algal reefs of the Datan area and
quantify the characteristics of hydrodynamics and suspended sediment. We investigated why the
sediment is easier to settled in the G1 area than G2 and made a preliminary strategy for mitigating
the impact of the reef from the sand coverage. In situ observations of variations of tides, waves,
currents, and sediment transport in different seasons were conducted. Properties of tides, waves,
currents, turbulence, mass and volume concentrations of suspended sediment, particle sizes of
suspended and deposited sediment were measured. We found that there is a significant seasonal
variation in the suspended sediment concentration at G1. The measured frictional velocity ranges
in 0 - 0.04 m/s, and the values are lager in winter than these in other seasons. There is also a
significant seasonal variation in the change of the particle size of the settled sediment at the intertidal
zone of G1; however, the variation is not obvious at G2 and G3.

In summary of the measured and collected data and references, the surface of the seabed
features in the adjacent area is mainly the reef, and the settled sediment is distributed nonuniformly
in space, making the suspended load being the dominant mechanism for sediment transport. Waves
are the main factor contributing the bed shear stress in shallow coastal waters. Waves are higher in
winter than in summer, resulting in suspended sediment concentration that is obviously higher than
in summer. The suspended sediment is transported by mean currents, mainly by tidal and wind-
driven currents. The net transporting direction of the mean current and the suspended sediment are
toward west and west-south directions in the shallow coastal zone because the wind-driven current
by east-north monsoon wind is stronger that by the west-south monsoon wind. The maximum of
the mean bed shear stress occurs in the water depth of about 2-3 meters, and the limit water depths of
sediment transport by waves are about 5 meters in summer and 10 meters in winter. The water depth
of the four jetties are about 3, 5, 7, and 10 meters. The water depth of the northern jetty close to G1
is only about 3 meters, which is too shallow to block high sediment flux into G1 in winter.
Comparing to G2 and G3, sediments are more easily settled in the intertidal zone of G1 because most

wave energy is dissipated in the subtidal area due to the shallower bathymetries in the sub-tidal zone.
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We held two expert consultation meeting. Domestic and international experts and professors
in the fields of ocean engineering, ecology, coastal sciences were invited to participate to improve
and refine the results of this project. We concluded that continuous environmental monitoring of
the physical, ecological, and other environmental factors are needed. A more detailed and finer
numerical model for predicting morphological change is required. The mitigation strategy for the
environmental impact caused by the construction of the LNG harbor must combine the ecological

data and conservation outcomes.
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A
a =min [max {AKSFAC. ke, Tr' 0.01h} , 0.0Zh]

H P AKSFAC S o3t i@ % (7 ~ vt Gl Sl kg 5 Host 0 R % H {7 »~ ok
ARM TR RSB A LA R B AL hL KR

FOUHRF A WA TRIES THRE knx-layer LT~ KRG F 20 BaE 4 P
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B R R BLRE o b i~ kmx-layer ehiz Al £ 00T N4 T

z W _ O
£ = 09 _ 0,0 (Ca~ Cmx
S 0z 2% Az
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PP PP,

Az Az

. . Ty N 2 . v . Vs Ty . v
Hoe ag) SEVIER R S8 c§” % reference height (a) kg V) kR S c,f,}lx % kmx-

layer p 1T 39 0k B 5 AZ = Zymy — @0 & kmx-layer p 53 ¥ 42 I reference height
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Suspended transport

-

3 auc® auc®  a(w—wi)e®
—+ + +
at ox dz

! () !
E;?Eﬂr{ ) _d £ acth i E‘ﬂ delh
dx dy \ 5 dy dz dz

Diffusivity terms

el mass concentration of sediment fraction ([} [kg/m®)

u, v, W flow velocity components [m/s]

el e e eddy diffusivities of sediment fraction (1) [m?/s)

wil (hindered) sediment settling velocity of sediment fraction () [m/s]
Sediment settling velocity

Cohesive sediment Non-cohesive sediment

Setthng velocity depend on
the salimty

Setthing velocity depend on
the particle size

Coalr the reference density (input paramefer)
W g the “basic’ sediment fraction specific settling velocity

ghot the total mass concentration, which is the sum of the mass concentrations of the
sediment fractions:
Ised
tof _ i
chilt = Z c;
I=1
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Sediment settling velocity

Nom-cohesive sediment
(s — 1) g2
L LA N =
1v , 6um < D, = 100um
M= J10 0.01(s - 1)gn!"™
Weo =15 (Jl 4 2016 - b ), 100pm < D < 1000um
1.1 J{sf” —-1)g0", 1000um < D,
]
st relative density %‘— of sediment fraction ({)
DE] representative diameter of sediment fraction (1)
v kinematic viscosity coefficient of water [m?/s]
Dispersive transport
 Twhulent closure models: |
! 1. Constant coefficient. i Edd visens
: . o ! v viscosity at each
i 2. Allgeb ddy ty cl odel. ! .
| gebraic eddy viscosity closure m | - layer interface (£/)
i 3. k-g trbulence closure model. 5
{4 ket turbulence closure model | B=functionality) l
. Vertical sediment mixing coefficient:
Cohesive sediment: Eéj = & I i
g = lﬂe‘rref
Non-cohesive sediment: el = ;}?fg > % is the Van Rijn's ‘beta’ factor / effective
(k=g turbulent model) beta” factor,

For sediment fraction < 150 gm == 7 = 1.0

o _ m_ Te
ﬁf‘ff =1+(# 1 T+t

J 3
g =1+2 (“’L“) _—‘ | 7.2 bed shear stress due to current
1

Ty bed shear stress due to wave

-
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Boundary conditions

Warer surface boundary (at 2

¢

Bed houndary condition {at 2

Iy)

pin sediment depositionrate of sediment fraction (1)
sediment erosion rate of sediment fraction (1)

E

Erosion and Deposition

2. Non-cohesive sediment

it

wgrt'c'lij - fsffg =0

dz

dcth
_WSFHCUJ - fgg F = DU} - E“}

} strongly differ for cohesive and

non-cohesive sediment

The transfer of sediment between the bed and the flow 1= modelled wsing sink and source terms acting on
the near-hottom laver that is enfirely above Van Rijn’s reference height

KEY
I:I Standard compuiaiional cell
[ meferomee ol fur “sand” sedimem
[ ] ce o wet cguad L af el layer fior
‘sand” sediment caloulstons
Covarsa: Cirad M Cirid Fone: Cirul
lemye
ko
Ky
It
EED BED BED

Figure &.1; Seisciion of [he k' layer, whara o &2 Yan R0 refevencs haighl

%an Rin's reference height:

A
@ = min [nm.r [AHSFAL‘, P I:u:m:] , ﬂ.ﬂzh]

AksFac
ks

Ap
ke
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user-defined proportionality factor (morphelogy
input file).

user-tefined cumrent-related effective ronghness
lLeght.

wave-nduced ripple height (const = 0.025m)
water depth



Erosion and Deposition

2. Non-cohesive sediment
D"-”:wsm-._f. l W, @ Feposition Flue =w.o  Fosion f-har-&;ﬂ—b
DO =atwel) i Z &
_ | iy W, (0 (1) e
bl _al Cﬁ:m_r - Sinkd?mitiunzal WS 'I.—-h.mx
3]
E[” — E-E!] dr \‘
\ Figure 8.2: Schamalic arangamant of fiux botform boundary condiian
[ (|
1) _ i *’-‘:[ag]x—*’-‘qij ‘ (o
Rinx(bor) = T2 Az ) | Sink term of the
_hl:nl'tcum of e layer |
() (L] [ Gy 00y [ iy [t}
Ty —C it E.C e, E.C . 1€ i [
— Em:aé”fiﬂ( a ﬁzmx) - EUD =02 ;z a | [Tz E.z keitix Sink = [ﬂgls_z_l_ix{ ]“’:,[H]EJE-rfm
----- !------------ F. Source term of the . W ﬂ}E;:'!}
o the reference concentration bottom of fuy layer SourceV = ay'cg Az
| fiﬁu the concentration in the centre of the kmx layer |

Erosion and Deposition

2. Non-cohesive sediment

P -

,-"" -, _\_\_\-\-\-\""-\-\
Deposition Sink of
@ ki layer ./
Erosion Source of
flux kmix layer
S

As tha ralerence concantration and the concenira®on in the canire of the Arw ke i, 88
brram, the exponent A(f ] can be delermined.
In {"-‘_:‘-l]

(

(£ I alk
Cpz = I

A
:""":') = A% -
aj

: - (8.200
T\ In (255
The cancentratian af the botiom af the ke layer is:
B ]
5] "1 wlh - Thmrijeod) ) g 21
' (-‘hnrll.ul':'l" a) e
Al Rouse number

Figure 8.2: Schernatic armangement af Muee botiom boundary candibon

Concentration at the bottom

T —

Frasioni i batiom

Concentrati

Figeve 8.3 Approcimabon of conenirabion and' conenta¥on grachent al hoffom of ke
layor

Bl 7~ REED PR AAF L - (Delft 3D #5°)
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B L F R RS B ko St

BER S 2002 1 2021 2% R F AL

—

B2 BRI TEHFPr - TP TP LI 2P TR e
B 54 30 A R E L 20 o P FH B 2002~2021 £ 8 F 2 > & BF
R gED243 k5 > E T 5 0.0580

TP RE P ERMR 2PN G 2,126 2

=T
DR B E-2.440 2 % o

AR PRI D ET NP L 2876 0% o« T ERPEPEE B P 5 2425
%

% 3~ A FEE PP £ (2000-2021)
ﬁ& r—g r—g i3 = » P = » P N L ', 2 2, 3 Ve 2, 2, s L,
B X T 53 R =P I 5 M WX F 44
1 i I 5 £
, > <IN [had =l i [had
17 %;lggfi \(r' /\r‘ A 4 /\r‘ \/r‘ N (2}2)
Sl ey ey () () | (2) | (2%
(= %)

1 1.946 1.797 1.294 -0.111 -1.624 -2.243 -2.440 2918
2 1.926 1.825 1.284 -0.087 -1.539 -2.203 -2.244 2.823
3 2.076 1.926 1.337 -0.062 -1.496 -2.082 -2.109 2.830
4 2.031 1.939 1.403 0.012 -1.430 -2.034 -2.191 2.833
5 2.026 1.924 1.466 0.100 -1.344 -2.013 -2.121 2.810
6 2.284 1.959 1.529 0.153 -1.320 -1.913 -2.073 2.849
7 2.344 2.053 1.584 0.190 -1.302 -1.828 -2.059 2.886
8 2.425 2.101 1.630 0.236 -1.250 -1.827 -1.961 2.880
9 2.250 2.126 1.592 0.202 -1.270 -1.823 -1.844 2.862
10 2.116 2.104 1.530 0.112 -1.373 -2.053 -2.121 2.903
11 2.051 1.993 1.459 0.022 -1.499 -2.175 -2.296 2.958
12 2.003 1.849 1.358 -0.063 -1.573 -2.224 -2.305 2.931
s

P 2.425 2.126 1.455 0.058 -1.421 -2.243 -2.440 2.876
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FH &R P & F 9h o S prE 2000 3 2021 &

26



5~ F77 R 2002-2021 & F o MR F oA oAt 4

Bl T ARk A A A
LI , 1306 | 0.6~1.5 | 1.5~2.5 =325
= #ic
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1 (0.15 m) ~ OBS 2 (0.30 m)f~ OBS 3 (0.55 m) ;& FE kR E LGS 1032 500
mg/L % RF  BBIHFTHEL 110mg/L > &L L 73.5mg/L o BigiE) i
BERAN =B AR ERDEPIES T FApuag s X3k TERB R OG A
BT el keavkR edpy o3 -

7/23 & 725 PR IVFI-RL REERBFEODTEERE (Cn)j P EE B

=k
e

2o FT A AR ORIFF AR BN AT I R RO E SR O S
AR VAR S AL R T ERRIFEVIRRAR T RT P g
YR E Gl BRARAZERZIRTAR > 4ol 122 977 > d A 7R T 3 B FE
EER (C)E A BT ARM % ARS -

OBSI

500 |

E h
o 0 h“LwWMww..mwa.“\ua..;dua:‘-vwhuww.:
07/23 07/30 08/06 08/13 08/20
time

Bl 121 5 - A AR T2V ERPERZE - 8 A =%  OBSI(15cm) ~ OBS2(30
cm) ~ OBS3(55 cm)

OBS2 OBS3 | -

G1 ADCP
2 T T T
1.5 =
i i ,
M A e M A,
| | |
07/23 07/30 08/06 08/13 08/20

Bl 122§ - XA 4P PGl PR kA3 AR -

23 FlEEh BERFR A

wh LHE IRy R Be b B
FI= | 2021-07-21 20:30 . N
S S

(IN-FA) | 2021-07-24 11:30 .
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TR kR R FALE
O RFERD LA

RoricfE ks d & B LISST € o LISSTI {v LISST2 4 %|3n% A xR+ =
02 4= 04m 7% & - B 124 %1 7 kP RiFmAy ok 2B 47 m%f,q-,ﬁ
kT I DIOND50~DI0 = i & 3t fdicd 7w o DIO A7 MAER IHE 5 10%
HWRGHIE > D50 2 7B ER RAHFE 5 50%H Bk 0 & D0 % 7 tA /}&)i?"ﬁ
F 2 & 90%¥ & s

A=A R E Y Bk D50 _?"]%]1 50-100 um - R m > 288 SSC it chdf
FAp o B AR DPIE Y BRINHSF ORISR S > R AR LB AFSERE
BRG] e

400 . . . .
300 LISST1 LISST2

3 f‘ k?f _
S gt Pl

- daesumbittor, ?f

+

dyq (Hm)

0 ' '
2o /25 08/01 08/08 08/15
7 150k | —— LISSTI LISST2 | }’ | !M ]
2 100 :
= Loy
~" S0 F UJH%*“‘*‘JLJL?B%-:Y$% Y ﬁt\}“{ g: I
0— ' ' '
07/25 08/01 08/08 08/15
100 . .
= 75| | LISSTI LISST2 | ]
S 50t A ﬁ :
o 23_ qaaaﬁeeia-aakaptiﬁxi?Ff !*q?j*& ﬂ idé,

07/25 08/01 08/08 08/15

Bl 123~ $— @ 42 BiFE)RISA F o B A& =% : LISSTI(20 cm) ~ LISST2(40 cm) -
800 | .

= 600 | LISSTI LISST2|
£ 400 } :
=200 - } .
- 0 Ikk‘k*}.‘{fﬁ'L'i"thii‘ié{A ! ng‘fﬂ.
07/25 08/01 08/08 08/15
B 124~ %- SR &2 BiF BV HAEERA G - FAEE ¢ LISSTL(20 cm)

LISST2(40 cm) ©
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622 ¥-31=x%"%
- ‘I: “:lj‘i

~2- 4 9]% Nortek %% 5 $ 3Rl % (ADV) kB A md A £ » 47
Goring Derek fr Nikora Vladimir (2002) 7> ;% j¥_ ADV # R R R 7] ¢ 3 % M
(Spikes)ts » I #-Ja 4 o+ 524 % % 2u(Cartesian coordinate)if & i = & B A w0 T
Hd P HA S ERELEE ISOR F v A e (u) TR EE TR A >
E(v)E EE D e (w) e

34

?/n 13’ '#’ 1] '4’ ?,/p\%ﬁ'_/z— j\z‘\"[‘ ’Jv )I)"E\;Ig‘ J\’?ﬁB&’E&/” 1§(u)/4:\ % ;:_IEZ PE'E%”_SE&
7o T3k (u)s 4o el 317 ik wave-induced component (7) % ¥ 7k i turbulent

component (u") » H -KHpRpFiiiE 28 4o

u=u+i (X 6.2.2-1)

fou=,v,w), a=u,v,w)," Lu' =V, W) e

B OGR RR R B RE RT  REBRAT i § B SEREAES dHz b enFop
S e AEER ST G TR M TR E ? Jf 1 ¥ (inertial subrange) i F
Lo = #E 2 % 7 A& 1Hz #F % (bandwidth) p 2 % $c £ 5 (logarithmic slope) 7 &
BT02 B RP FAA ko BplB T RIE T 20 A 4TI E D TR E () 0
i% i [Shaw and Trowbridge, 2001] 8 -] T = % A& ;‘ﬁg ;‘)i = ;% (adaptive-least-squares
differencing filtering)#-j& 3175 :# (1) % ¥ inimid (u' )& 3

SRR s S Y B RlE R (ADV) IR R L YR B TR
(coherent eddies)siE& & = B > i X LR P F T R 4 (turbulent shear stress, TSS)
XA BART A3 F 4 0 IR A NP E DT IFE AL AR o 2 2 ADV §E
Fiteng B A% 5 0150300552 0.8me 19 A B 8 & RSB (7T F A B
2% IR 488 T 357% (ensemble-averaging methods) %2 4p i - #5272 (phase—averagmg methods) »
SR BT 9T & 10-20%% £ [Na ef al., 2018; Scott ef al., 2005] = &3 % 4

(Reynolds stress)crdi & 2 FR & ¢ > i * & 4F ¥ (cospectra) u'w' % ?'Téﬂiﬁ—év\ £ fov'w

50 AT w A B B oogive W HUP|FE(ogive curve testing , OgT):iE 7 a‘a [Feddersen and
Williams, 2007; Shaw and Trowbridge, 2001] o # & F]=t £ & & 453 T 1% vw' & ogive &

RPIFEFRE > Og,, () #FTHK AT (FI* u'w & ogive W SPREFHEY o508
6.2.2-2 %7 in1):

[ o, (raf

*

0g,,,(f)= (3 6.2.2-2)
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V¢ Co,, A% ﬁﬁpﬁ(cospectra)vw - R AREABIFET S ZERD 03 1
W3 4v [Ruessink, 2010] © 4 Og,..(f) fv Og,, (f) X F &b se 5 > ZF AR 2

K% o 2 fREFLE- Bz E Y o B g% &lf 1 % (inertial subrange) ® i i
ogive & 4% p|3#(ogive curve testing , OgT) e 4L o

& ¥ x4 i@ % [Shaw and Trowbridge, 2001]#74% 31 ek -] T > £ & gk = &
(adaptive-least-squares differencing filtering) STO1 - 3 B STOl s3¥im & ;2 2 4B B *
Ay XA 4pid ~ }*%[Ruessmk 2010; Yoon and Cox, 2010] » 3% /# 3K % 27 0 ADV
STIRIR N AR R BURG E R 0 @ AR e BURI AL UE S o F Rl R e

CEEG A R ADV R FRIE 0 oA AR 1 k3R (U,) T EE S
A _ T/th\ d
U0=| ht=0)U,0)dr (& 622.3)
F¢ t Eokok BE B (filter length) ~ 7 F_ it B T A (filter weights) ~ U, 8k 2 ¢
# oA BER - RER VS RAGY - T B T RABF Y RA BT R A
4o
P (ATAY AT
h=(A"A) AT, (54 6.2.2-4)
97 AR ZR 2 i AR § 4B (windowed data matrix) M xN ~ M E_ TR B HE - N
Uik TR PR U LB 1 i

Tk s BB 2 2B e (uyw)dRE AR TR g Y > ERELAD A
Bin#c® X g8 3B ELAE R Mx3N X ¥ A Z ) 21734 (convolving) -
% 3t 5 8L 1= 1 eh4p 7+ 4k R B coherent wave velocity (U, ):

A A

U =Ah (3% 6.2.2-5)
m «—éi-l“' 1 m?‘/n e r'r’—_’?}t;}ﬂ; Ip'&‘?}\‘ 6.2.2-6:
AU=U-U, (3 6.2.2-6)

hELi= 1 H ADV h ¥ jmdp F {6 4] % STO1 = 2 B2 2 1 ADV #7ip| ¥
E"i”'/‘nl@bl’r#li%'mo /u /7! : }i?h(u)a 2—5?/}5";’,”&‘%%é)im/ﬁ;ﬁvl)\g\"i*p—lr}/ﬂl\
g o

AFrFe I HEHFA TR BERABVW)E W ERFE R ~ RGER
3 Finid ko A3h ADV HEEM S L 16Hz o & | piB~ 16384 £ < ADV FH it 7
PH L AR 2 4 “fli’afﬁjé CEFRLA B & 1024 5 BARY L E 4D S0%TE
AL(overlap 50%):& 7 & &) » = -] pF £ ¥ {8 35 BAE > T A ® 4R ¥ (Hanning window)
i 7 Poif & 2 4 4% (Fast Fourier Transform):& (7 4 47 » ¥ 973 Jp3 T 3588 > pd B
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70 Wﬁf&‘ PAEAGREFEFN us R VA RSN EHEE T w AR
BAFGE 0 SR Ok TS 2 A B e 2

&Aﬂﬁjséﬂ*}?ﬁ‘p‘& 0.6 = 4HZE”57%@P\“;K#EJ;’E'F’ XN 4w EZ%@P\E%’

B IR & ff 12 % (inertial subrange) A 5 -5/3 4% #c#g 111 [Z-C Huang et al., 2012a; Ruessink,
2010; Thornton, 1979] - & *{F FENAHzPF v R EFSB EpHEuR WA R S
PR BARERT 0 AT W TR R Pl TR S 0 [Z-C Huang et al., 2012a; Lanckriet
and Puleo, 2013; Ruessink, 2010] % * 7 3 » » BLED| & 34 F R fen =8

(noise level) o
Brrid B (u)it 8 o35 4T
pul =|t,, (5% 6.2.2-7)
o f* T A (TSS)F L2 &FHE (T)40™:
=(—pu'_w',—pv'_w',0) (X 6.2.2-8)
Bl 125 2 % = % “i«kp’%§~3 P4 PR IR o r‘éliii*"“ : ADV1(15 cm) ~

ADV2(30cm) ~ ADV3(55cm) > Bl® uw 2 w3 s & ~ VW G ir A3 w A E >
RS ) s G BERER o d BV Ao B R 4 0-0.04m/s) R o

Y &
53
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%107

cilT" 2+ B

.

™ . . r¢ L. .'»

o ety v

"_‘_;"’ qi?. 1 | . ™ "

= 2F ADV]I ADV?2 ADV3 .
01/02 01/09 01/16 01/23 01/30 02/06 02/13 02/20

>~<llfJ"3

S 2r ]

|:.E - P -

[ el b i

Sor nfcionielfiiely  on

T 2f .
01/02 01/09 01/16 01/23 01/30 02/06 02/13 02/20
; %107

"Iff ADV1 ADV2 ADV3

£ i

SR
i s A * 1 ) :.' .¥|I‘.. )
01/02 01/09 01/16 01/23 01/30 02/06 02/13 02/20
0.04 T | T | T

(m/s)
S
T
R
=3
——
—te
i
P
[ S ———.
""’l&:‘:—-
e
—
o—-;=.
1

ADVI

(} 1 | 1 | | T
01/02 01/09 01/16 01/23 01/30 02/06 02/13 02/20

Bl 125~ % -2 5= L2 FHRBAFAEIB -3 AREE  ADVI(15cm) ~

ADV2(30 cm) ~ ADV3(55cm) » u'w' 5 v A S £ VW 3 A2 e AR | 58 %
B ehx o] su, HAEEGER -
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S RERDTEERA G

B 126 A% -2 5=mFDEEE H7 S 2 B3R FAR OBS O FEY
TEERFA 5B ¢+ OBSI(0.15m)~0OBS2(0.30m) ~OBS3(0.55m)>OBS4(0.8m)-
BEYPFRIEESTEEREYS 40-1460mg/L> T35% 5 470 mg/L> %% i £ 5 271
mg/L o FE D IRR DR ABT AR P B BT g higw BERI
PERGEEALT L o

& LLE_”f ARGl BB A RABFESE B *ﬁiﬁﬁi?

N
o RIFEDFEER C)ERAF T BRPM -

2 | OBSI OBS2 OBS3 OBS4 | ’
= 1000 J‘
o l
= 500 h‘ L Qﬁi qur i 1"11
O s e ks
01/02 0 l/ 09 0 l/ 16 01/23 01/30 02/06 (}2f 13 02/20
time
B 126 -2 5=A A2 RFENFEERASF o F A=Y  OBSI(IScm) »
OBS2(30 cm) ~ OBS3(55 cm) ~ OBS4(80 cm) «
G1 ADCP
2F T T T
15
i
T
o< iy MW
001/02 Oll/09 01:'16 01}23 01;’30 02:’06 02|/13 02/20
B 127~ % = % ::E;’?:ﬁﬁPF'&H’JGI Fe R RABEE B -
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= REFRHREL

Bl 128 2 B] 129 3 % - 2 S = A MBFREEILLE,GAALLE S AR A%
19 @ e D90 & 100-250um F B §& F1% 1+ > T 50 160+43um ; D50t 25-150pm
BRI TiE 69+33um; D10 & 10-50pum & & it > T 5@ 10=6um- d B 128
PER )% % > 7 003 T LISSTI(3t# 20cm)% LISST2(3E# 40cm) > # B 74 b B B hf
PRV T A (D90 ~ D50 ~ D10) 0 AT Rk R avKkER S 4p g 305 o

400
300
200
100

0

dgq (pm)

800
600

200
0

LISSTI LISST2

WL g

0 1;’ 09 0 lf 16 0 lf 23 01/30 02/06 02/13 02/20

LISSTI LISST2

A

01/09 01/16 01/23 01/30 02/06 02/13 02;’ 20

LISSTI

u«JlmMm i

LISST2

01/09 01/16 01/23 01/30 02/06 02/13 02/20

CHEZEZARNHZBIFRSPEA G o B AE C LISSTI(20 cm)

LISST2(40 cm) ©

£
£ 4001
O

LISSTI LISST2

Vi I B Wy

01/09 01/16 01/23 01/30 02/06 02/13 02/20

B 129 % -2 =R L2 R FE/VMHBERST o B &% P LISSTI(20 cm) ~

LISST2(40 cm) °
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623 S i+~ x=2%
- ‘IH lj‘i

W 130 2 %2 282 E2L GRS PATIE - 3 A EE D ADVI(S em) -
ADV2(30 cm) ~ ADV3(55cm) » B ® uw 5o 3 s £ v v S0 A A
HRE Al s w R BERERE o d P RT v BEE R A3 0-0.04(m/s) R e

Y
58

%107 | |
Eoor e e wd M:*tg&l‘iﬁﬁﬁwﬂw t#ﬂkm;ﬁdu - -
I ADV1 ADV?2
= -2F ADV3 ADV4 1
04/17 04/24 (}SK 01 (}5;’ 08 (}SH 15 (}SK 22 05/29
%107 | |
._-iﬁ*“ 2 i
20w A e e
S 2F -
04/17 04}24 (}5;*01 (}5;’(}8 05,; 15 (}51;22 05/29
3 X 10 | | |
& ADVI1 ADV?2
m; A ADV3 ADV4 ' .
i :
R TAREN (L O .
04/17 04/24 05/01 05/08 05/15 05/22 05/29

004

%m 4 ' {IH[M Ml{;ﬂiﬁ}. ﬂ_II:._;'{ ”;-M}de;ﬁ,ﬂ

(} | | | 1 1
04/17 04/24 05/01 05/08 05/15 05/22 05/29

B 130~ %232 %~ XA L2 TR PFEFB -3 AEE P ADVI(15cm) ~
ADV2(30 cm) ~ ADV3(55 cm) ~ ADV4(80 cm) o u'w' % & 3EAA B ~ vV 550 25 b A
Bl R DA 0w m@%%ﬁ)i

2
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S REBDTEERALG

B 13l %22 %2 =xmMFEALLEHP L4 B2 F B AE OBS a0 F/E)
TEERR B

£ 3£ OBS1(0.15m)~0OBS2 (0.30 m)~OBS3 (0.55 m) ~ OBS4(0.8m)
BEPFREESTEEREYS 0-1100mg/L > T35 5 100mg/L > ¥ % L 5 114
mg/L o BFE VI ER(Cr)en® M AR5 G-k Y 72 =B BT fapinan hize B
BIEERDEEARAT & o

Fobo WA S/ E S/16F(EF K 78 % it m R B *Fxﬂi‘ﬁxﬂﬁr T

T ARG Y LRI FETAEAH oB] 132 477 0 FFEEPEL DB F %
FlERRERG M B AL

= 1000 - | OBSI OBS2 OBS3 OBS4| I
2 |
= 500 -
=
A liﬁm .
& . \ Hh‘m‘,{'-w“ \ ) lﬂluhhhﬂhmk
04/17 04/24 05/01 05/08 05/15 05/22 05/29
time

B 131 %2 1% B A2 BTN ERAG - 8 A=E  OBSI(15cm) ~
OBS2(30 cm) ~ OBS3(55 cm) ~ OBS4(80 cm)

300 HS buoy
E;ZOO - ﬁbvﬁﬁwb
il /WM
[M.%ﬂh Mmmwmww MW%%Nu
0u17 04/24 03001 03108 -y

05/22 05/29

Bl 132522 5% 2 XA APFPHFIRABERE B -
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In

CRIER LA G

Bl 1332 B 1343 % 232 IRFRFEIRELGTAELES J FEANESE
25 3 LISSTI(3E# 20cm)2 LISST2(4ts 40cm) > & B 3 F & A crfi 5 ) 4o e A
% (D90 ~ D50 ~ D10) » LISST2 (&3 40cm)vé & * LISSTI(4t+ 20cm) « — 424 2 » &
%mkiﬁgmﬂ’ﬂ P ROLEAFFABEYIREFL - TR KRR
gikﬁ'ﬁ*’%ﬂiﬂ_/kam A28 o ¥ - SN RBMITARHDI R > 3 F Ay ALK T
Z R B AF AT N (thermal plume) #7858 0 3B & & cif £ 18 = R B0 ’§ Z Rk R

¥ - BV R GAP AL PR FL AR RRMN S TG T A R E
RFdy o ERRKRS o

el

ok

400 — . .
Z 300} LISSTI LISsT2]| |
= 200t “1
Sl e W A e
100 - wr ot m {l ﬁﬁ i g P
0—
04/17 04/24 05/01 05/08 05/15 05/22 05/29
200 . |
2 150 LISSTI LISST2|
> 100+ }Hri ,Fl ,&H
< s0f Wﬁwu A Sl HI: R
0
(}4/1? 04/24 05/01 05/08 (}5/15 05/22 05/29
100 —— .
T st LISSTI LissT2|
= 50F FLI
N B wir! L_*,_ mhhdwdh'
0
04/17 04124 05/01 (}Sf(}x (}SfIS 05/22 05/29

Bl 133~ %2 2> B AZBIEENRLEAT - A Y  LISSTI(20 cm) ~
LISST2(40 cm) -
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LISST1

800 . .
lf LISST?2

600 |
400 | !

{.: i
- 202 ! L sebdwy,, ’il.i‘!fhi.mit}{hmﬂ'hl.. ..1'.1} 'm;im“.‘d{umh |

04/17 04/24 05/01 05/08 05/15 05/22 05/29

_—
g
o
o

—

Bl 134~ %2 2> ZRA2ZRFEIVMBFEAEAS T - F AR Y - LISSTI(20 cm) -
LISST2(40 cm) °
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6.2.4 BITIEVAPE 34 L ¥

4e®l 135 2 B 136 5 OBS Bl € I|«fg 5% i & k& & LISST B & 3| chil
e R vt AT B “‘%WW&MJmﬁm%&#$§od“”W#&Bm%&#?ﬁ
AR - AZXBAEIF I A A NEFAEE 1.09£0.17 g/cm®~1.4£0.62 g/cm? >
F PR ET A RERRELR o B A 2 > 4% OBS & LISST #.3 ¢
BAF BRSNS L1D L4 gom’ o 2% 37 fek %ok ¥ RIS L T # 08
A2t g g E2 E dsend féiv’t%fro

Flo Tl T B2 EMORE > B LY L ERESGRFFT AL 2P i
4 ez ot B & $+ (Extracellular polymeric substance, EPS) & # = 7 % s ins fo
(biofilm) » 23*% 42002 &7 * 4p 317" 6p =% 5 {FHT B ] ED
KRR R 0 T AR RS 2 T T RS ELERR Y gL K T 5 TR
FH B BRIEF RIS ) i ﬁﬁJiﬂﬁiﬁﬁﬁli¢@W°fﬁﬁ%§*fﬁ
ERFERE M Fy %%“mkfi EX204818 0 FEERERARIVGITHS K
AEFEE Bl 137 5 BRRET BRI SR TS RBRFLES S BT g o Gi
TR BHOF DD EESG W < R0 ek RN Rk e S T e o
A o A St 2R ] o BT ABITIR S Blde o A R R R T AR
FIA PR B S 1-1.14 g/em?([Ro and Neethling, 1991]) » 22 3% A % & 7 { #
FEh2 PR RN > ERFERERE{ FORFEIHRARE ST o

P TR RREFS O AR P AR RS AT o I R E R &
R FRMBRETE TE A4 4ol 138 AT e & 5 220 ) Ak s R 2
BEFHIFUKREER S 2EEBF L THNTERY % LAZRELE PAFGSF  #
e & 5 258 AR AR e PEREFRA- A TTEDRERTEE S
A F T E R 50-65% vt bl o Bl 138 5 X KSR B S A AR L

\

fg:

EF 0 ERIFANGRELIERE o P st £ F E=2.65
Bk F=2629 9 2 F=284~ £ F=255~276~ & % £=2.60~2.63 o ik T £ ik F

PRI BT AREFEG I GONFSF T A
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& 135~

B 136 ~

77}
m : o]
2 Q =N -
:?-\ 102 ‘O
g f- ’
a.
& of
o 0

1 L L L L PR |

10
10! 102
CV (ppm) by LISST

FOIZEALZIRFESITERRAEMABER DICTRE o BlP OF ML

FIT L2515 % 1 gt GE e

10°

10°
7 9]
S 10° -
e
K]
£
(o
e
L 10"} ]
&)
0 1 1
10
10° 10! 102
Cv (ppm) by LISST

FriaAAZRERDFLREREMMRR DR o B P R UL

FIT AL 25 153 1 eniE o
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Bl 137 KA 54 BACAE LR B % 4R 4 4 6] o

st
14000 = G2-4-1
12000 - Chl:Chlorite F:k{
Fsp:Feldspar 77
lit:Wlite (T3 7
10000 o Qz :Quartz 7708
Qz
= 8000
=
1]
(=4
a7}
£ 6000 -
4000
4 Qz
Chi dz
2000 I crr |1FEP
] : w
0

T T T T T T T T 1
6 & 10 12 14 16 18 20 22 24 26 28 30 32 34 36 368 40
2-Theta

-~

B 138~ FFHFFHF 217 G R EHFEDNZRFTHF LT PR A (2
B X kdEatis % o
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6.3 BIATREN S
63.1 B A E - BLim IR K
) h=i

BRFRESODE > 24 RFHRT S 104109644 352 2 2 & F 45 5 (NIEA
S104.32B)i 17 » MR fEAE™ iR TR o BB > 4 B 0~15 24 B2 & K imft 4 o
T ieskH GPS ARz RS o

BIS R F (5 J1* F ST A 47 &k 4 17 (Beckman Coulter)ig 7 4 47 < f 2% %
B B'/Tfp,_b_éa\%’fr % (Beckman Coulter)4c ] 139 #r57 o H £ R RIL 5 1% L4784k IR 2
Rs AR WA GER ¢ i P T A F o 3Bk $est ELS £ 8 Bl B E o Ea A
PN & 2 iz o ELS Jabf sk i 5 o~ S skdp e o BTk R R AU R BT
frae o chaic e STRACH XA ¢ T SIRE R HTRATE S L 4 FATaS - %
A U S A ?%ﬁwkﬁf#ui RN RO SRR R
P R SOk R d_%?‘f\“ﬁ&#ﬂ"‘? T B e R R Boo] R BcETH @R R i aE

BH SRR A A A R ROk A A B B AT S ok R
R L U Tb%{-@ﬂ"iﬁfi FOAETE A S SERAR R B hd i 0 dot - k4

AR O E TR R R L WM S e AT S B R Ao &
BAECHBRB® H AR R AR AT o

FI* F SRS A 45 & 4 47 (Beckman Coulter) » o ff 47 4 47 3 chRdZ o B ¢ 35
Lo g 2rg B2 EA(LS 1 2)o

2. AR AR B E I A r ) 15ml hd B R R T 230 (4500 rpm, 6
A\ﬁ)u—'é\ié}/ﬁ/ ,_j'!f_?ﬂ LL-H}'%_ "" °

3. 2 F WS e 15 FF kT 10 B BERTEAE FHMER Ly 0
RAMARTIBRYT 30 rdafs PN #F B8P REF K25 PP lFr BN
—iuf - E ORI N fy_iu» ; }éﬂF i N TIP3 ,}4553;{@,;)%;{
E Y - URLIE A J\)af A Ap KR LR
ﬁ%é{k%& kikd o

4. ARRELB T her 10 BRI TS S O RFARTWART 30 A4k #
FPENMABRFL 4 Pt Ik 30 22 AT 4%
i féj-}%-if?z%é# fer 10 BRIERILT CF R FCF R Rk
30 22 Rty éf Rt EAFWMZ ZRAT2LAfRED o

5. 4 r 1 2 4 (Na(PO3)6)E 10 & < fA 5 #ichl » 23 A R BT
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% 24-%-=Gl -G -G3HHEHFSFTRAEL

Gl

B i

R

AOL S

25°2'37.496" N

121°3'31.277"E

A02_S

25°2'38.947" N

121°3'29.102" E

A03 S

25°2'42.353" N

121°3'26.971" E

A04 S

25°2'44.056" N

121°3'28.613" E

BOI S

25°2'34.245" N

121°3'31.903" E

B02_S

25°2'35.045" N

121°3'30.579" E

B03_S

25°2'36.902" N

121°3'27.508" E

B04 S

25°2'40.646" N

121°3'22.421"E

BO5 S

25°2'38.656" N

121°3'23.461"E

B06_S

25°2'42.043" N

121°3'19.148" E

Co1 S

25°2'33.771" N

121°3'25.391"E

€02 S

25°2'36.816" N

121°3'21.348" E

C03_S

25°2'37.871" N

121°3'20.714" E

C04 S

25°2'39.880" N

121°3'18.598" E

C05_S

25°2'42.681" N

121°3'16.430" E

C06_S

25°2'43.623" N

121°3'14.785" E

G2

B i+ TR =R

A0l S | 25°2'24.389"N | 121°3'8.611"E
A02 S | 25°2'28.050"N |[121°3'4.010"E
A03 S | 25°2'24.850"N | 121°3'0.943"E
A04 S | 25°2'23417"N | 121°2'59.190" E
BOl S |25°2'16.469"N | 121°3'1.325"E
B02 S [25°2'16.908"N | 121°2'57.361"E
B03 S [25°2'19.176"N | 121°2'57.494" E
B04 S | 25°2'21.134"N | 121°2'56.562" E
COl S [25°2'11.526"N | 121°2'54.416" E
C02 S [25°2'13.304"N | 121°2'50.194" E
C03 S [25°2'14.971"N | 121°2'51.043"E
C04 S | 25°2'17.952"N | 121°2'51.943"E
G3

gk R R

A0l S | 25°1'56.647"N | 121°2'36.492" E
A02 S | 25°1'57.277"N | 121°2'35.149"E
A03 S [ 25°1'58.325"N | 121°2'34.141"E
A04 S | 25°1'59.484"N | 121°2'32.075"E
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% 25 % -Gl G2 -G3 RS yRrRaEL

Gl G2
B f> TR =R g > FR =R
A0l W | 25°2'39.606" N | 121°3'29.239"E | A0l W | 25°2'24.389"N | 121°3'8.611"E
A02 W | 25°2'40.769"N | 121°3'27.735"E | A02 W | 25°2'28.050" N | 121°3'4.010"E
A03 W | 25°2'41.496"N | 121°3'26.154"E | A03 W | 25°2'24.850" N | 121°3'0.943"E
A04 W | 25°2'42.20"N 121°325.19"E A04 W | 25°2'23417"N | 121°2'59.190" E
AO5 W | 25°2'38350"N | 121°3'23.429"E | B0l W | 25°2'16.469"N | 121°3'1.325"E
A06 W | 25°2'43292"N | 121°3'27.392"E | B02 W |25°2'16.908" N | 121°2'57.361"E
B0l W | 25°2'38310"N | 121°3'27.886"E | B03 W |25°2'19.176"N | 121°2'57.494" E
B02 W | 25°2'39.836" N | 121°3'24.998"E | B04 W |25°2'21.134"N | 121°2'56.562" E
B03 W | 25°2'41.788"N | 121°3'22.500"E | CO1 W |25°2'11.526"N | 121°2'54.416" E
C0l_ W | 25°2'38.35"N 121°323.43"E C02 W |[25°2'13.304"N | 121°2'50.194" E
C02 W |25°2'40.848"N | 121°3'22.291"E | C03 W |25°2'14.971"N | 121°2'51.043" E
C03 W | 25°2'41.323"N | 121°3'20.722"E | C04 W |25°2'17.952"N | 121°2'51.943" E
D01 W | 25°2'35.138"N | 121°3'21.960"E | G3
D02 W [ 25°2'37.799"N | 121°3'20.920"E | -1~ ¥R =R
D03 W |25°2'39271"N | 121°3'19.076"E | A0O1_ W | 25°1'55.700" N | 121°2'36.700" E
A02 W | 25°1'58.500" N | 121°2'34.200" E
A03 W [25°2'0.100"N | 121°2'33.000" E
A04 W | 25°2'1.500"N | 121°2'31.200" E
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% 26~ %==xGl G2 -G3 RS ERRAEZL

Gl G2
B f> TR =R g > FR =R
AOL T 25°2'40.016" N | 121°3'27.446"E | A01 T |25°2'24.770"N | 121°3'9.137"E
A02 T 25°2'41.492"N | 121°3'25.711"E | A02 T |25°2'27.672"N | 121°3'5.130"E
A03 T 25°2'43393"N | 121°3'25.168"E | A0O3 T | 25°2'29.954"N | 121°3'2.830"E
A04 T 25°2'44923"N | 121°3'24282"E | A04 T |25°2'27.391"N | 121°3'0.742"E
BO1 T 25°2'39.019"N | 121°3'24.966"E | BO1 T | 25°2'16.000" N | 121°3'3.000" E
B02 T 25°2'40.164"N | 121°3'23.576"E | B02 T | 25°2'18.000" N | 121°3'2.000" E
B0O3 T 25°2'42.716"N | 121°3'23.339"E | B03_ T | 25°2'19.000" N | 121°3'0.000" E
B04 T 25°2'44.037"N | 121°3'22.251"E | B04 T | 25°2'22.000"N | 121°2'58.000" E
CO1. T 25°2'38.339"N | 121°3'22.788"E | BO5 T |25°2'21.199"N | 121°2'55.990" E
C02 T 25°2'39.822"N | 121°3'21.560"E | CO1 T |25°2'10.327"N | 121°2'55.953" E
Co3 T 25°2'41.161"N | 121°3'21.434"E | C02 T |25°2'13.009"N | 121°2'54.283"E
C04 T 25°2'42.500" N | 121°3'20.574"E | C0O3_ T |25°2'16.984"N | 121°2'52.066" E
DO1 T 25°2'37.608"N | 121°3'20.448"E | C04 T |25°2'15.396"N | 121°2'50.284" E
D02 T 25°2'38.857"N | 121°3'19.566"E | G3
D03 T 25°2'39.937"N | 121°3'19.303"E | B> R =R
D04 T 25°2'40.977"N | 121°3'18.716"E | A0O1_T | 25°1'59.000" N | 121°2'39.000" E
A02 T |25°2'2.000"N | 121°2'36.000" E
A03 T |25°2'5.000"N | 121°2'33.000" E
A04 T |25°2'4.000"N | 121°2'34.000" E
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FO28s ¥ - X ATRAN LSS

W B gLz Dio(um) Dso(um) Doo(um)
AO0L_S 170.6 276.7 555.8
A02 S 113.7 180.2 308.0
A03 S 153.9 241.8 453.1
A04 S 199.7 768.0 1757.0
BO1 S 178.8 294.4 528.3
B02 S 193.3 425.6 1254.0
B03 S 127.0 217.2 740.3
Gl B04 S 194.5 503.8 1062.0
B05 S 137.5 227.9 578.6
B06 S 118.6 205.5 343.5
CO0l_S 251.5 498.4 1044.0
C02_S 19.1 158.9 261.5
C03_ S 140.7 289.6 987.1
C04 S 195.3 358.2 637.6
CO05_S 63.2 188.4 344.0
C06_S 84.0 316.0 757.0
AO01_S 70.4 249.8 1007.0
A02 S 409.1 881.5 1677.0
A03 S 228.6 589.6 1349.0
A04 S 2559 601.4 1396.0
BO1 S 164.4 325.0 813.3
B02 S 211.4 645.5 1384.0
G2 B03 S 183.1 563.7 1604.0
B04 S 241.5 616.9 1398.0
CO01_S 173.6 292.6 556.3
C02_S 3.8 155.4 388.4
C03_ S 10.9 270.1 886.9
C04 S 148.0 261.4 525.1
A0l S 185.0 290.2 487.1
A02 S 164.5 265.7 485.7
a3 A03 S 166.5 268.6 493.4
A04 S 156.4 257.6 479.8
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%290 H IR AFRAA LS %

W B gLz Dio(um) Dso(um) Doo(um)
A0l W 138.5 219.7 387.6
A02 W 149.8 238.0 462.8
A03 W 195.3 409.3 764.3
A04 W 123.5 190.1 310.1
AO05 W 241.2 1008.0 1719.0
A06 W 195.8 1039.0 1744.0
B0l W 138.0 220.0 392.2
Gl B02 W 256.4 541.7 962.4
B03 W 259.8 454.4 782.0
Col W 147.1 231.7 437.4
C02 W 182.2 335.0 686.4
C03 W 200.1 413.3 857.1
D01 W 190.5 380.8 763.3
D02 W 174.1 648.0 1511.0
D03 W 192.8 633.8 1362.0
A0l W 204.9 635.9 1211.0
A02 W 233.2 555.8 1060.0
A03 W 191.5 406.4 776.7
A04 W 231.5 486.7 903.6
B0l W 145.2 343.1 767.5
G B02 W 173.0 646.1 1580.0
B03 W 499.5 1076.0 1731.0
B04 W 129.9 280.9 649.5
Col W 218.0 396.9 813.7
co2 W 198.9 352.1 637.6
C03 W 366.9 563.1 848.9
Cco4 W 2433 516.2 910.4
A0l W 129.9 193.3 269.6
a3 A02 W 184.3 313.0 578.2
A03 W 168.1 278.1 507.7
A04 W 161.5 255.5 437.7
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2 30 FZARFTREDL S S

W B gLz Dio(um) Dso(um) Doo(um)
AOL T 280.0 639.2 1577.0
A02 T 242 .4 471.0 858.0
A03 T 141.8 533.1 1728.0
A04 T 148.4 369.7 1549.0
BO1 T 516.6 817.5 1433.0
B02 T 175.9 391.5 774.4
B03 T 193.7 459.2 888.1
Gl B04 T 156.0 361.1 923.8
Col1. T 200.3 438.5 1038.0
Co2 T 179.4 526.5 1271.0
Co3 T 166.1 368.0 667.0
Cco4 T 209.8 558.0 1478.0
DOI T 156.2 324.9 1015.0
D02 T 99.4 206.5 675.9
D03 T 152.5 327.6 721.0
D04 T 120.3 226.0 652.2
AOL T 199.7 563.3 1039.0
A02 T 359.0 869.6 1645.0
A03 T 328.2 604.6 1217.0
A04 T 124.0 197.0 353.2
BO1 T 99.0 155.0 221.5
B02 T 211.1 432.6 888.6
G2 B03 T 163.5 369.4 1717.0
B04 T 176.7 335.5 647.0
BO5 T 193.4 640.6 1425.0
Col T 172.8 338.0 740.3
Co2 T 202.4 380.1 851.7
Co03 T 375.1 706.7 1273.0
Co4 T 157.8 279.3 562.4
AO01 T 158.1 245.1 365.5
A02 T 154.8 251.3 478.5
a3 AO03 T 162.5 283.2 565.6
A04 T 126.2 209.8 421.0
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Pomeroy et al.
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