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Analysis of Flow Characteristics by the Shape and Growth
of Oyster Reef Using Computational Fluid Dynamics
MinJu Kim

Department of Ocean Engineering, The Graduate School,
Pukyong National University

ABSTRACT

Over the past 100 years, ~85% of oysters in the world have been lost
due to overfishing, seawater pollution, and climate change. Oyster reefs
have many advantages such as stabilizing water quality, protecting
shorelines, and providing spawning spaces and shelters for various
aquatic creatures. To be a successful oyster restoration project, it is
important to figure out the flow characteristics surrounding the oyster
reef. However, the structural characteristics of oyster reefs are difficult
to predict because they grow in dense spaces and provide excellent
attachment surfaces to other organisms. Such difficulties are obstacles
in quantifying the structural characteristics of the oyster reef and
identifying the characteristics of the surrounding flow field. In this
study, I attempted to predict the surrounding flow field and structural
characteristics of oyster reefs by assuming the initial models and
growth models. To this end, various oyster reefs were modeled and
CFD analysis was performed to visualize their three-dimensional wake
volumes. Subsequently, the effect of the structural characteristics of
oyster reefs on the wake volume was analyzed with proposed indices:

efficiency index, improved blocking index, surface complexity index, and

_Vi_



normalized wake volume. As a result, the efficiency index increased as
the number of oyster shells increased. Furthermore, the normalized
wake volume increased as the improved blocking index and surface
complexity index increase. This means that there is a correlation
between the wake volume and the proposed index representing the
structural characteristics of oyster reef (ie., volume, substrate surface,

projection area).

- vii -
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A Z "\t (Walles et al, 2016; Chowdhury et al, 2019). o]z
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Fig. 2.1. A schematic diagram of oyster shell.
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Table 2.1. Models of initial oyster reef

Number of oysters

perpendicular to

Number of oysters

Model case ' ] in flow direction
flow direction .
. B (interval)
A (interval)
Only plate B _
5 (6 cm) 5 (6 cm)
5 (6 cm) 3 (12 cm)
5 (6 cm) 1 ()
Convex model 3 (12 em) 5 (6 cm)
B LA cim) 3 (2 cm)
3 (12 cm) 1 ()
5 (6 cm) 5 (6 cm)
5 Wl 3 (12 cm)
5 (6 cm) 1 (-)
Concave model 3 (2 em) 5 (6 cm)
3 (12 cm) 3 (12 cm)
3 (12 cm) L (-)
5 (6 cm) 5 (6 cm)
5 (6 cm) 3 (12 cm)
Mixed model 1 2O L
3 (12 cm) 5 (6 cm)
3 (12 cm) 3 (12 cm)
3 (12 cm) 1 ()
5 (6 cm) 5 (6 cm)
5 (6 cm) 3 (12 c¢cm)
Mixed model 2 0 (6 em) L
3 (12 cm) 5 (6 cm)
3 (12 cm) 3 (12 cm)
3 (12 cm) 1 ()




y

Flow ’ Flow ’ A

Fig. 2.2. Representative models of initial OR in 5x5 arrangement

X

when the penetration of oyster shells is 10%: (a) convex model, (b)

concave model, (c) mixed model 1, and (d) mixed model 2.

_8_



212 A mE F ojx 2d

% S d(Growth oyster reef model, Growth

g °]
e wPH A FANA GAske] YW ol g
E

;gl
=49 Auselr] 44 &
Wepd, B APlAE B ojx A4 P42 Besise], 44 2dg
A AAaATh oA, WeE 2 A7 AFR, 2 ojze AFS
2 e AFVE Jeid Al w2 F oz wdel YEH
g4+e Fig. 233 2},

2e AAhinge)E AZPOR do 5Y YEEE, 2ol J7Hoz

e I R e o R A e e I I B = o i R I B =B

2 mds 3 AAFFACHS, Rep.0l, Rep.02, Rep.03). & 48719
e mE = ox Rdo] MAFgon, EElol AYS Table 229



(a) N=50

FIOW’

(c) N=T0 (dy N=80

(f) N=100

Flow’

Fig. 2.3. Representative models of growth OR: (a) growth stage 1, (b)
growth stage 2, (c) growth stage 3, (d) growth stage 4, (e) growth
stage 5, and (f) growth stage 6. Here, NV is the number of oyster shell.
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Table 2.2 Models of growth OR according to growth stage, to be continued.

Number of . . Total .
Growth stage oyster shell Width W | Length L | Height A Voluzne surface area PI‘O]GCUOZ] area

M (cm) (cm) (cm) (cm®) (em?) (cm?)

Rep.01 50 30.66 30,55 9.97 4623.37 4,906.79 279.60

Stzogvzt}ll Rep.02 50 30.35 30.00 93 4626.75 4978.35 281.46
Rep.03 50 30.00 30.23 8.87 4590.10 4,206.49 241.82

Rep.01 60 30.66 30,55 1345 4,649.25 5.005.37 355.33

S;;Zﬂ; Rep.02 60 30.35 30.00 1450 4,652.93 551111 358.63
Rep.03 60 30.40 30.42 12,10 461375 467859 276.62

Rep.01 70 30.66 30.78 1345 4674.13 5,926.94 360.21

S;Ogvem; Rep.02 70 30.69 30.00 1450 4,678.69 6,035.90 383.25
Rep.03 70 30.40 30,42 12,12 4,646.65 5,156.80 315.48

Rep.01 80 30.66 3078 16.40 4,694.84 6,344.33 380.63

i:’gve“z Rep.02 80 3151 30.00 17.50 4704.36 6,553.99 425,60
Rep.03 80 30.63 30.42 12.12 4671.32 5,646.30 339.27
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Table 2.2. Continued.

Number of . . Total .
oyster shell Width W | Length L | Height A Voluzne surface area PI‘O]GCUOZ] area
M (cm) (cm) (cm) (cm®) (em?) (cm?)
Rep.01 90 30.94 31.24 16.80 4/720.66 6,862.75 A17.85
Stzogvztg Rep.02 90 3151 31.84 17.69 4730.41 7,075.31 436.84
Rep.03 90 32,51 30.42 12.83 4,697.92 6,181.34 362.12
Rep.01 100 30.94 33.37 18.42 474421 7,339.73 443.11
i‘;ttz Rep.02 100 31151 31.84 17.71 4756.25 759481 463.90
Rep.03 100 3251 31.47 12.83 472518 6,672.37 364.56
Rep.01 110 32,42 33.37 19.29 4770.46 7,863.62 482,67
i";ﬂ; Rep.02 110 31.51 32.34 20.05 4781.96 8,113.50 503.89
Rep.03 110 32,51 31.90 16.01 AT51.47 7.201.67 386.06
Rep.01 120 32.42 33.37 2181 4796.22 8,383.68 529.98
i:’gve“z Rep.02 120 3151 32.34 22.07 4,808.13 8,644.26 517.64
Rep.03 120 32.73 3451 16.01 A4778.98 7.706.13 397.70
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Table 2.2. Continued.

Number of . . Total .

oyster shell Width W | Length L | Height A Voluzne surface area PI‘O]GCUOZ] area
M (cm) (cm) (cm) (cm®) (em?) (cm?)
Rep.01 130 32.42 33.37 21.81 4,820.80 8,391.89 530.86
Stzogvztg Rep.02 130 3151 32.34 22.07 483387 9,156.26 545.31
Rep.03 130 32.73 34,51 16.06 4,805.34 8,234.50 419.21
Growth | Rep.01 140 33.87 33.37 21.81 4,846.33 9,401.96 538.54
stage | Rep.02 140 32.15 34.55 22.07 4,859.06 9,666.91 560.63
10 Rep.03 140 32.73 34,51 16.06 4,835.33 8,680.43 440.96
Growth | Rep.01 150 33.87 34,52 21.81 4,870.18 9,875.24 552.31
stage | Rep.02 150 32.15 35.80 22.07 4,832.69 10,134.06 572.38
11 Rep.03 150 32.73 34.76 19.40 4,862.30 9,217.09 471.87
Growth | Rep.01 160 33.87 34.52 21.81 4,806.19 10,397.32 561.01
stage | Rep.02 160 32.43 35.80 22.07 4,908.55 10,655.81 581.27
12 Rep.03 160 32.73 34.76 19.40 4,892.84 9,702.75 502.82
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Table 2.2. Continued.

Number of . . Total .

oyster shell Width W | Length L | Height A Voluzne surface area PI‘O]GCUOZ] area
M (cm) (cm) (cm) (cm®) (em?) (cm?)
Growth | Rep.01 170 33.87 35.42 21.81 4,922.08 10,910.30 573.46
stage | Rep.02 170 32.43 35.80 22.07 4,934.32 11,171.07 593.24
13 Rep.03 170 33.61 36.36 19.67 4,919.47 10,241.49 530.95
Growth | Rep.01 180 33.87 35.70 21.81 494757 11,420.00 592.16
stage | Rep.02 180 32.43 35.80 23.78 4,959.01 11,666.11 613.22
14 Rep.03 180 33.61 37.47 22.52 4,950.13 10,738.68 564.82
Growth | Rep.01 190 33.99 3570 22.69 497273 11,923.42 613.67
stage | Rep.02 190 33.94 35.80 26.25 4,984.80 12,188.37 658.90
15 Rep.03 190 33.97 37.47 22.52 4,976.82 11,272.94 589.31
Growth | Rep.01 200 35.07 35.70 22.69 4,998.45 12,440.46 643.39
stage | Rep.02 200 33.94 35.80 26.25 5,010.37 12,705.07 666.88
16 Rep.03 200 33.97 37.47 24.59 5,006.37 11,768.37 620.63
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2.2 A2k A 9 5H(CFD)
AXF A 9 8H(Computational Fluid Dynamic, CFD)2 A %, 3}st
d % AwHstel 2 A AlxdE HAFEHE VWMo m §ho
sk AS v FH(ANSYS-Inc, 2020).
ArfAgere aA 37k« dAZ vdoy A A 2 (pre-processing),
&l A (simulation), ¥ 2] (post-processing).

A HAl= A A (pre-processing) 2 A WY 7lskE A HAAES

Rdlgela, FAHAS g AAE A Ao R, A A8y
H-&(5, Mol d8d HAFH st=dole AN, ALl A 5)E
aeste] HAe AxE WA= Ao wlg Fasith dRkF o R A
T7F BT E A AU e

T WAE A (simulation)e.2 S AT o] AL thgs
FAA A e p=a A4 sE2FH FAEA g AA 2
z7] AL AAs= s gugg. A7), Y FA A A
WHoRE FIAEH, FIAAE, FF2EH Tol i L
24719 §-3kA] 4 ¥ (Element-based Finite Volume Method, EbFVM)2
AF-8-3F A Tk

npx ko 2 38 (post-processing)= 4 A= sHol W Jpysls
Zkde oumsith o] Ao dHoHE FET Wk ofygl &4
Adg ZhAsketa, w5 sl
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221 AR 2 7&E 73z

2o AFolAE aa78 FEAAHEFVM)S 7o s & 55 &4
qAE 2ZE Q] ANSYS-CFXE AF&3o](ANSYS-Inc, 2020) &&
e Fdstdth. EFNA AREST FAE B YSA (incompressible),
A4 (viscous), A H (steady state fluid)e] Eo|th. C  virginica:=
6~32TC¢ siolA AEstH, 53] 25ToA 7HE =2 A S=&

7}t Coen et al., 2000). olol wat A Al FA LxE AE ItE

AFE ¥ 31 ok (Kim et al, 2014; Kim et al, 2016a;
Kim et al, 2016b; Jung et al, 2022). T3l o] W& Azl AA o]
Foidoez golsttte FHS 7FA AL th(Versteeg and Malalasekera,
2007)
A ek 212 RANS(Reynolds Averaged Navier-Stokes) WA2AS
GEAA S Shear Stress Transprot(SST) Wi 2dS AL&39c)
714, SST YRELL k-0 97 EEA k-e 7 2O XS

o]
= = =
a2, mjlaeE FHAAY FE5 wE d4del g
1

Tk wAEE RlAe 55 B A& Fol
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222 w83 R A& B4
2.2.2.1 5%

A mdo] of {5 A7 3 m x 3 m x 05 m 2, 8%
BAEA T B g T AV|E AA st AA 379
A Fow A th(Fig. 24). fFede AAxTE s
2ok f5de AWUEE At (nlet) 2HOE @9 5 1 m/se 5E9]
2% % g om(Fig. 25a), $HHEE  EF(outlet) FHo=Z
d 9= (static pressure)s G2 AAsI fF5 Tt B AV
B omAud ¢ J=E A4Skl vk(Fig. 2.5b). FEedel F#-5us
AeES A (symmetry) ZHOo® AAEo]  dfale] AJFS v XA
U == 3 tHFig. 2.5¢). PHAITt o2 fEde vigdy & oz FRE
FHE vy do] e H(no-slip wal)e 2 A A9 thFig. 2.5d).
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Table 2.3 Criteria in orthogonal quality and skewness

for evaluating mesh quality (ANSYS-Inc., 2020)

Unacceptable Bad Acceptable Good Very good Excellent
Orthogonal
i 0.00-0.001 0.001-0.14 0.15-0.20 0.20-0.69 0.70-0.95 0.95-1.00
quality
Skewness 1.00-0.98 0.97-0.95 0.94-0.80 0.80-0.50 0.50-0.25 0.25-0.00
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Table 2.4. Mesh independence

Number Orthogonal quality Skewness
of Element Min. Max. Ave. Min. Max. Ave.
2,465,539 0.201 0.996 0.796 3.07E-04 0.799 0.203
3,610,664 0.200 | 0.998 0.797 1.82E-04 0.800 0.202
4,805,645 0.201 0.97 0.797 8.54E-05 0.799 0.202
6,581,585 0.200 | 0.997 0.798 1.38E-04 0.800 0.201
7,808,890 0.200 | 0.997 0.798 1.57E-04 0.800 0.201
9,360,305 0.201 0.998 0.798 9.58E-05 0.799 0.201
10,303,583 0.200 | 0998 | 0.799 4.72E-05 0.800 0.200
11,369,139 0.201 0.997 0.799 1.64E-04 0.799 0.200
13,974,821 0.200 | 0.998 0.799 6.42E-06 0.800 0.200
22,183,821 0.200 | 0998 | 0.799 1.47E-04 0.800 0.199
28,787,119 0.200 | 0.998 0.800 4.34E-07 0.800 0.199
33,103,071 0.200 | -0.999 0.800 5.75E-05 0.800 0.199
38,297,464 0.200 | 0.998 0.800 3.05E-05 0.800 0.199
40,693,000 0.200 | 0.998 0.800 3.16E-05 0.800 0.199
44,669,852 0.200 | 0.999 0.801 3.85E-05 0.800 0.198
52,513,370 0.200 | 0.999 0.801 2.43E-05 0.800 0.198
56,175,193 0.200 | 0.998 0.801 5.59E-05 0.800 0.198
62,337,554 0.200 | 0.999 0.801 2.10E-05 0.800 0.198
64,592,123 0.200 | 0.998 0.801 6.73E-05 0.800 0.198
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Fig. 2.6. Mesh independence:

(a) drag coefficient and (b) wake volume.
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(a) y

L..

Wake veolume

Wake length
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Fig. 2.7. Diagram of wake region in cube model.
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2.4 B 7V A 5

Aol #A T FERES T4 EAE TERE FHY 5 549
AeS R TH(Styles, 2015; Cannon et al., 2022b). wz}A, =& o] %9
Tx2A 545 AFgste] Fx2E TR 5F(E, FRAA)FY] AAE

sefatnat skt ol g 98, BAASE et go AAsA.

2.4.1 &€& A4 (Efficiency index, EI)
= oxoA LAsE FFHRAAH Zos AZFestr] 98 Kim et al,
(2016b)e] AQtst T &AF ()5 EYsAL T E&ATE F oz AA

qu] LA FFAA w2 Ao B k(B 27).

(2.7)

AAE gugty. F&AFE Akt Kim et al, (2016b)e] =W
TEAF7E =20 4w, AXAI ojxeo FHFAH F&o] FHojurta
3

Aetm glem, ot wWAE FHAAC MAR FxE AHel 2w
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2.4.2 FAE A EX $(Improved blocking index, BI)

o

5
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], Kim et al, (2016b)°ll

A ==

9]

ol
M
o]

e, g

A o
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| N

T-Z 50|

o)

A tHEq. 2.8).
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| AuA5E AE

3

bk mhepd Tzl

S
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o] }aL

ol

A =(BD =

FATHEqQ. 2.9).

Al {Fs
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(2.9)

(2.92)
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Eq. 2.8°A
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2.4.3 298 EZ A A4 (Surface complexity index, SI)

Fe Addon e A¥goz YR AU TuelA HPsus

Bas 3xd 722 QAT (Wheaton, 2007; Schulte, 2017). thFsh
AAdFZE(d. A5z, 5)9 32d 2o @3 A+7F Bz &g
A1 AT (Commito and Rusignuolo, 2000), =2 2HAs}o]
Aistal, vE frIAle] Aol A 7 2HE AgstHA Rt
AA7] wel = oo FxH EJAEES ALFsstr] dA ¥
Aty o g g B34 (surface complexity)S A&

QL
T 2
-
BN
12
Jz
L
oX,

o2

o
=
Fotet7) = b=, olef 22 WHorE Y W) chain-tape WY

So] 9 th(Risk, 1972; Luckhurst and Luckhurst 1978). 7] 4] chain-tape
e 1A A o s 3R FxEe B2W ERAAS AHss]

4 A5 Eq. 2109 #2o] o5ttt

AOR
b, = Tb (2.10)
A, = WXL (2.10a)

AN, Appe 2 oz Rdo Ax BAAS oJustn, AE =
o]z utgt FWAS ousthEq. 2.10a). 9714 F o]x9 uty
FRHAE AAAYPowm JHgst] FREY H(WH Hol(L)E w3
2 s

AbgETh A, 3AY FEREo] fjd 3 EgA
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3. 2% ¥ uF
31 7] & ojx 24

%7] # ol% Ed(Initial OR)L I/ 47X 2 2dz FAEY, & 37t
ad MeE M A 72 Bl T 6714 55 sAo] WAl ®at, =
g Z-e] Akl W& (10%, 50%)S EsATh wEkd, & 48709 27 =
o]z mdol Ful EEFo] A=At

] v 10%9] 27 F olx RAgA AHE FTHAHLS

Fig. 3.1(a)¢t 2tk 9714 49 ¥& 10%= = #Zo] B 7|2 05
cm AYE AL oudth @S FHAA HAdgd Hixgk, Hoge
Table. 317 Zth ZEdA Ao waw, f SHAALS 531041
em’ol L, H A 266391 ecm’ollA Hd 994328 em’e S BT EF
= AZE AYEA ¥ HH 7)E FFAAHLS 145480 cm’o 2,
o] EAstE F ojx EAL Ha 183wl HW 6838 =&
THAAS 7HAh

= 97 49 & 50%9 = % EdoA ¥ FHAHLS Fig
31k 2ot FAE FFAA AdHH Az, Hdge Table 329
2ok He FRAHLE 343099 cm’olil, FHA 203563 cm’olH AU
520353 cm’?] #*E& ZHHTh ol = 7zl %—xﬂz‘»‘vl e H 7™
WS A Ao wls] 1.408H o A Am 3.584 =

ity

FHAASE ®BAtH(Zz 524233 cm?® 551278 cm?). ¥hA, 5x1 w1
mdyl 3x] wjd mdo] s e FFRAHLS 7HH o (ZHZ 4,039.70
cem®, 3,466.26 cm?), = 7} H]go] 50%% A, 3x3 Wjd =PI 3x]
g wdo] 714 e ZFAAS A7 274000 cm®, 2,832.18
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(a)

(b)
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_.lh.
o
o
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2,000
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convex model concave model

O5x5 m5x3 m5x1
O03x5m3x3 mM3x1
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mixed model 1

mixed model 1

mixed model 2

mixed model 2

Fig. 3.1. Wake volume in initial ORs: (a) penetration 10% and (b)

penetration 50%.
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(=)

100 ¢ O5x5m5x3 m5x 1
90 FO3x5@83x3m3x1

Wake length (cm)
[92]
o

convex model concave model  mixed model 1 mixed model 2

(b)

100 r o5x5 m5x3 m5x1
90 [ O3x5 m3x3 m3x1

70
60 |
50 |

Wake length (cm)

20
10

convex model concave model mixed model 1 mixed model 2

Fig. 3.2. Wake length in initial ORs: (a) penetration 10% and (b)
penetration 50%.
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Table. 3.1 Wake volume (cm®) in initial ORs about penetraion 10%
Convex model Concave model Mixed model 1 Mixed model 2
Max. 5,076.61 9,943.28 6,208.32 6,902.07
Min. 2,663.91 4,180.08 3,885.95 2,992.69
Ave. 4.115.44 6,706.78 5,347.11 5,072.31
Table. 3.2 Wake volume (cm?) in initial ORs about penetration 50%
Convex model Concave model Mixed model 1 Mixed model 2
Max. 3,556.07 5,203.53 4,332.99 4,574.95
Min. 2,928.79 2,105.34 2,174.82 2,035.63
Ave. 3,250.75 3,646.30 3,230.52 3,596.38
Table. 3.3 Wake length (cm) in initial ORs about penetration 10%
Convex model Concave model Mixed model 1 Mixed model 2
Max. 63.65 70.01 64.03 62.62
Min. 54.66 53.35 54.34 51.41
Ave. 60.71 61.33 60.67 57.08
Table. 3.4 Wake length (cm) in initial ORs about penetration 50%
Convex model Concave model Mixed model 1 Mixed model 2
Max. 54.27 53.41 56.89 53.67
Min. 51.36 39.51 52.22 42.71
Ave. 52.67 50.22 53.88 50.87
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Fig. 3.3. Wake volume in plate substrate.
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(d) 3x5

(b) 5%3 (e

(f) 3x1

0 0.250 0.500 (m) /Ak
[ ESEaaaa—— S 7 b e
0125 0375

Fig. 3.4. Wake volume of convex model in initial ORs about

penetration 10%.
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a 0250 0.500 (m)
L Saa— SSS— X

0125 0375

(d) 3x5 (e) 3x3 (f) 3x1

Fig. 3.5. Wake volume of convex model in initial ORs about

penetration 10% (xz plane).
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(d) 3x5

(e) 3x3

(c) 5x1 (f) 3x1

gy

0 0.250 0.500 (m) KT\ x
Z

L E— S
0125 0375

Fig. 3.6. Wake volume of concave model in initial ORs about

penetration 10%.
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0 0250 0.500 (m)
I aa—— X

0125 0375

(d) (e) (f)

Fig. 3.7. Wake volume of concave model in initial ORs about

penetration 10% (xz plane).
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(f) 3x1

s

Fig. 3.8. Wake volume of mixed model 1 in initial ORs about

0 0.250 0500 (m)
L SE—— S
0.125 0375

penetration 10%.
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0 0.250 0500 (m)
[ —— S—
0125 0375 X

(d) {e) ()

Fig. 3.9. Wake volume of mixed model 1 in initial ORs about

penetration 10% (xz plane).
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y

.

Fig. 3.10. Wake volume of mixed model 2 in initial ORs about

0.250 0.500 (m)
L —— SS—
0.125 0375

penetration 10%.
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(d) (e) (f)

Fig. 3.11. Wake volume of mixed model 2 in initial ORs about

penetration 10% (xz plane).
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Table 3.5. Wake volume and wake length of growth OR (Rep.01)

Number of oyster

Wake volume (cm®)

Wake length (cm)

(V)
Growth stage 1 50 12,903.40 83.60
Growth stage 2 60 15,072.20 87.16
Growth stage 3 70 15,574.80 81.50
Growth stage 4 80 20,137.80 98.26
Growth stage 5 90 21,088.40 97.72
Growth stage 6 100 18,837.30 89.91
Growth stage 7 110 21,602.90 94.03
Growth stage 8 120 30,979.60 116.43
Growth stage 9 130 30,832.90 101.47
Growth stage 10 140 29,984.20 118.55
Growth stage 11 150 32,420.80 119.40
Growth stage 12 160 29,883.30 105.27
Growth stage 13 170 31,052.70 100.48
Growth stage 14 180 29,766.00 102.69
Growth stage 15 190 32,378.60 102.60
Growth stage 16 200 36,045.20 113.22
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Table 3.6. Wake volume and wake length of growth OR (Rep.02)

Number of oyster

Wake volume (cm®)

Wake length (cm)

(V)
Growth stage 1 50 8,783.73 87.06
Growth stage 2 60 13,016.70 87.56
Growth stage 3 70 13,776.80 7970
Growth stage 4 80 20,137.70 100.28
Growth stage 5 90 19,380.70 96.66
Growth stage 6 100 20,384.80 96.02
Growth stage 7 110 23,412.30 102.52
Growth stage 8 120 19,337.90 90.74
Growth stage 9 130 21,650.89 92.88
Growth stage 10 140 24,704.20 102.80
Growth stage 11 150 26,880.40 100.58
Growth stage 12 160 26,220.50 102.80
Growth stage 13 170 32,366.60 111.45
Growth stage 14 180 27,905.10 132.15
Growth stage 15 190 35,151.20 115.43
Growth stage 16 200 30,912.80 104.77
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Table 3.7. Wake volume and wake length of growth OR (Rep.03)

Number of oyster

Wake volume (cm®)

Wake length (cm)

(V)
Growth stage 1 50 5,502.11 60.81
Growth stage 2 60 5,428.58 58.08
Growth stage 3 70 8,863.74 69.49
Growth stage 4 80 7,539.87 66.43
Growth stage 5 90 10,249.10 69.43
Growth stage 6 100 11,612.70 79.96
Growth stage 7 110 12,724.90 75.82
Growth stage 8 129 15,074.30 83.23
Growth stage 9 130 13,974.60 82.16
Growth stage 10 140 17,870.30 93.08
Growth stage 11 150 18,141.02 90.59
Growth stage 12 160 24,438.20 110.73
Growth stage 13 170 24,721.40 109.10
Growth stage 14 180 24,354.40 109.56
Growth stage 15 190 25,273.80 97.72
Growth stage 16 200 29,721.10 108.66
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Fig. 3.12. - Wake volume in growth ORs.
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Fig. 3.13. Wake length in growth ORs.
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(a) Growth stage 4, N=80

(b} Growth stage 5, N=80

0 0.300 0.600 (m)
| —— ES—
0.150 0.450

Fig. 3.14. Wake volume in growth ORs: (a) growth stage 4 and (b)
growth stage b.
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{a) Growth stage 6, N=100

(b) Growth stage 7, N=110

0 0.300 0.600 (m)
L EE—  ES—
0.150 0.450

Fig. 3.15. Wake volume in growth ORs: (a) growth stage 6 and (b)
growth stage 7.
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Fig. 3.16. Correlation between normalized wake volume

and number of oyster shell (V).
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Fig. 3.17. Correlation between normalized wake volume

and volume of oyster reef (OR).
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