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Abstract — To estimate the status and volume of artificial reefS(ARs) deployed at the sea bottom in fishing grounds,
this study assessed the initial volume of ARs, the cubic volume of AR groups, and the porosity of each AR using
image data collected during a survey using a multi-beam echo sounder(MBES) and a side scan sonar(SSS). These
results were compared with data collected during diver surveys and used to develop a new method and prediction for-
mulas for countermeasures, facility volume, and efficient use of volume for deployed ARs(cubic concrete). The field
survey results for nine ARs deployed in the Busan Sea region were calculated, and the average value of coefficient
k(indicating the efficient use of volume ratio) among ARs was 0.753, and the correlation between coefficient k and
year(Yr) of deployment was calculated as k=0.0023Yr+0.725. The relationship between these two factors was poor.
In years following the deployment of artificial reefs, coefficient k and year of deployment were not correlated, in spite
of the hardening ground due to subsidence and the reduced distance between ARs. Consequently, it is reasonable to
suppose that coefficient k was defined by bottom surface conditions and initial deployment conditions.

Keywords: Artificial Reefs(AFZ}& ©]%), Countermeasures(5% 4H74), Efficient Use of Volume(f-& 3 -84)),
Facility Volume Distribution(*|d% +-3F)
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Fig. 1. A map of the general survey area in which the experimental
reefs were located. The two digit alphabets in survey locations indi-
cate the installation area of artificial concrete reef, and the numbers
the ages after installation.
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Table 1. Information of the surveyed artificial concrete reefs
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3 T V, : Volume of a AR = 8m?
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VT : Total volume of ARs group in the bottom
VC : Total counting of ARs group
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k : Available volume coefficient
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Identity Installation Area AR Coordinate of AR _ Water Depth(m) Bottom Deployed condition
Location Year (ha) (EA) (WGS-84) Bottom Top  condition Type Layer
HC22 Haeundae Chengsapo 1987 16 100 35°08.786'N 129°11.459'E  27.1 21.6 Gravel Dispersion 3
HC16 Haeundae Chengsapo 1993 16 100 35°08.504'N 129°11.741'E ~ 31.2 28.4 Sandy mud Concentration 3
NY15 Namgu Yongho 1994 16 100 35°07.107'N 129°09.979'E 353 32.3 Muddy sand Concentration 3
HC15 Haeundae Chengsapo 1999 16 100 35°08.560'N 129°12.040'E  31.6 25.2  Sand, Rock Concentration 2
HC10 Haeundae Chengsapo 1999 16 100 35°09.232'N 129°12.324'E ~ 28.3 23.3 Gravel  Concentration 3
ISt Jijang Silangri 1998 16 100 35°10.704'N 129°13.698'E  30.2 25.7 Mud Concentration 3
JW8 Jijang Wolnae 2001 16 85  35°18.504'N 129°18.622'E  36.8 31.9 Mud Concentration 3
IY7-1 Jijang Yeonwha 2002 16 100 35°12.820'N 129°14.854'E  34.5 30.1 Muddy sand Concentration 3
IY7-2 Jijang Yeonwha 2002 16 95  35°12.484'N 129°14.740E  36.0 32.3 Muddy sand Concentration 3




184 o e

A& AAEISITE

3 5% MBES A& @lvk=l EIVAARlA] A28 NaviPac,
NaviScan, NaviEdit, NaviModel, NaviPlot == 73 v]= Golden
SoftwareAl2] Surfer 8.0 721 7jUt} IVSALY] Fledermaus A>3
EgJolE o] g3sto] AHEaigith. AuAE] oAe 22 HAE A
AlBkAL o] S5 B4, E(Roll), I X (Pitch), *35-2-5(Heaving)

1A, 29 A, 525 A7 52 A= At ol9k &

2 [} BA o]|& XYZ Format® 2 R85 FE39 0, XYZ
A ARE o] gsto] HA Al 9 ojx WA A A3 H ojx
FAE EABISITE o] AARE o]&sto] Welojxe FAI91A], A
254, TR S ARSIt

Che O i SSS FAR= MBES FARE F8lof @ojxl o249
A RE o] &3] QlFofxe] Uist SSSO] S F5, oz
o] APEE getslgitt. QlFolxe] 22k S E53E] 9
Sk SSS A A FH5 W 2] 352 A AFA=S] (Pre-Processing

Work), ?i%}zf‘}ﬂ?j (Main Processmg Work)_i I/]r - At}

1510y Z*}ﬁlgé FHET o] W 7P O]” OL Ql
D71 915 SSS FARE I} ZApdnte] M45E A7
9IS Rbsle] ZASAE Q1o
L jRlete] HF AL o FE

o}, w3k 4 A e AR 299 (Main Processing Work) 3=
7t EHAI5LTL Towfish= Deck Units 56}0% xﬂoﬁ}uq,
A oljellr] SIS FAlsle] QlEolxe] Pt
42l OJOOL% & F58] HOM TFAREL- 75
Tl whet A9 zlo)E st} 2

}XLOJOHH FHEE AFolx 22k HH Gl st
o] HEJY (Filtering: TVG)} Z3AFAE] 22 (Slant Range Correction)
o A S AABIGIH lgolx AkRA g Bl AL
geto]] o] g8l Qlyojx GAts IHIIE HigeISIth =
t N8 wfuie} 7 SA91A] 9 A1) Hat
ol 4] MBESJ HE Hﬂ A

S‘iFN

RIS

S el
AL -
7 AubhE Aeshel REFS & 5 ns 8

2.4 CIO{=2| Hu| 4FY 3 E=rTAL

Q1 Fo) 2] FEkS SSSFALSE MBESFAF A#E o]&3lo] Al
3liek. WA, siAel] FrAakEe] AldEo] 9l B$- SSS &
AF Aupol] UERt o)) SRS tiEfH o AlSale] Fakg At
“gslsict. mgt ARzt ol e} o] HFE o] A o] = -9l
9)ojA]= MBESOIA HEE SRS E Surfer L2 138 0] 83
o] 32pelo & FhAlERE 3 o) 29] H9)7} 71 tALsk(Digitize)
alo] o 2HRO| ARE FF, APFEISITE o] w) o)% F9)

2 73Akk ofs) A, AEE, AU SO ARE B8

=1

¢

, Seplel Aol 1
P) 39 35 2R bfeblck At S Ave
& ekl B34 K 2

QLA 0 7 AP0l 2 Fig, 2014 24 Qo]
Fo|EE A F mAje) Fo] Ul BRHoR AR A4
ofie] LA Furk FolS7IE ek, e A A o2

2 Alo]ol] 7o) wHlslel 2lAl Y917k F7heAl Hrk. 71
Ul A1 Bl A1 olol At ol zel 5 Al
WAL stet A Aol 0] Bl Qlste] Zoji By
ek o1z Aols] g0l €] ke A 2 - 50, welAl o
20) L AT Tl AR5 (0 MR B
359 APA 0w Anke Beo] 9]

=2 =20

EERECE

[N mr’

7} RAZ} MEo] Ui QR 1 §AS Bew Fuh olee
T §AE FEA0I o] oS 2YFel oiM ATl
0] BRAETE AFSH 71F0l Selitet s00m'e] T84

% 800 mu ﬁbi AldEle] gl Lq'a}/‘i /\]—EH/\O]— whejol zof]
gt AA9] FEFE4E sk 28 FEER1 SN 7
718A Q1 AFekel Ao|t),

ool 27 239 3 A AR 33t 84S Hrkel] 918
o A %9 A B AV 800 mi(10071)el diste] AE
Ol @9jolxe] Huk AAE olxdA e FRulE BFo A
(%, Ss Ratio of standard demand AR)Z Al=3}6131 a1, Ak A4
Ae AR Telolze] Hapd ojxo] st vild 37k vl
At AE FEHFAE(%, V. Ratio of efficient maintenance
volume of AR)ZE ARSI o5 BFAZAEEY 38494
52 7 15k FETE3 (%, V. Ratio of efficient use of
volume of AR)S AlAlSISITE.

o714 7t e9jol 2] A F e el wat 3
AR 40%7} shctel & AoE Mo s
5= 60%, wAEAER] 9= 80%7F SlAH I} sk
o= 7PgsiSitt. ofeldt ARE B 1R fFET-EAE (%)

ofele] 4=} o] ARVATHETSAE}E, 2008).

V.= {1-(4/A7)+ A,/ Ayx (1-B,)} x 100 (1)

ZA1201 7

oA7IA, Vaz FEEFEHE(%), Ar> T9lo1x9] st o] 7,



olzoPgos ANE ARIEelze] S A 9 REREE Bt 185

Arz olg gl gk G5 A9 Wlol 0] o2, BAz slde]l 3.2 B4 TALE S8 AIME "t
% solell thgt viEzlo] o] nE vEhar gl Vg delojze] A FEE AT ARAA ApgeR
scuba 5 B8 AHFEOIR0] RS 27 38 Al Skl
3.9 20t 3 aE F 7h ol ® Fetghs ARSI gt oA
o NS Fell ol Aol xE SRSl 1 Avhs
3.1 e TRloi=o| By=lS 2} Table 201 vtehal wiel 2k, 5, HC22014 170, NY 1594 57H,

$SS B MBESZAFE B4l o w9l zSel tigh 9AM & TwselA 270, 71914 1717} o] kel Q= Zlow zApglch,
Saj9lt). Fig 3¢ A 0% let] FAEHCI6R) T 43

(NY15) s ellx o] 9 &5 At 9l wefojxe] A4s ket 3.3 CRloj=2| AN E Hal Sy
A= vERfAL Sl AAAE k g2 MBESOl| 9J & ARzFgo 20 A4 gre] 7t

e

St FAREHC16)9] 75 A0 AP o83kl Ald flojd] AbY el ks S50 = 4 Qlvk gk o %9}
= APRE A3} 1,023 m’, H SE(INY15) d9] - 97412 AW BANES ofwA Asherlel wet Al S v

=
RExahs o2 TPSRs 29 1,009 mE AHUL EE 5 AS Aolnk B Aol AT A} AE nigos 2
oA A o127 AFAAEo) Q1A 2w P ol Q= A ATt wejolzol dishA kit Akkele] Table 200 AAIEIA
< & 4 ot th & ol @919 kik S 0.73~0.78CGH T 0.753)2]
V=1,023m’
HC16
V=1,005 m*
NY15

Fig. 3. Sonar image of artificial reefs (left: Multi Beam Echo Sounder, Center: Side Scan Sonar, right: resulting images and estimated volume
of artificial reefs).

Table 2. Results for the surveyed artificial concrete reefs.

Volume of AR Counting of AR Counting of breakaway Counting of ARs  Sinking

Identity \ 'MBES (m®) by diver (EA) AR by SSS image (EA) group (EA)  depth (m) < value  Sa(%) V(%) V. (%)
HC22 1,044 99 1 100 0.1 0.76 8 9% 82
HC16 1,023 100 0 100 0.5 0.78 100 90 90
NYIS  974(1005) 100 5 95 1.0 0.78 95 80 75
HC15 1,086 100 0 100 0.0 0.74 95 96 91
HC10 1,049 100 0 100 0.1 076 100 98 98

ISt 1,057 100 0 100 1.0 076 100 98 98
W8 898.6 84 2 82 1.0 0.73 80 80 64
IY7-1 1,052.1 97 1 96 0.3 0.73 95 94 89
Y72 997.3 91 0 91 0.0 0.73 9 100 90

Sa: Ratio of standard demand AR, V,: Ratio of efficient maintenance volume of AR, V.: Ratio of efficient using volume of AR
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Fig. 4. Relationship between number of years since installment and
coefficient k on the efficient use of artificial reef volume.
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