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Design and Development of Integrated Recirculating
Aquaculture System

Kuen-Hack SUH*, Byong-Jin KIM and Im Gi JEON*

Department of Chemical Engineering, Pukyong National University, Pusan 608-739, Korea
*Aquaculture Division, National Fisheries Research and Development Institute,
Kijang-gun, Pusan 626-900, Korea

An integrated recirculating aquaculture system suitable to our country’s situation was designes and developed. The integrated
recirculating aquaculture system consisting of a double drain type rearing tank of the 2.5m’ a sedimentation tank for removal of
settleable solids, a floating bead filter for the removal of suspended solids, a foam separator for removal of fine particles and a
rotating biological contactor for the nitrification was designed and manufactured. The integrated recirculating aquaculture system was
stocked with nile tilapia ( Oreochromis niloticus) at 2% rearing density for 2 weeks. Feed coefficient was 1.4 and average daily growth

rate was 0.64% in the system for 2 weeks.
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T8 Y FAL d5F 02 B A AHRE7] HE
7ol AA «8F9 10% ol BN
HetA BEse o9 Fol fFHolt shre F4e Hlsto
obF 7| gl 2 Al ofF fejstt A FHI} &
A e FAY 8739 dg A4 Y F4e 87
FgA o] obd AAFA Q¥+ E I WENNE B
Hege EARY o Aeg ¥ddEt 2HER Y 3l
ofd 2oz YA && oH4 g9 g yIe g (&,
1996).

TF o3 FH A2 27w AP o HX 95
Aoy Y2 AFE AGHA n o fASH E JAE F
T 29EdY EEXd AAE A HA AT, BEZE
& A7 FHAEY FA7 Skt Qe dA s %
e THLE oF YA 47 - AL o

Losordo et al. (1994)2 1992 "4 18 E AAS s £
227, 27)9 $E8L FFLE 93 A4S 4% saF 3
2 ojisletr g A A AY FAF HEUE A
AR £HAY FojAY F & EAZY e nygE
FRYtY AL AAE AT AHBAE AT ¥ A=W E
Mgy, A7 A4 systeme ZFE AAE 98 ZA=,
A #H g d77] (screen filter) 9 A4 7] (granular media
file) & A3 o™ SGRY}E A Fis) w7z g
AY# 2] (rotating biological contactor, RBC)S}+ $4% uhg
7], %% 3718 A43Y ) Losordo et al. (1993)% Ebeling,
DelOng S% A7& A&do T2EE 7 (foam fractionator),
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A8F bead filter (up-flow bead filter), 3| AL B HZ7) (RBC)
nE Ay Aoz A3 wj$ 9estE G AzdH
Model Aquaculture Recirculating System (MARS)& 7H&atsich
Losordo (1995)€ 19943 ECO-TRAPSE 4 A% ECOTANKSE
A&zE 3 18E AAZS 99 drum screen filter, A E3F
A2 A2 BioSump biological filterS A}&3 ¥ojzta ks
A2"g NEeAT} Reyes and Lawson (1995) bead filterst
RBC, A4 24718 288 &8 oH4 ¥4 AAYL 47 -
kg8

Seuele] &3 o3y gl 1973d RAeAdEsE (A %
Adgtn) 9 oF 2 4FA WelMg o] A A2
A Z+E o7 9 AFE ZARE Rol AlxolH, 19794 <} 600 m’
o A FEY &8 A7 ASFA 7} FAUSR ol A4
ol & o7 gAof 3 BAFHQA dF7F AYHAG (F,
1996).

284 ol FFE 3 d3Y A2 dFe YRy
o FY F£AE AR s AL FHon AA YHBAd
A F4Ao] 2 AAFY Axg Agde] A dFe
IBK Al&do] f43tct (3, 1997).

T qf4 4 A2EE 39 package FEHE AL A ¢
7189 ¥4 A2"o] A& ke $2E weit) A2o] HAG
NEAE A3e AT 28] $dT A28¢ FHE FEF
o2 AAY Aedy Aart 8glol 27 Wjge] ARE &
g £87F 2SS AUt RopAA vle FAdoz &
A 4 Ao

2 A7NE BARRA LA S8dTa R B A
BEE AEIY ¢& 72 FojF Y &84 AL 4AZR
ol AgHOR ZHI Y &F ot G A2HE ALY
package FEHZ AHA 2 ALyt
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1. AAE MA I xE

THARY FA ALY HA R AFL A7 AF M
€ 92 vXe 29EL 28 EF g2 Yol A4 (Timmons,
1994)¢] Azl F4& F1 APt AgzM FAge 17
Z2z 100 ym oAt B A Z AAA o] & YAE ilx{}_ 30 um
o] 49 BRE4L floating bead filter, 30 um ©13}2] vl A Y=9}

Azdel dA 4 g 71

Ao o AEE AAEE EEre AR AFY o 10%
°!l HZ3te 025m’e & AT ol ALY BEFE
Al & Folge £8FE o] &g en F2L Table
14 2o of 4% 48& A% Ase JANEE o83y
I, AEFTFL oAAFl At & 1% P ARE 19 3
3o FFAYT. FFH ALEY AL Table 29 2ok ¥4 &
g0 £FFL 375mYhr Fo8 2EE 25CE s

Table 1. Analytical item and method
Items Method
Total Ammonia Nitrogen

Selective electrode method
(Orion 95-12BN)

COD. Open reflex method
Suspended Solid Vacuum filtration method
pH pH meter (Orion 720A)
Dissolved Oxygen DO meter (YSI 55)

& 1FES IBRYVE ol &3 AAY & UARF HAG
Hom ¢4RYoly FAAa Y AAS 9T A3 g FAdw
e 718 A %8}%15} LENLY TEE U5y ¥ g
A9 E712 F2 39 ol UE UM ¥EY $BULE
47140 9% ¥7]E }EE ST Fig. 19 "}i‘ﬁ]«] AA &
€ YEHHAY.

Aeration

Air stone

3

y

Fine and dissolved
solids removal
Foam separator

Rearing tank

Coarse solid

removal
Sedimentation tank

<

Suspended solid Nitrification
removal > Rotating biological
Floating bead filter contactor

Fig. 1. Required unit processes in recirculating aquaculture
system.

2. AEo 8

¥ d3E %EH HEd A APLAE 93 83 43
ol #Ad dig Aol Hold doiy F5oEY Hathol F
U W5y F2 4 ud £ vddatgol (Oreochromis
niloticus) 2 ¥4 &1 Fol gl A ALEF 2 BF oA F 393 g9

FE 127718 #4340 o F F FHFS 499kgolle A
$UEE 2% 95}

3. Alad” g
Pilot plant®] &H& wWd oA 9’00*]01] AAEE IS5
Adzx g E%29 bead filer H4de AFAKE Fito &
A 1YEHAE AA}D E-"_—a‘ g FTE Az FYE
FANAT, ol g ALY AL A F o 1AL AR F 7F

nl_.

Table 2. Composition of feed

Component Composition
Moisture 13.81%
Crude protein 38.36%
Crude lipid 422%
Crude ash 842%
-5-44”“.11
*l¢%«l g F437) A8 dRYod A2 (total ammonia

nitrogen, TAN), 383 44 27F% (chemical oxygen demand,
COD), #40l2%% (pH), F5¥FE3 (total suspendrd solid,
TSS), 242 (dissolved oxygen, DO)O| W £AEANE 43
A & A g5 24 P& Table 191 JeRAA

2m @ 18

1. A8z

2 d7qA AFg Ag2e A330
AAZE FQANL A4 ¥ 2f
29 F&78 A AFZE FYAA AA
&3 B3g 74N 4 3= double drain Fej9] Y¥FE (7,
1996) & AA - AZsgct A%2 S HeE Fig 29 221 FRP
(fiberglass reinforced plastics) 224 A7 2000 mm, ¥ £°|
1000 mme] YHFZo|W F4HE 25m’olth AFFZ 3159 o
7T 40mm PVC &% AHgdger 4% WETE W0mm
PVCEE ALgEgth A2 79 ZAx (B/AE 334 2
FES AASE d s Fo3H guitoz 43 9% 29
AS 15% 019 olF Z& AUz 2L FRAME 30%9 A
271 dadt (3, 1996). £ 7NN AT Agze 28 F
zyRte 27 2 20% 2 AASFAY. A2 drde ASdY
FEE AT £ F2A o) A HEE AANA A2
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Fig. 2. Drawing of rearing tank

W 298 HAY & UES level switch® AAAGLH B3
F420 10cm © 3744 pumpE ‘ﬁ—’r’E% A3,

2. ¥z

A&z SRRy fEsE 100m o3y AB4e] 2 1Y

22 AANANZ A%A Fig. 33 22 39 AA=2E A3
5}. *}#7‘ F}T«l 1YE AP Be ¢S5 HE FSLE
% frgsol Az By 4582 FTAARE
d3AA FHHE S=4 H} 3

Rearing
+ tank

E5o] oy 458 53 3

600mm O _+R_e;ring
~ tank
}- 600mm
| - .+ 200mm
150mm R
f | Rearing
tank
700mm
700mm
Rearing 200mm
tank |~ TT'
300mm

Fig. 3. Top view and front view of sedimentation tank.

LW - 397

Aogez AAd 5 g3 vFol & 2IFEL
of golu 1¥Zo] AAR £HFE AN FETE B S
g ¢ I=E 39

100 ym o3¢} RFEL AA}Y AF AR
S 9 Stoke's 4 (McCabe, 1993)& °]%3}°‘I T34

_ 8(p—p)D;
v, B
4714 vie g8 AAEE (m/sec), ge FHHESE (98 msec?),

g 1YEL IE (kg/m?), gt A9 2= (kg/m’), D,E 2L
29 9474 (m), pe F#AY AE (kg/mesec)oldt. -

Ao} Ao Y2 H dAAe £33 YA AR £52 4
¥ AT 2ouF Stokes AL o] &FHW G&H #h

_Q 18
AN, TGPy

g7 AE AAZY 933 (m)o)9 Qe 7% (m¥sec)olth

FAzNA AA}D2 e DHEY F4 Y42 100 pm (100
X10"°m)olB& o}E 7IFo g ddo A7) A& o4 FAx
o dd3 g 73U 1YEe) dxe 1190 kg/m* (Chen et al,
1994) 0.2 7H3ggen F3L ¢85 o 19 36344
GB715mmpolada HRdE A4z f¢4He €859 ¢
AA €859 30% QY L125SmYheE AT Al2Ee] 3 2
=9 25ToA B9 9ot Hre 47 99kg/m’®, 0.9 kg/m-sec®]
I FY7EEE 98 m/secolth AME & ?ﬂi Aol AAzY @
HAL 0267 m2lYeH 35% BEY JHE Fol 036m* o2 4
Adte A2

18 u
glp—p)Dy

1 hr
=1.125 m*hrX
S /R0 sec

18X0.9 kg/m-sec
98 m/secX (1190—999) kg/m’X(IOOXIO' m)?
=0267 m?
Adesign= Aigea X (1+ safety)
=0.267 m*X (1+0.35) =0.36 m®

Aigea=QX

3. & oxY ofm7|

A4 oA 43}7] (granular media filter) € E2}4} plastic bead
g 2L 44 AAS oj43dq ¢85 F 1HES e
AAZ 20 ym o4 YAE AAE 5 Ak (Chen et al, 1994).
4 AR oA#}7] F floating bead filters 373 2~5mmé EX
t} HlFo] }& polyethylene beadE ol 43t FIFE 32w
859 RYEL AASE AAEA sand filter? £ol §73°]
Ao dAL Agde 2EE AARH A HF FFEA] Fo}
0.5~15 m/m¥min®] & filtration fluxg Bole AF& Adg
(Wheaton et al, 1996). 1 FHE AAF LYES beadZHH
AASE i g3 BFIY 7159 24 (air injection),
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FHFEAA (water jetting), 7144 ZwF¥4 (mechanical agi-
tation) 50l 2™ bead filterE ©] &3t LFEEL AAY A&
GHHAN 28 e €859 ol sand filterd] BI# 1~5% ¥l
& gko} wj$ FFAHo|th ¥ floating bead filterE bead F
Wl RE ugEe] 93 AR dryetyd Ahe AR
%t JehdtdeE 1% Yt (Hargrove et al, 1996; Wheaton et
al,, 1996).

2 d7ddAe Az AAHA R FfF 2¥ES A
Ade FAZAM U5 Aquatic eco-system Inc.2] floating bead fi-
lter (ABF-1)2 4 X3t I 8 Fig 4914 Be uls} go)
7159 dAoln M7 $FE 4mi/hrolth IREZHEH F4€
TE8FE HFo] 08308 BRT 7E A% 3~4mm9 polye-
thylene beadZ oA L Eo] ZAA i JHAHAdE &
Fo FEE 3“45} 2—-—Zl oA F71E TF beadd I
YA A bead £9 L % 28 Bead M ¥dE 1Y
24 387 AAA 3?— e WEgez FEA00

4. FMEER
B AL"e Zag AAE AYS] werlE ARy
3 4% Wgrle 29 EUAT o3 Zdo] $433 Aol
AsEA d7] T F719% @is}‘ﬁf‘i MEE £F £8A2
+ 128 (Miller and Libey, 1984) %7+ ol &4 747} &
FEI 4B HAH Y APz 4T FH -EFA R
2 BEge] gelso 4 & A& {7 Hd, @
W B4SEE 428 349 A 840 474 2oiAA
e F3o] Ao (Libey, 1992).
650mm |
IL 600mm —%
200mm Water out
450mm -
A4
Overflow
/ N
Air Air
Water in
Waste

Fig. 4. Front view of granular media filter.

AL uhs7)9] A glo] Mg FRE Re A2HdA
e FRYoY Aio ¢F Axde &85 fFFolh
Azdol A Tase ¢EYote] F& ofF AHFUTY AR T
Bl o8] 2 Ech AR AKLYEE 5% (50kg fish/m’ rea-
ring tank), 19 AFE FE%FE AME9 1% (001 kg feed/kg fish)
B 7hEEd & QFelM AT 25m'Y $xd FFHE A
29 %e Uzt 125kgelth

Rearing Density: 5%
kg Fish

Sm’® rear kX005 —————
2.5m’ rearing tan 05 m® Rearing tank

=125kg Fish

Feed level: 1.0%/day

kg Feed
X
125 kg Fish X0.01 ke Fish

=125kg Feed/day

47t FEHE ALEAA FAe RV Hao £EE 3%
g3 7} (Liao and Mayo, 1974; Speece, 1973) 3t} T3} o]
AsstE dEyote HAYEEE 3759 TAN/m’/daye]t}.

TAN product: 3% of feed
k;
kg Feed X0,03 g TAN
day kg Feed

1.25 =0.0375 kg TAN/day

=37.5g TAN/day

dukdo g g AALRA WY drYel AALEE
100 g TAN/m® reactor/day®l =2 (Suh et al, 1999), |39 3|
A4 w719 £4& 0375m’lth o719 27% HEY A
OZEE U3y 0475 m’E £ A2HY HLdBY uhe7]e ¥
w2 dAsYd.
Videa=P/ (- ridcal)
_ 375¢g TAN/day
100 g TAN/m%/day =0375 m’
Visesign = Videar X (1+ safety)
=0375 m*X (1+0.27) =0475 m*

£ AFM AR JALE$I)e Fig SNA Be ue 2
o] 1200 mm X900 mm X450 mm& FEE PVC plateZ °]| 434
AZsgen dx9 RuE 0475 m’olth 4% A 68cmd)
corrugated skylight plate 10035 AH&3or EHAL 726 m?

ol 289 YA £YFE 4B ARA L @5
7} elhe £99 94 Aaskes el 2w FEAA B
2 =% g

5. ZYUE(EA]
FEe e o 17154%: IZAE F2 FA 30um °F4Q

oiA Qe 8& DHERA XY FPe v YRAES A
ged e 2y lﬂl He ygoz ALAY
U3 d& Ao FhEdy A He] ¥g gvde F
1t} (Clarke and Wilson, 1983; Rubin, 1981).

Lomax (1976)< A& o347ld) A7 &3, 22 £ 4X E&
7|44 AFHNE 47 2 AHEE o F ¥ A2EE vz
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Spray nozzle GM filte
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350mm 450mm
¥
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Fig. 5. Top view and front view of rotating biological contactor.

& 23 vgoly B4 SN 2 o ¥% F¥E #$A
AHEE AE i)zt AHY AA 2Pl 2B, Dwi-
vedy (1975)€ X% Aaye & SFA4% d5oM F/4 &
e 434 4718 AAE & AT FA 2F 29
2o g8 f7)ate] AAHA Bl w FAZT pHE
A FASE o Tl HeH, & £9 HEotE AA
g+ s QA

ARz 94 AA dFH7lAAN AAHA &€ 30pm °&Y
oA 4As} §2 nHEY AAS d3) Eeedris AA AF
st B A7 AHLE ETEE Fig 6914 EE s
2ol WA 15cme EV2E JFAOZ ojFolA 3o 3
air stonedlAl RAHE 71X o &F5rt FW FEHUA
YR &8 o)FE WE F7) 754 (co-current air driven type)
o2 Azsd T2 Ul 448 71Ee U FFAM F
Z5 o] $27E 59 wiEHY LS TN A €
Fo f27E 58 WEdd

Al A
T T

6. AlAH” M

2 A7E 58 AA AE AsEs A FAE 273}
&9 FARFEe g FHY A2¥g & R AR &8
o7 34 A& AZEHT) Fig 7904 BE vhs} Zo] A%
z9 $x8 A2E Alolg F2F 7 BA A B, &
Ao] golst=E e £33z A29 F floating bead filterst
RBCE ARz AfZ A¥o 2% 722 AXe AN A&
o] AAdte AHL JUPF Y & A=E AUt TE A 2"

’,mmm»
150mm A: Foam
—l—- /Ail'
Water level

Water on?t\___ "e\

—4

900mm

700mm
600mm

|
1
m/
50mm
Water in

Fig. 6. Front view of co-current air driven type foam separator.
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s ----»Control panel
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Level tank
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L Heater
— [ >
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200mm
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Fig. 7. Front view of storage tank.

AAd) 24 ¢35¢E 109 gExTe

lterd] M3 TTE7| F71E FF3E blowers AHEZEU
L2447 Bo)d AS UIE T & UEE ¥ fET7E A
x3tgch #8492 (DOLL SA, Model Sprint)€ E&% 7m’/hr,
AFE 13mYd A& AA3Aom blower (A-Sung Machinery
Co)e B2 400 mmHg, E2% 1.5mYmin% A& 4A3HA
.

o] 43t o] E5 ™ bead fi-
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olfel 9l 2dE A&z WY <8 F ARA
AHEZ B FE2E B3 AAXE F9MA AAGL
AEM FEHe €85 AFZAAM Bolx§ 34
€ Fig. 894 B+ uts} o] Agx §49 1/5% 025m’
22 ¥ JA2g $Y4A AFsA ARz FRolE
g S8 74 5o 3 AsxE #9471 GolAAY &47
&3 o Bz F3jHoe] LAY A5 st 4 o
A £F ¢EFE BRT 5 USE FHAE XA AF2
F7 A o3 R HojA W H9 FFs ¥FL 4F £
A oldel HAS W A HEE AFIAEF FHT AR 3
Heg A29 AR AT £2& FA37] 93 3kwWy £
£ 7tA € A7) heater® AA3 A Heatere 2% ZA7|9 =
4718 AMEEtY HAE xRt 20 AW AFog &
o9 4% &/ HYE A58 UFETE A

Y9 el gdA 5o g3 =t A5 ¢ FT FY
Al &E o)ifo] AT A FeElAAA AEsA L] Y8
auto dialer® A A3 A. Auto dialeres Al2Hodl| oo w4 T
73S ABE o) &3t Y E HewEz A5 E Bulo #YAE
Fgste Nadoz 7| Auolse g FH5%50) 5 E
o FPA7L Yo dHEs dgS s £ e FHo] QU

ARZ EL &8 F2o g3 A{FZ 45 4AF floating
bead filter2 FYHE%E 3t ch Bead filterE AX 1Y Eo] A
A ¢ Ads el A 98 Uiz fddHy 3
AYe# whg71E AR Be AgxE #8340 APt A2
d F A=E FETY W)
FHE AN

£k
>

2,

r
Ay B BN e

1w |- 9

..,'.:;,:_§_____,_.=_________1

T

1. Rearing tank

2. Sedimentation tank :
3. Storage tank :
4. Floating bead filter
5.RBC

6. Foam separator

7. Pump

8. Blower

9. Control panel
10. Auto dialer
11. Level switch

Fig. 8. Schematic diagram of integrated recirculating aquaculture
system.

Aste F279 YA AFSZY Yud YAF[EF AL A
£z Yol 2l g se Ay

. A2g 23

7
B d1g 53 Agd £PdF ok Aade dA oF
%

AS 588 dolry] g8 ud "ty ol (Oreochromis niloti-
cus) & FEFY oF AHSE FHEHAL £ o F AHF 286N
€ Alade AT a3 v A 9% HE987] (rota-

ting biological contactor)®] Aol FAts} v|BEY] F3& 93
o $8AHY FAA LGN B A B2 2% 8 AFE
dagte F 1443 FYA o AP7E B4 7Y HAAe
At
F FY 27lde o7/t AR E HAHFA Fol YEUHA

A5 FEIL doy offst A& FHEdto ALRE H7
AlZe 29 FRE ARZR gRYA AhFE7} F7HE) A
e 490 AT Fole 136g/m’ A F7FHHLY A|AH
T 69 A3 FHE ZFadd gYo] AHUA FHE 03 g/m’
9 FEE HYh

Table 391 & A7l AHEE Al2q] BFFg A2" 3 F
SUNHE 4UZAA YEhd AR Wy drYopyd A, 383
A4 878 pH, F FHEA 2 £EUL2Y HE FEE Y
Ut gRYeHd die] HF F2& 0348 gm’EA W BA
el on 38 A4 97 3% F FREFY e Y59
A8 FAEHA YEINten $&24H49 B FEE 431g/m’ 3
EE fAGY B dA7oA dAT A2de] S EEHAE ¢
F ATk

Table 3. Water quality of supply water and recirculating water
in rearing tank

Supply Recirculating water
water  Average  Maximum  Minimum
TAN (gm®) 024 0.348 0393 0.306
COD (g/m®) 200 19.5 304 100
pH (-) 7.79 7.25 7.52 7.01
TSS (g/m?) 70 75 10.5 6.0
DO (g/m®) - 431 501 374

59 AL Table 49 Ve 819} Zo] o] Fo HT AFL
3928 gl A 429402 AP A48T F 38E F AR
FL 64857 g2 2 AlEASFE 1401001 AT HABEL 064% 2
vebst.

(@) ot
a3 =

ety AFe Hisa A83HA 8 74 ¥ Al
B2 Awate package FHZ AMEEr] 989 25m® FEY
double drain FE S} A&z HA 1FEAS AARI A
ARZ, 274 2¥E9 AAE AF floating bead filter, §EX
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Table 4. Average of body weight, feed coefficient (FC) and
daily growth rate (DGR) of Nile tilapia

Experiment period (days) 14

. . Total weight 49,890.00
Initial weight (g) -

Average weight 392.80

. . Total weight 54,530.00
Final weight (g) .

Average weight 42940

Consumed diet (g) 6,485.70

Weight gain (g) 4,640.00

'FC 1.40

DGR 0.64

'FC (feed coefficiency) =feed intake/wet weight gain
DGR (daily growth rate, %)= ((Wt/Wo)"—1) X100
Wt=final weight, Wo=initial weight, t=culture period (day)

YES AANI 4% T 279 grYoly AL E A A
A A AW wNSUIE 2HS &8 T G A2gs A
Atz A Fsg o)

B Azdo) HE oAAF 39282 Ud "atye}l 17308 S
F43t AT BEFFE ASE 39 0% 8 AH-3t 1497
AFAISS AAF AN ARz AL BHEFY A FYF
FAZ FAT F UANen ABAF 14, 9T AAE 0642 U S
& ATk

A =

2 g7 AR AT AD Ve AL AY d7d
A7 Add A FREHJLH ofo AR AHEA FA
=gyt
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