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BEA AL IR RS, 7K 0% 5 SR o AN 2 b X RT3k
WA P2 RUVAE S o ARS8 K = SR8 AL 7= 7 3052 2 PP
FIPREIR 2y, &P aRm AW B, AR T K
F5U, KR IR SN R RK IR SR K P SR A
Z R AT FE d i i — R AR P B, e S KA
FERREAAH L, K 90% LA b, b EE 99%, i H.
TG K AR FE AT LS BE R . PRBE A AR e
Bt T A K R H A R R A S S G N
PO RO 1 5K L L S e N T A KSR 5H . Yossi Tal
SEDILERE ST SR 2E M08 2 2L M RE VR AR i — SCvh
WK, REFHHM AL (gilthead seabream) % ik
F T 80 kg/m’. Steve ZEHBETF LR AL it Carctic char)
A} A R AG IR K FRAE R GOR - P R A K IR &
e IR F] T 100~130 kg/m®, 1M HLZK B K . Ebeling
SEBHRIE PRI (sea trout) 43 HIEEA K FR0H 2R 46
AT EIER T 112 kg/m®s 21 ALK, hE T
AT IR R R, 4 S0 A S o ol () 385 o R 7K Ak 2

WA H M 2012-02-07  &ITHE: 2012-07-24

FEEH: ERBEARMEE (2011BADI13B04) ;s [H 5 R i RIF 8
(2012BAD25B03); BHIFBE T RIF KL T (2010EG134287)

VEF I KT (1980—), B, FEMIM BRI AMT. BilE W+
K = RHETF R B AU AR ST, 200092,

MG ES: %L (1973—), B, FEAG TRESEARMT, b
W PEK PR B URAER FFUT, 200092,

BRMBIF ) T HBERIHTIN . B BT SRR 1
B0 L) AR PR K SR IE ) G B AR AT R B, B
st T BORBGARL . BT AT BEKF 25 S R, AT
AT O TR o 2 BE AT A /K SR LIV o T 22 K
A PRI K IRIE R GER A N ] PR LI F) T 25
kg/m?® o ) JR A VI S 1K) T 600 A PR K TR R R T
38 kg/m’ o A SR A AR e A PR IR K SR R 5 LA
WE P AR (tilapia) AFRING, HAELE N TRE25
BIFTEAm IR /K IR AE 28 GEAE o 8 IR B 2 7 I R FR) K A
NGO SRRSO R LA e, B
T AR KT AR G EOAR RABTFERHE] W ] S {1t
fii %

1 #RAnTE

1.1 EXKIFR

T e 2 S A PR A K SR RIS R (LU R AR N
R RS, W1 I EE T EUK RS B v
BUBRAS 28 BF 5T I T B8 A AR b s e 25 46 5 TR J AT
SeEy S, T 2009 FEEESER, 2010 4FIERBANIELT.
ARG AL 60 m®, 4 DR 2 m % 1 m [KETE B
T S B Tt B AR N ) 7K Ak B R A A R, R SR A K AR 4
10 m®, Bl EIREAE 100 kg/m’. REWIVI, %
FEIFRAGE L, AR L UGR IS IR0 Gk PRI 2 b B
AREVEMR K & P A, REFEEISHWE 1
FiR
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Fig.l High density closed recirculating aquaculture system
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Table 1 Design parameters of super high density closed
recirculating aquaculture system

SRR WIHE
FRIXT S W P
BIRRK A m® 10
B IR/ (kgm™) 100
B R FRIH i kg 1000
ARG % /h 1.5~3
H 47K /% 3~5

1.2 ARGt
1.2.1 T#4&4t

R R GUK A TR WE 2 iR, AT %
FRIER GAR P — N R AP B, R 2% 8 R
PRAEM R, KA T 2B T3 ERE A I  d )E
AW PR A A G S IR A, SiAR R R s T 2
2SS A3 A RS B ARAT e S I

§ '\'\"‘;': R
] 5mh
(=4
o
A4 L/min e
B2 L/min o
0.37 kW
Al prv=rry= 15 m%h
—— U A ——] i i | @
5mh
et At f=—{ et ]
10 m¥h r_____777_i;-
CO, "<

B2 Z4AKLALEIZRER
Fig.2 Schematic diagram of super high density closed
recirculating aquaculture system

D FRIHMEEHS T2

BEATRIHM BT A 2 BR UK, R KZ thFRiE i
BE LA, RGN 85%, 2925 m'/h;
JEHEK TR ER A 7 BARIR B 1Y 15%, 20 5 m'/h.

TEK IHEGAE F R KA N ISR AE 3845 45 K50 40 ks 47
AR BT MRS, £ th kg ARl 22 (1 3)
HEAKALFE, %35 AL T SEEE ) Particle trap® ) #E
v R ERAT T AR, SERR A AR R
it

FAE, ki

\\\ /4;>ww

¢ bl

B3 prAEXHEKES
Fig.3 Particle collector with narrow gap
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2) EfEER

AR T E/RMFIEFE, Wit 15 m/h, SR
e WOE. RTFE S YIS IER A AT, D
2 T K RS Bt v W LA S TR T
R 7K A B il 152 45 o

a) FHityE

ER S — Y IR, HFE T2 REEA
TSR BT BRI (R 32 41 B 1 L 25 B, PRI P i —
Je S A2 A S DT BRI P % 2 TR Bk 1B AT 2 A0 43 B K
AEBRV A o RGUAEARFA 1T IE )02 79 £ AT 400 mm %%
TR 2 %8 (radial flow settler) o 5[ KT
2% (swirl seperator) AHLL, JL[E MR 4 25 bR ACR o
w, WTLAEE] (77.9£1.6) %,

b) kg

THIEFA T E N TR R RS AZ, BAME A
3 3UME N (microscreen drum filter) « 47 23 1€ 2% (belt
filter) FIIHERITIESS (bead filter) Z5. % FEFIHEA B
FERI T 275K, Rk FH B2 508 & H e sl EbL,
fii 200 H, HeEibl 0.37 kW, RBPESIR ) 2.1 Yih,
PRI B R ATIA 50% LA B,

o) AT 2 AU RS, HE T
I RIS IR S R iR K 2 e, DRI o

d Witk

AL pE R K TR RGP R O HOR Y, I
IRZA G i F )30 1 X% S R A Wi 98 4% (boiling type
moving bed biofilm reactor) &4 H 1.2 m, & 1.7 m,
M B 754 AMB!?! (Assisting Moving Bed) & iFHRl (3§
LI T, BB 0.95 glem®, HHIELLFR N 40%~50%) .
IEH TAERAET, SRR KA m B HE /B R T R
— MR R B ImACIRAS, TRUEIR K S 8k b A4 5
iz A E i i, @ REAL AR R, ek
YNBSS, DRI = A P B () 3

e) Al

ST RGO IR 100 kg/m®, R HAESE )
g G 4 7 2 20V A2 SR P IR 48U /7 S DL S A )
A R N TR A T FE . DRI, RGEEH T 8
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SR A R A PRI K IR R G Ss AT BOR 7 # 153

Z ik Al TR G, TR AR I RGEIEA, Ab R
510 m*h, 7EK#E 20°C, SWAARBILE 12100 44 F,
KRR FE T IA 14 mg/L Z247, 48R FH & 70%!),

3) WA

o AR K TR R G T R A FH DA AR
Y IETE A S N AE AT, KRR CO, e 25 Bl I )
HERS AT ZRA, L 204 21 J FEA BE L RR FE [ 20~100
%, FLVWORAE R AETS pH (EPUE N R, XM K IR R4
(R i e 7 AR R R RN, Dk, R rh R I
T4 (RE 10mY ), it 2 G Co, IS
(EA%0.85 m, & 1.5 m) HH s W 1) 77726 K ik
17 CO, LB, HHEMH/KE 5 mYh, #5E 40 m/h. R
UGAFRH, %3 EAE AL 1:8 S N i S B ]
PLIA#] 86%~92%!"),

4) RS

IR AR A AR I AR IIE 2R G /K L i AL
RIEFEKTER, FEATEDIE. LIRS AR
Wgs, EET, WE S mh.

R T B % M MERESEN R 2,

K2 REITEREREMMEESH

Table 2 Main facilities and performance of the system

Pz FHLLEMITERES S
Bes R AR g A REA2 300 mm
e S ) B e %5 A% 400 mm, R KALEIE 2 m¥h

s FE 8 AR 800 mm, B KALERRE 50 m¥/h, FF 200
e g " o
HECURIEN H, HEEHL 037 kW, RAMVEHAL 0.55 kW

i AGHA12m, @17 m, R RIE 3,

TR T R A HHEA12m, & 1.7m, AR 10 mh

JERHE R 40~50%, B 3 mYh
HRE S EHA 300 mm, &1 m, HKAHE 10
m¥/h, FAFRHER SR 2 L/min

45 A% 850 mm, 7 1.5 m, H KALEIE 15 mP/h,
FrAERE B 2~2.5 m*/min

Z I A A

AR M

122 #HHEitE
8 1 2 R G W B L T LA B K TR b
G A A (TAN) L AR (DO AR B IF Bk (TSS) .
D HETEA (TAN) HEHREIE
BT 2 A MG T ST AR P SR A R R AR 9
MWK E R, e (D I E
Oruv=VIPRIHRT QD)

X, Oy WHETEAARMN RGN EAL, m'/h; PR
HAEYERIRIE TR, %, WRIEIE S s IR A e
TAEESR, HAEHN 40%~50%; HRT NAEMNERS /K 15
BRI, h, BEVHE N 10~20 min; Vo4 BT ig A3
BEEARRE, mYh, B Q)

V=Rz4n1 000/ fop! SP 2)

A, 1000 K i H R g/kes from N AL HIAURL
R LR, g/m>d. W5 B3 IR A uEes T
VEVERE, HAHCA 0.45g/m>d; SP OMHCRIELRIHRL, AMB
RIPERI L R AN 500 m*/m®; Ry A BTN A Y R 48K
Wb R & B, ke/h, IR (3) gl

Rran=BM ryeqarvPC /24 (3)
rH, BM O ARG o K, B 1000 kgs reed
HHBRZ, 1.2%/d; argy MR AR (BT
TR AR I BT E) . HEHE Timmons 25U IRFIT 45
By MEARE 0.092; PC oATRIFHE AT E, % 24 0
IS R A, hd.

WEERN: Ony=143 m’/h.
2) BT AR A G v o
RETwfA ez i @ i

Opo=Rpo'1 000/ADO (4)

X, Opo WL T WA RGAEHA EIHHAL, m*/h; ADO
hFRFH IR KIS IR 5, mg/L, AR 2 ik =04l
FURASEE TAEMERE, HHEN 9 mg/L™; 1000 5k
I R gkg: Rpo ML N I R G S FEAE,
kg/h, %ML (5) 1

RDOZBM'Iff'eed’aDo/ZA‘-[m] ( 5 )

K, apo AFEAREL (BMAEA T HRHIT S BUN RN %
RS, AR i TR B IR A W uE 25 A% 5 Ak T gk
SIRBEAMR, AHEH R RNV FEA, Kt ape B
0.25"81; 24 Jy il B2 %, b/d.

WHEERA: 0po=13.9 m’/h

3) e SRR R (G A A

S BRI G R R SC (6)

QTSS:RTSS' 1 000/ (T SSom'( 1-E TSS)) (6)

X, Orss NHET BETFIRI M R SGA R A,
m’/h; TS, A IR H K P ) TSS 3%, mg/L, BhAb#
SEFRH LN TSS WS ANHEIT 25 mg/L;  Epgs N4 FE JE IR
TiX T BRI BRI 0 LB, %. Bhib 5% s st
X T s AR LB S 45 2R, B 54%; 1 000 4 )i i 46
HRB glkgs Ryss N PRI TR] A I R G077 2R A0 TSS B
i, kg/h, &R (D IHE

RTSS:BM'Iff'eed’aTss/ZA‘-[IG] ( 7 )

K, arss A TSS HeAb REL (B T RLT = A2 1
TSS BJFi&E) , JEANE 0.25.

WEERA: Or=10.9 m’/h.

MR AR BTN Oran>0po>0rss, I 5% B R4+
WEWIEHR BRI A 15 m'/h, WIERSEFEHEAKEE
10 m®, ARG E TR P REMIAFAIA 1.5 K.
1.3 RHEEE

2010 4F 7 HRFZERBNISTT, BT ARG RS,
IR TP S B KRR 1 2 A fa e fh. (300~700 g) o ik
F R A i VR A R L Chakeh A o sy Lk 3)
H P s g AT 1%, B R4 2 IR, 4331024 9:00
I 16:300 FRGE 7 BN T T4 BE A 32 22 2 Bt X
Iy RS, [ R NG A B A AN A W B
Yy, BESY 500 9:004 13:30 Al 17:00. HAB/KALH K %
AL HE At PRAUERE A AT — R HE S A% .
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Table 3 Feed composition

By RESEU%| sy RESEU%| sy RESEU%
HEN 38.0 5 5.0 AN 1.0

HK 18.0 B 0.8 T 4.0
HLET 4 8.0 ik 4.0

1.4 KB KRRt 7%

KAl AT pH {ESE RS B YSI-556
Z ZHOK M E AR s 2% (TAND MU A /R &6
(NOL-N) (R R AN IR BlnDe B ik — Bk FE 1)
DR R ARG 7272 (NaOHD 5 A4 ST A &2 73
WAL FEANELRG, S5 R DI bR =R .

B gevh 73 A 5 A EAE ] Excel2010 20 Ab B

2 HZRES

2.1 E£KiFR

RET 2010 4F 7 A 19 HIFMRIELT, HENAEWNE
A R B, W AR S R v K 35 = B £ 1 000
R, 1817 14 AR EEOKR 800 &, 4 HJE U 300
B, 201049 H 11 H, HIAP a8 2EIER] 2 068
P, HPEIARE) 85 kg/m’. F 2 W T 2010 4 9 H % 2011
36 ATy 2R A AR R4 5T G KA DL IE
DL, WERPITLLEH, &t 6 AN HIRKIRE, &
s w850 kg MG B T 1042 kg, 1HELREL 1.4,
SEIFEE B LA F) 1042 kg/m®e HEAN TR F 3] 0 24
LN 92.2%.

R4 BEEKER
Table 4 Growth and survival of tilapia

1437 0 2570 3HFRAM 4RI
H ] T S P T Ly TB v
Wihg  fAK/em /g fEK/em B/ HK/em B/ AK/em
2010-09-11  776.3£104.7  30.7+2.0 173 388.5£77.4  24.2+1.8 698 393.4+59.2 249+1.3 574 350.7+£58.8 24.1+2.2 623
2010-10-18  854.5+112.0  31.7+1.4 170 415.4+71.4  24.7+£1.5 696 515.0+100.6  27.2+1.8 570 480.0+49.6  26.8+0.9 620
2011-12-10  933.1£216.9  32.4+24 158 489.5492.0  26.8+1.8 652 551.5+59.5 28.0£1.0 536 490.3+117.2  26.3+2.1 589
2011-03-24  962.5+147.3 33.2+1.7 151 4853+£779  26.4+14 645 558.2+76.5 28.1£1.3 531  495.9+114.3  28.0£2.2 580

2.2 H& (TAND) FATAEERER (N0, -N)

RYUEAT N, A 2~4 d WFEHE— & /K REREAT
SRR RR Eh R SE A I, AR ol 4 Frios. $%
WA OL R UF, FEE AR A . N o] DUBH B 1
W, ERGUSATIRT 2 D H, SRR AP A %
B, T H ARG AT e N, BRI KR N I s AU
WAFaE, BITEFAE 0.42~9.07 mg/L EFA. HE 2
AN HJEEBA AT B, N9 HE] S HRREAER ) Py 5
RESHIAE 0.4~3.14 mg/L JulH N, P (1.09+0.55)
mg/L. VAR R AR A o 5 BS I A AT 22501, B
WA R, AN AT 1 AN H BN R]), SEAR YRR 1
mg/L AR, ~“F1 (0.18+0.15) mg/L. MR, AN
VRGBT AR, HoKEZ W%,

10 s
—

—— AR ER

Fee Wl

YA 8 6 s < FE/(mg L)

e o

2011-05-15

=7 =
2010-10-27

® 0 :
&2010-07-19 2011-02-04

4
B 4 FRFA RN B R A LA ER AU L
Fig.4 Change of TAN and nitrite nitrogen during rearing period

2.3 KIRFIIRMEE

ARGIEFIBATN LT, A WA N TR 2
HKEE 2 6 2 W Al R & SR ORAE,  BRRP RIS LA,

AU E R HIAE 200 L/he B 5 BoR T IR5E R oL FE p
KU FH 7K AAS P RS il SR FE AR A 0 o A AEU DU R
TERFAN IR M) _EREAK K AL, B 4 ASIRIE A iR 4
WL e bnft. KL S Pl LUE H, HIRE
B R B A HIAE 4~9 mg/L G, R Bshi k4
o WA AR, MAKRAE 25°C LB
(2010 7 H 26 H&E 201049 H 25 H) , #HR4E T
AN K (5.6+1.0) mg/L; /K4 25°C LU (2010
9 H 26 HA 2011 425 H 8 D, WA AR
T (64115 mg/lL. HEUHIIE, EUREESA E
AT, AR ARG N T AT A R, R AR
AR B FAMRMARED 1 mg/L.

5T — R ]

JKilk/C

w

IR ATTRIR I (mg L)

3

2010-07-26 2011-05-22

2011-02-11
H 3

B 5 JRFAJE A KR A AR A Z AL AL
Fig.5 Change of temperature and DO during rearing period

2010-11-03

2.4 ZHALERF pH (B

AR GO AR BT R CO, Ml R 2 T
PR 1) A & B, BRIk Ah, i T E s
SREDE s TARERURAE R, It B AT €10 CO,
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TR AR AR R K IR R G AAs AT RO S 155

WOBAL R o FEIXPIIEI T FRAGER S, REGKIEN
AR T R P AR R R, AR BRI 2 R
7N, ZBUE— EECELE 10 mg/L LLR. Bk, X T 44k
TR B AT SR G S W & 55T /KA pHL A fr 42 o) 3= 33
b e AR SR i AN IR IR ELH (NaHCO;) #SEIL, I
WK 6 Frox. WK LR R, BRI
ETHAERESERINGE, AUKSEE I RINEK%
wine WREEW (2011 41 He HUJE) , #ES3% T —
LRI DUJS , 4% B A TR RHAS I 130 g IRIR AL
BRI LI, pH (EIEARE RS HIAE 6.45~7.41 2], 7
B4 7.03+0.17.

~h

4 1 L 1
2010-07-26 2010-11-03 2011-02-11 2011-05-22

H

B 6 JrRFA RN pH AR I
Fig.6 Change of pH during rearing period

3 RBEFETM

HI T 1847 A . RSN R, IRMOK IR R &t
ML TEVEAE N — E R AR IZ AR . AR KA
B Z 44 SRR I LR % R B AT A R . DU R
JERGEAG], HIS T A RS 3 M. FEH. FE
LU BTRHEAE . FEHL AR L RGN IR, B 24 h
SEAT: RELHAY DAR G THEEIN IREALS 400 L i (4
G 2 BT S A BUE RO 200 L/ 5 24 h
1817 PIRNE AR TR R 5 1.4 BTG RN s
ITHANER 4 Fis.

x5 RFERAEBITHAR
Table 5 Running cost of the system per month
B/

JRA N2 K A G i
JeHD
ik : 3 . FEHLIIZR 2.04 kW,
FEHULAS 1500 kWh  0.55 T0/(kW-h) 825 W ot A

WA A 02t 1300 Jo/t 260 SRR 400 Loh!

A 028t 6 000 JT/t 1680 TR R 1.4

JNENT'7 1A 1500 7T/ A 1500 RO

y . A 7.8 JT G,
[5] 650 X .

HrIR R 1410 a IR
Gt 4915

R HATRISAT 0L, BL 5 AN H AR,
M 100 g FFRE] 500 g, BT HIETRIEAT A KL A
25 76 (M p AT 0.2 Jo/eih, 32 000 ) o BTk
KGN AR S (2011 4F 3 A6 X dimih b
15.5~22 ju/kg®™) o B8R, HApHEEHA RN EEN—&

I RGE, (EW TR L S8 TR R |, &
FrrEk ez, LRSI E A R, K A A X
k. A0, WaZiizkih, HETE A T A e L
PR KA AT S b AR A, SRS T R s E TR
BT 65 B A AR T8 e (R R 0 e ARSI 5, 1%
) AR K T3 RS 2, DUOKEEST O 3 (1) K 6
17 55 N 17 B O By ey S SR SR =S I (E S

MIBAT A R, % % RGN A S e A
BRSNS, HRMAESBENAESE, 15
IR IR AR XS T K AT AR B (R 48 A
BEENE N SESFHE XA, R K5 A 7 R
BALE K= AT LA ) 50~100 £+ #UFT 160~2 600 1%
MK, EEARSEFRIE T2 90%~99% KK R 99 % ) 131,
I HJLFATG IR 552, IF AAE 13 K= FE AL AR P o B
IKHBIR () R R A PT fig o PRI, 703 98 65 305 (1) R B ot ol
MIRTHE T, X RGE T LG MRS 8], A K IR &R
SR ELAT T I (R N i 55

4 % i

DRI TN H IR — VR 7K B A v 5 5 4
BRI RS, M TR S8
XIENL VI XBBN IR AV uERS . 2 Itk LAl 4R
BRCE . AL SIS KA B A5 . 23 6
A H IR FRER Y, A IR LA T 104.2 kg/m’®,
H¥oK S 5% LT, KBl REF, 2 & (1.09+
0.55) mg/L, WAHRREE T (0.18+0.15) mg/L, %A
1 4~9 mg/L Julfl N . e aRAERKEIES, T
PRI 148.3 g, A7F35 % 92.2%.
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Engineering design and performance evaluation of super high density
recirculating aquaculture system

Zhang Yulei, Wu Fan™, Wang Zhenhua, Song Honggiao, Shan Jianjun, Guan Chongwu
(Laboratory of Fishery Equipment and Engineering, Fishery Machinery and Instrument Research Institute, Chinese Academy of Fishery
Sciences, Ministry of Agriculture, Shanghai 200092, China)

Abstract: In order to research the change of water quality, growth of fish and economic benefits of the recirculating
aquaculture system (RAS) under high density rearing conditions, a super high density RAS was developed. The system
consists of three parallel water treatment branch equipped with some new technology, such as culture tank dual drain
technology, radial flow settler, micro-screen drum filter, boiling type moving bed biofilm reactor, multiple chamber
spraying oxygenator, CO, degassing tower and etc. The paper also put forward a RAS design method which is based on
three main water quality parameters, total ammonia nitrogen(TAN), dissolved oxygen concentration (DO) and total
suspended solids(TSS). Using tilapia as the rearing object, 6 months experiment showed that the growth of tilapia was
good, the highest culture density reached up to 104.2 kg/m’, the feed coefficient was 1.4 and the survival rate was 92.2%.
During this period, TAN could be controlled at average (1.09+0.55) mg/L, DO 4-9 mg/L, pH 6.45-7.41. Economic
evaluation results showed that the running cost of the system was about 25Yuan/kg fish, which was a little higher than
the market price of tilapia. But considering the environment cost, the water saving effect of the system is significant,
which is only about 0.3-0.5 m’ water per day, based on the measurement of the researchers. So, by properly simplifying
the system and choosing some more suitable fish variety, recirculating aquaculture system will be valuable in the future.
Key words: aquaculture, water quality, water treatment, tilapia



