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Abstract: A theoretical model to evaluate total ammonia concentration in recirculating aquaculture system
was established by investigating the relationship between impact factors of total ammonia. Subsequently,
a system dynamics model for total ammonia in the recirculating aquaculture system was developed based
on the theoretical model. The dynamics of total ammonia concentration in a culture pond during the
breeding process was simulated by using STELLA simulation software. The simulation results were
consistent with the measured values approximately, indicating that this model could simulate the
experimental system to a certain extent and could provide suggestions on design and operation of the
recirculating aquaculture system.
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Fig. 1 Schematic diagram of recirculating aquaculture system
MK AL PRI H 2 H(Wa , Wh) JFER I 2 &
I B i A L% H#i ( Integrated vertical-flow constructed
wetland , IVCW ) ¥4 BT, & 17 B 320 m”, 4 21 {58 b py £
HRAY 2 At (10 m x8 m x 0.8 m) 418, 70 Bl KN F
Ay Al EAT WM . b Wa 47 3 v b AR 4L
TE NFERUKAT, EAT WM g e W AR 4 Ea R — 2
Vb JE MR 4% €0 25 B s Wh LT AT U Tt A A 8 AE
T NFEAURAT, B AT I i M AE 7 vl L B XU B A
SRR o WM BT PR AR A A A VD A B SR
YEPRER KB i UPVC 2 5045 T M A7 & m, &0
M Ak BES y EAT B R 1 A UPVC A I S E i
K, PR K 28K 1B (60 m x 0.5 m x 0.25 m, 3 [%
0. 5% ) ¥ i At 3%
1.2 #E#ETH
K Isee Systems 23 w] i — 3K Al B AL & 48 5l )
PR R STELLA 9. 0. 1 Sk i A7 #5584 4y 2,
STELLA ( Structure thinking experimental learning
laboratory with animation) , Bf [ 5 1m0 R & s 11
FRR R AT, B 5 VINSIM DL K Matlab [y
Simulink B AL AR L, 7] LL4R At — AL 3 B R 4
AR D B R BT B A R B A R A R R
BRI & 2 b 2 ANl AT 12 VE By . STELLA AEBF5E
IR G W AE L B AR R R 2R

i TR O B LA O3 B R S )
ST I I 2 8 5 52 3 L B ST BLECA B
e, FLCL 2 B AL L9 5 2
SRBLR S R

2 tEEES

2.1 #HEEH

e RGP AR S WIE 2 s, E
AL R AE AL (12 FRAK IR TR UL IR
TN TIRH .t 2 HEHE D) 7 i he 0 ) A S e 8
A PLR 28 A A AR A = R, Heh—
Or R AR RAT R B AR AR, R & T AR
7F T S AR A Tl 285 20, 2 T 4P A S
2B RAE AL N8N, 0 AR fEitid
R v T U AR ) 0 3 o [ AR e — T 23 A L S
RN 25 5, T 77 Ui AR 90 96 T2 05 7 A 9 A BIL R
W TUREAE I HEARYE . i TA SIS RGN AT A
TR IR IR K TR IE AR G, AE WA IR IR Y 1 R
KA A AS R I 2SR TR T AR AT BILEE
S T BN I T B R AR, T S B T R AR SR
SEOR AP ROC R WK B, A IR IR BT 1 H 1

4 t
Wk mmfm e
L v HFHW@
bk |meter
5| WA
A WA RN [T " v
W | sk et |iem ||
Ao

Ik SET:
{28
T UUREFE
| RIEN,, |

K2 506 R GETRSE I R sh S L 1A

Fig.2 Nitrogen balance processes in culture pond
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Fig.3 Graphical interface of system dynamics model for

TAN in culture ponds with STELLA
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Tab.3 Rate variables and their calculation in model

L Ciinc N

Mo Npan DO
Ti Toi = Cyr
Y, \ K| + Npyn K, + DO

0.13(7-20)
K, e

Tvo :h(l +1010_5-o.031'-,,u)

Tphy_TAN T phy_TAN =Mm4x@T720 ( #)
3 TAN
~ o 'NO,
Tohy_NO,, Tphy_NO, =t @ ( K, + NN()X )
Tden Tden = Kd@Tizo
™M n =KM@L2O
T T = K
TraN rean = Kpan er-»
i r =K, 0" %
1,955
by ran by pan =1 -e ’ﬁ””
0.008 64S,,
Ey_ong o = TH (1 —e 005y
0.061 1S,
k\\ _phy k\v_pn, =

- Hy(1-e -0.06215p1,)

2 »=09487x
R*=0.884 3

£ 0 01 02 03 04 05 06 07
A S B S /mg L

P4 75 b 3 B AR S I AR 5 U L
Fig.4 Comparison of field-measured and model-predicted

TAN concentration in culture ponds
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Fig.5 Time courses of field-measured and model-predicted

TAN concentration in culture pond
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