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Application of Subwet Model in the Design of Constructed Wetland

LI Hui-feng' , HUANG Jin-hui', LIN Chao’
(1. State Key Laboratory of Hydraulic Engineering Simulation and Safety, Tianjin University, Tianjin 300072, China; 2. Water
Resources Protection Bureau, Haihe River Water Conservancy Commission, The Ministry of Water Resources 300170, China)

Abstract; The mechanism of horizontal subsurface-flow constructed wetland ( HSSF CW) and its design guidelines were introduced
for the design of a constructed wetland. A numerical model Subwet was proposed to aid the design of constructed wetland. The design
of a horizontal subsurface-flow wetland was simulated by utilizing Subwet model. The treatment efficiency for a year round operation
was obtained from the modelling. The factors which have effects on treatment efficiencies were analyzed and investigated in this
study. The recommendations on optimizing and improving the HSSF CW design were provided. This case study of Subwet model
demonstrated the applicability of this model in the design of constructed wetland. It can provide theoretical basis for the design of
constructed wetland.

Key words : constructed wetlands; wetland design; wetland model; wetland modelling; design optimization
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Table 1 ~Water chemistry reaction equations
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fid A S
LR cpp =iy X NC x INOX x TN (TEMP-20) o [ AMM + MA) ']
A

Cpo = i X AC x TA(TENP-20)

o KA HLA R B (mg- L") 5 epo 7 KA HLA WK BE
(mg-L™") 5 AC HANUVAM AT (L-d 1) 5 TA AR
LR AES

SAHA SR

cpy =iy X DC x TDTEMP-20) 5 [0 4 MN) ~1 ]

o o M HEK Y AWK E (mg-L" )5 cpy N K i Z UK B
(mg-L™"); DC NI R HF (L-d ") ; TD AN A B i
FESZI K MN N SRS AL RN 3 4 (mg- L= ) 3 TEMP A 520 it B

X B U A

cpy =cp X PA

K, ey MK EKIE (mg- L") cpy MK & & M
(mg-L="); PA PRI AR R (L-d )

HE Xl A A

cpp = ¢;p X PP x (1-POP)

ST o HHKFEE (mge L) 5 cqp M HUKBEHEE (mge L") 5 PP
RIS R R (L-d ™) POP g LU I MUA7 A Y e 1)

A NC NI R (L-d 1) TN REALIEIE BB o WK ER
WP (mg-L71) 5 ey AHKEAWE (mg-L~") 5 INOX Ry & <Mk
KTHE AR RN B 50 Z2 805 MA B AL R H 4 (mg- L") 5 INOX SR
A BE N Ak B 3R (R I AR B INOX = AOX x [ (AOX +
KO) ~']; AOX KPRk B2 (mg-L~") 5 KO NE WX L 2
o R0 R (mg- L")

AR

g = ¢ X OC x INOO x TO (TEMP-20)

ey HHFEK BODs ¥R BE (mg-L™" )5 cpy A 17K BOD; ¥ E
(mg-L™"); OC HAEHEMFE(L-d™") ; INOO KA E XA
ML A AL R 0 R %0, INOO = AOX x [ (AOX + 00) ~']; AOX
FF B (mg L") 5 00 SRR SR BESH A ML A Ak T 5 14 52

BB (mg-L71) 5 TO A HLA AL SR I BE 2 M 2R K
AT S W i R T
gy =iy X PN

o, e o HE KBS AR E (mg-L' ) ey IR K R VR S
(mg-L~"); PN A O 2R R B (L-d ")

S JOGT B A L A P

cgp =c;p X (1-POP) x (POR)-AF x (1-POR)

KA, cp FREKBERE (mg-L7") ;5 cpp I HIKBERE (mg-L7")
POR NFLBAEE; AF B bt R 50, POP g IR I W AEAE 1Y L 5]
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Table 2 Ranges and default values of modelling parameters in Subwet
S8 AOX AC NC oc DC TA TN TO D
HUETE 0.4 0.05~0.8 0.1~1.5 0.05~0.8 0.25~5 1.02~1.06 1.02~1.07 1.02~1.06 1.05~1.12
B 0.4 0.5 0.8 0.5 2.2 1.04 1.047 1.04 1.09
e KO 00 MA MN PA PN PP AF
WA 0.1~2 0.1~2 0.05 ~2 0.01 ~1 0.00 ~1 0.00 ~1 0.00 ~1 0 ~ 100
BRIAME 1.3 1.3 1 0.1 0.01 0.01 0. 003 1.0

1) AOX AP HGEMESE (mg- L") ,AC NAHLE IR AR/ H R (L-d ") ,NC FASLHEHR(L-d ") ,0C AP EARHE(L-d ") ,DC N il
I RHEZR(L-d "), TA AR B R0 R E0, TN AR AL REL, TO M LA A A I 7 T 52 M R 580, TID S SRl S 7 i B 6 il 2 4, KO
S SR BN R A SR R BRI R (mg - L"), 00 S A B XA WL A AL 26 B M R 4 (mg- L"), MA AL S H 4 (mg-L "),
MN A R SR B (mg - L"), PA AR S AGE B R B (L d '), PN A U S R (L d "), PP Al 40 e ol 1 i 5ok 36 R
B(L-d=1) AR B i 22 4
FEVTTBL T WHZ AR TT LOGE L 81 K MEARRI R st oL, AR A TR Yk

i MR BN TR A AR PR DL SO TR RSB R e 4%, i N T b BT e A [F]
KA TR Y b B O, B BN T HRT N AHR A #E/K i I3k 3.

£3 AREBEETHEKRE

Table 3 Hydraulic loading and HRT
HRT/d 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Wide/m’-d! 180 90 60 45 36 30 26 23 20 18 16 15 14 13 12

Z28°C Bk 14°C | &% -3°C. Z4EH | UHEFH
SIRVLIEN 1. ST PUZ i 22850 AR 25 5K e i
WER-5.0.5.10,15.20, 25, 30°C. [EB}H

3.3.1  FEAUELGE A
IR OB, WF 58 X R 22 4F H S5 RAE -3
~ =28°CZ a8, PR N FEZE 14C B
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INEBITSEAR bR LR 4.
3.3.3  BIRUKFREAE S5

TS U P X AR Y R P AT AL F A 25
BRACRIE A g k7L AR AR A I R A
A1 BB RN LU 5 h R WAV N T b rh
AR BITEETE 0. 05 ~0.52 mg-L ™' 2 Ja]. /K F-¥37i
T b3 5 FHOR 8 1 DR AR BB, HLs SR 35
BAK. BEAUTF R A e SO0 A 1 A5 KV 7V b
FISEA7 A DO M 0.4 mg-L~' . HA 5005 2012
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Fig. 1

Monthly mean temperature and seasonal

mean temperature in Tianjin
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Fig. 2 Treatment efficiency of HSSF CW bench scale experiment
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Table 4  Design requirements for influent and effluent concentration and treatment efficiency for the constructed wetland

YA T H — 4 kRIE(B 28) /mg- L KV I/ mg-L! S FRRCRELR /%%
AT U BOD; 20 10 50
AR 15 2.0 86.7
B 20 2.0 90
B 1.5 0.4 73.4
%5 HFT Subwet HEREIMSHE"
Table 5  Referential parameters used in SubWet
DO AC NC ocC DC
2% TA TN T TD
e /mg-L"! /L+d"! /L+d ™! /L+d ™! /Led ™! 0
BUE 0.4 0.5 1.3 0.4 2.2 1.04 1.04 1.04 1.05
" KO 00 MA MN PA PN PP
E 244 -1 -1 -1 -1 -1 -1 -1 AF
/mg-L /mg-L /mg-L /mg-L /L-d /L-d /L-d
BUE 0.8 1.3 2 1 0.01 0.01 0. 003 0.3
1) ZHRKMEILE 2

AHFFEFIH Subwet AR T AR HRT 767
JERBIE - 5 ~30°C F X BOD, 4b BE&L &, 4557 I
& 3.

& 3 R 25 L] CHRT £ 1 ~6 d JEEIN, IR

JERBETE -5 ~30°C T, K P 1 i M b X A AL 75 e
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Table 6 Design hydraulic loading for BOD;

WitS4 #E  HE  BE  AF
HRT/d 3 1.5 3 5
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Table 7 Design hydraulic loading for ammonia

BB w#E  HE  BE  AF
HRT/d 4 3 4 9
BEWSE /mg- L 8.0 8.0 8.0 8.0
AR /m? e d ! 45 60 45 20
KA /m® - (m?-d) ! 0.075 0.1 0.075 0.033

Bl 6 451 T HRT M 1 ~ 15 d, [R5 78 Y 3 A
H-5.0.5.10,15.20. 25 30C T X TN 1y
AL PRI A2

100

90 t
80
70 |
J§— 60 t
® S0r
2 w0l
30t

——30°C —=— 10°C

0 ——25C —o—5°C

ok —s—20°C ——0°C

—x— 15°C —— -5°C

{] L L L . L L " L " L . L L

0 1 2 34 5 6 7 & 9 1011121314 1516

HRT/d

El6 7[E HRT HEREET TN MER
Fig. 6 TN treatment efficiency over HRT and

corresponding temperature

6 FWIREMELE -5 ~30°C, HRT 7£ 1 ~
15 d JE RN, 3 U F M X TN 8 Ak RS R R 9% ~
92% . 7 T ARY TN FE W U R R SR
NH," -NE RS, 20 B ARV i 1 L
HEIFH RAEACVE R, (A& NH, -NAA B ECR AR T
SO A A A R I T A RN AT
UENH, -N AL SR 5 W TN A AL B3R, [
A A S A f 3k R TR T kD i — R B, AR
S A A it T B AR AL R A 1 B R TR IR — 2 1Y
R A B Aol S i A S g A 5 22 PR ke i3
A B2 A 8 A5 30 (1A B VA LA 38 81 3 8514 T R
He MY 4 BUERINT TN ZEBRCR (90% B AL FRL
) BYELR R Subwet B RUBADN T30 M 7E Y 2
(AT T (W36 8 o TN By itk Jifafa). 45
LKW EHEZET,HRT T EZ KT 15 d, TN (a2
BORA AT RE R BB AR . B R 2 i Tl
JETFE, A A s P, HRT 7% 22 15 d, TN
(4 Ah B R A AT 3K B bR . FE & T8 (TR,
HRT HA7E 15 d LLE, TN A A fEA R .

#8 TN MRk N AR
Table 8 Design hydraulic loading for TN

Bits 5 HEF MK KZ
HRT/d >15 15 >15 >15
AKiFiR/m3 -d ! >12 12 >12 >12
KA/ m? s (m?-d) ! >0.02 0.02 >0.02 >0. 02
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Fig. 7 Total phosphorus treatment efficiency over HRT
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Table 9  Reference values from the design operation parameters in the CW system/%
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Fig. 8 Dissolved oxygen concentration
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Table 10 Reference values from the optimization design operation parameters in the CW system/%
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Table 11 Optimization design operation parameters in the CW
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