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Influence of different design parameters on water quality and quantity regulation

of wetlands

WANG Chunlian "*, WANG Jia"*, HAO Mingxu'’
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Abstract: Based on the indoor rainfall-runoff simulation experiment data from a rainwater wetland system composed of pre-
pond, first-order, and second-order wetlands, the effects of design parameters, such as different rainfall recurrence
periods, constant water levels, wetland outlet heights, wetland series, and pollution loads on the regulation effect of wetland
water quantity and quality were studied. The results show that with the functions of interception, buffering, and storage, the
pre-pond wetlands system could regulate the runoff appearance time, volume, and reduction rate, reducing the pollutant
concentrations. The stormwater pollution load exported from the watershed was greatly decreased, and there were obvious
rules with the change of the design parameters. With an increase in the rainfall recurrence period, constant water level, and
a decrease in the height of wetland outlet, wetland series; wetland outflow and duration of outflow increases, and runoff
reduction rate decreases. In terms of the event mean concentration ( EMC) of pollutants during rainfall, the reduction in
suspended solids (SS) in rainwater wetlands is obvious, with a reduction rate of 70%9—80%. The reduction effect on the
concentrations of other pollutants is not obvious. In terms of the total reduction rate of rainfall pollutants, rainwater wetland

has a good interception effect on rainfall runoff pollutants, and with the reduced rainfall recurrence period, increased
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wetland outlet height, and decreased wetland normal water level, this trend is gradually increasing.

Key Words: Design parameters ; stormwater wetland ; runoff reduction rate ; pollutant reduction rate ; simulation experiment
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Table 1 Main test contents of stormwater wetlands

SR AR SR ATz 55 WD
Experimental name Experimental content Experimental condition Monitoring point
AN]SR A T S 1 4£—J# (1840L/h) HKAL 0, K T B 700, JC R, b HEE B T
Different rainfall recurrence periods 34— (25001/h) BB 2 P, 15 YR Pl
. . Jo . ; ;

ST B AR Ao 2 8 —AFE—i K HERE 700, IR B 2 ns
Different normal water level 002 9, TGP R s T FB Hi L3 B A 1
ALK e B S 5 700mm —AE—il HOKALTE, TE R R e
Different outlet heights 400mm 2%, V5 Yu M AR = WIS B o

=13 UL Ve i S 2oyt BE Bk KT IE K T8 EE 700 BBk L o
T\.IE]H;”%%H?E%%‘ ‘ rajflU; HIKALTE , 7K rm‘fyi LR, iR WP G
Different pollutant concentration ke P2 e, —F—ih

% TR ERT A BEHLIE , WACHE ST 25T H4 8T A T R AR U A S S 58 K R P2 A, L TG 12 AR 4 52 36 I (1) 2 %
LAESER , DN AR S50 A PR R AR R 1 SR /K A~ 3R] 14 77 I ) A [T B2 A W K AR UL , AT RSB oK
AR AT BIF 5 SRR I8 T I R A 3L 75 AR A 0 A7 745 1 R R AR DR T e ) B B 18 B R 1 (SS) i S i
(COD) A (NH,-N) A (TN) B (TP ) 12 PR Iy 92 65 v = 23 85 F0 AR e T, 43 B JH 1 i AL
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Table 2 Simulation of main pollutants types and contents of rainwater runoff in Beijing

15 YR b2 A R B3y BA M AR

Pollutant level COD TSS TN TP NH;-N
1 Low 150—180 300—400 7—10 0.7—1.0 3—5
2 High 200—300 500—600 14—18 1.0—1.4 6—7
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Table 3 Runoff characteristics of wetland modules under different rainfall recurrence periods

TFA6 Hh I 1]

I

rRainfall recurrence HEK R Start runoff il ik HALI I e
S Total influent/L o . . Total runoff yield/L.  Run generation time/min  Runoff reduction rate
periods generation time/min
la 1840 71 318.9 32 83%
3a 2500 35 915.75 40 64%
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B2 AEMEWENHTEMERERE Fig.3 Wetland runoff generation under different outlet heights
Fig. 2 Runoff generation process under different rainfall

recurrence periods
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Table 4 Runoff characteristics of wetland modules at different outlet heights

C s 928 Bk Y 325 lx_‘l,‘a 925 1y K
KT Mk FEUR 7= I TH) T R JLQ e
Outlet heicht Total influent/1. Start runoff Total runoff Run generation Runoff reducti )
>l hel, S m! 1 n T *t1on r;
et hewg o ue generation time/min yield/L time/min Hnott reduction rate
400mm 1840 60 451.95 35 75%
700mm 1840 71 318.9 32 83%

(3) ANTRVHE AT P i AR A P i 305 S

16 1 AF— B HE I, K 5B 700 mm B Z5A4F T 6
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it s AR AR IR

o FoRIRDL
u FIRALO
A HIRAHL02

& Flow/(L/s)
S = O
SO LR oQ

(=]

(=

http ; //www.ecologica.cn



6 S % 39 &

RS ORMARREREE KA E M TH A REHE

Table 5 Runoff characteristics of wetland modules under different normal water level conditions

TG P TE] FEBLI AR ] 5

ot e vl Tt e Sl el yela, o e Rl et
oG 1840 71 318.9 32 83%
0 1840 54 654.75 45 64%
0.2m 1840 15 1245 63 32%
(4) AR ZEA A T R 0 H R
TR BRI TR AR R,
UCF S, 6) RURIE AR B A sHH
BRI R IR 1308.00 LL651.30 L, N 2t A~
286.95 L, FF4f A [ 4 A 33 min 50 min 63 min, % “ a
HFIHE S 518 56 min 44 min FI 35 min, RGN 2 * [
RN 29% 65% 84% . T UL ] 1k 1 % K5 A B o2 |
T TR HB SR 22 | 80 M I R )N AR BT R, T 01
LA 7= T e B TRl | 7 3 Bl R e oA A8 38 1 ik R 05 PR re—— S —
RV o T LA o S 0 R RROA $  H F E  TRR K i) Inflow time/min

AT LAV ZE ok, AR b e i i, SR BB AR B i
2.2 AN[RIFE R T A5 T W0 b G 428 3 7 G 4 B 11

A

(1) A [ [ T B0 3t X5 e 5 ik o

N TR B TCTE 1 4F 3 AR S BRI 4508 T 75 e iR 6 I (2 7) - N EMC 3475 Ye ik
JEHI R EORE (L COD F1 SS HIBASCR LU AW i, Forh SS 7E 1 4 A 3 4F 31 90400 T Aip & I a3 43301 oy 62.
149% M1 34.56% , —ZIB IR B HIR53551 0 83.38% 11 71.94% , W] U Fiti 255 [ °Fj e BRI 48 in | SS SF- 2475 YL 4o
JFEHIRCR BB, {3 TN TP NH,-N 85 AV e Py A B ka5, /i — 305 5428 0 F AN b e
BRI A G

HS5 AREHEHRTE

Fig.5 Runoff generation process of different wetland series
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Table 6 Runoff characteristics of wetland modules under different wetland series conditions

; " FER 7= i [h) PRI A2 It 4

T K B S s

WA . = k S i Start runoff FE % Run generation Runoff reduction

Wetland series Total influent/L . . . Total runoff yield/L . X .
generation time/min time/min coefficient

Al & ¥ Front pond 1840 33 1308 56 29%

BB —

Hi LS+ 1840 50 651.3 44 65%

Front pond + first wetland

B +— B+ Z B
Front pond + first wetland+ 1840 63 286.95 35 84%

second wetland

ELREE RRT AT R Y b T RRT 7K A28 v A ¥ G P EL A B A A P AR TE L AR R BRI AT, TN TP
COD .SS Hy i HI 510 48.99% 61.94% 66.12% 94.1% ,3 4F 5 I A FR 45 F TN TP .COD .SS Ay it
HIER 4391 R 41.95% .50.63% ,53.54% .86.36% , T UL, B NH,-N #), KRS/ 42 3015 et o mt i il
PRl Sk R, LY M R R R, ¥ e R B AR
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Table 7 Pollutant reduction characteristics of wetland module under different rainfall recurrence periods

BA TN Bk TP A NH,-N 2= T CODy, BIFY SS

KA E/ (mg/L)
Influent concentration
HEIH

Rainfall recurrence periods
EMC T E

front pond/(mg/L)

EMC 2

Secondary 16.7 16.70 1.29 1.22 10.81 4.98 190.89 191.11 83.12 140.30
wetland/ ( mg/L)

BEK AT YY)

Total Influent 25.76 35 22.08 30 11.04 15 368 500 920 1250
Pollutants/g

B S K B I5 5

Total pollutants in 26 28.8 1.58 1.86 13.1 11.15 233 282 239.8 488.6
effluent from front pond/g

YRR KBS Y

Total Pollutants in

14 1.2 6 200 500

la 3a la 3a la 3a la 3a la 3a

19.29 19.29 1.25 1.25 10.30 7.47 184.18 189.10 189.28 327.18

13 20 0.84 1.48 7.06 6.05 125 232 54.3 170.5

secondary wetland
effluent/g

T I e 1 il
Concentration reduction rate —37.79 -37.79 -3.97 -4.06 -71.66 —24.48 7.91 5.45 62.14 34.56
of front repond/%

T 3 A ) D
Total pollutant reduction -0.91 17.67 28.40 37.84 -18.22 25.64 36.58 43.52 73.93 60.91
rate of front pond/%

G VR B IR
Concentration reduction rate —19.29 -19.29 -7.21 -1.54 -80.24 16.97 4.56 4.45 83.38 71.94
of secondary wetlands/%

AR SRR
Total reduction rate of 48.99 41.95 61.94 50.63 36.03 59.63 66.12 53.54 94.10 86.36
secondary wetlands/ %

(2) ASTRI B KA 8 i V5 G ) L

SERAETS PG K 1 BE S 700mm , FE R E U 1 AR IR SRR 2 AR AR R K AL
S VRIS e T BRI TR SY (3R 8) o BEAUR , NTS YW i BRI DK, JC R KA B ] 7K
& TN TP \NH3-N ,COD,,, .SS HIJE R MKIK K 75.73% .79.75% .73.21% .83.28% .96.60% ; # /KL~ O B, i
HIXF KR H TN TP NH,-N ,COD,,, .SS Bl FAK K Ny 48.99% .61.94% 36.032% .66.12% 94.10% ; H 7K A5i K 0.
2 B MR XK AR TN TP \NH,-N ,COD,,, \SS HIJRAKIK N 23.37% ,56.79% ,20.29% . 72.28% ,89.05% . [
TR b X R 7K AR 3L A 75 G ) B A R B R Wt i AR AT, T 1 B DRSO R T

AT L5 G vk B2 H i LR &, X COD Al SS A — 5 I HIBUROR, , b e o 1 2 02 SS, HIl s A
80—83% , (H 5 T /K AL 5 B i AR Ak, HI ISR A AR AR AL AN ] 4k

(3) ANTR]H 7K 1 1 b X 45 e 0 ) L

LB R AR R 1 AR — IS E I TR R KL, R AR RS MK G AR S R BE KR
SKARE RIS 2 G, S EREH K DR (400mm |, 700mm ) 452 R 15 YL My R IE 45 R W] (R 9)
7K FE 2D 700mm I, 23X B R AR R A TN TP \NH,-N [ COD,, \SS B HIlIARAK KN 75.73% . 79.75% |
73.21% .83.28% .96.60% ; 7K 111 B 24 400 mm B}, 38 X FF R AR 3 TN TP \NH,-N ,COD,, . SS i il %
WK 61.65% 69.42% 61.67% 78.67% 94.30% , A WABHBASIR] H 7K 7K 11 155 BT 10l 6] % 2 785 e g 1
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BRI A2 X5 4] CODy,, \SS MY HIIE R BT, Hodh %t COD Bl Ul 3835 80% 2245, X SS HIlJsi % 15
90% L) I, XF TN TP NH,-N B HIAE 700mm Hi /K K78 B IR 75% 2247, M7 400mm H 7K F 5
B} IR 2R 53k 609% A L, e IR -7, Bl Hh K C1 s BE A ARG, L5 e i Bt B a2 i A, e TN
TP NH,-N M 700mm F&AE 400mm B | il ) 2 B AR 109% 2547, {2 COD H1 SS 1 il Uil 3 B A b A0 A 2—5%
i,

R9 ARHKOEE(mm)iZ it &8T5 RMEBEHE

Table 9 Characteristics of pollutant reduction under different outlet heights

TN TP NH;-N CODy;, SS
K B
K . L 25.76 2.2 11.04 368 920
Total influent
i =43
ik [—{f;/mm 700 400 700 400 700 400 700 400 700 400
Outlet heights
R K
Ml .EI%/L 21.5 28.2 1.58 1.9 10.7 12.5 211.5 275 267 262
Total outflow of front pond
G K /L
Total effluent of 6.25 9.88 0.45 0.68 2.96 4.23 61.5 78.49 31.26 52.4
secondary wetland
AT B S AR %
Total pollutant reduction 16.50 -9.61 28.50 13.53 2.92 -12.80 42.53 25.24 70.98 71.50

rate of front pond

YRR S HI AR %
Total reduction rate of 75.73 61.65 79.75 69.42 73.21 61.6 83.28 78.67 96.60 94.30

secondary wetlands

(4) AR HEZK e B 7K 457 B B ) Y b X 355 G 400 1 11 R

SERG U BRI AR A 1 AR —IB EE B, JCIR MR KA, Wb K TR R 700 mm R ERITE R B, SRAE A
VEHUES 2 G i, 23 I 58 AR TR S 9 (AR 257K V5 Y Wik B T it K 7 5% B8 1sf ] 228 £k 18 15 G 0 0 DBURR AIE (
6) . ZiFEN, ARETGYRGAGEIE T, & 15 YW BEK 45 88 R A 35 m AR (b R AR AR, 2 N R 5 (SS B
SN RIS Y R R AR R I S, MK 1R 24h, B E KL T B XS KA T TN TP NH,-N
COD,, I EBRFMIR A 44.2% 34.3% ,68.3% ,82.4% ; IR W FE K 5T R, 1 %) 7K 44 v TN | TP . NH,-N |
COD,, [ EBRRMKIKN 62.3% ,16.7% .86.7% 43.4%, T UL, %} TN Fl NH3-N 5575 Ye 6 faf (1 514 T {2 3h 24h
P RBRFARFARTG Y A 45048, 10 TP F COD 24h 19 2B RAE = 15 G B for 500 T s AR5 G far 5444 F
ELA IR 5T SR B AE — 8 MR PV L N, 15 Y ) 2 9% 33 ol 0 7K e J 188 R g s 446 i 1402 3 5 AR IF 9 A 3 43 5 38
—,

TG YA I T, 2K 45 B B £E 24—48h P SS W AU S 188, mT il B DA Bt 5 7K g 45 5 ik 1] i 34
T, SEOR A R R) R SEDR 5 R ) AR PR L DT TE (4 [ AR I ) B o RS T B SS MR BER I, AHXT I, XSS K&
COD HJFZMAZE AN TN \NH,-N TP ZBRFCR AR, BT 45 H LA TR, SS 19 KBk R 2L T3
RHEE IR B VTTE S U S A AR PR AR G e, COD Ay 25 W 28 1 Wi B e A Ak R B it A, RO b Az £
10 ) TR B A=Ak S 3 A, BT ASIERE 5 A COD £ B4R, 17 TN \NH,-N TP W AR[A], K Jy G far sk Fy 5
B 5] [] R K R3S T 4 5 W) JRy i G S SR A7 A, DATRTSE ) NP %) i Ak S g £ B T MACRT B 8, PR I A S T
T R AT RE ORI AR 2R 7 4 R R B R AT A AT S OB 7 RIIEAS =5 1Y SS . COD LB Ay IRl 3R
E Y TN NH,-N TP By 2R3,

3 Fit5iTie
(1) HiEIE+ B R 4 & AR K M R ST OB e AR VR T, XA R R RR AR I A5 1 T /9™
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Fig 6 Effects of different hydraulic retention time on wetland pollution reduction

TLEF[R]  HE AN HAA ZE AR FERE AR SR R v KR K T M 2R G TR AR L R Y 9
FEROR , SR TR T IR K 64%—83% , FRAR PRI 5 -1 b 2H 5 28 G0 X 30k 1 it U0 DX e T A8 97 15 e A 4R
PR FH A A AE 22 W A SR S P AR IR A AR TR B MR D AR T B 213.4m° BB 31.9m” , 28 3 Rk 3 6
85%, Tl WLICIE a3 N S 6 ol 5 B A 3037 S 06 | S -1 Hb A1 R G R R AR I R P RO A W, IF B TR %
FAFI AR PR ARk, Bt A TR T BB 38 0, A8 T 1 B0 2 ST U /D 5 B 3 T s i K T R R ) 3
T, 36 RN, A MR K B T AT (4 BN Y b A A R R IR /N, T A K TR AR
T LRI /K TR 200mm BN T 51%, 55 (2016 ) FEAH W58 rh tuAs s 2L 2536 10 ) 4 7K
GRS/ 18 7K R A3 AR B -, 5250 R BT HR 7K IR 100mm A 2 b 160mm B/ T 53.59%

(2) AT TR 7K 5 e W A8 AL S 6 AN ) 18 3 A5 1 X595 e 0 DB 26 A, AN EMC 95 YL ) 7 2 e i |
F BTN AR T S Y B ISR N B, AN TR E B A SE G R, A COD il SS S Hy ik
FEAG I, Hodh SS HIE HL AL A 4T 70—80% , HLFifi % [ RN S5 BRI N, SS EMC - 3475 ey e J3E 1 0 5630 T g
K. ASIR)HE AR AT 25 AT X5 Y - 3573 3 W) i by (8 3 At S S, MR K 80—83% , {H Bt 5 7K A7 18 JEE 11
A BRI AR AR B AR KM A, SR X TN A NH,-N #5575 5 57 A9 21248 T 1R 3 24h 1Y
FBRRAR TG G S 500, 10 TP A1 COD24h 19 25 bR R AR =15 Y S g 4500 T i TG G i 4540 T

C A WIS R ST TR % COD TP TN . SS 1Y 2 4 #4351 K 69—73.1% .82.6—86.6% .
89—90.4% 64.7—69.2%""*" | &P HI 4R AT R 2 T 1 b 2R G0 B FR AR T 5 YL ) 22 T 58 % COD TP TN,
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16 1 THE S AFRBOTS TR KK K BT LB 11

NH;-N (LR 00 86.11% 82.1% .80.3% 76.7% > | 15 YWy B F R He ity , T8 TE S
HiREBR 1 5 A Ak LA B AR 7 2R T e A T Yo MR B0, AFK B 2 I 42 555 2 [ O R S 4 11
T8 1 T 7K T A 2 A K B A O = K s ol A S B I o SC 0 v ) R I R RR 7KV b x5 ey 32
FLRFE R b LSO R 2R AR AN TS IR 2 e i HLE IR, 38 A A T 558 RO R R L, 2
B XoF B4R A2 TG 5 e A R 1) 7 e B0 ) RRT 7KV b v AN 1) T S BRI 14 T G iy Ak 3L it 4810 i 7Y
EOD/NIRLTS Y8 P

(3) & YE+ B R AR AL G B 7K R M R G K 1 Y5 Y W A TS P S 4 i B B TR) s T e R e
BB L, X R I AR G At A v s e e LA B R R RCR . P TN TP NH,-N ,COD,,, . SS 75 4L Hil I 5%
BB HIRMIRA 75.73% ,79.75% \73.21% 83.28% 96.60% ; FLR K25 0 5 Y5 -0 M 2H A 28 58 6T Ik i e
Ui DX 8 T AR 37 75 e e 2 A 1 AL R I — B A — 5V 2 R G V5 e M R B R A R B BE T
V5 Y4 TSS .COD TN TP 5 8 R 5553 T 92.9% 96% 85.7% F1 80.9% """

IS BT Y IR A, W B AN AR IR TS Y e R B s SR T M K A
FRAIG, 15 G 1) 48 B TR AR R, JHG v B I 5, 3 B B 25 00 3 /K R ) K, Y b /A o 9 il 3 R A,
AKTG Y AR/ N SRR S, AEHIDRR A L, B H K O R ARG, 5 )
HIlV R W RAAG , Fo TN TP NH,-N A\ 700mm [AF% 400mm B, 0 R (54 10% 2247, {5 COD Al SS 1 il
BRER A AL 2—5% Fi A7 . 22 BHEFT 3R W KT 08 It e L K R MK 750mm  F A3 550mm 1 350mm
T4 YL W) 67 A (8 IR AR 5.929% 1 31.6% , &4 it 1 b 67 4oy F 956 LL G PR AP AAER 5.07 % 1 25.89% ), S AR fF
FEHINB LA AL

(4) ARHFSE BAREEA THEA B T S50, (B AR Bl e A T30 M b % 15 25 1 S0, AN AT L B2 43 ORI
FRIE K H 8 R ORI DL, T BE R R N T IR 02835 R 8%, WS AR PR i 1, i b | B 2 %, A F
TR AR B S BB, SR TR M AL A 7, o v K T S A IR 1, S AN R
WA R, R0 R /K BB /INERAG R /K RS S 67 A A 342 5 11 K 101 0 38 A — o AR RS TRl A T 3 4 44
TR KA IS AT Y P DR SR B A 5 R s R B0 b A ) T34 JOK SRR R s Re . ok B xF
R TR B A, V5 e DR B i B I DL T, IR T 7 R 25 1, il 5 | A i AN TR A B T 2555

(5) AHHFE EZM AR ITHSE A B IR T AR RIS 5000 A0 RR 7K 0 b 7K 57K St IR 4280 7 52 )
P A DO N e VG RE DO Ny € N0 A P IKE 9 T ol N A e sl [ PR T N £ s e e o
BN AR R BR Y AR R 5 it — 20 RSy I (AR o 45 R T 47 i IR 55 T S B 7 b 4 g FH
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