%345 #2104
2018 4 11 A

b OE 2 K H oK

CHINA WATER & WASTEWATER Nov. 2018

LXMW

— J 1 =t IT) | 4 N\ A\
TORR KA A A WASP 18 BURS M)
EER, B &, 2 W, RFHL', I
(1. R XS FHALE T220m, RE 300350; 2. PHE <467 > HXEH A, L7 100044)
o OE. k%"*ﬁiﬂ:ﬂi@?ﬁﬂk MR HIIE , xRt iTiE S RS BA R, AR B3
IR e B 5535, RETERFEARBALSEARE S 2R ERIRP, ESTEHREA T

LENE S N i*#ﬁ}?i@*ﬂiéﬁi*ﬁémdﬂi R, uﬁg%@%ﬁ%rﬁ AL B L BB R AR IR
FH. AERFRETKBRANLIIAK R GG, AET & ERETARA A 694K 0 7 A (LID)
a6, 3 A) A WASP LA 8 477K AR 40, #F 4% LID #%mé@%ﬁ;riﬂﬁi%, VAR A R B f KR AR R

KR WARAR; KPmITA; WASPEA, FAUKEZAL; KRR
hESES: TUI92 XakFRiIRAEG: C XEHS: 1000 -4602(2018)21 -0127 - 06

Rainwater Utilization and WASP Simulation Evaluation in Green Campus
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Abstract; Rainwater is easy to be collected in the university campuses for the huge catchment are-
as. If rainwater can be utilized, it will have good environmental and economic benefits. In the process of
designing and building the campus ecological rainwater collection area in a university in Tianjin, the eco-
logical rainwater collection system consisted of grass gully, concave greenbelt and ecological embankment
was established, so as to infiltrate, store and purify the rainwater, reduce the peak flow rate and mitigate
the pollution of surface runoff. Taking the rainwater runoff replenishing the landscape water system of the
university as an example, the low impact development (LID) measures of rainwater utilization in green
campus were introduced, water quality was simulated by using WASP model, and the expected effect of
LID measures were evaluated, which desired to provide reference for rainwater utilization in campus.

Key words: rainwater utilization; WASP model;

low impact development; landscape water

supplement; water quality simulation

Vol. 34 No.21

BEFH AT 2 257 00 R R A T K F B
SR — fFFTUISJJ‘ L REAN L RTERN TS fer
S5 IR E R B RRIR “ JLER T, 7R MR M 22 i 3 T
B SR, R 2 Bom WK AR 2 i 1k A sl
BB ZERKA, B B 25 UK IR A i

E€¢WE: BXREAMFESHEHTA (51308385) ;
BIEEE: M

E — mail : wuq@ tju. edu. cn

AN TR ey 3 A R S LA A K R A i
T AU (R 28 8 DL R T e R 2 el S 461, LA
FRZRVE N 5 WK AR B b 8K I8 2 A 43 7 # el
IRAR TG Y IR It , 76 L Al LR ] WASP #5754
AP SO AR AR K BT, PPAk TR 7K A28 3 17 4 il 4 it 7

FKR B RIS 5IR B R E KR T B1(20142X07203 -009)

- 127 -



H34 K H21H

P OE R HE oK

www. watergasheat. com

TSR, B 75 R el 'R KR $E 2%
1 WASP ££#

IK B BB AU Y (WASP) J2 3¢ [ [E X 3 R R
TF 5% 1 b 7K BB TR A E T, ol — 4 Bl g 4 S
R LT i SR R A R v T A oK
IRBY K R ARB IR, WASP #5576 3 3y 5 5 g2 b s
P EUTRO FiIg b2 Pbedle TOXT P8 43 41 %, He
i EUTRO i3 i H % )1z, 7T LA & — M ik
K52k . EUTRO 3 48 T HL#E (OPO, ) |
AHLBE(OP) A (NH, - N) FHEA(NO; -N) |
AHLAE(ON) M2 a(Chl —a) WA (DO) Gk
AL TR i (CBOD) 4§ 8 AN/K BT 46 A , HAH B 52
AL AT IHAN R 4 A BB R G - WEE PR AR 6
RSP ATAIEE R A K RS . AW T2 HL CBOD
F1NH, - N PR AT
2 BT
2.1 KEH#R

PRI L T R R A A el f) s UK AR AE SR B 58 %o
G BRI AR 15,4 x 10* m? | AL H e
W1 LT R T S N TR (AN 1 TR ) . R
PR HLHE L RS 2 R R H R S, oo B A A4
TR X TR 2 85. 67 x 10* m? | Fh PR T 4 7 X 1 AR
#729.2 x10* m* , AP IR HERN X 1R FR 25 H 92. 39 x 10°
m’, HUD A AR R IXCR T 2R A S R K A
J5 3K B AR Ry oW AR B H AP FE KR 5 th A4S
TE AT DCRR K G o A TE FE AT IR R N TR S
] HFAL N SOUK AR K 5 SR IR B AR HERT IX N A2 3t
HE AR SR TiT — G TiE

-\ »
\

o BNIRHRH X IR OK OB,
oy IR T

X P e A ERTIX

N BT}

T

——— |
-

1 MHKREKRES T RFEAHKSEX

Layout planning of water area and rainwater discharging
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Fig.2 Rainwater flow and landscape water supplement

demand of each month
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Fig.4  Schematics of regional segmentation

X G N TE RISy T A
T YR, SORAIRTCIS KA, oo i X N AR
MEATIE S RS, A B — RSN R B, 5 N BRI AL
SRR ORGSR U 32 2 R RR K
(N REE

M4l i S R AE B A o s I, A5 B2 el — i 1
FERI K AR COD 1 Rk FE 19 7 34948 43 51 A
166 .2.29 mg/L, AR TR K237 15 YL 4 it 10 1) s A
FH B CHHRASE  o0Ah Ak 25 45T BT R /K 428 I /K it 4
PRan ™ oK I AR G LA 11.58% , COD FZ A 51
120 1. 50 mg/L; £ 5502 1 AL Hoh 19, 13% , 4%
i COD RN A M B 73 ) hy 21 1. 50 mg/L; A LI
Ke— Mgk T BT A He SR 530 13% , XA
H COD FZ A HI R 53 501K 41.3% 44. 1% , 4k
BEf5 COD R AW 5351 97. 44 (1,28 mg/L;
[ 4 b T AR 5 LR 0. 19% , PR3 COD 4R
ROYHIIE R R 50% , kb3 f5 COD A2 A 435l -
83 .1.15 mg/L; B89 R A b ok 10, 75% , W42
i COD FHE AW HIBCRE 351 50% (45% , /b 3E
J& COD FZ R 2430 hy 83 (1. 26 mg/L; — ki
RS ol 5. 22% , 123 COD N & &k JE 40l
166 .2.29 mg/L, Hirb, 7K 8 502 1Rl — A
R R 7K AR T /K B Ay S DA, AT #8 TrT ) A2 T /K

JBHE o (L) 2 308 2o 22 A SR P R R AR 42 i 1
it AT I BSCR TG AS 31 i AR Al D AR R A5 2 4cb
P F KA K BUE AR COD 2 %0 ~F- 29 B2 53
5k 75.85.1.40 mg/L,

N7 WASP — 4K BT 455 A, o 7R K 42 A
WASP AL 5075 Gl S A SOk B B b, o
NP BB B 2.5.8.9.12.13, MRAER
LT B SRR S B T G P A I R AU 1)
A WASP BAI FLOW $ &, L8 A R fhil, K
T R Rl 168. 25 mm , 45 el B I i 4 R /K A2 3
oA 18.21 x 10" m®, 5 JEAF I 1 6 S5 A 7] 391 UL A WY
KRR A, A IR 2K AR AR BT B A 80%
T KT R % 100% 11, AT A5 H R SR BCRR Tt 42 1 4
Jih T A [ T T IS R K AR T A 12,55 x 10" m?
HhC 5 A AR R DR AR SR b I S, A8 i i R
W BZ IRl ARYE BT BB, PO B A S AR T XA AR
Ui 50% THEA, 15 Hh SR BBCR it 42 e A el v
TR I K AR i R 9. 55 x 10* m* #i2 fE 8 H 3 K
FETIT R T IR 1 K A i i AR FLOW v, R 1 7
i P37 I i i T B K IR 24 he

PL2015 4£9 J] 10 H AR BRI R 26 1 K,
IR A A T A0 iRk B o ol TR S0
B2 BN SEUE RIS WASP J = T
Brandywine Z& f§i] . Chesapeake 125 & & 5 fL A5 AU | Lake
Huron and Saginaw Bay 7K Jii #5i # | Upper Mississippi
T Pepin /KBRS 19 250005 &, [R]if 2228 WASP
AER T FH TR S bR g i 14 2 B B, ) P AR
PSP Ol E X ST — E R EN I S5 B
IE, BRI 1,

F1 HABESHEI
Tab.1 Specific parameter selection of model
¥ ALY
5 % 3
5 H SRR o fE o e
20 °C I BOD 2y & %k/d ' 0.16 ~0.21 [ 0.003 2
BOD ey R AR A% | 1.05 1.08
CBOD BOD 1 1 B/
(mg0, - L") 0.5 0.5
BOD V& it 380 0.5 0.5
NH. - N 20 CHgfLH R R %/d™" 0.09 ~0.13|0.000 6
| R AR R | 1,08 | 1.08

2.4.2 WAL 5 RO BT
TR SRR Y S K AR WASP R BE R
SRR K 1 B 49 S5 U 7K A M o 2R AT B,

- 130 -



www. watergasheat. com BEEME F.4e B RHR B & WASP B8 B IHE A %34 % %21
K G 1T H A A X 15 25 XA 78 (R A 4D 5 S I 60t VIR — Ak
ST ol — RRIGEE — R
s N 50t //WV\N\N\\
452015 49 1 10 HAERE 1 K, %54 F 250 .
S K H5 TRV I, AL COD A 4 R JE A gm.\\“\\/\—
2015 4EJ8 (2015 49 A—11 J) 5 2016 4EHF (2016 S 35t
3 H—6 H) WAL s AL, Horb, WK HE A B Zg ””””””””””””””” S ,
S WK W 5, F18) 7K B AU 5 S ) b 2 an el = = = = =
5 R 3 7 3 3 3
o o ° ° 2
o7 — COD Bl fiL & & & & &
i . a. COD
Zeof ala
2 sst \ N HKHRRE AT
2 1o — R REEE — RBEE S
3 50 A R
) ~ 14}
. - . . . o3l T o e
43 50 100 150 200 250 W 12 o
t/d E it
a. COD K 1-0\
w 09}
F ol
. 0.7}
- 1.6 07 . . . .
Rk = = = = =
0 1.4+ o & c b o
£ 7 2 N N N
& 137 = = = = =
¥ 1210 Q Q a Q Q
< fwl = — AR w1
& L RS b. A
1.0 - - . s - . . .
0 50 100 150 200 250 B 6 =Wk COD fiERmiREFEMENTLER
id Fig. 6 Change of COD and NH, — N simulated concentrations
b. A ’
in landscape water
5 IKEIEBIES STMERIRT H & 6 TN, B K AR 5 Yegad il s , Bollk

Fig.5 Comparison of simulated value and monitoring value
of water quality
R T 2P A R, AR R 2
XoP B FDLE A S R4 T 5 AT, 25 SR 28 B, COD
BEHUE S SEIE AR X 1R 257 348 8. 67% , Hh A
92.9% MAHNTRZETE 15% UL, B KA XI5 25 WA
F15.13% AT 57. 1% AHRHRZETE 10% LAY 5
S RMAE 5 SEIE A AE X R 2273 0 8. 03% , A
93. 3% HYFHRHRZZLE 15% LAY, Fe RARRT IR 22 14X
920.66% ,F BT 73. 3% FUAHRHRZETE 10% LLN
Al UL ST %) WASP 58RI ARt iR 4Ll COD A&
WP AR A BRI A RS AT -
2.4.3 KT
R pEF 2015 49 H I 4R 1ERGE 1T, 5K AR Y
15 Y SR BRYR T P [ 1 A% 3 0 0 5 FR KCHE T
R FH 22 57 AR PR S R 7 A28 4 i R X 7K B g s
i), 25 SR 6 s,

frf COD 5 & A MY F- vk B 43 il o 38. 65.0. 95
mg/ L, AH LLAR P Hil B COD 5 2 A0k B2 43 Bl A% T
21.77% F125.90% ., 57J COD MR B AR L, K&
AbFEAY R K AR A SRS R/ 9 4~ A COD ¥
JERE FAGE, J5 3 AT AR, X B K
e A G R IR T TS Yo P R e , 24 N o0
TR COD {HI LA IRAEAR, H COD {EZ ¥ T K,
e IV 2Ok AR COD FRYE ., SARZ R EEAL,
RN BRTR AR FACA R ARG, 248 N =0
IR Z A O A R AE &, X B KAA 3 B %
RV RERRAE FHAS B s RIBUR it V5 e il it 5, R
AHE 1D HMEEES TARIRE, Z 5% A KE
%, HEZEAES 3 M HABMEE 1.0 mg/L,ik58] T
MK AR E . BRRT , B 7K AR I T e 3 i 15 e
X F AN SO AARTK BT Ak B DT AR .

3 4

T R AR el 1 A ML A B as AT, 0

- 131 -



s

H34 K H21H

b E % K H oK

www. watergasheat. com

T AT RN 7K AR T 5 KA R R K T B
A28 T R el RR K AR I T Y4 il i it , 37 T WASP
BEAY | X W K AR I 7 G il L AT T 1A -

@© RS F & W AR FH A AT R K AR T T G
AW B0 SR FEORBE e A HEE T B ETHE T,
AT SR K YRR

@ FIKAE R —FhaE HUKUE X F e A
SRR R BN K & TR R A 3 T, n SR8
HA R, ARAUAT LA L2655 iiAR | 1 HL 2 28k
PRI B = B ER o

SRk
(1] Bk, B, 52 2%, A KA & B0 7E 50K 4K

B g LT ], B0 TR 40, 2015,9(9)
4206 -4210.

Zhao Jiabin,Zhao Xinhua,Peng Sen. Application of com-
bination model of variable weight in landscape water
quality simulation[ J]. Chinese Journal of Environmental
Engineering,2015,9(9) :4206 —4210(in Chinese) .
BT RE R, R T L 4. BT SWMM 5 WASP
IR DX SRR K S LR AL T . 2 Kk RO
2012,28(11) :50 -52,56.

Niu Zhiguang, Chen Yanxi, Mi Ziming, et al. Simulation

(2]

of rainwater landscape use in eco-town based on SWMM
and WASP models [ J]. China Water & Wastewater,
2012,28(11) ;50 —=52,56(in Chinese).

Y R | ST I P & DS RSB = b/ S
KB B T AR BT ] o E 45 K R K, 2006, 22
(24) .57 - 60.

Li Junqi,Li Baohong,Zhang Jie,et al. Rainwater utiliza-

(3]

tion and water quality control design for landscape water
body in residential area[ J]. China Water & Wastewater,
2006,22(24) :57 —=60(in Chinese).

Fede Pl kB, 1R 22, WASP K R % HC AR5
RE[T]. KABHE 525 ,2006,12(7) 1420 —422.
Chen Meidan, Yao Qi, Xu Ailan. WASP water quality

model and its advance in research[]J]. Water Conser-

[4]

vancy Science and Technology and Economy, 2006, 12
(7) :420 —422(in Chinese) .
[ 5] Dietz M E. Low impact development practices: A review
of current research and recommendations for future direc-
tions[ J]. Water Air Soil Pollut,2007,186 (1) :351 -
363.
CRENTE SO NS00 1 R R N LI w3 = R A T
T, adisRlH: 2010, (1) .65 - 67.

[6]

(7]

[8]

(9]

[10]

Huang Minsheng,Zhu Yong, Xie Bing,et al. Urban con-
cave-down greenbelt system effect on current-runoff drain
storage[ J]. Construction Science and Technology,2010,
(1):65 —67(in Chinese).

Wi, B 2T A T St 0 T K AR TS
PP EEIAE LT ], RZRINTE R =4k AR P
% ,2008,(2) ; 41 —47.

Yang Qinghai, Lv Shuhua, Li Xiuyan, et al. Reduction
functions of runoff contaminants by the urban greenbelt
[J]. Journal of East China Normal University; Natural
Science 2008, (2) :41 —47 (in Chinese).

BB FemBoHa KR K AR b2 & R A SE L D]
K RHERE,2012.

Quan Wei. Research on Ecological and Comprehensive
Utilization of Rainwater in a Newly Built Campus[ D].
Tianjin; Tianjin University,2012(in Chinese) .

KEES, BRI, W56, AFEAAEYE WA TSRS
XK TS YT E T SE LT ], BR5 TR, 2014,
32(3):10 - 14.

Zhang Guozhen, Chen Xiangiang, Han Meng. Research
on harvested rain water pollutants removal in the differ-
ent green artificial ecosystem|[ J]. Environmental Engi-
neering,2014,32(3) ;10 — 14 (in Chinese).

SKKHE, T8, ki, 55, WASP BB S 4R E S5
ARSI TLT] . KBRS K TR, 2009,20(5) <28
-30.

Zhang Yongxiang, Wang Lei, Yao Weitao, et al. Calbra-
tion and sensitive analysis on the parameters of the
WASP model[ J]. Journal of Water Resources and Wa-
ter Engineering,2009,20(5) ;28 —30(in Chinese).

- 132 -

il
VBT« 42 B (1992 -

), &, WPEERA,
it WESEIT 1] R K BRI ARAY

E - mail: cuihuipingl 128 @ 163. com
W B #A:2018 - 04 - 23



