H 75 2 3R 2010,30(10) :2687—2694
Acta Ecologica Sinica

MAKEKFHAESTIERENHE
—— LA R 2 5 9 9 e 2 A 1K

s 1 2
"% E}\FH 'U ’ '3@]3 iflb- ’ /E %
(1. EPABEESIER .0, Jbal 10008552, HEBLABEd BRI BeA A E, Jbat  100190)

FEE N T WAL R KBEIR , 18 R K B TS G HE O R TS B, 456 E R B AT AR B R SR B X B
KBy LB TR, IR X BRI BEARHESEAT T 2, R E A B AR 8, 3 B X K P AT iR e R K
AU EE T K FIR AR Rk MBS | 18 B S REEIE X POK P4, B H TR A RSN K &, FIR, B oK 8P4 R TR i
Fel X K BN F B MEER, R T BAAROSL 8438 ) A A FK BRI AE S AR, 342 FK BRI AR i 5 8 «
BEXIE R A RHC K T _E A K BR[04 L 2 X BT8R0 TR FEI R O 2, 2 BAIC AR X AR RK R, FW
KA F B 7KGE S SRR K A B B AT IR AL B, QRAE/K O B i, EE MRS MK S 05 R T8 B W) L St RO UK (B A o o R R /K [T i
AR TRERBE T RIFHAESNE S8, BT T KRR, AT AR TR T /KU, B s HE , 2 fE U/ WK Brits i 15 Je 4
X R I BRR o

KR ASTRE; AR KRE; KT

Ecological engineering design of rainfall resource utilization and its application .
a case study in Huairou Campus of Graduate School of Chinese Academy
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Abstract: To save the water resource in Beijing and reduce the environmental pollution of urban rainfall, the water balance
was calculated and the method that recycling the rainfall naturally and reusing it indirectly were advocated, based on the
planning in Huairou Campus of Graduate University School of Chinese Academy of Sciences. Then, the flow chart for
recycling and reusing rainfall was figured out. And different approaches to collecting rainfall were designed, according to
rainfall qualities in different landscape, so as to treat the polluted rainfall uniformly. Ecological Engineering of recycling
and reusing the rainfall benefits for saving water resource and supplying groundwater. It can also prevent flood and reduce

environmental pollution.
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Z—,20 42 90 EACTFF I  MATRI A2 TS B3R @ A T, Bk A Y 2 Gk 1 3%
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T R R

M RZ 71.67hm® , AP PG IX 43. 31hm” A X 28. 36hm® , BN X A3 /K i m AR s —2K L L,
G 4h e E R B BE T A B R FE P RS o B R R K 5 S SR T ST LR BB , 7E I X P SR R K T
W] R A 25 R LA AR K B B AR S B L PR B 5 R T 7 3

2 1 DX A B R R S . AR T3 R /K & 600mm, H i KFE/K & 192. Imm,
1.2 KEFHHE T
1.2.1 AREMTARERTE
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KB RPFEE S RIS T, 58 A HE W SRR RN TIK R . FEENE . BEXEA LW, W
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V(#8) = x HXAxaxf
b WRRARBGH b R E ;A 8 BRER(m?) ;o 7 FHIEAREE0.85;8 MUK FHER
¥, 500.87'

Fz1 2002—2007 F£HREX A KBS TR/ mm
Table 1 Statistics of rainfall in huairou from 2002 to 2007

{8 Year H ¥ Month

1 3 4 5 6 7 8 9 10 11 12

2002 0 0 1.5 20.9 13.5 86.5 89 79.5 59.9 18.7 0 5.1
2003 4 21 12 60 58 78 70 102 32 13.8 0
2004 0 12 1 26 18 113 199 143 78 15 7 0
2005 0 8 0 17 61 101 141 166 16 0 0 0
2006 1 3 0 4 63 148 116 104 23 10 0 2
2007 0 0 34 21 51 68 119 65 74 46 5 5
14 Average 1 4 10 17 44 96 124 105 59 20 4 2

5 : hitp : //www. bjhr. gov. cn/rain/viewrain. asp

Z:2 [F AN R ZK B T B S, BB S A LS B A3 5 LA B KM R AR T R BAE S 1R
FIZK BN 4% 0.9 T8, B K ik B o B ik il U 4 A6 15 4235 4% 0. 3 1158, SE R 8k 3% 0. 15 158, KT % 4
BEZMEERTK, 1T R 3,

1.2.2 ZEkRkKE
R 2 TSI A Rt X K T ZE R B 58 X B UK E AR T
V(Z8) = A(JK) xJ
K, ACK) 7K RTE R J B HKEZE R &

*2 ItFEHRAKEERBSGITR *3 HETNEEMAXNARARSERRZEY
Table 2 Statistics of evaporation from water in beijing Table 3 Area of the land and coefficient of the runoff
At kmEkRmm g KRR e WY m? FEMA
Month  Evaporation from water ~ Month Evaporation Land use Area Coefficient of
from water the runoff
1 29.9 2 32.1 J2TH Roof 7.8 x10* 0.9
3 57.1 4 125.0 BN Road&Square 33.4184 x 10* 0.9
5 133.2 6 132.7 R4 Park 1.8237 x10* 0.3
7 99 8 98.4 5z + 434k, Green area 18.3597 x 10* 0.15
9 85.8 10 78.2 Heih Woods 7.5053 x 10* 0.15
11 45.1 12 29.3 /K4 Water 2.7629 x 10* 1.0
A1 Total 946.9 A3 Total 71.67 x10* 0.618

VR« A N B [ g S R A R A SR /N IR K R TR

RITE - B C - bRt X ph 2R B K &L &
1.2.3 BREMHE

SOOI 5 S RO 5 R 5% PR Bk B L9588 , BB R J(B) #HI7E2 x 10 m / 2! W H
T T Bk

V(B) = AUK) xJ(B)

1.2.4 FHRULHKE

TREF KRG FIK J(4%) N 0.002L"* 4 A $% 30d 48

V(&) = A(ZE814k) x J(4k) x30

1.2.5 HAHWHHEEK . SHKE

5 YR BTG - K B 7% FK J(T6) 0. 001 m® ') 33 HA 4 2d W56 1 YRiE B4
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V() = ACERE) xJ(i) x15
AGER) =14.5456 x10*m’
1.2.6 TEAMN
HR AU 22 1l DX R T A AR X S AL S48, K B P AT AT 3—10 A6, 338 A~ A .
1.2.7 HEMARIEAKER 10%3,
1.2.8 Hkit&
HRHEAS bl DX i SR AR R, A e DX Hp K S K B 7= A e K K AL B 58 A TS X AR K N2 A 18 &
X B AR X N PA R B 2 HE K (B4 Bk s RS HEK) il , &bk b3 RS i 4T
Ab PR 5 35 B R T ¥ 7K FA A R SSOW A5 R /K K B2 ) R (GB/T 18921—2002) fin AR A . Ab¥R S5 B K 56
(6] FA A /N B il , A% rhok A T B X AR S AL A R st i
RPERNE , B B FK B oK & - Hed s B FIOK & F) 80% 15 :
V() = V(&R) x80%
V(EE) =846 m’/d
BAFRTKE V()5 VOR) 250X 5AR X & H A KE, 83 % 30d 1158,
V(PE) =158.6 m’/d
V(ZR) =164 m’/d
V() =[ V(E) - V() - V(&) ] %30
V(4) =10632 m®
2 WAEKFAESIERARER
2.1 FRZKENCR R B HKSE
I _ESCH TR B 7K BT gexd i X /K BT 58I 4 R

F4 BERKEFEHE
Table 4 The water balance of the campus

75 1

, o . E 7 SN
R KEERE RAWEER BACTVKR g JUEBUR - RRTKR o in

Py - AR V(&) (KR V(&)
V(#2) V(7) V() . V(i) N Water to

R ! Remains Water for ) 10% 1})  Second-used .
Runoff Evaporation ~ Permeation 3 Water for discharge
Ay P o’ P /m greenery 4 washing Other loss water o
Month /m’ 3 /m® /m3
/m
(11) = (4) -
(4)=(@1)- (1) =0(5) +
(1) (2) (3) (5) (6) (8) (5)-(6) -

(2) -(3) (6)]x10% (1) +(8)
3 3274.9 1577.6 1432.29 265.01 11015. 82 2181.84 1319.77 10632 -3620.42
4 5567.4 3453.6 1432.29 681.51 11015. 82 2181.84 1319.77 10632 -3203.92
5 14409.7 3680.2 1432.29 9297.21 11015. 82 2181.84 1319.77 10632 5411.78
6 31439.5 3666. 4 1432.29  26340.81 11015. 82 2181.84 1319.77 10632 22455.38
7 40609. 3 2735.3 1432.29  36441.71 11015. 82 2181.84 1319.77 10632 32556.28
8 34387.0 2718.7 1432.29  30236.01 11015. 82 2181.84 1319.77 10632 26350. 58
9 19322.2 2370.6 1432.29  15519.31 11015. 82 2181.84 1319.77 10632 11633.88
10 6549.9 2160.6 1432.29 2957.01 11015. 82 2181.84 1319.77 10632 -928.42

2.2 WK BRI B R

(1) F7K [ fa B g R e R 7K [0 ATk A AL B 5 YA A0 BT i IR B /K Bbn i o |l AR el XL
TR T el IX SR WL A BE B R 20, Rk Sk Ra it T 2B RAP TR E M ARK. Frid,
TEZ 4 BAT/K B AT B ZERE L, ABRAIE SR 7K R SR AL HE B F/K 0, Z AR IERTRUK , L B 2R ¥k
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VEIRFI R B AR , ) PSS IX I 48 B3 43 TS /K il [X 38 4 o K kb FE K pA B A SR AL FR K

(2) Zitb 3 4 WA HT AT 5, ZEBRAEIRES , ZE B R AR FT IR K 1B BT :5—9 H SR 7K B i
KF3.4.10 AHFFEAFERAKERE, RIFESFIH5—9 A HHTK, BT L% B, 38 % 7 7K BHSCH]F 5 AR  15
AR R K (AN B ) AT IR SR IR K ) TRZ Sk, R B R AT w3l . XAl 5 s A Y
A DARhFEHL T K, T BAE— e R B _Bigefl T K, S5 2] AHEA SR 4 B K B bm v, [R] B, 38 76 R 7K [ A A9
VIR T VO M R S S e A o T AR R WK A K B FR AR, U5 2 R K AR 2SI % B WK
A A 0 B 2 B

WK SRS B AE WK BA S S LI RER KR A Tk, B—FRIFH/K RN, BEE KEDh
Y EFAER 36 M b 5 R TK B B K. KA SIER EM B KR YREsr A HR [k AL
BAE . B, KRR R AR A S B BRI, B B R IR R K R, e O R,
KL T FAZALAAESIREE L BUHIREIR R , B WS ILEWE THAED A K, 7T AR S K & 15 Y M e g 25 B
BORE= N THASENNKERS T, BIFEBRERS B —E BRI MR B HIAE 1
FEMAEY) B B AR KR TR DA E BBEE R TR K AR A, R SRR 2 A Y S @ e R
WA BEERTT , R B LR AR RUR s 88 1, A Rk 1 5 A &, REX S WK R T EOK T, 7
Sy R B [ XY 7KL 22, T RAEBE K R TE K, S IIVE AR 4R, 35 BINEBR A A5 Je b s B 28K 42 1) B
Mo X LEEREYIP I (G B SR K R AR I A 18 e 7B b B DT 7 2 Bl w0 X R KR T 3875 B 2R
i, 214 2007 £ 2008 4F 7K B, B35 3 T hRdE
2.3 WK ENSCR A TR B AT

A X R K BRI A AR S TR AR

e £ MK — WA 3 R — 38 1 DT —IC A KR —IE3 R b — BRI A

BARF WA 1 Fimn,
RTA W BEEGRA bk ATk
BIIRA 1 1
| Yk g |+——- it SRR Wi
7 7
[ wsne | [ wwese | mwir o] mman |
A T ¢ v
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Fig.1 Flow chart of the reuse of rainwater
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(2) BTN ST KK B 2% , B JE0 A BEE R 4
S5 SR B B X R R 7
TR RIS JE S R M 40 116 T B T S5—
10cm £, KB BIRE KRR VIR e~ |
YR ALK B B B ARSI A e 0 5 =

%
AR, A AR T 1 K }//
R BAK, Py 2 ey
(3) G R P KT Ay A bR, R _MJIL_
T T8 S BUK T AR 2 07 K A BREIE 9 e

RS, K5 REATKE B, W0 3 B |
(4) SE TSR AL R AR I 0 T 7K 42 3 IR Bk 3t 1) |
AR R U KRR, R AR K, B A B HE |

}\%Xﬂﬂ('fj:[lﬂ o %‘ = =—20i= 1%
. ; — 101
(5) FWKRE W TR T K, KA
B T B TR, P DX RN K % 3 2 P A IR HE 2 BEMKKENHATEREE
{/‘g , ;ZE lZﬂi7J<{ﬁTMﬁ§7'/"YEJ o Fig.2 Method of collecting the rainwater from the roof

3 MAKERFAESIENEFHESHEREITEN
WA ST BT B TN 7K BUSCRI B A 5 TR P RAE N
B &, KHEG TR HES T T RAE R A HR, HEM
g,
3.1 ZFMEE
EAT, B 3k i T KR A 1 B F — T i AR AR
LT E T EX R G R A R R T R
55 FRARIROL 38 4 5 L T A ELSC 4 , A B LA
Xt ECAE B 2h HORE A AR 40, A AR Xt i S0 R T AR
B BRI TS

AR IA 1

A TTRFARERTRHRE R, 5 ERIEBIHH M3 (SEHmARKT S TREE
bR TREN TEE S, MBS R 1500 Vbt , Fig.3 Method of collecting the rainwater from the park

W 4 FTRIAAET SN K 16 x 10° m®, e Gtk | o
VEIE B RANFE R MK REER BHRAK 15 x10° m’  BREFIAFTFHHK 8.5 x10" m® 457k 3% 2.5 jo/m I, &
FEEYA16.3 Ttk

B 7 SR A KR B, R SUK R AT BB BT K% , 48 T 5P KRS R (B E — L
FIZKPI AT , AR A S AR e g e . B LA SRR R KR A DR B TAR B o3, A SR % 1650 T
T BTN 5 it/ /a. FIFH B R S, K R KR K B T U Stk v el B R TR K R
fn_EFR AR B KR IR AT RSN TS B KK

G0t EEBERT AN, WERANE S8 B RK Bk 9 BRI 2R, SHASE el W 7K ) AR A 45 98 RSO R =2 13,
3.2 FRERGEEIEY

7K EME I B Jr RS EGE/KHER A 7R, ZEIRE R BRI TR

() JeE A EREHKKARIRTT Z—. A FRIFBALE BRI KRR BEA WEEF T, T2
AHOKRGE, XAGE R T K BEIRE RIR S, T HAMTTHK RGEWTRERES . B HFREAUAUTAH
KoK B , T ELA PRI KRN FE st B /K R, 8 S /K S5, SRl /K W VR A R A8 T A s iz
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(2) F/KFEE BRI TZ BT . BT T RE L, pRCRE L REBRYR, A FRSFEXH
HIFZKFEAIR T HEK RGE , e HEAZ KK, AT S RE R E5 Y. EBE, LT LA S
KT REE AR 509. 95km® , 4% FRAEF R B 500mm 58, /K2R B s e B 4 K SS:4. 097
Ji t/a,COD:3.57 Jj /a,TN:0.19 J7 t/a,TP:99t/a, BOD5: 0.55 J5 t/a'™! 5t i=ABIEH K. B HFEWMK
F TR, Al Bl IX P9 42 x 10° m? Rg7K N4 ERITRK , &5, B /KR F T 75 B4k SS:
33.743t/a,C0D:29.4t/a,TN:1. 565t/a, TP:0. 08t/a, BOD5 : 4. 53/ a, it H 3 AT HEK RS, W TR
K54,

4 HiE

A SCHTRIFSE A R 7K [EISCOR A AR 28 TR S 2 et 53 b B 1) B SR 145 R0 el DX AR ) A o, T3 el X P 3
BARKEPERRIL , B RN K T A KSR 77k, Bt R AR K DR FE R IEFR AL I TR o

e E B Be 7T A Be PR R X A TR ZK BICR F b, AR RTIREE TR ZK 4 16 x 10° m*, BRI k42
W s B 2 Jy SS:33.7431/a,C0D:29. 4t/a, TN: 1. 565t/a, TP ;0. 08t/a, BOD5 ; 4.531/a,

FIKFI A RAESKRER RN EENRZ —, EICE X AR DRI, 77K R R DK AR SO0 3 1)
AR AE AT RE o X T RT7E M X O A 25 FR B R, 78 AT AR FE 3t 7K U, 3R 4t T K o, i ks, 7 22
AT MR E R B I A AR .
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