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Research progress on the pollutant from the water-sediment interface in urban combined drainage pipes//LI
Haiyan' , SU Haoru' , HUANG Yan® (1. Ministry of Education Key Laboratory of Urban Storm Water System and Water
Environment, Beijing University of Civil Engineering and Architecture, Beijing 100044, China; 2. Beijing Municipal
Environmental Monitoring Centre, Betjing 100048 , China)

Abstract; Pollutant from sediment in the combined drainage pipes has been a main source of the non-point source pollution
for the receiving water. Hence, it is of great importance to study the action of the pollutant from the water-sediment
interface. The composition of the water-sediment interface, the pollutant characteristics, and the simulation model of the
interface of the water-sediment were reviewed. The water-sediment interface pollutant can be divided into the organic layer,
the near-bed solid layer and the fluid sediment layer. Both the organic layer and the near-bead solid layer have relatively
high organic content and high water content, while the fluid sediment layer has high concentration of volatile matter. It can
be concluded that the erosion resistance of the water-sediment interface pollutant is weak, and the water content is the main
factor which affects the shear stress of the water-sediment interface. Besides, the existing research on model simulation of
the water-sediment interface mainly focuses on predicting the contribution of the near-bed solid on the initial flushing, the
pollutant erosion of the organic layer, and the biological degradation of the near-bed solid layer. It is advised that the
pollutant characteristics of the water-sediment interface needs further study, and the local water-sediment interface pollution
contribution model needs to be established.

Key words: water-sediment interface ;non-point source pollution; urban drainage pipe; pipe sediment

Sl T HE AR AS S R H I T AR 3 75K Tl IR K A
FRZK O WSCER B 15 AT 55, SR T HE /K R G0 0 B 24
SRR o T 4 HE K A T 3 A7 1 A I ey AR
YRR B G, X A 503 DX o3 HE K AE I B 9
AR, BT ST B HE K S T T 60% £ AE LR
Y1, 41 15% DU RBUEROR . DU AE AL
FEAR 1 AE0 I A HEZK BE 3, 70 B R AR A4 il 7 R

i 2 R A R 5 Y W FEB B TIHE A 52 40K
Tk 5 JoKAR IR, AT R, T R R )
IR R | 22 PR 05 e AL T AR S W Y 2R 2
EIEDURYY, IR 55 DX R K A B DU b H BLTS e )
RO, MK RS I 2 5 o B IR AT TS
ER TR RS, B IE DR BRG] kw15 4
F)REIE SR 9t 23 o ik 9L 775 24 B Y B 4

FBIH [/ R AR HE S (50808009) 5 FIZK A TE Ytz il S51A BERHE B LI (2010ZX07320-002 ) 5 JL B AT I T R /K R 485 /K 3R 45 4

AR ARAH A AT H (PHR201106124)

YEE A 2R (1975—) , Zo WU LA B, 2 N F3l T i KR S5 A2 75 e fil 5T o E-mail : lihaiyan@ bucea. edu. cn

-84 - KA K A B ,2013,33(3)  Tel:025 -83786335  E-mail :j2@ hhu. edu. cn hitp ://kkb. hhu. edu. cn



SN2 AR MR OB, I KUY S
15 WA RE R A S ST K AR5 G ) B 2k
P RGBT HLH B 5 YRS e T4 o 11 8
BICRPIN T R B R

4N E 20 b EIT 4R 1A WS, IR R
2T REMFEER, M N T 28 PR AR
i ¥ L 775 T ) 7K S5 K i A B 175 e 4 ol 185 it 7 T
ORI B UL i 75 T Y T SR I —— K- TR
YIRS g, EF LA T AN HEK A
K-IURRM ST 5 Y BT FE 1k | O e — 20 2 1l 5 U
il i L 75 A P LA

1 K- ARMFEY REIER

AN 27 B AN R 37 25 A T SR AN [R] 4 7 v %
KU R AT T HE5E, 15 I E5 R S A A
FEDIAR Rl AR 38 2 SCT 7K -TTAR ) 5 T ) o 1)
M, ZEA HEER, TR K- S T Gk
WA A BUZ TR B Z R sh e b 2
1.1 BNE

HRAE AR 2227 5 B WF I, A L) B AN R A2 i) ot
KLY A, 2 A [ B B RRAE  OF HEA R ARy 4=
Ppidite ., Skipworth 55K H MO £1 20 18 1 B T
FUITE LR 2 KA N IR 4 b, SR FHZK R AAS TR 9
TR AT ] 235 R e BT AR ) 0 TR A 7E — A AL
)2, Ahyerre 2217355 Le Marais S256 X HEZK 8 W 19 7K
DU BT TS, 45 2R R oK - DU ) A
HH A HILAY) 5 R B 7 DURR ) 2 TE 1 A 27 4k W) i A
B ZZEEETE 1.5 ~7 em Z (8], A RAFIRRE
P WK A PURTE S Z0 RRUE R, 75 2 7 i
WA Z BRI, AR Y R ARSI R, B T
JE (386 K™ ) 5 13 K, BUAR bl o g ke
Oms 25107 S B 22 Saint Gilles 3256 X 3= 138 LR
WAPUZ AT TOT5E, IF N B85 A L2 I K
A FEFATIEE BRI HLZ R A HUBRLY |
LR 2 R NEURL A, BT AR A HLZ
KB —E B E 5B TRE, 2B M5EETE 2 h
P EHT AR A
1.2 ERE®E

Arthur " EAEVD RIS (0 I A R e Sk
PLIRFEAZ , IF7E Dundee 19 3 DRI X AL T %2
(R A ) ot A L 5 75 Gt fi . WIFSE 45 R 2
7N AN ) S A it v W I T Gy Jo o o 2 e AR,
JEE FIAL 8 e v P A, DR A5 e 5 e A,
HABAA S FE R R B, 7E Marseille 5255 X HEZK
B E T FREMNTURYIAE S STE Dundee 1 Dens
Bra 5245 DA TR AE AR T B LT RH S5 I 42 2 1

P, McGregor' ™ 9% & BT IR [ 44 22 #
Sy b, R AE B V5 e ) KR 4 i AT K 8L
AbTFBTERAS  FEA T s i 75 G R ok
1.3 RV E

2RISR K B, K -DURR ) S TH 38 o X B 5
1o R RE 1) AR T 5 DX S AN TR, vk A R T
Ashley ZM NS HE ORISR TP Z, SR, X T
I e R B AR D3R B R AL, AN [) ) 2 2 R AN
[N 25, Verbanck ' I\ A 78 V0 IR A — %5 3h
JZ, IEEE T R A R AR R ) S 2 g s KT
PR 3 1 A O RS f5E . Arthur ' DAy w8 vk R [ 14
DX a2 F SR AR R X5 0 DR B 30 %) [T AR I8 2 1 s 18 1
Ahyerre ISR T B I R — AR L A B TR [ A vk
JEE )T 5], 205 5 I v B A R DR T S A A 1Y
AHLZ AR F KA,

2 K- R E Y BRI R

it RN A T DR ORI 9T ) & B, K -TURR 4 5
T 40 A5 O 1 i ¥ O 1) ORI, T e v
R ZHH B EAE AR, W5 Y i A
I PURMEE I, b, WHEP EAR SR R
PEREMA S B COD B LG S8 1 ) SR AT T3
5T
2.1 KinBRYFEEYRMOELER

2 TR RIS A LSRR = i T YW o, 2 0
TRy i ) g il T SR 4 | e 1k T 4A . cOD Al
BOD; M EE VG e 7 Le Marais S5 X 45 18
FAHLZ COD Al BOD, & 45w  (BAR T Ak
H1%) COD F1 BOD, ; 4 & P4 ot 1Y 2 12 0 55 - 8K
HARRRL) T R AR 2 TR R i A B R R
ABEHRZA ARSI A I & A KR H
RN i 5 S A S K 0 R R
AL 555 OB A R OB A L 3T AR [
RS I/ e L= (E P 0 N i B8 = R
IERERZERE ALY R B R ES R
PRIAT U490 LA LS < K I8 1 38 S8R B9 1) g s,
KLY A B B I 5 3 T A AR % 0 ST E
B IR R W EAR T A WL & B T
FEI A B b B RAIS , /IR A UL ) v A L 1 o
o TSRV B e B R S X AT g
ST AR N EHE Y S R R AR R AR
Wt % 7K T RS e K HP e BB TR i B
2.2 KRR R E MR E M

IR AT AP AR bl e T LS i 5 1 ) ok
FOR R 55 P TRRAAR Tt v R BsF ) 9 e B
BRI, KU A TR R F s, Hol

KA K A B ,2013,33(3)  Tel:025 -83786335  E-mail :j2@ hhu. edu. cn hitp ://kkb. hhu. edu. cn -85 -



BYREJIAE 0.5 ~ 1.8 N/m Z [R50 A5 L4
835 SRS R K - DDA B T A= i e ) — A EE
[ , Wotherspoon "' FI Arthur' "' f§ T 3 — 4 09 B
¢, & BLRE A HL Y S R RS, B ) B R
Desutter' ™' FL3% T UMW) 5 7K 5 FIA HLY 5 12 % 5
N T B2 B e At DA A58 B K SR R B
I EREERNER  HUCRA I & & ok, Nk
WO i VD R B RS T R AR IR A
S TTAR PR 5 7 0 iy 2R R I ELTUAR ) 1 59 1
Ty BE TR BR L 1 1 T iy 1 >

3 k- SR ERRIUF R

TAAR-IUAR Y BT HE KA T H I 75 e T
R DR AP 52 N K A B E B A 3 L, A1 AN 20
T2 v 5 BRI b 1 R 7K - RR A S T 7S e TR Y
WESE, I A ST TR RS | T G TRk ) AR A 45
KPR ST 5 YA AL
3.1 EPREMEITRIHE R AT 2 5T ek T

I DR AR 40 b 19 75 G o7 ik G 4% TCHLABURY
YIFIA LY T 4. Arthur'™ 43 51R FIE IE (9
Perrusquia F1 Nalluri 28 AR (R (1)) A EK A
2 (F(2)) 7 BT A [ AR 1 TC AL IR 4 R A AL
Pyxb R w75 G BTk . ARZ A E DR ATEIE
%) Perrusquia F1 Nalluri J2 252 = HIN T IR A TCHL
S ar X6 A0 1 R TR A A BT (2
Verbanck ™ TAN | 3T R R A — 8 23 LU I 19 72
[XHEATRE B, SR 2 (1) T PR 144 T HIL 57 £ %
IR O IN RS N 2 N S N s )=
BHY 2R LR i ) B 1) HIE ) DX 300y 400 2 A b
%2, HARE PR B LR e X785l Hor
U J2 B R VA 2 TE K R 2 R 3l | S S R TEIK
Wi EE SN, Ashley 2515 T HE VD IR R 2 DL &
R IE XA g iy 1A BT & ik B2 9 15 A =0 (X
(3)), B AT AT R A 0 ol Esf 30 AR 1 4% 22 7
By R TR A TS e ok, 25K AL o " I {E
S L L S R ST R R A O
FROE, B EEMEN0.3m' ™, A AL T
ok H AR ST TR P Y B B A A, 81 by SR 2 5
TRARVIN  VF 224 0 WR A [EAUR TR R 4R
T LA 2R FH M 5 T 504 H B9 30 A o] 4% 174 e A 1
SLFREAR AL

22 mossgotn [BYYT
®, =3.7552 x 107 60> " * 77" (7) (1)

L@, NHFHER, o/s;0, 0 8h 1R A ;
D, NI URLAE ; Z S AHRPRLEE s B R rh BRR 19 98
JE,m; Y NRBIIRSE m,

I Te
C, =—105.73 +2.55 x 10*“75” +

0.2023 2% 4+ 47.808 ~° + 120. 45% (2)

m Tl»

K. €y AU Y T i MR L, meg/L; 1, Ry [ FR 9
JE  mm/ hy T R IR — YR 5 T T U6 sF -5 00 ) 114 e
] (BB, by D, A B RIRE R, mm gy /y,. AR
SRS R RIRIE Z 7o/, P34 8Y R )
GEAFA TR ) SUTBURR BT I ) GE DT
FUR I 50 mm A0S 1) Z Hsp,/p, HIEIR
FERZR T2 5K EEZ L ,p, =1000kg/m’,

¢l 8

L. €, KR y I BRI BT S Rk  mg/ L
a” NBHEKAL,m;C; NSHREIRE, mg/L;n N
TR RAL
3.2 AUESEHEMETHN
Ahyerre 25 i3S W5 AT A HUZT5 5 (4
FEETHIURLY) 45 R B R . COD F1 BODy ) B9 =R
it K 30 R I S A HL)Z AR URE AR R TR
WHARIES B S AU E YR EN R, 1T
BAAWK(4) ~ (7).
p(SS) =482.07Q, +29.65Dy, +
2.091, - 11.101, +29.88 (4)
p(VS) =290.480Q  + 17.62Dy, +
0.917,,, —-6.281,, +454 (5)
p(COD) =167.170,, + 32.39Dy, +
2.541_ - 10.521 . +188.11 (6)
p(BOD,) = 20.26H,, + 14.83D,, - 3.51 (7)
K .p(SS) HETE PR T i e B, mg/L;p (VS)
KA R R B R, me/ L p (COD) A4 75 4
TR, mg/L;p (BOD; ) b A AB 7 A 1
IR me/L; QB D&, m’/s; Dy, N
PR T8 d5 7, R RBER R, mm/hs T,
HF R  mm/hy H, N BRI, mm
3.3 EKERE R E YR E T
R TR R [ AR J2 68 - U i Yk U T S ) T
Ristenpart 215 18-19) % 17 S R & 4K 2 BOD, ,COD
T5 Je i far , A FEWESE T 3R R 2 M E 48
TG, ER X AR AR I TS 2 DA R IR
I AR J2 X645 3t i s 114 95 YA R 3 R 11 4R 2 1 ]
A= R R L e T e R Y, 2R W R AR
et P T JOI0 I T b S RS DR [ A 2 8 A
Vollertsen 45 5% FAS RIS L1 A4 75 12 0 22 7 30T
PRI 22 18 S SRR A 30 DR IR J2 1) A W e

- 86 - KA K A B ,2013,33(3)  Tel:025 -83786335  E-mail :j2@ hhu. edu. cn hitp ://kkb. hhu. edu. cn



fifim . Ashley UM RIFTE A B, 76400 0148 5% W o A
AT AR T A S A A v ) A 00 Wk A P T 7 G S8 2 e
P89 30 A [T A2 ) e e i A A1

4 & &

Il S 068 3l 7 HIE K A7 T K -0 AR A SR T 4 T 5
AR A PR Y AR 75 Qe LA A
TIRAURE T I AT, R X BT AR T—E /Y
JER  HAN TR 2 AR ST R B A S
KT IR-TURRY) S W) S A, o B A B 22 1Y [X 3l
PEAT B 22 456 X8 LRI A A9F 5 B A AT 36 S A
Fo IK-UURRM) F T By J5T 14 5 G 52 ] 23 1]
28 A 1 5 PR R B 2D, 7 ok — 2D 0 AR A LR
Ohy il S AHISE B 75 2 47 o 15 it £ BE A B o 77K - TR
Yy 5 i BRI 5 o, DU ) i A 18 2O A
B E |, T2 TR ATt PR Y | B 45 2R 5B
ORI 2

] A 3k T HIE 2 A S TICRR 95 % BT 5 P M
A, FELE AP AEDURY) BRI AR5 15 B WA IR
OLAETT TR ST . T VR 22 3l JE 3l X R A 4
R HEA 5 U A , 7 22 3 A ) U A T AR e A
TS E AR {5 IR FE AR, i ZK-TURR ) 5 1 2 5 3t il
nRREE DR St 3 SRS N I AR | E D0 W SRR/ R
T TS YRR PR R BIE IS, 5 A 3 2R 48 1 S P
DRSS &, NI G AN H B /K- TURR Y BT 175 4 Tk
AR AT A R A 49955 G B Vi e o

Sk

P T]. 47k HEJk, 2008, 34 (3T 1) .88-92. (LI
Maoying, LI Haiyan. The study progress on the sewer
sediment and its pollution [ J]. Water & Wastewater
Engineering ,2008 ,34 ( Supl ) :88-92. (in Chinese) )

[ 2 ] GASPERI J, GROMAIRE M C, KAFI M, et al.
Contributions of wastewater, runoff and sewer deposit
erosion to wet weather pollutant loads in combined sewer
systems[ J]. Water Research,2010,44 :5875-5886.

[ 3] Bin%e, Bial VLW, 5. BIXORFIRE X HEK S
BYURPI BT [)]. 3k HEK,2011,37(9) 1 159-
162. (YANG Yun’ an, GUAN Yuntao, XU Guangming, et
al. The study on properties of the sewer sediment in
different functional zone in old city area[ J]. Water &
Wastewater Engineering, 2011, 37 (9 ). 159-162. (in
Chinese) )

[ 4 ] SAKRABANI R, VOLLERTSEN J, ASHLEY R M, et al.
Biodegradability of organic matter associated with sewer
sediments during first flush [ J ]. Science of the Total
Environment ,2009 ,407 (8) :2989-2995.

[ 5] CHEBBO G,ASHLEY R, GROMAIRE M C. The nature
and pollutant role of solids at the water-sediment interface
in combined sewer networks [ J]. Water Science and
Technology ,2005,47(3) :1-10.

[ 6 ] SKIPWORTH P, TAIT S, SAUL P. Erosion of sediment
beds in sewers; model development[ J]. J of Hydraulic
Division, ASCE,1999,125(6) :566-573.

[ 7] AHYERRE M,CHEBBO G,SAAD M. Sources and erosion
of organic solids in a combined sewer[ J]. Urban Water,
2000,2(4) :305-315.

[ 8 ] AHYERRE M,0MS C,CHEBBO G. The erosion of organic
solids in combined sewers [ J ]. Wat Sci Tech, 2001, 43
(5):95-102.

[ 9 ] AHYERRE M,CHEBBO G,SAAD M. Nature and dynamic
of the water-sediment interface in combined sewer trunks
[J]. Journal of Environmental Engineering, 2001, 127
(3):233-239.

[10] OMS C, GROMAIRE M C, CHEBBO G. Nature and
dynamic behavior of organic surface layer deposits during
dry weather[ J]. Wat Sci Tech,2005,52(3) :103-110.

[11] ARTHUR S. Near bed solid transport in a comhined sewers
[ D]. Dundee : University of Abertay Dundee,1996.

[12] OMS C,SAKRABANI R,MCILHATTON T, et al. Near bed
solids in combined sewers [ C ]//STRECKER E W,
HUBER W C. Global Solutions for Urban Drainage : Ninth
International Conference on Urban Drainage (9ICUD).
[S.1. ] : American Society of Civil Engineers,2002.

[13] McGREGOR 1. Release of characteristic pollutants from
combined sewer sediments [ D ]. Dundee; University of
Abertay Dundee,1993.

[14] ASHLEY R M, ARTHUR S, COGHLAN B P, et al. Fluid
sediment in combined sewers[ J ]. Wat Sci Tech, 1994 ,29
(1/2) :113-123.

[15] RISTENPART E, ASHLEY R M, UHL M. Organic near-
bed fluid and particulate transport in combined sewers
[J]. Wat Sci Tech,1995,31(7) :61-68.

[16] VERBANCK M A. Capturing and releasing settleable
solids-the significance of dense undercurrents in combined
sewer flows[ J]. Wat Sci Tech,1995,31(7) :85-89.

[17] CHEBBO G, GROMAIRE M C. The experimental urban
catchment “Le Marais” in Paris: what lessons can be
learned from it? [ J]. Journal of Hydrology, 2004 ,299.
312-323.

[ 18] RISTENPART E. Sediment properties and their changes in
a sewer[ J]. Wat Sci Tech,1995,31(7) :77-83.

[19] ASHLEY R M, VERBANCK M A. Mechanics of sewer
sediment erosion and transport[ J]. J Hydr Res, 1996,34
(6) :753-770.

[20] RISTENPART E. Solids transport by flushing of comhined
sewers| J|. Wat Sci Tech,1998,37(1) :171-178.

[21] WOTHERSPOON D J J. The movement of cohesive

sediment in a large combined sewer [ D ]. Dundee:

KA R A B 2013 ,33(3)  Tel:025 -83786335  E-mail :jz@ hhu. edu. cn hitp ://kkb. hhu. edu. cn - 87 -



University of Abertay Dundee,1994.

[22] DESUTTER R. Erosion and transport of cohesive sediment

mixtures in unsteady flow[ D ]. Gent; University of Gent,

2000.

RUSHFORTH P. The erosion and transport of sewer

sediment mixtures [ D ]. Dundee; University of Abertay

Dundee ,2001.

[24] MOHAMMADI M. The initiation of sediment motion in
fixed bed channels [ J]. Iranian Journal of Science &
Technology,2005,29(3) :365-372.

[25] TAIT S J,CHEBBO G,SKIPWORTH P J, et al. Modeling

in-sewer deposit erosion to predict sewerflow quality[ J].

Journal of Hydraulic Engineering, 2003, 129 (4 ). 316-

324.

PERRUSQUIA G, NALLURI C. Modelling of bed-load

transport in pipe channels [ C]//Proc Int Conf on the

[23

[

[26

[

Transport and Sedimentation of Solid Particles. Prague:
[s.n.],1995.
[27] ARTHUR S,ASHLEY R M. Near bed solids transport rate

prediction in a combined sewer network [ J]. Wat Sci
Tech,1997,36(8/9) :129-134.

[28] VERBANCK M A. Computing near-bed solids transport in
sewer sand similar sediment-carrying open channel flows
[J]. Urban Water,2000,2(4) :277-284.

[29] ARTHUR S,ASHLEY R M. Near bed solids transport and
first foul flush in combined sewers [ C ]//Proceedings of
Second International Conference of the Sewer as a
Physical, Chemical and Biological Reactor. Aalborg,
Denmark: [ s. n. ],1997.

[30] VOLLERTSEN J, HVITVED J T. A erobic microbial
transformations of resuspended sediments in combined
sewers:a conceptual model [ J]. Wat Sci Tech, 1998, 37
(1) :69-76.

[31] ASHLEY R M,HVITVED J T,VOLLERTSEN J,et al. In-
sewer processes and potential impacts[ C]//Proc CIWEM
Conference on Latest Developments in CSOs. London; [ s.
n. ],2001.

(Whi B 3912012 -07 -27 %l 9%

(EEF 67T W)

[ 8 ] LIU Changming, LIU Xiaoyan. Healthy river and its

indication, criteria and standards [ J ].

Geographical Sciences,2009,19.3-11.

WRAYJ. T RO AR Be 5 R [ M. db st E By Tl

H AL, 1998.

[10] WAL, 750, Z8 7K BObR RS BOR AR TR K B4R oh Y
NI, AE S FREE 224, 2011,20 (1) : 186-192. (HU

Cheng, SU Dan. Application of comprehensive water

Journal of

[9

[

quality identification index in water quality assessment of
Hun River [J]. Ecology and Environmental Sciences,
2011,20(1) :186-192. (in Chinese) )
(1] BRPESE, R, K% 2. BT DPSIR LRI )G T
IR AR B AE I PP SR bR AR ZR [ 0], K F 24 41z, 2004
(7). 98-103. ( CHEN Yangbo, CHEN Junhe, LI
Changxing, et al. Indicators for water resources carrying
capacity assessment based on driving forces-pressure-state-
impact-response  model [ J ]. Journal of Hydraulic
Engineering,2004(7) :98-103. (in Chinese) )
SRARAL, GHU], TANL H, %5, 3T DPSIR #9354
I AR AP [0 ], B A 25240, 2011,22 (1)
189-195. (ZHANG Jiquan, YI Kunpeng, TANT H, et al.
Ecological security assessment of Baishan City in Jilin
Province based on DPSIR [ J]. Chinese Journal of Applied
Ecology,2011,22(1) :189-195. (iin Chinese) )
[13] ARaek sk BESOR 45 K TR IR BT SCBEAE 25
EARIR ZR [ T]. KB 1, 2010, 21 (4) ; 560-566.
(ZHU Dangsheng, ZHANG Jianyong, LIAO Wengen, et

al. A key ecological indicator system for water project

[12

[

planning and design [ J]. Advances in Water Science,

2010,21(4) :560-566. (in Chinese) )

- 88 - KA Kb A3 3 & 2013 ,33(3)  Tel:025 - 83786335

[14] XUBese, A8 HE X% 55, JET DPSIR B g i L3 A 1
B EESE w PEAT ()], e, 2010,42 (4) : 795-
800. (LIU Yingying, SHI Peiji, LIU Ling, et al. Based in
DPSIR environmental impact assessment in land use
planning of Longnan City [ J]. Chinese Journal of Soil
Science,2010,42(4) :795-800. (in Chinese) )

[15] BRspe. LR n] AR OR 48 BIe SR L AR /K SOK B
FRCARERR[ 1] R T R 72441 ,2005,45(2) :308-
312. (CHEN Shouyu. Theory and model of engineering
variable fuzzy set :mathematical basis for fuzzy hydrology
and water resources [ J]. Journal of Dalian University of
Technology ,2005,45(2) :308-312. (in Chinese) )

[16] Z=3CH  BAk, BRIGEAE , 45, Jk T2 X /A 15 AT A2 BOR 42
FRTR] AL AR A A T A BB [ 7] UK A 2 i, 2011,
42(7) :775-782. (LI Wenjun, QIU Lin, CHEN Xiaonan,
et al. Assessment model for river ecology health based on
set pair analysis and variable fuzzy set [ J]. Journal of
Hydraulic Engineering, 2011, 42 (7 ). 775-782. (in
Chinese) )

[17] IRy Hibete R Ao , 55, {0 at fd FRE R e PPAN 1 4R X
SPFTRIRIL ], RO T AR IR 5 S, 2008 (5) : 164-
170. ( HU Xiaoxue, YANG Xiaohua, LI Jiangiang, et al.
Set pair analysis model for river health system assessment
[J]. Systems Engineering Theory & Practice, 2008 (5) ;
164-170. (in Chinese) )

(18] HHade. Sl iy A A R G B SE B [ 1], <
S5 RL A 2008,31 (2) ; 13-16. (SHEN Yanping.
Case study on assessment of urban river ecosystem health
[J]. Meteorological and Environmental Sciences,2008,31
(2) :13-16. (in Chinese) )

(ke F99:2012 -07 -02 Sl . B8 )

E-mail ;jz@ hhu. edu. cn hitp ;//kkb. hhu. edu. cn



