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Evaluation of reclaimed water resources based on
fuzzy matter element model

LI Meng'? ,WANG Ni',XIE Jian-cang',
YANG Liu',ZHU Ji-wei'
(1 Institute of Hydrology and Water Resources , Xi’an University of Technology ,Xi’an,Shaanxi 710048 ,China;

2 Shaanxi Land Construction Group , Xi’an,Shaanxi 710075, China)

Abstract: [Objective] Value of reclaimed water resources was evaluated to provide reference for eco-

nomic development, rational use of water resources and construction of water-saving society in cities.

[Method]) Based on comprehensive,scientific,systematic and operative principles,the evaluation index sys-

tem covering economy,society,environment and renewable water resources was established. The expert in-

vestigation method and the entropy method were combined to determine the weight of each evaluation in-

dex. The results of Xi’an, Xianyang,Baoji and Weinan were calculated with the fuzzy matter element meth-

od and verified by the fuzzy comprehensive evaluation method and analytic hierarchy process. [Result] The
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established evaluation index system covering economy,society,environment and renewable water resources

was used to evaluate the reclaimed water resources values of Xi”an, Xianyang, Baoji and Weinan, and the
euclid approach degrees were 0. 696 8,0.619 6,0.513 9 and 0. 427 6,and the euclid approach degrees of the
grades | — [V were 0. 864 9,0.707 4,0.489 7 and 0. 380 6,respectively. The levels of renewable water re-

sources of the four cities were higher,higher,lower and low,respectively. The fuzzy comprehensive evalua-

tion method and analytic hierarchy process indicated that the assessment results were reasonable,credible,

and good for further application. [Conclusion) The established system for renewable water resources value

evaluation was reasonable,credible,and good for further application.

Key words:renewable water resources;value evaluation;expert investigation method;entropy method;

fuzzy matter element model
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Table 1 The index system for renewable water evaluation of representative cities in
Guanzhong region and the actual index value in 2012
, WF 5% X 48 b (A
C(E(;H'JIE R RE Index value of the study area
ruidelines - " ; ;
e Index layer Waw W Sem EEm
Xi’an Xianyang Baoji Weinan
2 4A ik T = e m 3
TP PR (TO/GE = m—®) 400 5 53 3.10 287
Average water tariff of urban
N 1 LA Wi I BIAE (T,) /42,90
sy prisem,)  IPEKEES RIS S (o) /258 15. 04 9.14 5. 65 3.28
Economic value The FNPV of reclaimed water reuse project
index(L;) KR % (T3) /46 Investment in water conservancy 25.21 15. 62 17. 38 24. 65
TALAEFE (T,) /{276 The annual industrial output value 1 340.75 786.47 771.07 669. 32
ANV AE T E (T5) /4276 The agricultural output value 254.59 283.10 239.97 167. 30
K R (T 3
/\ﬁ]ﬂ(ﬁf{)}ﬁmf}g)/m 325.14 264. 60 993.74 380. 31
Per capita water resources
=G BT ) fmd
B S8 GDP #AR(Tp)/m? 76.79 63. 87 64. 54 78.03
A m IS FR Water consumption of per million GDP
(L3) PR KRR 2P TR (T / %
Social value The contribution rate of renewable water resources 14. 87 12.07 10. 35 7.81
index(L;) for the economy
Wik /K# (Ty) /% The water shortage rate of city 21. 80 26.50 10. 93 15. 36
= H (T 9
Lol A EE R (T /% 84. 00 85. 90 76. 30 67. 40
The repetition rate of industrial water
VR I R (T 0
?h%:trfﬁiljf]wfl(erl 3<>e/£ficienc 19.19 12.08 5. 79 3.21
LI
bR (Ls) Pk SR (The) /(L m* » 5 15.47 10. 46 8. 74 9.08
Ecological and The amount of groundwater feed
environmental 15 K HER & (T1s) /42 m® Waste water discharge 2.57 1. 38 0. 86 0.96
value index(L;) M8 25 %R (T /% Vegetation coverage 44,99 30. 70 35. 60 28.70
KI5 Y8 E(T15) /% Water pollution index 3.12 3.23 2.61 2.74
- COD ¥ & (Ty5)/(mg » L) Concentration of COD 29. 34 25.67 27.50 36. 25
LK G e e
WAE 7 (L) BIEYI(SS)(T1;)/(mg » L~ 1) Suspended substance 3.04 4.32 7.21 9.93
Renewable water BOD; #k B (Tis)/(mg « L~ 1) Concentration of BOD; 4,37 4.25 9.92 14.53
reslozrce;Lva)lue TN ¥ (T19)/(mg + L~ 1) Concentration of TN 10. 98 8.45 11. 06 14. 82
index(L,
' {1, (T2)/(°) Chroma 16.17 17.03 22.14 25.67
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Table 2 Grading standards of renewable water resources evaluation

Y LY Grade
Index 1 %% Grade [ T %% Grade I M %% Grade I N %% Grade IV
T, =6 <6~>=5 <5~>4 <4
T, =12 <12~2=9 <9~>5 <5
T, =20 <20~=10 <10~>>5 <5
T, =1 000 <1 000~2>=800 < 800~>500 <500
Ts =300 <300~=>=250 <250~>200 <200
Ts =1 500 <1 500~2==1 000 <1 000~=>>500 <500
T <50 =>50~<160 =>60~<C70 =70
Ts =15 <15~2>=10 <10~>5 <5
Ty =25 <25~2>=15 <15~>5 <5
T =90 < 90~2>=80 <80~>70 <70
Th =15 <15~2>=10 <10~>5 <5
T =15 <15~=10 <10~>5 <5
T =3 <3~=2 <2~>1 <1
Tu =140 <40~=30 <30~>>20 <20
Tis =5 <5~2=3 <3~>1 <1
T <10 >10~<20 =>20~<C30 =30
Tz <5 >5~<10 >10~<C15 =15
T <5 >5~<10 >10~<C15 =15
T <5 >5~<10 >10~<15 =15
T <15 >15~<C20 >20~<C25 =25
2.4 FMERSHW 535K«

L g7y ) 32 R 0 {12 W 14 % LA

1 5 i i 2280 € AR 0.5 a8 i A (935

- (O. 050 0,0.070 0,0. 050 0,0.030 0,0.030 0,0.030 0,0.050 0,0.070 0,0.030 0,0.070 O)
' 0.070 0,0.050 0,0.050 0,0.030 0,0.050 0,0.070 0,0. 050 0,0.050 0,0.050 0,0.050 0/ "

FHEN VA 18 A5 B AL S 22 G AN

- (O. 068 7,0.054 8,0.036 2,0.062 2,0.041 3,0.060 9,0.049 5,0.039 9,0.037 2,0.051 7,)
’ 0.056 7,0.068 2,0.059 4,0.048 1,0.044 4,0.052 2,0.031 6,0.039 9,0.054 1,0.043 0

i

i 2 24 3 CL0) T3 A 2 I Ol 3 A
[EZEFH JRBHT FE X
0.696 8 0.6196 0.5139

18 3 5 P A A R BB AT R L 2012 45 Y T
0 Ja B T A K A B A T 4% 2 B VA 2 i A
B P ) P 2 A B R A (50 i 5 0 T A K BT R Y
18 0 1145 32 B S0 T B PR A K BE IR (A T
AR K B PR (E A IV 2%, 32 TR g T A 42 0K B
AN EAR . AW SE U 25 5 E 205 AR R A ik

€;

AR
0.427 6 0.8649 0.707 4 0.4897 0.3806

, (O. 059 3,0.062 4,0.043 1,0.046 1,0.035 6,0.045 5,0.049 8,0.055 0,0.033 6,0.060 8,)
0.063 4,0.059 1,0.054 7,0.039 0,0, 047 2,0.061 1,0.048 0,0.044 9,0.052 0,0.046 5

1% Il %% I %% V2% J
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Table 3 Comparison of four cities” renewable water resources values based on three different methods
VAN ik v 2 T Jok BA ESCN g

Evaluation method Xi’an Xianyang Baoji Weinan
R Tk r
Fuzzy matter element method I I n \
RO 25 6 7 1 I I
Fuzzy comprehensive evaluation method
JEIR G Hrik AHP il II ] I
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Table 4 Renewable water resources evaluation results based on four important indexes of the four cities

HEfR AR iR Jal BA T F YT T
Important index Xi’an Xianyang Baoji Weinan
T, 1 Il Il v
Ty 1 Il I v
Tn 1 Il I I
T I I I v
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