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Abstract

This paper present simulation-optimization
models for waste load allocation from multiple
point sources which include uncertainty due to
vagueness of the parameters and goals. This
model employs fuzzy sets with appropriate
membership functions to deal with uncertainties
due to vagueness. The fuzzy waste load
allocation model (FWLAM) incorporate
QUAL2E as a water quality simulation model
and Genetic Algorithm (GA) as an optimization
tool to find the optimal combination of the
fraction removal level to the dischargers and
pollution control agency (PCA). Penalty
functions are employed to control the violations
in the system. The results demonstrate that the
goal of PCA to achieve the best water quality
and the goal of the dischargers to use the full
assimilative capacity of the river have not been
satisfied completely and a compromise solution
between these goals is provided. This fuzzy
optimization model with genetic algorithm has
been used for a hypothetical problem. Results
demonstrate a very suitable convergence of
proposed optimization algorithm to the global
optima.
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2 Weighting Method
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1A JLu =07 ajlods



D H vi, | \Y
le < le < le ] (\Y)
L
Xwmn S Xwmn < Xwmn vw,m,n (")
Xwmn < Xwmn < Xwmn YW, m,n (\Y)
0<A<1 (Vo)

Mdhujorwxﬂ_&ﬁl_g\fj\v sad
MOKJ—ZS%’&‘ﬁMdL@MJ)&QdL@);&O‘)&
a b sy 48Ty o San e Jlas Vo BA sboad s s
i 5 Sl S s 5 G 5 e bl O
.s.x_.c)h)\g.sj_(rﬁ;l_»)}_l:};.e«_gJucbg\jp..&f@
U PPN I JPUNEI I APOUR P B
ez LYok anass gleaig Jue Spdls Gols
GBS iy s 5 Lame llim sl sLiaze Gl
_9.>J_aa6wj\¢ﬁt)@rwo>;rﬁﬁbow)>6\d;
@'.x_.idbwm\):éﬁj\}d\ﬁ..x.;.iw@g_ii)x?bd\;
Sl S i ol 4l s oslizl ey 2 o S
[/\]r&ﬁjﬁjﬂ\‘@mészwéébxi:ﬁéﬁﬂﬁ
(wdusz)wi‘dl&ws»m dx)u\}ﬁé\c;@
SrSoIA skt o (B b hasS e sl Sud glad s |
3L it sl s (S sla sl chile) Clls glo ize
o 53 4B )i Bue 1l JSS s 4y 2 g S B S K
Jﬁ‘@).}x}&)}ﬁi{d.\k@tJ&i%)b..}ﬁ@d;ﬁxs

Max A(PC) V€ (V%)
2 PC 3 e 53 i SLabs slass NVC ol s &S
A3k e e

o3BG de 2 b e Ol i 5 LS S
il oad (60135 5o Suds lal i Bl b 05 S e

Sl 23 e 4 e gaud g IS JSKE s s
-NVC

Max A.(PC) (V)

&T LJ..Z @

e, (G > A Vi, (A)

i, | \4

PCHEY j (\9)

By, Cwmn) 2 A vw, m,n (Y+)

0<A<1 (YY)
2 Penalty

3 Genetic Algorithm (GA)

IMAS Jlu —07 aglods

.H D Y . . .
Csb lejcjlwuﬂ:ﬁ)w.ubwy‘g&_&ﬁ\ﬁ
ulomlpxjcjz@&}.z;
GJ'|
C;:‘le D H
ey (Cyp) = —cl.': _c? Cy<Cy=Cy (Y)
] ]

M))d)j—iﬁ;}-_{ﬂ&)j—p&d—:men&_éu
- . - . -
&—P}’menr"ﬁﬂ‘”:"“”*‘)’“fog‘“”b‘ixwmn“:*“
. . M L . . .
(ro._{}gk_n Al Jwo S )‘J&A)men 9 men &_A.lj..a.; LE ST .r,_.._s
2lie il s sho 5 S S 4 8 Ry Gas 4o s

R . . M L . -
J“»J.CJ—‘:“—.’"""J“—;“’.J°‘menﬁxwmn CJ':-.’L-.‘.-."‘::"’-‘"""J°
Cils asal g5

Xwmn ~ Xwmn

Hewmn (wmn) :|: M L

Xwmn ~ Xwmn
5.&4)—5@,%\.19 Co glc c‘)ﬁ‘t}i.'&))g[ijad\.g;\jx)uo

)

Bwmn
Lo M (
Xwmn = Xwmn = Xwmn

bogase il mas s S0 ol
Ll o lal 55 M &S sb plen s 5 o0 sl 805 S e
(630 slads gorme B 5> wins slgny S Slasl iy 2
sl o Blas! o) 1 28l ol SZ (556 s 42 5000
33 S0 i 8 3 Dy
2= (FaN G0 Fwvmn) )
oy 5 5§ Dy 4 Z d sarme glasl Ly pa e 4 s
T
Hz 00 =Miny,malhe | € Cwmn)l @)
oy o5 Xmn 3 Gt b 55 S el SLa 3 X YL ahal,y 5 &S
wilin 5 Do g0 X T digy ke 53530
by () = N = Max{y, (X)] *)
$aud s 5o bl 54l wslae wy (Sluae Sl
S e ol 5 (FWLAM) 50ty VT L 655 a5 Jas
1S o o Sl s 53 15 (N ) B b laie SFWLAM

3t A D g

Max A v)
TCHED) vi, | ()
b > vl *)
By Cwmn) = A ww,mn (V)
C!‘sc. sCD Vil (\\)

! Fuzzy Waste Load Allocation Model (FWLAM)

ulsligal ¥



by gl L 5 oad s § QUALZE ail dﬁwﬁfm—?w,
155, 33 (Sl gl i) i (glo el il QUALZE
by b g > sl e ol S e paioe (295
R T RN P TR PR PYRUL IS NEY P
XS @\: dewla QUALZE 5 55 r:wiJ\ o bl 5l Lol
Sy Bas b dale ailion Jod 2 Comaz 55 e g0 S
LUl ol easdon bl s o glag g5 5058 (55l o LoS]

el ot ool L2 S s

g0 dlias Jo )3 (55 lwaingy — (55 lwdand Jo 3, l8-F-Y
S oad ab S 8w o5 iy, Jue S gl FWLAM
5L A hanl s VLV el 2askS 00 e b o ol
ity VT L (Y JS2) a (2,8 53 505 sa YL o
sl ;93 JUI S il 0 BOD glabais L s 33 357 30
b b S b5 s oo b alss; gl V) gl S s b IS
Ll S 4 s (58] 5 a8 wtalllan 55 50 (iS5 )l
s i el (U oo YY) Ll 51 o slass s S 5
BOD sty VT (slabais 5 s 4 gLl o 44 i 5 5008 0
o5 G Lol JmS i 55 gLl S 4 i 5508 a5

A

S File
0 Reach
DO Deficit

S5 280 Conar

Golwdiagr — g 5lwand Jau -¥-¥

33 2oyl leae 5 load Jus o L3 )
L0l LS a Lo e s ol a3 B s S s o e
QUALZE «als s s Bl 51 dllie el 53 503 3,2 'S0 Jao
83l — (3l dits o gl K3 25589005 [N
L e Sl Gl gl Sams o, SIS o oslizal (o516
ool Gl ie o (i slasl o3 53) s 5095 51 (mex
Gk 5l L ss s S s s o SLel sl o dos
iS5 e L (e s s T ossl) (S5 e Shas
S sl gam e 53 b s slop s s SB aisd e
S5l asdn Esl Lo g5 505 8 55 4 S 50 S
bl ails (L s 4 o Jud 2 55 65V

L o 5l 05 ol 2 QUALZE il isS Js
S s 1 ke 5 ity (5t CllE 5 Sl o
5ol (K3 am 5 plberd (58 Ll sl
el lan s 553 5 TS 55352 0 (5loelS)
—Ebee i Sy By e dbles 353 00 Jo aly pl b g S
ot Sty sl Ju o LUV 1% Sty
s ,s QUAL2E by Sls51,8 JL o saSeul oS
03 (S5 s8N o 0 ool 8 (gla 55505 S) i

Simulation-Optimization (S-O)
Selection

Crossover

Mutation
Advection-Dispersion

[ N

Sua ml o A e

D00

00

cb wl;w

[ECRVA

I ey
75 ¢ For

(555 )

3

orre ol

ol (35%3)5
31 s sl 5 S cla ke <lsz

Ol 5.8

PVLAM Jua S S5-\ IS

0  ulsligal

IMAE Jlu —07 aylodis



@ G,k el —> m eaS adss

o Wl aSUsS s

- Glsgy s Ob Lz sl e

b sy, Solad Jue—Y S

25,8 oot T 55 b 'Sy s e spnssS i o fs s
(S ¥9)

Sy s -Y
Jlsl ool b5z s Gl gl mls
Ve Yoo b s passenSAs bl Jusl s g
o2 Sl slals gad s ) g 2B S 1B s 3550 12
b s ol o a5 2] San (sl fs o 5 st o
3 pld Sae @\5 Lo s r"i)ﬂ“’ Saslsse 5 1200
sl 4 e S (A o 0P BT LlSE) b 51

OZJ
‘?’;’ -
1
j 0.15
2 |
3
)
A 0.1 |
X
)
)
% 80,0ne, 1.5
‘‘‘‘‘ 1.5
1.5
ool g8 dsl Jlil s s
ot o S ol S 3 p35305 S
her ezl as s
Snbaise sl s Ll Gus Cg\: o Sle-Y s
oy G s (ijﬁﬁ

! One-Cut Point Crossover
2 Two-Cut Point Crossover
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