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Abstract

The optimal allocation of the dischargeable waste load to the
pollutants is important for improving the quality of rivers. The
purpose of this paper is applying some bankruptcy rules, one
of the Game theory methods, to allocate the waste load to
pollutant sources and attain the standard dissolved oxygen in
Zarjub River, Gilan. Based on the proposed framework, a
combination of QUAL2Kw model, particle swarm
optimization algorithm and bankruptcy rules are used in this
research. In this paper, particle swarm optimization algorithm
has been used to optimize discharged contaminants from the
point and non-point sources to the adjacent river under
bankruptcy rules. The conclusion indicated the efficient
application of the bankruptcy approach on maintaining the
optimal level of oxygen at downstream. According to the
research results, CEA and TAL rules discharge less waste load
to the river. Also, based on the results methods are
dofferentiated according to their appropriateness for high
pollutant industries and low pollution industries.
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Table 1- Characteristics of point source pollution discharged to the Zarjub River (IWPC Technical Report,

2010)
(IWPC Technical Report, 2010) g 55 4ilddg, ouwd dulsed glaladi aobie (S3991 Claduiino -Y Jou>
Organic - - Organic Soluble
Pollutant  Distance from Ir;flow BOD; Do Nit?ogen Ammonia - Ammonium Phosghorous Phosphorus
number  upstream (m) (M®/s) (mg/1) (mg/l) (mg/1) (mg/1) (mg /1) (mg/1) (mg/1)
1 436 0.083 100 8.0 130 5 20 0.4 0.04
2 7500 0.291 8 7.32 15.33 0.39 1.722 0.061 0.04
3 10350 0.05 130 3.0 200 10 200 2 0.05
4 11251 0.05 120 3.0 220 10 0.5 2 0.05
5 13400 0.023 180 3.0 250 10 0.5 4 0.05
6 18200 0.05 90 2.00 120 25 1 4 0.1
7 18400 0.05 110 0.00 30 40 1 2 0.1
8 19200 0.05 90 0.00 50 50 1 2 0.1
9 21000 0.067 100 0.00 50 50 1 4 0.1
10 23700 0.07 180 0.00 100 20 1 1 0.2
11 24000 0.079 180 0.00 100 30 1 0.5 0.2
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Table 2- Characteristics of Non-point source pollution discharged to the Zarjub River (IWPC Technical

Report, 2010)

(IWPC Technical Report, 2010) g 55 4ils5gy ol aulsi glalali e aulio 391 lasein -F Joua

Pollutant number Length Inflow DO BOD;
(m) (m?/s) (mg/1) (mg/1)
1 5.336 0.4 9.00 7.00
2 2.943 0.15 8.00 0.00
3 4.341 2.32 3.00 5.00
4 2.018 0.95 0.00 70.00
5 2.950 1.4 0.00 100.00
6 2.581 3 0.00 33.00
7 0.473 4,12 0.50 5.00
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—— Simulated ¢ ¢
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°
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g 47
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Fig. 2- DO variation along Zarjub River
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Fig. 3- BOD;g variation along Zarjub River
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Table 3- Permitted BODs concentration discharged from pollution sources based on bankruptcy rules
S 59 (iled i iy YT bl 5 adss byl BODs cdalé Y Joua

Pollutant Number BOD; (mg /1)

old CEA CEL P TAL
1 100 4.97 0.87 5 1.97
2 8 4.97 0 0.4 1.97
3 130 4.97 30.87 6.5 1.97
4 120 497 20.87 6 1.97
5 180 497 80.87 9 1.97
Point 6 90 4.97 0 45 1.97
7 110 497 10.87 55 1.97
8 90 4.97 0 4.5 1.97
9 100 4.97 0.87 5 1.97
10 180 497 80.87 9 1.97
11 180 497 80.87 9 1.97
1 7 4,97 0 0.35 1.97

2 0 0 0 0 0
3 5 4,97 0 0.25 1.97
Non-point 4 70 4.97 0 3.5 1.97
5 100 4,97 0.87 5 1.97
6 33 4,97 0 1.65 1.97
7 5 4,97 0 0.25 1.97
>.(BOD; *Q) 257.96 52.48 17.43 12.9 20.79

VAN Gliwal oF 2 lowd (o333 Jlw oyl ! O @abie iyl
Volume 15, No. 2, Summer 2019 (IR-WRR)

0



180
= 160
£ 140 wold
8 120 u CEA
& 100 CEL
@, 80 ] =P
g 60 1 =TAL
2 40 —1-
8 20 1 1 ——
0 Han ln it hin kil he biv be be il BB
1 2 3 4 5 6 7 8 9 10 11
Point source pollutant

Fig. 7- Dischargeable BODs concentration from point source pollutants based on bankruptcy rules
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