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4-Nash product
5-Game Theory
6-Stochastic Dynamic Nash Game
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Figure 1- The overall structure of the research
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Table 1- Quantity and Quality of the features of the river in September 2008
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Reach Length Water Temperature (m’fs) (Mg/L) o5 (mg/L)
9 P DiSCharege DO Concentration BOD Concentration

1 10.5 18 106 4.34 43
2 12.4 16 130 3.92 53
3 11.3 20 116 5.09 62
4 9.7 19 115 3.36 55
5 15.5 18 118 4.41 47
6 17.8 19 233 3.98 42
7 14.9 20 127 4.01 52
8 17.6 21 156 3.93 98
9 5.2 21 121 3.85 34
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Table 2- Final calibrated parameters used in water guality simulation
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Reach Decaycoefficient in 20 °C (1/day) Aeration coefficient in 20 °C (1/day)

1 0.09 0.45

2 0.05 0.35

3 0.1 0.38

4 0.1 0.41

5 0.1 0.35

6 0.08 0.35

7 0.1 0.35

8 0.1 0.35

9 0.1 0.4
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Table 3- Performances of solutions to control the quality of the river in the intersection of the river and sea considering two

criteria
S yan! (5 3 0,5 o) cuao ;> BOD laio (Jw y ,¥3) B AS alss anduai iy 32 ylade
Strategy  BOD concentration in estuary (mg/l) Treatment cost ($/year)
A 26.59 693,282
B 20.95 545,971
C 11.01 341,197
D 6.16 296,293
E 4.05 390,770
Wiso gl 51yl (51 ds (S3PT ,U ouiS alss sl dbual gCuslaw -4 Jgan
Table 4- Dischargers’ waste treatment policies for different strategies
LouiS ass dpual oy
Treatment percentage
DS a5 A 551yl B 51! C &5yl D 351yl E 51l
Discharger Strategy A Strategy B Strategy C Strategy D Strategy E
1 0 0.79 0.84 0.84 0.95
2 0 0.2 0.32 0.38 0.95
3 0 0.3 0.34 0.44 0.95
4 0 0.26 0.33 0.41 0.95
5 0 0.29 0.31 0.34 0.95
6 0 0.29 0.24 0.33 0.95
7 0 0.95 0.95 0.95 0.95
8 0 0.73 0.81 0.87 0.95
9 0 0.2 0.2 0.2 0.95
10 0 0.32 0.48 0.54 0.95
11 0 0.38 0.38 0.46 0.95
12 0 0.2 0.29 0.43 0.95
13 0 0.2 0.7 0.95 0.95
14 0 0.73 0.81 0.8 0.95
15 0 0.2 0.2 0.2 0.95
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Introduction: Increasing demand for water, depletion of resources of acceptable quality, and excessive water
pollution due to agricultural and industrial developments has caused intensive social and environmental
problems all over the world. Given the environmental importance of rivers, complexity and extent of pollution
factors and physical, chemical and biological processes in these systems, optimal waste-load allocation in river
systems has been given considerable attention in the literature in the past decades. The overall objective of
planning and quality management of river systems is to develop and implement a coordinated set of strategies
and policies to reduce or allocate of pollution entering the rivers so that the water quality matches by proposing
environmental standards with an acceptable reliability. In such matters, often there are several different decision
makers with different utilities which lead to conflicts.

Methods/Materials: In this research, a conflict resolution framework for optimal waste load allocation in
river systems is proposed, considering the total treatment cost and the Biological Oxygen Demand (BOD)
violation characteristics. There are two decision-makers inclusive waste load discharges coalition and
environmentalists who have conflicting objectives. This framework consists of an embedded river water quality
simulator, which simulates the transport process including reaction Kkinetics. The trade-off curve between
objectives is obtained using the Multi-objective Particle Swarm Optimization Algorithm which these objectives
are minimization of the total cost of treatment and penalties that must be paid by discharges and a violation of
water quality standards considering BOD parameter which is controlled by environmentalists. Thus, the basic
policy of river’s water quality management is formulated in such a way that the decision-makers are ensured
their benefits will be provided as far as possible. By using MOPSO, five alternatives and their performances
under criteria are found. Values that are calculated by MOPSO are applied to form the cardinal Multi-Criteria
Decision Making (MCDM) matrix. Afterwards, the cardinal MCDM matrix is transformed into the ordinal form.
For studying competitive behaviors in such situations, a mathematical tool called game theory is used. Hence
the transition matrix is formed for solving the problem by game theory and qualitative data. Finally the best non-
dominated solution is defined using the Nash conflict resolution theory .

Results and Discussion: The interaction point of the Sefidrood River and Caspian Sea is considered as a
checkpoint and the standard amount of BOD considering the Iranian Protection Agency’s standards is equivalent
to 5 mg/l. In the studied area, none of waste load dischargers perform current wastewater treatment. Under this
circumstance, the BOD has the value of 26.59 mg/l which violated its standard amount. By MOPSO algorithm
and Nash theory five alternatives, which each of them includes both the amount of BOD in checkpoint and
treatment and penalty total cost, are obtained for two decision makers. The best and final alternative, that is
preferred by both of decision-makers, reduces the BOD amount and the total payable cost to 6.16 mg/l and
296,293 $/year respectively.

Conclusion: The practical utility of the proposed model in decision-making is illustrated through a realistic
example of the Sefidrood River in the northern part of Iran. As a final alternative, that suggests the most
economical measurement by minimizing of treatment and penalty total cost, there are acceptable percentage of
treatment per discharge and the violation of standard for BOD parameter is negligible.
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