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Avrticle Info ABSTRACT
Avrticle type: In this thesis, in order to manage the quality of the river, a structure with the
Research Article objectives of minimizing the environmental protection costs and providing the

river water quality standard according to the implementation aspects of the
policies is presented. After identifying the polluting sources in the studied area
and grouping them, a number of sewage treatment scenarios were considered for

Article history: each discharge group, and the cost related to each scenario was
Received 25 September 2023 calculated.Considering the inherent errors and uncertainties in the estimation of
Received in revised form treatment costs and penalty for violating water quality standards, a random
8 November 2023 method was created by combining decision-making approaches and the Monte
Accepted 21 November 2023 Carlo simulation method to identify the best treatment scenarios.The decision-

Published online 14 March 2024 making approaches used to increase the implementation capability of pollution
load trading programs and examine the desirability of dischargers include
stochastic social choice rules (SSCR), stochastic fallback bargaining (SFB) and
stochastic multi-criteria decision-making (SMCDM), each approach includes
different methods. Finally, in order to reduce the costs and motivate the
dischargers to voluntarily participate in the quality protection of the river, the
best option by any approach based on the cost criteria, as the initial permission
to discharge the pollution load into the optimization model, the extended
trading-ratio system (ETRS).The results of the implementation of the proposed
model show that according to the SSCR approach, the costs are reduced by 4/53
Percent and by the SFB approach, the costs are reduced by 1/73 Percent while
providing a relative agreement between polluting sources. Also, based on the
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Pollution load allocation acceptable in terms of polluting sources, because in addition to the optimal
Decision-making approaches distribution of dissatisfaction among the beneficiaries, efforts are made to group
Developed ratio-trade system the evacuees into one group. Become, that the dynamic state of power existing
Uncertainty among groups in real conditions is not considered.
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Figure 1. General location of Kor River
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Figure 3. General structure of the proposed model
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Table 1. %RMSE for two parameters DO and BOD

Parameter %RMSE

DO 7.53
BOD 18.8
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Figure 4. Curve of DO changes in the studied range (mg/l)
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Table 2. BOD transfer coefficients in (mg,L DO),100kg BOD (rij)

Number of pollution discharge Range number
interval 1 2 3 4
1 0.02 0.038 0.194 0.199
2 0 0.032 0.437 0.336
3 0 0 0.19 0.337
4 0 0 0 0.320

Table 3. BOD trade-ratio matrix (tij)

Number of pollution discharge Range number
interval 1 2 3 4
1 1 0.44 0.59 0.86
2 0 1 0.99 1.463
3 0 0 1 1.467
4 0 0 0 0.86
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Figure 4. The annual costs of each evacuation group
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Table 4. Summary of the results of different methods of non-deterministic decision-making approaches

Method Selective option Cost ($) Probability of winning (%)

Condorst-Score 2243 1499995 54

SSCR Median voting - majority agreement 2223 934,208 79
law of collectivism - - -

Practical condorst 2143 1421754 57

Unanimously 2333 1412033 56

SFB With the approval of a part of the votes 1143 1206239 59

with a dead end 1123 1016573 76

Multi-criteria decision making 2333 1540544 43

SMCDM  gianility index 2222 980949 79

Wlogy S cblas ) byl 8 )lin lp bosuSadss ;5 035l obul g auje Jials jslaiody ol )
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Table 5. The results of the pollution discharge permit trade (dollars)

Pollution Treatment fee The cost of Change in the amount of annual
Approach source grou based on initial processing in operating costs compared to the
group license business mode initial license
1 142842 95,610 Decrease 47,232
2 295875 270,899 Decrease 24,976
SSCR 3 282067 265,739 Decrease 16,328
4 213424 259,584 Increase 46,160
SUM 934208 891,832 Decrease 42,376
1 110,810 81,709 Decrease 29,101
2 217,634 243,471 Increase 25,837
SFB 3 474,704 45,020 Decrease 22,684
4 213,424 221,738 Increase 8,314
SUM 1,016,573 998,938 Decrease 17,635
1 271,253 179,052 Decrease 92,201
2 581,063 511,963 Decrease 69,100
SMCDM 3 474,704 384,770 Decrease 89,934
4 213,424 86,395 Decrease 127,635
SUM 1,540,445 1,162,181 Decrease 378,264
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Table 6. Summarizes the overall results of pollution load trading

Selective treatment Costs based on Costs in doing Change in the amount of annual
Approach . s . -
scenario initial permits business expenses
SSCR 2223 208,934 891,832 Decrease 42,376
SFB 1133 161,573 998,938 Decrease 17,635
SMCDM 3333 445,540 1,162,181 Decrease 387,264
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