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Abstract

The optimal managment of pollutants discharged into the
rivers plays a critical role in improving water quality. In this
paper, a new method is developed for Cost-based waste-load
allocation (C-WLA) modeling with trade-off between the cost
of treatment at loading points and the loss of pollution at the
points of withdrawal from the river system. For this purpose,
the qualitative simulation model (MIKE11) is coupled with
Particle Swarm Optimization (PSO) algorithm. The model is
applied to the Karoon River system. At the first step, the sum
of treatment cost and loading damage of TDS pollutant was
estimated in the river system. Then, with insights into the
impacts of the trade-off policy between treatment cost of
dischargers and pollutant load loss, optimal treatment
percentages and optimal concentration threshold limit were
determined in a monthly base and for one year. The results
demonstrated that the C-WLA model has the good efficiency
in managing the TDS pollutant, so that, the sum of the costs
and losses is minimized at $48.99 million with optimal
concentration threshold limit of 2450 mg/I at the discharge
points and with an average of 17.85% of the optimal treatment
at the loading points.
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Fig. 2- Location of Karoon river system and schematic diagram of the reach under study
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Table 2- Parameters for the dischargers and withdrawal points
Ol iy bl 5 008 adss o Olasein - Joua

Pollutant Sources Si

Parameter

51 Sz 33 34 Ss SG
location (km) 4.0 13.0 18.7 43.2 48.0 59.1
Qs (M¥/s) 2.15 0.26 2.65 1.79 0.27 0.51
Cs (mg/) 3744.2 7227.7 3989.7 10036.8 3900.2 4737.2
ws (Kg/s) 8.06 1.89 10.57 17.95 1.04 2.43
Withdrawal Point Wm
Parameter
W, W, W W, Ws Ws W5 We
. Agricultur  Industri  Agricultur  Agricultur  Industri  Agricultur  Drinkin  Drinkin
operation
al al al al al al g g
location 0.5 7.60 10.6 300 43.0 56.0 s70 00
(km)
Qu (Mm?fs) 0.23 0.29 0.76 0.13 0.26 1.32 0.62 1.65

Table 3- Dominant crop pattern in the reach under study
FWlhao 390 43 JLE CuiS 5N -Y Jgus

Crop Pattern Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

Corn # #
Wheat # # # # # #
Onion * ® ® # #
Potato # # # # #
Sugar beet ® ® ® # # #
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Table 4- Crop characteristics for agricultural damage estimation

Crop Parameters Wheat  Sugar beet Onion Potato Corn
A (%) 7.1 5.9 7.3 12 12
B (dS/m) 6 7 1.2 1.7 1.7
Crop Area (ha) 42840 28150 16540 27140 10310
Crop Benefit ($/kg) 0.147 0.033 0.027 0.041 0.113
Maximum Yield (kg/ha) 9000 70000 40000 50000 18000
Coy g bl -F (Vo) ddarly Bellao 55 4l pipunsST o jlarze o 55 & )lus
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Fig. 3- Comparison of the simulated and observed (a) Discharge, (b) water level, and (C) TDS
concentration
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Table 5- Costs and damages of pollutant

gl b oy 4 Jai 390 0394500 3 (KB g 0y (slojls (el
Afkhami et al., ) 59 ¢y 455 o 4 HL S a0 ol |,
plo b awlie p» il o O)ld opisea (2007

sources in current situation scenario
o iy 52 9 Oyl -0 Jgua

Parameter Withdrawal Point W
W1 W2 W3 W4 W5 W W7 Ws Total
drinking water Damage of
1064($/year) 0 5.37 0 0 4.82 0 1149  30.58 52.26
Damage to agriculture (loss of
yield) 2.25 0 7.45 1.27 0 12.93 0 0 23.91
105:($/year)
Parameter Pollutant Sources Si
St S, S3 Sy Ss Se Total
Cost of treatment
1065 ($/year) 0 0 0 0 7.93 0 7.93
Damage to environment
ge fo envi 080 019 1.05 1.78 010 024 416

106-:ze($/year)
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Table 6- Cost of treatment of pollutant sources in scenario 11

Pollutant Sources Si

Parameter S s Ss S Se S Total
x (%) 95 95 95 95 95 95
costor &Diae;":)e”t 28.34 453 4536 9071  7.93 2721 204.08
Table 7- Optimal treatment percentage (x) of scenario 111
11 g yUaw (5159 0¥ aslio (X) dinge dndni sAMo,d —Y Jou>
X (%0) Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
St 7.13 9.33 6.79 6.69 5.67 7.05 951 10.05 19.01 853 16.27 9.59
Sz 11.24 3.03 7.80 2.20 0.00 250 1432 1443 23.05 3154 2660 15.01
Sz 5.79 3.95 1.30 3.34 30.33 0.00 586 21.65 11.03 16.12 13.16 6.21
S4 9.34 5.60 2.20 6.80 4.19 3.20 5.60 870 1440 17.40 11.78 7.40
Ss 21.72 2737 2296 2278 21.01 28.09 2186 17.57 3825 4491 3348 22.65
Se 29.49 1199 544 518 255 13.06 35.64 3586 53.11 60.19 70.08 37.03
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Fig. 4- Optimal load pattern discharges (C*) for scenario 111
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Table 8- Results analysis of scenario I11 at point sourses and withdrawal points
Ol il g (5,135, b )3 111 g, lw g6 3JUT-A Jgua
Pollutant Sources Si

Parameter S S, S5 S, S5 So Total
Cost of treatment

($/year) *10° 2.25 1.83 4.24 9.39 7.33 5.27 30.31

Damage to environment
($/year) *10° 0.34 0.24 0.48 1.05 0.03 0.19 2.33

Parameter Withdrawal Point Pm

W1 W2 W3 W4 W5 Ws W7 Ws Total

Damage to drinking water
supply (need for substitute 54 g5 0 0 112 0 161 485 8.61

source)
($/year) *10°
Damage to agriculture (loss of
yield) 1.25 0 2.03 0.27 0 4.19 0 0 7.74
($/year) *10°
Objective function
($/year) *10°

48.99
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Cost and Damage
($/year) *106

® Cost of Treatment
($/year)*106

% @ Damage of River
System ($/year)*106

Scenarios

Table 5- Economic performance of different management strategies
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1- Waste-Load Allocation (WLA)

2- Streeter and Phelps Equations

3- Chance-Constrained Programming (CCP)

4- Interval and Fuzzy Programing (IFP)

5- Pigovian Tax-Based Waste-Load Allocation (PT-
WLA)

6- Trade off

7- Cost-Based Waste-Load Allocation (C-WLA)
8- Simulation-Optimization (S-0)

9- Total Dissolved Solid (TDS)

10- Particle Sawarm Optimization (PSO)

11- Reverse Osmosis (RO) desalination

12- Mechanical Distillation (MED) Desalination
13- Water Advanced Treatment

14- Household Water Purifier

15- Mineral Water Packaging

16- Mobile Water Tankers

17- Particle Swarm Optimization (PSO) Algorithm
18- Danish Hydraulic Institute (DHI)

19- Saint-Venant Equations

20- Six-Point Pattern Abbott

21- Advection-Dispersion Equation

22- Zero Gradients

23- Courant Number
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