oyl ol aole Wl
Iran-Water Resources
Research

Single/Multi Waste Load Allocation in
Gheshlagh River; Simulation-Optimization
Approach

H. Khoshkam?, M. Saadatpour?*
and N. Heidarzadeh?

Abstract

In this research, single/multi waste load allocation problems
are assessed with QUAL2Kw and multi objective particle
swarm optimization (MOPSO) algorithm tools. Improving
water quality in Gheshlagh River (minimizing DO violation
from standard value) and minimizing the costs of construction
and operation of municipal and industrial wastewater
treatment plants are defined as objective functions in CBOD
waste load allocation problem. Improving the integrated
water quality index (which integrates the effects of T.
Coliform, nitrogen concentration, phosphorous concentration,
total suspended solid, and dissolved oxygen) in various
monitoring stations is defined as water quality objective in
multi waste load allocation problem. The results showed that
in CBOD waste load allocation problem with no water
treatment plant, the sum of DO violation in various
monitoring stations was 4.5 mg/L. Also for no water quality
standard violation, the construction and operation cost of
wastewater treatment plant would be 290 x10° Rials in 25
years. In multi waste load allocation problem the wastewater
treatment plant costs increased considerably compared to the
single waste load allocation problem.

Keywords: Multi-Objective Particle Swarm Optimization
Algorithm, Optimum Waste Load Allocation, Qual2kw
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Fig. 1- The location of Gheshlagh River basin in Kurdistan province (Asheghmoala et al., 2014)
(Asheghmoala et al., 2014) yLuwd,S Ll 13 EYWEE Aild g, judul adgs Courdge - JSWi

Table 1- Measured water quality parameters at monitoring stations of Gheshlagh River in summer (Jafari
Salim, 2009)

B OM Wladgy il L Kiuyl ui CusS” b ol polie -Y Jouo

(Jafari Salim, 2009) ;L

Parameter CBODs COD DO EC TDS TSS T pH NOs NOz2 NHs POs T_otal
Coliforms
Monitoring
i mg/L mg/L  mg/L pslem mg/L mg/L °C - mg/L mg/L mg/L mg/L MPN/100ml
station
S14 7.4 32 10.7 329 164 11.6 155 8.3 4.3 0.38 0.7 1.6 93
S13 16 38 8.3 428 213 22 215 8.17 7.3 0.87 1.32 2.02 29
S12 12 32 6.3 487 243 63.2 225 7.73 5.9 3.44 3.9 5.46 43
S10 36 56 5.2 638 319 52 223 7.67 9.04 4.35 26.8 23.7 29
S8 81.4 172 2.9 688 344 60 24.6 75 15.6 8.06 59.9 56.9 290
S7 53.8 92 2.7 803 351 92 26.1 7.38 8.2 114 50.8 51.6 460
S6 18 32 2.2 708 354 64 283 7.73 5.98 2.8 80.9 35.2 210
S4 10.6 48 4.9 685 342 18 271 792 5) 4.9 18.8 30.5 23
S2 23.2 32 55 682 341 17.6 283 8.01 6.3 14.3 35.4 447 21
S1 11.8 32 5.95 535 266 20 259 793 411 9.11 155 15.7 21
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Table 2- Hydraulic characteristics of Gheshlagh River reaches (Asheghmoala et al., 2014)
(Asheghmoala et al., 2014) Wil aildag, sojL Sy i Glaswin - Jous

Distance to

Manning

Reach Length Elevation River width Side
Reach names downstream roughness Bed slope

No (km) (km) (MASL) coofficent (m) slope

0 Headwater 49.45 1479 0.09 4 0.003 0.03

1 thsa%agh 10.45 39 1447 0.09 55 0.003 0.02

2 Salavat abad 4 35 1419 0.08 75 0.007 0.025

3 Baharan 6.35 28.56 1390 0.06 10 0.005 0.02

4 SEIEILE] 57 22.95 1362 0.055 10 0.005 0.015

sewage
5 Landfill 5.4 17.55 1357 0.055 125 0.001 0.01
leachate

6 Par chicken 55 12.05 1332 0.05 125 0.005 0.01

slaughter
Sou

7 3.4 8.65 1311 0.05 10 0.006 0.005
confluence

8 DEGHEED, 5.4 3.25 1293 0.045 10 0.003 0.005
confluence

9 Gavroud 3.25 0 1226 0.05 10 0.021 0.01
confluence
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Table 3- Point source pollutions along Gheshlagh River (Asheghmoala et al., 2014)
(Asheghmoala et al., 2014) Wil aild-dg, Job 15 39390 (glaladi ouis¥T aolio ¥ Jouo

Distance to

Waste water

Name of discharger unit Reach d CBOD Pollution load
number ownstream (mg/lit) flow rate (arls)
(km) (m®/s)
Nanleh Wastewater 1 41 200 0.1 20.8
Industrial park 3 33 800 0.01 9.13
Sanandaj livestock slaughter 3] 28 900 0.003 2.57
Fajr concrete foundation 4 25 50 0.004 0.2
Treatment Plant Outflow 4 23 97.94 1.4 136.63
_ ) _ 5 21 0.003 0.14
Asphalt and Grain Recycling and Production 40
Creek Landfill Leachate 5 19 2054.79 0.03 61.64
Poultry Slaughter 6 14 698.63 0.002 1.66
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sources

\ 4

Determination the role of
various sectors as pollution

v

v

A 4

v

Ecosystem Industrial Agricultural Municipal
consumption consumption consumption consumption
0.15 0.15 0.33 0.37

*
v v vy _ v v v v
cBOD NH: cop TsS cop E.Coli Tss cBOD NH4 NOs 0 T.Coli P04
0.326 0.423 0.251 0.519 0.481 0.403 0.293 0.304 0.216 0.159 0171 0.185 0.26
JV 4 l l v 4 A l l l l l

A 4

v

Agriculture sector

A 4

Municipal sector

v

Industrial sector

Fig. 2- Determining the role of each sector as a pollution source (Jafari Salim, 2009)
(Jafari Salim, 2009) ke (b yise ;3 (539 prew Cymatd =Y SIS

Table 4- The role of industrial, municipal, and agricultural sectors as pollution sources (Jafari Salim, 2009)
(Jafari Salim, 2009) sy ¥1 udgi ;3 (5559WiS § (S0 ¢ (sriwe Byle i -F Jou

BODs COD NH4 TSS F.Coliform NOs T.Coliform PO43 AS
Industrial consumption 0.08 0.342 0.174 0.33 0.0032 0.034 0.01 0.02 0.077
Municipal consumption 0.87 0.655 0.76 0.654 0.992 0.74 0.93 0.63 0.92
Agricultural consumption 0.05 0.004 0.07 0.013 0.0051 0.227 0.06 0.35 0.003
Table 5- The calculated contaminant loads from each pollution point source
NS 0uiS ads gasly 45 (JFlawlxe (S35 b oyla0 -0 Jgua
Name of discharger unit ~ BOD poT”Ongon PO,  TColiform  NO; NH, TSS coD
(mg/Lit) load (mg/Lit) (mg/Lit) (ma/Lit) (mg/Lit) (mg/Lit) (mg/Lit) (mg/Lit)
Nanleh Wastewater 200.00 1170 304 216 186 253
Industrial park 800.00 3493 1813 1680
Sanandaj livestock
slaughter 900.00 3929 2039 1890
Fajr concrete foundation 50,00 218 113 105
Treatment Plant Outflow 97.94 573 149 106 91 194
Asphalt and Grain
Recycling and
Production 40.00 175 91 84
Creek Landfill Leachate 5454 79 8971 4656 4315
Poultry Slaughter 698.63 3050 1583 1467
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Fig. 3- Comparing simulation results and observed data for DO along Gheshlagh River
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Table 6- Detailed Design of some alternatives presented in Fig. 7
VS oaidil )l o py age 5l a5 i (Alyb Oluja P Jgae

Removal rates of CBOD pollution sources respectively from upstream Cost function Quality

(1 to 8 point sources) (billion Rial) function
0.14 0.32 0.41 0.47 0.17 0.46 0.07 0.04 228.34 114
0.24 0.02 0.10 0.31 0 0.20 0.07 0 134.46 2.38
0.86 0 0.15 0.11 0.37 0.08 0.13 0.095 54.39 3.45
0 0 0 0 0.15 0 0 0 0.09 4.49

0.26 0.11 0.53 0.75 0.16 0.26 0 0.06 289.7 0
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Fig. 7- Optimal Pareto front of problem 1-1; minimizing treatment costs and enhancing water quality
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Table 7- Detailed design of some alternatives presented in Fig. 8
A U5 05 &) 954 ag 31 w38 W (Aob Sluja Y s

Removal rates of CBOD pollution sources respectively from upstream Cost function Quality

(1 to 8 point sources) (billion Rial) function
0 0 0 0.005 0 0 0 0 2.02 11.35
0 0 0 0.18 0 0 0 0 74.9 8.11
0 0 0.36 0.19 0.005 0.08 0 0.05 81.56 7.86
0.09 0 0 0.35 0.02 0.06 0 0 143.25 5.22
0.04 0 033 0.55 0 0.74 0.19 0.18 247.0 1.49
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Table 8-Detailed design for industrial pollution sources in some alternatives presented in Fig. 9
IS o ) o3 0 a5l (AR 5 (dako OS2k Oy i -A Jgse

TSS removal rate CBOD removal rate COD removal rate Cost
function Quality
2 3 4 6 7 8 2 3 4 6 7 8|2 3 4 6 71 8 (billion  function
Rial)
0.93 0.96 0.98 0.94 0.99 0.99 1 1 0.92 1 0.8 1 1 0.97 1 0.94 1 1 447713.0 0.23
0.09 0.08 0 0.27 0.25 0 0.27 0.11 0.38 0.60 0.06 0.09 0.37 0.13 0 0 0.57 0 376468.10 0.01
0.02 0 0.32 0.58 0 0.10 0.39 0 0.48 0.54 0.07 0 0.4 0 0 0 1 0.34 5366.00 0.00033
0 0.03 0 0 0 0 0.31 0.08 0 0.17 0 0.23 0 0.14 0 0.05 0.16 0 76.80 0.0001

Table 9- Detailed design for municipal pollution sources in in some presented alternatives in Fig. 9
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CBOD5 removal NH4 removal NO3 removal PO4 removal rate Coliform Cos,t i
rate rate rate removal rate function  Quality
(billion function
1 5 1 5 1 5 1 5 1 5 Rial)
1 1 0.65 1 1 0.31 1 1 1 1 447713.0 0.23
0.7 0.4 0.07 1 0.25 0.29 0 0.36 0.22 0 376468.10 0.01
0 0.02 0 0 0.25 0 0.03 0 0.06 0.78 5366.00 0.00033
0 0 0 0 0 0 0 0 0.03 0 76.80 0.0001
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