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Abstract

Several methods are available when choosing an optimum method and location for wastewater treatment facilities.
However, making these two decisions at the same time depends on several factors. Multi-criteria decision making
(MCDM) is one of the best options when controversial criteria must be considered. The best answer should be
determined using mathematical programming methods. This study was an attempt to find an optimal location
for wastewater facilities and an optimal wastewater treatment system for subway stations using mathematical
techniques in Lingo software. The study was carried out as an applied quantitative study of the five stations of the
eastern end of Tehran subway line 2. Linear binary programming was used to follow the minimizing objectives.
Financial, spatial and capacity constraints were notable in this approach. Five scenarios were defined to choose the most
appropriate location and the optimum method of wastewater treatment. Given the objective function and the constraints,
scenario 1 (collecting all wastewater at Sarsabz station and pumping it to the urban ecosystem) was adopted as the
optimum scenario. The study showed that finding the best method and location of a wastewater treatment system is a
challenge. The study’s decision-making method can yield the best scenario given the objective functions and constraints.

Keywords: Lingo; mathematical model; MCDM; treatment; wastewater.

1. Introduction

Wastewater contamination will affect the health of an eco-
system (Yan & Iseghayan, 2017). To prevent the negative
consequences of discharging wastewater into the envi-
ronment, a new set of regulations and requirements have
been introduced to determine the acceptable volume of
wastewater discharge after treatment into the environment
(Metcalf and Eddy, 2003). Considering this, the number
of wastewater treatment facilities in cities has surged dra-
matically. Such facilities are usually very expensive to
build and operate, a fact which focuses attention on opti-
mization processes in the design and construction phases
of such projects. It is essential to model wastewater de-
sign as an optimization problem to find the best solutions.

The main challenge to wastewater management is to
find an optimal location for the facilities and best treat-
ment methods. Several models, such as linear program-
ming, dynamic programming, nonlinear programming
and meta-responsive algorithms have been introduced
as possible alternatives to choosing the best wastewater
treatment options (Wang & Jamieson, 2002; Lynn et al.,
1962). However, none of these models was capable of

choosing the system and location of wastewater treat-
ment system simultaneously. Several studies have relied
on MADM to choose the optimum method of wastewa-
ter treatment in different industries (Singhirunnusorn &
Stenstrom, 2009; Kaya, 2011; Anagnostopoulos & Va-
vatsikos, 2012; Yeonjoo et al., 2013; Pophali et al., 2011;
Kalbar et al., 2013; Jing et al., 2013; Zeng et al., 2007).

Kamami and Avramenko (2010) used fuzzy logic to
find the proper wastewater treatment method while tak-
ing into account environmental and economic criteria
(Avramenko & Kamami, 2010). Melo and Camara (1994)
studied the optimum design of a wastewater system and
published their work as a review paper (Melo & Céamara,
1994). Curiel-Esparza et al. (2014) relied on VIKOR,
AHP and Delphi techniques to find the best disinfection
method for recycling wastewater. They adopted the op-
timum option among five options based on nine criteria.
Zefrino et al. (2010) utilized a multi-objective model to
solve the problem of a comprehensive optimum plan for a
wastewater treatment facility and wastewater grid. They
solved the problem using weighted vectors and a simu-
lated annealing algorithm. Sousa et al. (2009) and Cunha
et al. (2002) employed a simulated annealing algorithm
to propose an optimum comprehensive design for waste
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water collection grid and wastewater treatment system.

Ratnapriya and De Silva (2009) carried out a study to
optimize a wastewater treatment system position using
GIS in Sri Lanka that relied on MCDM. They also select-
ed the criteria based on environmental, economic, topo-
graphical and technical factors and found the optimized
position for the wastewater facility using GIS. Guo et al.
(2008) carried out a review on the problem of optimum
design of wastewater systems. Guangming et al. (2007)
tried to find the best options for a wastewater facility
using hierarchy analysis and gray-relationship analysis
based on economic, technical and executive factors (e.g.
funding, repair and maintenance cost, land value, and
technology maturity). The anaerobic oxidation method
was adopted as the best option among four alternatives.

Wastewater in subway stations are usually collected
in catch basins and eventually transferred to seepage pits.
Note that no treatment or pre-treatment process is car-
ried out in the basins. The objective of the present study
was to find an optimum location and system for waste-
water systems of subway stations using mathematical
modeling while considering environmental, economic
and managerial factors. MCDM was adopted to find a
suitable method for choosing an optimum alternative.

2. Methodology

2.1 Geographical region

Tehran subway line 2 is 26 km in length with 22 sta-
tions, five of which are located at the eastern end of
the line (Farhangsara, Tehran Pars, Bagheri, Elm-o-Sa-
naat and Sarsabz). These were used as pilot stations. A
total of 25 possible modes (two-way linear wastewater
transfer grids) were examined in the process of design-
ing the wastewater collection network, choosing the best
method and positioning the facilities in the five stations.
The structure of the wastewater transmission network is
linear in these five stations. That is, from each station
there is only one output and one entry to the next and
previous stations (Fig. 1). The stations are equipped
with a dewatering pool (DWP) for short-term storage
of wastewater, which is then pumped to seepage pits.

Fig. 1. Modes of transferring wastewater to the five
stations.
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2.2 Method

After field visits and inspection of the DWPs in the five
stations under study, the appropriate wastewater treatment
solutions were evaluated based on the qualitative assess-
ment of the wastewater (Table 1). Data was collected by
questionnaire using the Delphi method on a group of 10
university professors and health and safety executives of
the Tehran and Suburban Subway Operating Company.
Four wastewater treatment methods were selected based
on the specifications of the wastewater (Table 1) and the
criteria for the optimum location and type of wastewater
system. After determining the assumptions, parameters
and variables of the model, the managerial pattern for
choosing and prioritizing the alternatives (location and
types of wastewater treatment system) were designed
using binary linear programming in Lingo software.

2.3 Model development

Optimum design of a wastewater system for subway sta-
tions demands simultaneous decision-making about the
location and type of treatment system. The comprehensive
design of an optimum wastewater treatment is an optimi-
zation problem. The proposed model was developed using
binary programming in Lingo software and several mini-
mizing objectives. This optimization model defined an ob-
jective function and the constraints of the problem. Some
of the constraints related to financing, space and capacity.

Table 1. Qualitative analysis of wastewater '
in subway stations !

Test method | Value Unit Parameters
pH meter 7.21 - pH
Electrical
Conduct 1007 “ conductivity
meter s/cm (EC)
Total !
Gravimetric 453 mg/Li dissolved .
method t substance
(TDS)
Biochemical
Winkler 138 mg/Li oxygen
method t demand
(BOD)5
Chemical
Reflex 262 mg/Li oxygen
method t demand
(COD)
Volumetry 6.1 mg/Li Calcium
by EDTA ) t (Ca)
Computatio 19.4 mg/Li | Magnesium
nal method ) t Mg)
. Total
XOIIEYB?EXI 270 mgt/L1 hardiness
Y (CaCO3)
Argentomet 209 mg/Li Chloride
ry t (C)H
}?ptectrot— ~128 mgt/Li T(\II\iItéa;;:
photometry
Spectro- 5.7 mg/Li Nitrite
photometry ) t (NO2)
Spectro- 66.5 mg/Li Phosphate
photometry ) t (PO4)
Spectro- 42.5 mg/Li Sulfate
photometry ° t (SO4)
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The variables of decision-making and the parameters used
in the proposed mathematical model are introduced below.

2.4 Objective function

Six elements were considered to create
objective functions for choosing the optimum system
and location for the wastewater facilities at the stations.
The elements were the costs of:

1. Repair and maintenance services of the packages

in each station;

2. The work force to operate the system;

3. Installing and developing the system at the sta-

tions

4. Pumping wastewater between stations

5. Repair and maintenance services of the pumping

system; and,

6. Price of treated water for resale or reuse.
Based on the above elements, the objective  function
is defined as follows:

Min  ( ]2=51 Thati i +Zj2=51 Thadi oyt

25 4 5 5 5 5
i1 Zic1 Pi Yirt 2z 25=1 Ci Sij 21 251 @5 Sij
25 4
— (221 Xiz1 )

where

n = Number of stations (n = 5) and 25 modes

n = Farhangsara station

n = Tehranpars station

n,= Shahid Bagheri station

n,= Danshghah-e Elm-o sanat station

n_= Sarsabz station

n = Pumping wastewater from Farhangsara station to
Tehranpars station

n= Pumping wastewater from Farhangsara and Tehran-
pars stations to Bagheri station

n~=Pumping wastewater from Farhangsara, Tehran-
pars and Bagheri stations to Danshghah-e Elm-o sanat
station

n,= Pumping wastewater from Farhangsara, Tehran-
pars, Bagheri and Danshghah-e Elm-o sanat stations to
Sarsabz station

n = Pumping wastewater from Tehranpars station to
Bagheri station

n, = Pumping wastewater from Tehranpars and Bagheri
stations to Danshghah-e Elm-o sanat station

n = Pumping wastewater from Tehranpars, Bagheri and
Danshghah-e Elm-o sanat stations to Sarsabz station
n,,= Pumping wastewater from Bagheri station to Dan-
shghah-e Elm-o sanat station

n = Pumping wastewater from Bagheri and Dansh-
ghah-e Elm-o sanat stations to Sarsabz station

n = Pumping wastewater from Danshghah-e Elm-o
sanat stations to Sarsabz station

n = Pumping wastewater from Tehranpars station to
Farhangsara station

n = Pumping wastewater from Danshghah-e Elm-o
sanat station to Bagheri station

n = Pumping wastewater from Danshghah-e Elm-o
sanat station to Tehranpars station

n ,= Pumping wastewater from Danshghah-e Elm-o
sanat station to Farhangsara station

n,,= Pumping wastewater from Bagheri station to Teh-
ranpars station

n, = Pumping wastewater from Tehranpars and Bagheri
stations to Farhangsara station

n,,= Pumping wastewater from Sarsabz and Dansh-
ghah-e Elm-o sanat stations to Bagheri station

n,,= Pumping wastewater from Sarsabz, Danshghah-¢
Elm-o sanat and Bagheri stations to Tehranpars station
n, = Pumping wastewater from Sarsabz, Danshghah-e
Elm-o sanat , Bagheri and Tehranpars stations to Far-
hangsara station

X = Number of wastewater treatment plants (X = 4)

X = Sequencing batch reactor (SBR) wastewater system
X,= Moving bed bioreactor (MBBR) wastewater system
X, = Extended aeration activated sludge wastewater
system

X, = Connection to urban ego

Tj= Cost of repair and maintenance services of the
packages in each station (ith type system and in jth sta-
tion, ti Rials will be spent in 20 years)

D, = Cost of human force needed to operate the system
type ith in jth station in 20 years.

Y, = Binary variable (wastewater system type ith in-
stalled jth station) Y i, yij = 1

P, = Cost of installation and development of the ith
wastewater system in jth station

Cﬁ= Cost of pumping wastewater from ith point to jth
for 20 years.

a= Cost of repair and maintenance services of pumps
for 20 years.

Sij = 1 if the wastewater is pumped from ith station j*
station and O otherwise

r= Price of treated water for reusing or selling purposes
for 20 years.

In the objective function of the optimization
problem, Pij denotes the primary cost of the build-
ing and installation of the proposed treatment
systems, which is generally a function of dis-
charge, inlet wastewater volume and type of
wastewater, and tij is the cost of repair and
maintenance of each proposed system. The cost
estimate for each year is equal to 10% of the total
cost of building and installing the proposed system.
For system type 4 (urban ecosystem), the cost of re-
pair and maintenance would be determined by Tehran
Water and Wastewater and paid in monthly statements.
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The lifetime of the wastewater treatment system was as-
sumed to be 20 years and all the cost of repair and mainte-
nance services of the system, pumps and work force were
computed based on a 14% annual inflation rate (based on
historical data and similar studies conducted in previous
years), and a 16% discount rate or difference in the cost
of risk for a 20-year period. Factor dij is the cost of the
work force needed to operate the system and is estimated
at 8,100,000 Rials per employee, according to the Iran
Labor Act. Cjj is the cost of pumping the wastewater
from one station to another, which is a function of the
price of the polyethylene pipes (the diameter of the pipes
depends on the pumping discharge rate), cost of pumps
needed to transfer the wastewater based on the
head and discharge rate of the pumping system.In
addition, aji is the cost of repair and maintenance ser-
vices for the pumping system, which is a function of the
electricity fee (based on the actual power of the pumps).

2.5 Constraints

The objective function in the optimization problem of
choosing the wastewater system and positioning was
minimized based on the following constraints:

C = total budget dedicated by the managing

director to the wastewater system of the subway system
bj = space available in the station j (location)

y;; = binary variable for wastewater system i in station |
Yy ii= installation of
wastewater system i in station j

Y4 _,¥i=0 ——> no installation if
wastewater system 7 in station j

Si; = 1 if the wastewater is pumped from

station i to station j and O otherwise

V;= volume of wastewater in station j

D) X2, Y piyis ¢=6000000000
2) 215-=151J =1 =1,...,5

1—>

3) Suxyi,yil

Su>Yt, yi2

Ss>Yi yi3

Su>yi, yid

Sss>)f yi5

Siz+ S»> 2%, yi6)

Siat S23 +S33> 3(X i, yi7)

Siat S24+S3at+ Sas> 4N, vi8)
Sis+ S5 +S35+Sas+Ss5> 5(X i, yi9)
So3t+ S33> 2% 1, yi10)

Soat S34+S4> 3T, yill)

4) If XX yi=1

5)

6)

Saa+ S34+Sas> 3(N, vill)
Sost S35t Sast+Sss> 4L, yil2)
Ssat+ Sa> 2% 1, yil3)

Ssst Sast Sss> 3(Xi-, yild)
Sust+ Sss> 2(X 1, yil5)

Soit+ Su>2(X L, yil6)

Szt S33> 2(N 1, yil7)

Sao+ S32 +822> 3%, yil8)

Sa1+ S31 +S21+Sn > 43, vil9)
Saxt Sw> 2(% 1, yi20)

S3i+ Sa+Su> 3%, yi21)

Ssa+ Sa> 2% E, yi22)

Ssa+ Saat+S3> 3(Xh, vi23)

Sso+ Suz +S32+S0 > 4(X 1, vi24)
Ss1+ Sa1+S31+S21+S11> 5(X ., yi25)
Sij€{0,1}

yi€{0,1}

,all values except for
Y. yi>s and ), yio equal O and all
wastewater will be pumped to one
station.

2 yii=0 Y yi14=0
2. yir=0 2. yiis=0
Y yiz=0 > yiie=0
X yi4=0 Y yi17=0
2 yis=0 2 Yyiig=0
2 yis=0 2. yi19=0
2. yir=0 . yi20=0
> yisg=0 Y. yi2i=0
> yii=0 > yin=0
2 yin=0 2, yizz=0
2 yin=0 2. yi24=0
2 yiiz=0

If 3} > yi=2, quintuplet y; equals O,

and the condition in which all

wastewater is pumped to one station

is removed.
> yio=0 > yizs=0

£ Y yi=3, quintuplet and quadruplet

values of y; are equal to 0, and the

option of aggregating the wastewater
in 1 or 2 stations is removed.
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6) ) 2 yi=3, quintuplet and quadruplet

values of y; are equal to 0, and the
option of aggregating the wastewater
in 1 or 2 stations is removed.

2 yio=0 2 yin=0
Y yias=0 2. yi1o=0
2. yis=0 > yia=0
7) If YY) yi=4, quintuplet, quadruplet
and triple values of y;; are equal to 0,
and the wastewater must be handled
in four stations and the option of
aggregating wastewater in 1, 2, or 3
stations is removed.
Y yio=0 Y yir=0
Y, yias=0 2 yin=0
2. yis=0 > yi14=0
2 Yyin=0 2 yiis=0
2. yi1o=0 2. yi2i=0
2. Yi2a=0 2. yi2s=0
8) If )Y yij= 5, quintuplet, quadruplet,

triple, and double y;; values equal 0,
and the wastewater is handled in all

Five ions at the eastern end of Tehran subway line 2

(Xyi)*x(Xyiw)=0
(Xyn)*(Xyur)=0
(2yi)*x(Xyi3)=0
(Xyu)x(Xyi)=0

(Zyia) *(Xyin)=0
(Xyia) * (Xyi3) =0
(Zyis) * (Xyie) =0
(Zyis) * (Xyiz) =0
(Xyis) X (Xyi)=0
(Zyia) X (Xyi2)=0
(Xyia) * (Xyio) =0

10) X2_4 sij vi < b

(Xyia1) X (Xyis) =0
(Xyie) X (Xyis)=0
(Xyi0) X (Xyis) =0
(Xyi20) * (X yi2e) =0

(Zyig) X (Xyi4) =0
(Zyin) *(Xyi3)=0
(Xyi2) * (Xyio) =0
(Zyu3) *(Xyin)=0
(Xyis) x(Xyis)=0
(Zyin) * (Xyis) =0
(Xyi0) x(Xyi)=0

j=1,...5

five stations.

> yio=0

2. yias=0
2. yig=0

Y yiin=0
2. yie=0
2. yi2a=0
2. yi7=0

> yin=0
2. yi1a=0
2 yi1g=0

> yii=0
2 yizz=0
> yis=0

> yiio=0
Y yiiz=0
2 yi1s=0
2 yi1s=0
2 yii7=0
> yi20=0
2 yin=0

9) Ninth constraint category

(Xyi)*(Xyie) =0
(Xyi)x (Zyio) =0
(ZXyi) *x(Xyi1)=0
(Xyi)*(Xyis)=0
(Xyi)*(Xyie) =0
(Xy i) *(Xyisg) =0
(Xyi2) x (Xyi0) =0
(Xyi2) x(Xyia)=0
(Xyn)x(Xyin)=0
(Xyi)*(Xyi)=0

(Xyi) X (Xyi2)=0
(Xyis) x(Xyi)=0
(Xyis) x(Xyir2) =0
(Xyis) *x(Xyia)=0
(Xyis) x(Xyius)=0
(Xyie) X (Xyin) =0
(Xyie) X (Xyio) =0
(Xyie) X (Xyis)=0
(Xyi1) X (Xyio) =0
(XZy) X (Xyns)=0

The objective of this model was to decrease the
fixed costs of construction and installation of a waste-
water treatment system, decrease the cost of repair and
maintenance of the system, and decrease the cost the
work force. Objective function (1) assumes that the
cost of construction is at most equal to the target value
\determined in constraint (2) and supports pumping the
wastewater based on constraint (3), when the wastewater
gridis linear. Ina linear grid, each station has only one inlet
from the previous station and one outlet to the next station.

Five scenarios were proposed to solve the
model in the constraint category (4, 5, 6, 7, 8). Giv-
en that several identical modes exist among the 25
modes, constraint category (9) was used to prevent such
errors. Constraint (10) is the volume of the pumped
wastewater, which must be less than or equal to the

available space dedicated to the wastewater at each
station. The model was solved in Lingo. After GAMS
software, Lingo is the most powerful software of its kind.
However, the model-type determination feature (without
operator intervention) is a key advantage of Lingo over
Lindo and GAMS (Zanjirani-Farahani and Askari, 2010)

3. Results

The model was executed using the data described above,
and then a code was written in the Lingo environment.
The results obtained for the five scenarios follow.

3.1. Scenario 1

It is assumed that only one of the four proposed meth-
ods to manage wastewater and one location will
be selected based on the objective function. The results
show that the optimum location for this scenario is mode



9, in which wastewater is pumped from Farhangsara,
Tehran Pars, Bagheri and ElIm-o-Sanaat stations to Sarsabz
station at which point the wastewater is eventually fed into
the urban ecosystem (Objective function: 2282659000).

S(1,5)
5(2,5)
5(3,5)
5(4,5)
5(5,5)

Y (4,9)

3.2. Scenario 2

It is assumed that the wastewater of all five sta-
tions is treated at only two stations, and the optimum
choices for these two stations are Tehran Pars
(wastewater of Farhangsara is pumped to Tehran Pars)
and Bagheri (wastewater from Elm-o-Sanaat and
Sarsabz stations is pumped to Bagheri). In addition, the
optimum treatment system is designated as extended
aeration active sludge (Objective function: 2320252414).

S (1,2) Y (3,6)
5(2,2)
5(3,3) Y (3,23)
S (4,3)
5(5,3)

3.3. Scenario 3

It is assumed that the wastewater of the five stations is
treated in the three stations of Farhangsara, Sarsabz and
Tehran Pars (wastewater from Elm-o-Sanaat is pumped to
Tehran Pars). In addition, the optimum treatment system is
thesystemtype 1 (SBR)(Objective function:3168519000).

S (1,1) Y (1,1)
5 (5,5) Y (1,5)
S (2,2) Y (1,18)
5(3,2)
S (4,2)

3.4. Scenario 4

It is assumed that the wastewater of the five stations
is treated at four stations. The optimum choices for
these four stations are Bagheri, Elm-o-Sanaat, Far-
hangsara and Sarsabz (the wastewater of Tehran Pars
is pumped to Farhangsara; mode 16). In addition, the
optimum treatment system is system type 3 (extended
aeration active sludge). Objective function: 2973458100.

S (3,3) Y (3,3)
S (4,4) Y (3,4)
5 (5,5) Y (3,5)
S(1,1) Y (3,16)
S(2,1)

3.5. Scenario 5

It is assumed that the wastewater of the five stations
is treated at Bagheri, Elm-o-Sanaat, Farhangsara,
Sarsabz and Tehran Pars stations. In addition, the

optimum treatment system is
system type 3 (extended aeration active
sludge). (Objective  function:  2957093000).

(1,1 Y(3,1)

52,2 Y (3,2)

53,3 Y (3,3)

S (4,4 Y (3,4

5(5,5 Y (3,5)

4. Conclusions

The problem of positioning and choosing the best
wastewater treatment system was solved by develop-
ing scenarios based on MCDM. Five scenarios were
defined, and the problem was solved in Lingo based on the
defined objective function and constraints. Given the
results, and after comparison with the optimized value
of the objective function in scenario 1, it is clear that:

Min {z1,z2,23,24,25} =
= 2282659000

The best alternative is to transfer wastewater from
Farhangsara, Tehran Pars, Bagheri and Elm-o-Sa-
naat stations to Sarsabz station. The findings also
indicate that the connection to the urban ecosys-
tem, given the defined objectives, is the best alter-
native. Following scenario 1, scenarios 2, 5, 4, and
3 (in descending order) are the next top priorities.
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