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Abstract: The reuse of treated wastewater is attractive as a communal source of excess water source
in water-scarce counties and nations. The expansion of the urban population and the increase in the
coverage of water supply networks and sewage networks will raise the amount of municipal sewage.
This can turn into a new-fangled water resource. In the current research, the new campus city was
selected as the first case study to design a wastewater reuse and recycling system. Accordingly, one
of the most important innovations in the proposed research is the unique applied dimensions, in
addition to its first-time performance, and the application of the Geo-land method in wastewater
recycling as the theoretical dimension of the design. Clustering the decentralized reuse of wastewater
for urban areas showed that significant parts of residential areas are located in the first high priority
group. Urban planners can consider the results in establishing a comprehensive plan to prioritize the
decentralized use of wastewater in the urban area.
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1. Introduction

Cities that carefully and creatively use their water resources for strategic development
will have the advantage of a better city and, ultimately, a more vibrant, safe and sustainable
environment. The sustainable management of water resources plays a major role in creating
sustainable environments for residents. With the increasing population, the problem of
water supply to meet human needs is an important limitation in the development of
communities [1-3]. With the current trend of population growth in Iran, it is predicted
that only 70% of the required water will be available in the next 20 years. Considering
that it is not possible to find new water resources, in addition to the usual methods of
water resources management in order to provide a sustainable supply of drinking water
and consumption management, an effective and possible solution is to adjust overdrafts
from resources at peak consumption, reuse and recycle wastewater and reduce the direct
consumption of drinking water in non-drinking consumption. Most economic models still
rely on vital services provided by freshwater ecosystems, while this option often leads to
the unsustainable use of water resources and the destruction of aquatic ecosystems [4,5].
Therefore, the adoption of sustainable environmental economic policies must be based on
ecosystems, the internal relationships of ecological systems to address human impacts and
meet the needs of healthy fertile ecosystems. The reuse of treated wastewater is suitable as
a conjoint source of surplus water in a number of water-scarce areas [6]. Reusing water
fulfills two objectives: minimizing the demand for fresh water and reducing the need for
extra wastewater treatment. As a result, wastewater reuse reduces the extraction of fresh
water and wastewater, thus activating a continuous water cycle in metropolitan environs.
Through diminishing the discharge of fresh water and sewage, reusing wastewater acts a
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major role in the sustainable urban water cycle. The straightforward attitude of wastewater
reuse is to decrease the gap among ineffective water resources and definite water usage
goals [1,7]. In semi-arid and arid regions, the proper methodology to answering water
inadequacy can be deliberate over water reuse, including smaller programs. The overall
result of studies on available water resources, wastewater production and the current and
future capacities of urban society and its suburban communities is the optimization use
of existing and alternative water resources (wastewater) considering climatic, social and
economic conditions [8-10].

The city of Pardis, with a population of 850,000 in 2025, was designed as a population
overflow for Tehran, the Capital, for a sustainable life. On the other hand, during the years
2013 to 2015, in addition to the initial plan, attention to its development was considered as
an important center in the construction of social supply housing in the National Develop-
ment Plan. This factor led to the expansion of the geographical area of the new campus city
and the need to develop primary water, electricity and sewage networks. Consequently,
the network efficiency was overshadowed by the need to provide basic services in the de-
velopment of the city. A review of the literature [11-16] showed that several limited studies
on a large scale (province or region of a country) have been conducted to evaluate the use
of wastewater in multiple uses. In addition, other related research has been conducted
mainly with the aim of using wastewater in limited and occasional applications such as the
irrigation of landscapes, aquifer recharging, use in small industries, etc. So far, comprehen-
sive research has found in simulation the wastewater reuse in the framework of residential
communities and the suburbs for all its applications [5-7,11,17-23]. Moreover, an inclusive
comparison between centralized wastewater reuse (outflow of large urban wastewater
treatment plants) and decentralized reuse (outflow of local urban wastewater treatment
plants) consistent with the current research problem was not found [6,14,19,22,24-26].

Therefore, the current study was conducted with the objective of evaluating the
positive impact of the decentralized use of wastewater to cover all urban and suburban
needs as a model to influence the community of decision makers and design engineers,
especially in water resources engineering.

2. Literature Review

The reuse of wastewater is not a new achievement. There are indications that sewage
was applied for irrigation in ancient Mayan and Greece civilizations. During the 1950s
and 1960s, the benefits of using groundwater in the Western Hemisphere as an advanced
wastewater treatment expertise and the treated quality have been continuously improved.
Underground direction is a cost-effective way to discharge wastewater into the streams [11].
Sewage has been recycled for agriculture purposes for centuries sourced from the wastew-
ater disposal of cities such as Berlin, London, Milan and Paris. Meanwhile, in China, India
and Vietnam, sewage has been recycled to deliver nutrients and develop soil features.
Recently, sewage has become very important in areas with water scarcity where any change
will diminish the supply of vegetables for communities [23].

In Mexico, mostly untreated sewage is used to irrigate about 260,000 hectares of
gardens [27]. In California, 656 million cubic meters of municipal wastewater is reused
annually, while, in Tunisia, 4.4% of the available water resources is supplied from treated
wastewater, which could reach 11% by 2030. The share of reused water resources in
Palestine was 20% in 2010 [28].

There are several reasons why wastewater has to be deliberated as an alternate to
water resources. The first reason is preserving the high water quality for potable water [29].
Economically, the average charge of secondary treatment for local wastewater in MENA is
USD 0.5 per cubic meter; that is more economy than the development of new resources
in the region [11]. As a second reason, wastewater collection and treatment protect the
valuable freshwater resources, the environment in general and public health. In fact,
Wastewater Treatment Reuse (WTR) not only protects valuable freshwater resources, but it
can also supply these freshwater resources by recharging the aquifers [20,26]. Accordingly,
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it was revealed that if the real and enormous benefits of environmental protection and pub-
lic health were properly addressed in economic analysis, wastewater collection, treatment
and reuse would be the top priorities for public economic deficits and development [30].

Third, with proper management, treated wastewater is a permanent source of water,
nitrogen and phosphorus to provide greater performance than fresh water drinking water
without the use of additional fertilizer [31-33]. The real rate of wastewater treatment is
certainly less than the environmental cost of releasing wastewater [34].

In Iran, the sewage production in all urban and rural areas of the country in 1994 was
estimated at 3100 million cubic meters, which is projected to reach 5900 million meters by
2025, excluding industrial and agricultural wastewater. With the aim of comparing the
results of the analysis and the latest world standards (nationally and internationally), the
quality of treated wastewater for agricultural and irrigation purposes was examined by
at monthly intervals. It was found that the aquifers of the study area were contaminated
with natural salinity and geogenetic sources. The results showed that it was essential to
review the use of treated urban wastewater for irrigation to prevent environmental and
health hazards [35]. In order to develop a forecasting model on the reuse of wastewater in
an urban area, Zeng et al. (2008) conducted a study. The needs and capacity for wastewater
reuse was evaluated by dividing the regions into the five main categories. Economic
and feasible options for wastewater recycling were allocated into nationally developed,
state-developed, developing, susceptible and preferential development groups [36]. In a
multi-criteria assessment, the characteristics of an area in relation to the pressure on water
resources and the economic viability for the reuse of wastewater was considered [1,18,37].
The four main stages, (1) region documentation, (2) data collection, (3) indexing and
(4) cluster analysis, were performed.

In water distribution systems, as well as sewer systems, water quality monitoring
is essential to protect public health in addition to resources. Biological, chemical and
physical parameters observe rises in the probability of timely revealing water quality
deterioration, which diminishes the incident of surpluses as well as the improvement
of water quality. A research work was conducted to examine Bayesian procedures to
recognize optimum sensor distribution to resolve contamination detection and position
problematic [38]. Although this aspect is essential in any WTR, it is out of the scope of the
current research as the researchers concentrated to assess the capability of the proposed
method in the multi-purpose reuse of wastewater.

3. Materials and Methods
3.1. Study Area

In order to attract the surplus population of Tehran (the Capital), 5 urban suburbs
area were proposed in the Tehran master plan, including Hashtgerd, Eshtehard, Zavieh,
Ab-e-Anjirk and Robat Karim. Primarily, the new city of Pardis was known as Ab-e-Anjirk
lands (Figure 1). The new city of Pardis is bounded from the north by the Alborz Mountains
and the Jajrud region, Keresht, Siah Sang and Taherabad and Bumehen from the north,
south, east and west, respectively. The average height above sea level is about 1800 m.

Finizkih

D

Figure 1. Pardis location.
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After the approval of the Supreme Council of Urban Planning and Architecture in
2008, the capacity for the population of Pardis was developed to 402,000 people, while later,
the National Housing Plan increased the capacity to 538,000 by 2020. Accordingly, the pop-
ulation of Pardis had been increased more than twice the population of the primary master
plan. In the plan of the new city of Pardis so far, and after frequent changes, eight resi-
dential regions, two industrial regions and one region of educational and research centers
have been allocated. The total population is 538,000 persons, with a density of 165 person
per hectare. The climatic conditions of Pardis are largely dependent on the conditions of
the whole study area and are affected by the altitude factor, the characteristics of which
are generally part of areas with a cold sub-desert climate and close to the Mediterranean
region with spring and semi-desert rain. At present, the water consumption of Pardis for
the initial city population is supplied from Latian Dam with a total permit of 1000 L per
second, and from Flemand wells group of 700 L per second. The supplied raw water is
transferred to Pardis city water treatment plant, then it will be distributed in the city’s
water distribution network. The population of the city is projected to be more than 450,000
on the project horizon (2025). To meet the potable water consumption of the population,
the need for water supply will increase to 2 times the current situation. Currently, the
main problem is that the supply of drinking water to the subscribers of Pardis during peak
consumption time and the water required for landscape and other public uses of the city is
provided with difficulty with the pressure on the allocated water resources. Consequently,
the city is going to meet water scarcity in a near future. In order to sustain long-term water
resources and respond to other needs of the city and public uses, including irrigation of
landscape and irrational and unjustifiable use of potable water, urban wastewater can be
considered as an alternative source to other urban water sources. The proposed method is
described in the next section in detail.

3.2. Dataset Preparation

The proposed research was carried out within the city of Pardis. In the stage of collect-
ing records and data, all related projects such as comprehensive studies of the construction
plan of Pardis city as well as specialized studies of water resources, wastewater treatment
and available environmental assessment were reviewed. All environmental and climatic,
geographical, demographic, economic and urban parameters were extracted for use in
the process. Demographic loading process, the allocation and amount of potable water
consumption and the use (current and future without replacement plan with wastewater),
amount and quality of wastewater production and its forecast in the horizon of the differ-
ent uses in society urban and suburban areas and the amount of consumption and water
quality required were determined. The constructed water distribution network (WDN) and
wastewater collection system (WCS) and their development were reviewed. In all the urban
regions, each region’s corresponding data were extracted as a geographical information
layer. Figure 2 shows the overall flow of studies on the purpose of treated wastewater. The
main stages of the research includes collecting the required data and information, simu-
lation of the hydraulic model of wastewater collection and treatment network, allocating
the potential of reuse of wastewater according to the type of use, volume and costs of
wastewater treatment in a centralized and decentralized manner and the evaluation of the
centralized and decentralized reuse applications.

3.3. Allocating the Potential of Wastewater Reuse According to the Type of Use, Volume and Costs
of Wastewater Treatment in a Centralized and Decentralized Manner

3.3.1. Cost Components and Processing per Unit Volume of Wastewater Effluent

Considering the aim of the research for comparative evaluation of decentralized and
centralized reuse method, the cost components and benefits of using each of these methods
for comparison with other executive and applied factors was extracted. According to the
basics of water economics and appropriate to the topic of wastewater reuse, the following
consequences were identified: reducing the environmental costs of the aquifer, the cost of
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transportation and treatment of raw water, the cost of water, transportation and centralized
treatment costs and waste disposal costs (total) in the environment, creating the cost of
local (decentralized) wastewater treatment as well as operating the system. Then, the cost
components of the project according to the useful time of the project (10 consecutive years),
the cost of construction of the required facilities, energy costs and annual operation (during
the project time) was calculated and converted to the current value. Next, the comparison
of centralized and decentralized costs has been conducted accordingly. Table 1 shows the
cost components and references for each of them.

Literature Review
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Figure 2. Flow chart of the studies on the purpose of reuse of treated wastewater.
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Table 1. Cost components.

Row Component Price (IRR * in m3)

1 Costs of transmitting and treatment of raw water from water resource 6210

2 Water price (tariff) 36,183

3 Installation and operation of local wastewater treatment package 23,425

4 Environmental costs of wastewater disposal 53

5 Social and business income 2404

6 Costs of installation and operation of decentralized wastewater treatment packages 0.055

7 Savings of replaced wastewater (million IRRs per year for every 1000 cubic meters) 66,592

8 Household financial savings and replaced landscape effluent (million IIRs per year 65,871

for every 1000 cubic meter)

*10° IIR = USD 0.045.

3.3.2. Indexing Development

The proposed method for effluent reuse districting is constructed on the improvement
of an indicator method and the subsequent cluster analysis methodology. The nature of
this method is the integrated multi-criteria assessment that is frequently applied in water
resources management. These indicators are designed to show the characteristics of an
area in terms of pressure on water resources as well as economic efficiency for wastewater
reuse (Table 2). The four main stages in this districting include: area identification, system
development based on consumption, data gathering, ranking and index weight and the
integration of list and cluster analysis. To calculate the resilience of potable water resources,
the relative allowable limit of current water consumption and financial probability, the
amount of every indicator was ranked in 5 degrees (numbers 5 for high, 4 medium high,
3 medium, 2 medium low and 1 low). Grading boundaries were determined by a variety of
approaches, containing reference to internationally valid standards (United Nations, 1997),
as well as expert evaluation.

Table 2. Local water resources index system.

Practical Advice

First Group (n) Second Group (m)

Drinking water consumption

Severe degree of water consumption .
Annual landscape water consumption

Essential for reusing wastewater Water consumption of

commercial /recreational /workshop units
Effluent recycling possible
Financial savings of replaced effluent

Acceptable degree of water consumption

Economical to reuse wastewater

Economic advice for using Generate annual local surplus revenue of annual
wastewater locally wastewater after recycling

3.3.3. Integration and Cluster Analysis

The local strategic districting method is shown in Table 3. In the first step, according
to the grading limits of the index, the value of each index was specified. The higher the
value, the further desirable to reuse in the area. After evaluating the scale, this index
became dimensionless. Second, according to the value of the unit index in the second
stage, the weighted average method was used to calculate the value of the index in the
first stage. Third, the cluster analysis method was applied to perform local districting with
three indicators as variables and areas of research scope. The cluster analysis method was
selected because of its simplicity and usefulness in presenting the results according to the
literature. All areas were located in a cluster that was considered for 5 different strategic
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areas (n and m indices). Each area was associated with a pattern of urban wastewater reuse
advance according to the characterization of the respective cluster. Not only the result of
districting helps city managers to decide whether the reuse of municipal wastewater in a
particular area is immediate and binding, potentially needed or not, but clustering results
also guided the decision makers whether the current socio-economic conditions support
reuse in each particular area.

Table 3. Clusters’ definition.

Level of Need for

Wastewater Reuse

The Level of Economic Feasibility of

Reusing Wastewater Definition and Explanation of Clusters

Cluster I: Due to the need to provide the main uses and the
conditions of the local economy, the use of wastewater needs

High High to be recommended and implemented as the main priority
and alternative source. To this end, emphasis and basic
executive actions by the city administration are necessary.
Cluster II: Due to the specific water shortage, the use of
High Low effluent is recommended. However, local economic conditions
are not conducive to supporting the required infrastructure.
Cluster III: Water shortage is not severe. Since the local
. . economy is good, the use of wastewater can be recommended
Medium High . .
as one of the options to move towards sustainable urban
water management.
Cluster IV: Since urban water shortage is not a limiting factor
Medium Low and local economic conditions are not suitable, the use of
wastewater in these conditions is not considered.
Cluster V: The required water resources are fully available. As
Low Low/High a result, even weak economic problems do not occur, and the
use of wastewater is not required.
4. Results and Discussion
4.1. Data Processing
4.1.1. Districting the Study Area
According to the constraint of the residential areas and slope (ground and wastewater
collection network), the study area was specified in 61 separate neighborhoods. The
characteristics of these neighborhoods were applied in process in terms of determining the
volume of incoming effluent and the output, as well as access to the passages and places
and spaces required for the proposed facilities (Figure 3). Table 4 shows a summary of the
data of these neighborhoods.
Table 4. Summary of the data of the study areas.
Description Number of Total Very Low and Low  Medium to Very High Park and Other
P Areas Discharge Residential Density Residential Density Landscape Uses
Unit - Lit/Sec Ha Ha Ha Ha
Amount 61 3657 505.76 475.24 250.35 844.22

4.1.2. Determining the Amount of Wastewater Consumption

According to the loading of water consumption in the water distribution network and
also the direct relationship between the amount of wastewater produced by the drinking
water supply, population and regions’ distribution, the amount of wastewater production
in each region was calculated. Then, the effluent discharge from the lowest point of the
main transmission line was determined from each district. It was obvious that the resulting
discharge was the maximum possible discharge for use in part of the district and also the
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possibility of the transfer and recirculation of the effluent in the downstream connected
districts can be planned. Formerly, the components for calculating the main values for
classification are listed based on the basic indicators (m index). In the next step, the values
related to each of the indicators were calculated based on the relevant components and
placed in the table of the indicators. Table 5 shows the statistical summary of the calculated
values associated with each index.

-1
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Figure 3. Flow chart of the studies on the purpose of reuse of treated wastewater.

Table 5. Summary of the data of the study areas.

Statistic ml m2 m3 m4 m5 mé6 m7
Number of 61 61 61 61 61 61 61
observations
Minimum 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Maximum 8,109,845.971 395,950.757 684,284.000 1.00 85,004,346.000 82,815,229.000 5,640,868.000
1st Quartile 94,272.818 1393.752 17,376.000 0.176 2,628,459.000  1,814,851.000 32,847.000
Median 226,740.041 11,342.333 45,018.000 0.229 5,474,447.000  3,947,471.000 175,104.000
Mean 461,884.360 33,705.526 94,526.016 0.745 8,550,638.230  6,330,421.525 329,364.377

4.1.3. Determining the Value of the Normal Index and Classify the Indices

The extracted values related to the indicators in the previous step were normalized in
order to compare them. Accordingly, the domains as well as the mode of each index were
extracted to identify the five ranks of the indices (Table 6).

4.2. Discussion

In this step, the k-means processing option was used for cluster analyzing. According
to the method intended for the classification of the wastewater use index, the first category
was based on practical recommendations: (I) essential for the use of wastewater; (II) eco-
nomic efficiency for the use of wastewater through the group of n; (n1) degree of severe
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water consumption; (n2) acceptable degree of water consumption; and (n3) economic
recommendations for the use of wastewater in the local area. The above were divided into
five clusters (classes) in total. Table 7 summarizes the results of classification of study area
in the decentralized reuse of wastewater.

Table 6. Summary of the data of the study areas.

Category/Index

Grade ml m2 m3 m4 m5 mé6 m7

High
Medium to high
Medium
Low to medium
Low

— N W o

0-3 >45 >30 >7 >30 >9 <=1
3-5 30-45 20-30 5-7 20-30 7-9 1-2
5-7 15-30 10-20 3-5 10-20 5-7 2-3
7-9 1-15 1-10 1-3 1-10 3-5 34
>9 1< 1< 1< 1< 3< >4

Table 7. Summary of results of wastewater use classification for 61 areas of the study area.

Cluster

I II 111 v A\

Number of districts located on this floor 21 14 16 6 4

Variance

1.848 4.676 1.992 3.700 7917

Minimum distance from the center of the floor 0.725 1.141 0.713 1.323 1.521
Average distance from the center of the floor 1.245 2.009 1.289 1.715 2.311
Maximum distance from the center of the floor 2.371 2.780 2.033 2.255 3.437

Figure 4 shows the districting of wastewater use priorities in the study areas. In
addition, Table 8 summarizes the situation of the clustering result in terms of districts,
financial savings and regional surplus income. Accordingly, it can be seen that in class I, the
high need and economic possibility for the use of wastewater and the highest amount of
savings and financial surplus income (36.17% and 31.25%, respectively) are where the total
savings and income in all areas were observed. Meanwhile the level of development and
the coverage of wastewater treatment facilities in this category is about 16% of the total area
under study. On the other hand, the level, savings and financial surplus income for the V
category, the need and economic possibility of using low effluent, is only the last priority for
only 1.15% of the total level, and even if implemented, the savings and surplus income from
the use of the effluent will be equal to 6.94% and 6.25% of the corresponding total values,
respectively. Therefore, in addition to social conditions, environmental prioritization of
the studied areas has also taken into account the financial (cost and income) and social
economy in general. Municipal service planning managers can provide the long-term
plan for achieving maximum social, economic and environmental benefits by taking into
account the priorities recommended for areas in the use of wastewater and prevent the loss
of capital and time.

Table 8. Summary prioritization of wastewater reuse clustering district.

Priority Number of Districts % Area Financial Savings Extra Income

II
1
v

21
14
16
6

4

m? % 106 IRR/year 106 IRR/year %
15.59 2,822,667 36.17 904,160 221,148 31.25
69.72 12,626,404 23.93 598,225 221,086 31.24
3.93 712,021 24.24 605,871 176,896 25.00
9.62 1,742,015 8.71 217,843 44,246 6.25
115 207,686 6.94 173,535 44,229 6.25
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Figure 4. Cluster districting priorities in the study areas of wastewater reuse.

5. Conclusions

The literature review showed that several limited studies in large dimensions (provin-
cial or regional studies of a country) have been conducted to evaluate the use of wastewater
in multiple uses. In addition, related research has been conducted mainly with the aim of
using wastewater in limited and occasional applications. So far, comprehensive research
in the simulation of multi-purpose effluent in the framework of the residential commu-
nities, including the comparison with the centralized manner, was found. In addition
to the above-mentioned primary research works, the current research was designed as a
new hypothesis for simulation and evaluation of decentralized wastewater reuse in urban
areas. In addition to the collecting and reviewing data on water and wastewater collection
systems, records and documents related to water economy and wastewater use, the usage
and amount of water in small industries, the landscape, education, etc., in the urban and
suburban areas were surveyed and categorized. To achieve the research objective, data
classification and clustering processing in was also designed. In this regard, the use of
regional wastewater instead of centralized in terms of cost savings increases the local
income of residents, and environmental costs and related indicators were determined and
evaluated. The method of cluster analysis was also applied in addition to the statistical
evaluation. A total of 61 separate districts were identified based on the elevations of the
wastewater collection network and wastewater demographic homogeneity. These districts,
along with water consumption information, land uses and secondary products and effluent
consumption, were compiled in the clustering system. In cost issues, the cost and benefit
of using and replacing decentralized wastewater in terms of application aspects, treatment,
social economy and the environment were processed and evaluated. The evaluation of the
possibility of using wastewater in a centralized manner in all districts showed that decen-
tralized reuse was an economic advantage over the centralized option. Correspondingly,
the use of wastewater and reducing the use of drinking water in different uses caused local
(regional) ultra-economic value. The prioritization of the decentralized reuse of wastewater
for urban areas showed that this strategy was the first priority for a significant part of urban
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areas (reducing water consumption along with economic savings and increasing regional
income). The research outcomes can be considered by urban planners in establishing a
comprehensive plan to prioritize the decentralized reuse of wastewater. Obviously, the
application of the current research method in the primary stage of urban designing will
bring more desirable impacts.
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