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MODEL FOR RISK ASSESSMENT IN THE INSTALLATION 
OF WASTEWATER TREATMENT PLANTS 

The goal of this research is an analysis of risk factors that occur with the installation of wastewater 
treatment plants. Another purpose of this paper is to demonstrate the clear identification of risk factors 
during the construction of wastewater treatment plants. Also, this study aims to develop models for 
risk factors assessment as a basis for the analysis of risks associated with the installation of wastewater 
treatment plants. The paper will point out the identification of risk factors during the installation of 
wastewater treatment plants in a project conducted in the Republic of Serbia. The analysis identified 
risk factors that brought the project being conducted in the city of Krusevac. The purpose of research 
and identification of risk factors is to relax managing high-risk situations and to ensure an approach for 
eliminating the negative effects that risks create. The expected result is a developed model with defined 
risk factors for the estimation of their negative impact on wastewater treatment plants. 

1. INTRODUCTION 

In the last few years, there has been more research on identifying risk factors during 
the installation of wastewater treatment plants. Significant growth of the human popu-
lation, large industrialization, and industrial development contribute to the increase of 
wastewater. Therefore, they must be treated in a wastewater treatment plant (WWTP) 
[1]. The construction of wastewater treatment plants is a significant part of preserving 
social and natural communities. With the rapid development of urbanization, municipal 
wastewater treatment plants have been widely constructed in intensely urban areas with 
high population densities [2]. Because of environmental protection, there are many pro-
jects about wastewater treatment plants (WWTP). These projects carry lots of risk fac-
tors that are not yet examined. This study also reviews plenty of potential risk factors in 
the WWTP project that may occur and hurt environmental protection as a whole. 
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The research aims to create a model consisting of risk factors related to the con-
struction of WWTP. The model created in this way may serve to display the most sig-
nificant risk factors that appear during the construction of WWTP. It is necessary to 
establish a more simple, accurate and interpretable prediction model to realize risk fac-
tor assessment in the WWTP field. Certainly, this model will contribute to further envi-
ronment. In addition, some studies expanded the environmental analysis to include 
meaningful aspects [3]. The basis for the creation of this model represents the project 
that is being implemented in Krusevac. Size facility, climatic conditions, influent loads 
and over/underuse were factors affecting the WWTP efficiency [4]. The main step in 
creating a model is the identification of risk factors. For research purposes, two methods 
were used, one theoretical and the other practical, the unification of which resulted in 
a model with risk factors. First, the theoretical identification of risk factors, and then the 
practical one, which included experts in the field of environmental research were done. 
Wastewater treatment plants play a significant role in minimizing environmental pollu-
tion by treating wastewater and reducing the release of contaminants into the environ-
ment [5]. The theoretical part of the research included many studies in the field of risk 
assessment in WWTP. The result of the research showed that a lot of risk factors ap-
peared in the construction of the WWTP. The model with risk factors is presented 
clearly and simply through tables. 

This paper analyzes the project conducted in 2022 in Krusevac, in the Republic of 
Serbia, about installing wastewater treatment plants (WWTP). Hence, WWTPs could 
also represent a potential threat to the sustainability of ecosystems [6]. To realize the 
risk assessment of WWTP, this paper proposes a risk assessment model, which includes 
risk factors in four categories. The project brings analysis in the time frame of one year 
through several categories such as law-legal, technical-technological, environmental 
protection, and logistics. This research contains an analysis of many experts such as 
mechanical, electrical, and construction engineers, as experts in environmental protec-
tion. It is necessary to achieve proper control of risk factors during installations of 
WWTP in such projects, so can to reduce the negative impact on environmental protec-
tion. WWTP effluents carrying plenty of nutrients and micropollutants pose serious 
threats to receiving rivers, however, the response of microbial community structure and 
function WWTP effluents discharge is still poorly understood [7]. It is required to ana-
lyze all possible processes and activities during installations of WWTP. With the estab-
lishment of WWTP, it is necessary to determine originate state of the environment, so 
we can throughout the process, analyze risk factors to facilitate activities during the 
installation of WWTP. A basic practice for the systematic operation of urban water dis-
tribution networks is effective non-revenue water management [8]. This research can be 
useful for the development of potential strategies for risk control and management in 
the field of drinking water [9]. In continuation, we will analyze all steps in the project 
of installations of WWTP. Also, during this project, we will explore all possible risks 
that may appear. 
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2. MATERIALS AND METHODS 

The research was based on two methods. The first one was used to create a system-
atic literature review (SLR) using digital platforms. It was created by searching digital 
databases of original scientific papers, Science Direct, Web of Science, Scopus, Emer-
ald Insight, Wiley Online Library, Google Scholar, EBSCO, etc. We used the following 
keywords for searching the digital database: 

• wastewater treatment plant (WWTP) AND risk factor AND impact, 
• wastewater treatment plant (WWTP) AND risk assessment AND project, 
• wastewater treatment plant (WWTP) AND environmental AND impact, 
• risk AND identification OR selection OR grouping. 

We have created a database of risk factors related to WWTP that appear most frequently 
in the literature (Table 1). All original research used has the Science Citation Index (SCI). 
SLR was used to create a database of risk factors that will be further helpful in examining 
the project of construction of a WWTP in Kruševac. It is the first part of the research that 
served to create a theoretical framework of risk factors. 

 
T a b l e  1  

Results of the literature review 

No. Risk factor Comments based on literature 

1 
Violation in management 
of environmental protection 
during the plant installation 

one action point of the plan is to ensure the security of water  
for ecological and environmental purposes [22] 

2 
Violation in management  
of system quality during 
the installation of plants 

the need for stricter adherence to ISO standards to ensure quality and 
transparency are made clear and emerging challenges for life cycle 
assessment applications in the WWTP are discussed, including 
a paradigm shift from pollutant removal to resource recovery [23] 

3 
Violation in management  
of system reliability during 
the installation of plants 

specific standards on environmental impacts should be set up, while 
bonuses can even be provided when the environmental impacts of 
operation are low [24] 

4 
Violation in management  
of system security during 
the installation of plants 

many technologies have been developed for wastewater treatment to 
cater to different requirements ranging from safe environmental 
disposal standards to recycling and reuse [25] 

5 Violation in law  
and legal regulations 

therefore, regional management should refine the classification 
of the standards to ensure the effective use of energy in pollution 
control plans [26] 

6 
Poor collaboration  
with the public  
and supervising authority 

the advantage of the proposed decision support concept for selecting 
the location of WWTP is that this model enables the timely inclusion 
of all relevant stakeholders (experts, government/investors, citizens) 
required to ensure a high-quality planning process. The method 
allows the inclusion of the opinions of the city government throughout 
every stage of the planning process, whether directly or indirectly,  
and that is adaptable when conditions are altered and amenable to 
customizations required by all other stakeholders indirectly [27] 
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T a b l e  1  

Results of the literature review 

7 Insufficient documentation 
for projects 

the pollutant concentrations in influent were relatively unsteady after 
upgrading, however being in line with previous reports [28] 

8 Violation of urban plans 
the rapid development of the economy, industrialization,  
and urbanization without adequate investment in wastewater  
treatment has resulted in degraded water quality [29] 

9 Lack of construction permit 
the WWTP with sustainable performance while complying  
with the discharge regulation which fully satisfies  
different requirements from manufacturing companies [30] 

10 Lack of control during  
the installation of plants 

accurate forecasting of the amount of wastewater discharge  
is essential to making more effective policies relative to  
wastewater control and management to achieve more sustainable 
economic development [29] 

11 Violation in contracts 

accurate forecasting of the amount of wastewater discharge  
is essential to making more effective policies  
relative to wastewater control and management to achieve  
more sustainable economic development [29] 

12 Demographical changes 
rural wastewater plans have to be developed  
for the long term, taking not only the ecology 
into account but also the demographic change [31] 

13 Insufficient equipment  
at the construction site 

one should account for both civil works (production of materials, 
transports from factory to workplace and combustible consumed) 
and also equipment (i.e. thousands of devices, including diffusers, 
pumps and blowers), which has to be replaced several times during 
the life span of the WWTP [32] 

14 Insufficient infrastructure  
at the construction site 

improving the wastewater treatment infrastructure becomes 
an urgent need since the WWTPs capacities are not equally 
increasing with the rapid population growth [33] 

15 Inadequate mechanization 
and resources for work 

a systematic and comprehensive assessment in the project planning 
or management processes could be significant which is to investigate 
the trade-off among a variety of issues (e.g., ambient ecosystem,  
engineering feasibility, infrastructure cost, energy consumption,  
recycled water pricing policies, community attitudes, etc.) [34] 

16 Problems in assembling 
equipment and devices  

a systematic and comprehensive assessment in the project planning 
or management processes could be significant which is to investigate 
the trade-off among a variety of issues (e.g., ambient ecosystem,  
engineering feasibility, infrastructure cost, energy consumption, 
recycled water pricing policies, community attitudes, etc.) [34] 

17 Insufficient equipment  
for deep aeration 

additional blower capacity inevitably has to be installed to treat 
higher organic loads regardless the added biomass  
comes in a new basin or it is fixed on a biofilm carrier system [33] 

18 Low capacity of a cesspit 

one should account for both civil works (production of materials, 
transports from factory to workplace and combustible consumed) 
and also equipment (i.e. thousands of devices, including diffusers, 
pumps and blowers), which has to be replaced several times during 
the life span of the WWTP [32] 
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T a b l e  1  

Results of the literature review 

19 Poorly constructed  
sewage network 

one of the main recommendations is that urban water mains 
and wastewater treatment systems should be adapted  
and modernized to meet the corresponding anticipated challenges  
of weather extremes (floods and droughts)  
as well as the sea-level rise [35] 

20 Rinsing, dehydration  
and disposal of sand 

the wastewater line is composed of preliminary treatment, involving 
screening, grinding and grit removal to prevent damage to equipment [36] 

21 Problems in sewage sludge 

a large number of variations of the conventional activated sludge 
process have been designed to improve system performance  
by modifying the reactor layout, aeration system, influent pattern, 
and operational conditions [37] 

22 The deficient direction  
of wastewater in the cesspit 

from a perspective of health, safety and environmental protection, 
urban wastewater and generated byproducts, such as sewage sludge, 
must be appropriately treated before recycled or discharged/disposed 
of into natural systems concerning standards and regulations [38, 39] 

23 Unrefined rough  
and inert materials 

the diesel associated with transporting the waste to the final  
destination, the deposition of inert material at a landfill,  
and the particulate matter emitted into the atmosphere  
are also contributing inputs to the wasting process [40] 

24 Unrefined water  
with oil and grease  

strengthen urban pollution control, strengthen the construction  
of supporting pipe networks, promote sludge disposal  
and recycled water use, and strengthen urban water saving [22] 

25 
Air pollution in certain areas  
and emission of harmful  
gases in the atmosphere 

challenges related to global warming and climate change are often 
associated with the reduction of car exhaust and power plant  
emissions [41] 

26 Occurrence in atmospheric 
water in plants 

to compare the life cycle assessment of energy consumption, global 
warming, and eutrophication of water and wastewater service [42] 

27 Occurrence in large 
amounts of gasses 

consideration of all kinds of emissions and many types  
of environmental impacts is one of the strengths 
of life cycle assessment [43] 

28 Occurrence in underground 
waters 

monitor and oversee the total quantity of water, improve water 
use<efficiency, protect water resources scientifically, strengthen the 
management of rivers and lakes, determine ecological flow limits, 
strict control on groundwater exploitation, pay special attention to 
industrial water-saving, develop water-saving agriculture [22] 

29 
Occurrence in erosion,  
landslide and subsidence  
of terrain 

the characterisation of the quantity and quality of the wastewater  
entering the WWTP involves phenomena of very different nature: 
rain, soil type (permeable or impermeable), invert level, temperature, 
population activity, industrial discharges, type and length  
of the sewer system, retention tanks, etc. [44, 45] 

30 Noise during the demolition 
of existing objects 

noise presents one of the most common environmental problems, 
which is also affected by the development of industry and transport; 
noise presents unwanted, disturbing, or, in some cases,  
harmful sound transmitted through sound waves [46] 
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T a b l e  1  

Results of the literature review 

31 
Vibration during  
the demolition  
of existing objects 

the impact of vibration and the related mechanical noise  
of industrial plants and joining mechanical systems may cause  
an impact on, e.g., the reliability, productivity, durability,  
and other significant parameters [47]  

32 Large amount creation  
in the communal waste  

the water industry is responsible for various carbon emissions that  
require a significant amount of energy; the treatment of carbon- 
-containing waste from the water industry can release a variety of 
emissions strongly affecting the management of water systems [41] 

33 Impurity and outflow  
of feces 

the interception of the pollutants to water bodies  
should be subject to real removal rather than displacement [48] 

34 Disease and infection of the 
local population 

exposure to surface water contaminated with human pathogens, i.e., 
viruses, bacteria or parasites may lead to infection and subsequent 
illness, such as gastroenteritis or skin, ear and eye infections [49, 50] 

35 
Occurrence in  
electromagnetic radiation 
and heat emission 

challenges related to global warming and climate change  
are very often associated with the reduction of car exhaust  
and power plant emissions [41] 

36 Endanger in natural  
resources of location 

the first step is pretreatment with a screening, desanding  
and degreasing, followed by primary settling treatment; thereafter, 
the wastewater undergoes a biological process (secondary  
treatment), a conventional activated sludge (medium daily organic 
load per aerated sludge mass) and finally a secondary settling; 
the WWTP effluent is discharged to coastal waters [51] 

37 Unapproachable locations 
for building plants 

optimising area footprint for the synthesis of WWTP  
is one of the key components towards a more sustainable  
development of the WWTP [30] 

38 Problems with 
ground clearing  

the construction and demolition phases are commonly ignored  
in many papers as their proportion is assumed  
to be negligible compared with the operation stage [52] 

39 A large amount  
of construction waste 

the resulting values of the pollutant concentrations  
at the domestic source are higher than those reported 
at the entrance of the WWTPs [53] 

40 Problems during  
equipment in plants 

recycling water in industrial processes can provide a sustainable  
water supply for industry without straining municipal water supplies; 
however, industrial sites can also release organic water pollutants 
and produce waste during the treatment of water  
for consumption [41] 

41 Impossibility of ground  
and construction work 

the construction and demolition phases are commonly ignored  
in many papers as their proportion is assumed to be negligible  
compared with the operation stage [52] 

42 Problems in transport 

one should account for both civil works (production of materials, 
transports from factory to workplace and combustible consumed) 
and also equipment (i.e. thousands of devices, including diffusers, 
pumps and blowers), which has to be replaced several times during 
the life span of the WWTP [32] 
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T a b l e  1  

Results of the literature review 

43 Problems in distribution  
and supply 

to overcome the delay in the construction of the wastewater  
treatment plant by examining the implementation  
of supply chain management and building information modelling 
in the construction of a wastewater treatment plant [54] 

44 Problems with water 
reception from the river 

besides the changes in influx, climate change is also expected  
to influence river flow rates; in winter time, precipitation  
will increase river flow rates [55] 

45 Built roads at  
construction sites 

some authors have demonstrated this approach in a study of road 
construction materials [56]  

46 
Archaeological and cultural 
uncovering  
at the construction site 

eco-suitability evaluation method integrating economic,  
social and ecological factors is employed to optimize the locations  
of the sewage treatment plants [57] 

47 
Impossibility of building 
plants due to weather  
conditions 

reducing the impacts of climate change on the WWTP processes  
can also be achieved through the use of risk assessment tools  
such as impact assessments, continuous and systematic monitoring 
of the WWTPs and the use of the vulnerability aspect [58] 

48 Lack of storage  
for dangerous waste 

Kikuchi and Hirao [59] demonstrated the trade-off relationship  
between global impacts (global warming potential) and local impacts 
(occupational and neighbour’s health risks) by studying potential  
human health impacts due to metal degreasing processes 

 
The other method that we used to assess the risk factors is the Delphi method. It 

is an interactive research method for gathering the opinions of a panel of experts con-
cerning a specific topic to validate a forecast of upcoming trends and changes based 
on the thematic convergence of respondents [10–12]. The first step is the configura-
tion of the questionnaire which represents a tool that was used for the assessment of 
the importance of risk factors in THE WWTP project. Through the Delphi method, 
the opinion of a panel of experts is surveyed regarding a specific topic. It is featured 
by merging individual research and practical knowledge from selected experts [13, 
14]. A practical model framework for risk assessment is created. The questionnaire 
consists of 48 risks divided into 4 categories. Based on the analysis of the project, 
experts evaluated the questionnaire with risk factors. Risk assessment as a systematic 
process plays a fundamental and essential role in managing various aspects of human 
life and organizational goals through the deep evaluation of events and their conse-
quences [15, 16]. The experts had to answer the question for each risk factor whether 
it appeared during the installation of the WWTP. In this way, we established a synergy 
between SLR and the Delphi method. 

The identification of risk factors was confirmed by 54 experts engaged in the con-
struction of the WWTP project. The experts represented knowledge in the fields of 
environmental protection, construction, transportation, chemistry, law, the economy, 
and management. The interview was used to question experts to confirm the identified 
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risk factors. The interviews reveal further layers of knowledge and may underline or 
contrast findings from the Delphi survey [17, 18] The research team reviewed and 
analyzed all the factors extracted from the literature and their respective definitions. 
They categorized the factors into distinct groups and provided an initial title for each 
category [19]. Working together and with systematic literature, 48 risk factors were 
identified. They were classified into four categories: law-legal, technical-technologi-
cal, environmental protection, and logistics. Each category contained twelve risk fac-
tors. Based on the research on the location characteristics and conditions of the city 
of Krusevac, an inspection of the environment, specifics in the technology selected by 
the WWTP, and identification of risk factors have been made. This implies during the 
realization of the project, in emergencies, in a normal working state, and potential 
termination or stagnation of the WWTP. The conclusion is that risk factors can be 
short-term, periodic, or continuous during all stages of the realization of the project. 
Upon identification of possible risk factors, all short-term, local, and reversible factors 
were analyzed and valued for regular project work. Also, we explored the synergy 
between risk factors, long-term risk factors, periodical risk factors, and the probability 
of their repetition during the installation of the WWTP. 

Identification of risk factors was based on an analysis of natural resources, loca-
tion, building space for the WWTP, other conditions in a close-range environment, 
and inspection of the terrain. A detailed analysis of the state of the environment of 
Krusevac was performed as their capacity for installations of the WWTP, with aspects 
in place, characteristics, and conditions. In that manner, we could identify risk factors 
and create models for risk assessment. The list of risk factors was expanded through 
interaction with stakeholders and gathering data from the field. The proposed frame-
work is expected to help researchers and decision-makers rank the risk factors and 
focus only on the most critical ones for minimizing the risks and reducing delays in 
project completion [20]. Effective recognition of a lot of risk factors in the project life 
cycle and management of the most important of them is essential to assembling mod-
els for assessment and analysis of risk factors. 

The purpose of the research was to get opinions from experts about the impact of 
the factors of risks on the WWTP, which was accomplished through interviews and 
questionnaires that were conducted. The result of the research brings a model for all 
risk factors in categories for easier data analysis. The study employed a modified Del-
phi method to develop, validate, and finalize the scale. The Delphi studies are recog-
nized as essential tools for comprehending trends and establishing standards [21]. Us-
ing the Delphi method, consensus from the experts was obtained regarding the most 
important questions to the construction of the WWTP. All experts confirmed that the 
risk factors identified in the literature were also present in the project after data were 
obtained and it is necessary to summarize results which will show which risk factors 
have an influence on the WWTP and analyze the negative effects they can produce. 
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The Delphi techniques have received positive feedback from experts in independent 
opinion, which is significant for study and research in the environmental field. 

3. DISCUSSION AND RESULTS 

After reviewing more than 40 studies, we consolidated similar risk factors and iden-
tified the four technical risk categories. The result of the research is the classification of 
risk factors performed according to (Table 2). In the law-legal category are sorted out 
risk factors like management standards, compliance with certain procedures and regu-
lations, obtaining the necessary documentation, and implementation of administrative 
obligation during the installation of the WWTP. In the technical-technological category 
are sorted out risk factors about equipment, mechanization, resources for work, and in-
frastructure. In the category of environmental protection are sorted out all risk factors 
that harm the environment during the installation of the WWTP. In the logistics cate-
gory, we have risk factors from aspects of locations, transport, distribution and supply, 
storage of waste, and weather conditions. Classified like this, into categories, risk fac-
tors represent a model according to which we can analyze and make assessments of 
them. In the continuation of the work, analysis will identify risk factors by the category 
in which they belong. 

After the identification of risk factors and their categorization, a model for risk as-
sessment was created, after that we performed a detailed analysis of risk factors during 
the installation of the WWTP in the city of Krusevac. In this study, we will understand 
risk factors from all categories through analysis. Research has shown four areas to be 
classified: legal-legal, technical-technological, environmental protection, and logistics 
and they will be analyzed in the project of installing the WWTP in the city of Krusevac. 

 
T a b l e  2  

Model of identified risk factors 

No. Risk factor  Category 
1 Violation in management of environmental protection during installation of plants 

law-legal 

2 Violation in management of system quality during installation of plants 
3 Violation in management of system reliability during installation of plants 
4 Violation in management of system security during installation of plants 
5 Violation in law and legal regulations  
6 Poor collaboration with the public and supervising authority 
7 Insufficient documentation for projects 
8 Violation of urban plans 
9 Lack of construction permit 
10 Lack of control during the installation 
11 Violation in contracts 
12 Demographical changes 
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T a b l e  2  

Model of identified risk factors 

13 Insufficient equipment at the construction site 

technical- 
-technological 

14 Insufficient infrastructure at the construction site 
15 Inadequate mechanization and resources for work 
16 Problems in assembling equipment and devices  
17 Insufficient equipment for deep aeration 
18 Low capacity of the cesspit 
19 Poorly constructed sewage network 
20 Problems with rinsing, dehydration and disposal of sand 
21 Problems in sewage sludge 
22 The deficient direction of wastewater in the cesspit 
23 Unrefined rough and inert materials 
24 Unrefined water with oil and grease  
25 Air pollution in certain areas and emission of harmful gases in the atmosphere 

environmental 
 protection 

26 Occurrence in atmospheric water in plants 
27 Occurrence in large amounts of gasses 
28 Occurrence in underground waters 
29 Occurrence in erosion, landslide and subsidence of terrain 
30 Noise during the demolition of existing objects 
31 Vibration during the demolition of existing objects 
32 Large amount creation in the communal waste  
33 Impurity and outflow of faeces 
34 Disease and infection of the local population 
35 Occurrence in electromagnetic radiation and heat emission 
36 Endanger in natural resources of location 
37 Unapproachable location for building plants 

logistics 

38 Problems with ground clearing  
39 A large amount of construction waste 
40 Problems during equipment in plants 
41 Impossibility of ground and construction work 
42 Problems in transport 
43 Problems in distribution and supply 
44 Problems with water reception from the river 
45 Built roads at construction sites 
46 Archaeological and cultural uncovering at the construction site 
47 Impossibility of building plants due to weather conditions 
48 Lack of storage for dangerous waste 

3.1. LAW-LEGAL RISK FACTORS 

Primarily, experts considered laws and legal categories during the installation of 
a WWTP. Complying with the law and legal demands is very important in risk assess-
ment during the installation of the WWTP. More attention to a healthier environment 
forced governments to find methods and tools for regulation, law and legal categories. 
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Assessment of risk factors in law and legal questions are also concerned with quality 
standards applied to working plants. Laws about water processing need approval from 
several different public institutions. Some countries set up new laws to regulate risks with 
the utilization of processed water and some others still use old regulations. These regulations 
and guidelines were examined to compile a comprehensive database, including all of the 
water quality monitoring parameters, and necessary treatment processes [60]. The project 
of installing the WWTP in the city of Krusevac complied with all laws and legal regu-
lations, public and supervising authorities, and prevention measures to decrease risk 
factors. 

When we talk about law and legal aspects during the installation of the WWTP, the 
most important risk factors are violations in the management of environmental protec-
tion, violations in the management of system quality, violations in the management of 
system reliability, and violations in the management of system security. When we ana-
lyze the legal risk factors for the installation of the WWTP in the city of Krusevac, we 
can conclude that everything is done according to public regulations and permissions, 
in compliance with project documentation, and concerning norms and standards for 
given activities within the legal framework. The requested supervision was made with 
the realization of safety measures to reduce all risk factors at the local level, be reversi-
ble, and have a small impact on the environment. Risk factors such as violations in the 
management of environmental protection during installation plants, violations in the 
management of system quality during installation plants, violations in the management 
of system reliability during installation plants, violations in the management of system 
security during installation plants, violations in law and legal regulations, and insuffi-
cient documentation for projects are reduced to a minimum. 

The WWTP must be comprehended with urban and project plans, documents about 
construction permits, and contracts with all participants. It is necessary to control the 
whole documentation during the installation of plants. Also, there is a need for collab-
oration with political and supervising authorities, so construction of plants can be un-
obstructed. In law and legal categories, we often have changes in politics and regula-
tions, so as an alteration in the volume of work that is stated in contracts. Installations 
of the WWTP in the city of Krusevac correlate with urban plans, construction permits, 
technical documentation, contract compliance, and other control measures during in-
stallation, so these risk factors have a small impact on the project. 

During installations of the WWTP, we must analyze the influence of demographical 
changes at location and environment. That means analyses of the residential building, 
immediate surroundings, and concentration of population at the location. Residential 
buildings and inhabitants must be at a safe distance from a given location and those risks 
should be eliminated during plant building. Population changes also require the frequent 
and thoughtful revision of disaster mitigation, preparedness and response policies and 
plans. As such, emergency managers, planners, and other policymakers, should they 
endeavour to develop effective policy, must keep their fingers on the demographic pulse 
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of their communities. Usage of land and degree of exploitation have a strong impact on 
social and economic development but also directly affect soil, hydrology, atmosphere, 
and other geographical elements, as well as the regional ecology environment. Devel-
opments in land use futures analysis could focus on integrating explorative scenarios 
that reflect possible outcomes with normative visions that identify desired outcomes. 
Such an approach would benefit from the broad and in-depth involvement of stakehold-
ers to link scientific findings to political and societal decision-making for the set of key 
choices and consequences. Right risk factors assessment is crucial for control activities 
during the installation of the WWTP from demographical and geographical aspects. 
When experts consider demographical changes in terms of the demolition of residential 
buildings and population displacement, there was nothing changed during the realiza-
tion of the project installation of the WWTP in the city of Krusevac. We should mention 
that there were also no immigrations in the city of Krusevac, so the population almost 
remained similar without demographic changes, so the risk factor was small. The loca-
tion surrounding the installation of the WWTP is agricultural land. During the realiza-
tion of the project and throughout the time when the WWTP operated in the city of 
Krusevac, control was implemented in all phases of realization to reduce risk factors 
from the law-legal category. 

3.2. TECHNICAL-TECHNOLOGICAL RISK FACTORS 

Right risk factors assessment in the domain of the technical-technological category 
is an application of correct equipment, good mechanization, and resources for work. 
Infrastructure at the construction site should serve for prevention and to eliminate or 
minimize possible risk factors during installations of the WWTP. Different technologies 
or strategies can be used to treat urban wastewater, all with the inherent drawback of 
generating solid and gaseous wastes in the course of the applied treatments [61]. Varia-
tions in characteristics of waste, geographical conditions, used technologies, availability 
of land, and labor cost, so as costs of collecting, transporting, and delaying waste are 
subject to uncertainties which may lead to risk development. Satisfactory waste flow 
plans could be identified according to system conditions and policy inclination, support-
ing in-depth tradeoff analyses between system optimality and reliability as well as be-
tween economic and environmental objectives [62] Many risk factors may occur during 
the demolition of existent objects, clearing up terrain, groundworks, work at construc-
tion sites, building infrastructure, and assembling equipment and devices, regarding the 
process of space preparation for building plants. Therefore, the decisions could be adjusted 
within the interval solutions according to actual conditions and policy inclination, allowing 
waste managers, interest partners and facility managers to incorporate implicit knowledge 
within the decision process and thus obtain satisfactory decision schemes [62]. Throughout 
building plants, we should enable an approach to advanced technological resources and 



 Model for risk assessment in the installation of wastewater treatment plants 17 

services. During installations of the WWTP in the city of Krusevac, we noticed a defi-
ciency of technology and techniques, which included insufficient equipment and infra-
structure at a construction site, inadequate mechanization, and resources for work, and 
problems in assembling equipment and devices. 

Risk factors that occur during the collection and disposal of wastewater in objects 
like cesspits, reservoirs, and water pipes should be considered throughout technical- 
-technological aspects of materials for environmental protection. Real loss relates to the 
physical losses in the distribution installations, which typically result from leakages 
from the pipes and fittings, pumps and valves along with overflows of the reservoirs 
[63]. When the characteristics of water supply and sanitary services are weak, one mal-
function can produce a failure of the system and cause a natural disaster. The quality of 
these objects prevents the outflow of wastewater in soil, such as water with oil and 
grease. Managing wastewater and its deficient direction in cesspits with low capacity, 
in the city of Krusevac are not adequately resolved and represent significant risk factors. 
As a result, pollution in surface and underground water may lead to agricultural land 
contamination, disease, and infection of the local population. Real losses comprise leak-
age from system elements and overflows of storage tanks. These losses are also caused 
by poor operations and maintenance activities, lack of active leakage control, poor qual-
ity of underground assets etc. and mainly contain visible and invisible leakage. Groundwater 
(aquifers) are complex and heterogeneous systems indicating significant challenges in the 
system modelling, respectively, in the quantification of sustainable management of water 
resources [64]. There is a need to analyze many risk factors such as occurrence in under-
ground waters, impurity and outflow of feces, disease, and infection of the local popu-
lation, as well as animals and plants. It is necessary to manage these risk factors 
properly, by increasing the capacity of cesspits with the direction of wastewater entirely 
in them. Congestion of cesspits can cause contamination of rivers, lakes, and other 
sources of water used for drink, swimming, or some other activities. 

Floods in urban districts can be contaminated with fecal materials from wastewater 
in sewage networks. The primary risk for human health and atmosphere water is patho-
gen contamination because of the low capacity of cesspits and poorly constructed sew-
age networks. This happens when we have a deficient direction of wastewater in cesspits 
and leakage in sewage networks that pollute atmosphere water. The risk of degrading 
the constructed wetland through drying is reduced by an automatic low-level trigger that 
stops pumping from the wetland. Turbidity, salinity and pH are monitored continuously 
during aquifer injection and injection can be shut down if threshold levels are exceeded. 
This controls the risks of clogging and reducing recovery efficiency. Water outside of 
set boundaries is recirculated through the in-stream and holding basins and through the 
wetland [65]. However, in the case of combined sewer systems, the capacity of the 
sewer systems and the WWTPs may be exceeded during periods of high rainfall, and, 
untreated wastewater will be discharged directly into the surface waters [66]. Pollution 
of surface water, underground water, and land with wastewater or contaminated organic 
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waste is an important risk factor for the environment and affects the health of people in 
the city of Krusevac. Urban wastewater treatment aims at the removal of organic and/or 
inorganic compounds, suspended and floatable material, nutrients and pathogens. From 
a perspective of health, safety and environmental protection, urban wastewater and gen-
erated byproducts, such as sewage sludge, must be appropriately treated before being 
recycled or discharged/disposed of into natural systems concerning standards and regu-
lations [38]. 

During the process in the WWTP appears unrefined rough and inert material, should 
be removed to the intended place. If this operation does not go well, originates risk 
situations, creating sands in water to endanger the treatment of wastewater. Thereafter 
we have rinsing, dehydration, and disposal of sand in special containers. Identical to 
rough and inert materials, for sand also this process must be according to the instruc-
tions. In addition, unrefined water with oil and grease should be separated in hermeti-
cally sealed water-resistant containers. During the process in the WWTP sewage sludge 
appears and has to be postponed in the proper repository. Sewage sludge is an unavoidable 
by-product of the sedimentation processes throughout primary and secondary wastewater 
treatment processes [67]. Reproduced sludge may contain organic matter, which can be 
used in land fertilization. Utilization of sewage sludge is a highly accepted sustainable 
method for disposal with economic effect. During the installation of the WWTP in the 
city of Krusevac at the construction site, large amounts of waste and other potential 
pollutants like unrefined rough and inert materials, sand, oil, and grease, different types 
of gases, and sewage sludge should be properly postponed in special technical-techno-
logical processes. There is a greater possibility that these technical-technological risk 
factors will have a significant impact on the environment, lakes, rivers, and land. 

3.3. RISK FACTORS IN ENVIRONMENTAL PROTECTION 

Environmental protection is very important for human society and probably the most 
significant category in classifications of risk factors. WWTPs provide a barrier against 
the discharge of contaminants of emerging concern into the environment [68]. the 
WWTPs are built and operated to reduce wastewater pollution and minimize emissions 
and harmful effects on the environment and human health [69,70]. If possible, equip-
ment for deep aeration should be applied, to decrease the dispersion of water particles 
in air that can be harmful. Likewise, installations of biofilters improve risk management 
and minimize negative effects during the construction of plants. Throughout the analysis 
of risk factors that endanger natural resources at the location, we pay attention to risks 
that jeopardize flora, fauna, and biodiversity. Air pollution in certain areas and the emis-
sion of harmful gases in the atmosphere are reduced with the installation of the WWTP. 
There is demand for elaboration of CO2 emissions, char, and other depository substances 
as potential risk factors. Normally, CO2 is produced during wastewater treatment by the 
respiration of the microorganisms that degrade organic matter, which concerns short-
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cycle CO2. As the CO2 generated is predominantly biogenic and therefore climate neu-
tral, it is not usually included in the CO2-balance [71]. When we evaluate the influence 
of the WWTP on environmental protection it is important valuation about specific risk 
factors that pollute the air. In the direction of assessing the environmental impact of the 
WWTPs, the estimation of the emission factors for specific pollutants as well as for 
odour is important, as it gives the first information about the quantity of each of them 
that is being emitted during a treatment process [72]. Before the realization of the project 
installation of the WWTP in the city of Krusevac, the given location did not present any 
of the risk factors for air pollution, but during the realization of the project, a wide area 
discovered several individual private fireplaces and risk factors were identified. These 
independent small sources of pollution have seasonal character, especially in emissions 
of CO2, char, and other depository substances, and should be considered. However, be-
cause of the small density of the population, emissions of dangerous materials are low. 
Considering that the prominent phenomena involved in Contaminants of emerging con-
cern removal by biological processes are sorption and biodegradation, solutions based 
on biological treatment optimization pose greater challenges for their management, as pro-
cess performance is influenced by many factors, leading to highly the WWTP-dependent 
removal [73]. 

Nevertheless, when we talk about risk factors for environmental protection, we 
should consider the occurrence in the number of gasses that develop during the con-
struction of plants, regardless in small or large amounts, because over time they may 
increase the concentration of pollution in soil, water, and air. This information can be 
helpful in different scenarios such as to understand the potential nuisance on the sur-
roundings of an actual WWTP, to predict the effect on the surroundings of an operating 
WWTP by any process modification or even to estimate the potential impact on the 
surroundings of a new the WWTP before its construction [74]. Potential pollution at the 
construction site also can be from inadequate mechanization and vehicles during build-
ing plants, and they are specific pollutants with short-term effects. A significant source 
of pollution in the city of Krusevac is traffic. Contamination develops during the process 
of fuel combustion and releases product particles in the air, especially with incomplete 
combustion from vehicles. Pollution is directly proportional to the intensity of traffic 
and roads, which hurts air quality and increases risk factors for the environment. 

Noise and vibration during the demolition of existing objects in the course of ground 
and construction work come from employed mechanizations, which lead to erosion, 
landslides, subsidence of terrain, and large amounts of communal waste, all potential 
risk factors. Poor understanding of natural resources, location, and underground waters 
leads to insufficient and inadequate equipment at the construction site. Furthermore, as 
a consequence of the employed mechanizations and equipment, noise and vibration oc-
cur during the demolition of existing objects and communal waste, which exposes the 
environment to risk. Also, we have the application of instruments to reduce vibrations 
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and noise, and risk factors are not significant, so we do not hurt environmental protec-
tion. the WWTP in the city of Krusevac has many water pumps with engines that get 
low vibration and noise during regular work, so these risk factors are small. We can 
conclude that aspects of the environment are ecologically acceptable, and there is no 
large amount of these pollutants. the WWTP in the city of Krusevac, during standard 
work, uses a great number of water pumps with small amounts of rotations and com-
pressors with protective acoustic elements, whereby all equipment is installed in closed 
spaces, so risk factors for noise and vibration are greatly downsized. 

During the installation of the WWTP, we must take into account weather conditions 
until work is done to avoid the risk of natural disasters. The experiences with recent 
disaster recovery efforts have highlighted the need for additional guidance, structure, 
and support to improve the response to disaster recovery challenges [75]. Heavy rain 
can cause many problems in the water network and the reception of water in rivers. 
Plants must have an outflow system for atmospheric water that may occur that can trans-
fer water to green surfaces The atmosphere and surrounding water, with a network of 
closed channels, are brought to the beginning of the WWTP process and then returned 
to the West Morava River. Also, the occurrence of electromagnetic radiation and heat 
emission is not present during the installation of the WWTP. Occurrences in erosion, 
landslides, and subsidence of terrain, as well as electromagnetic radiation and heat emis-
sion, are risk factors that need to be evaluated during the construction of the plants. 
Significant natural disasters such as earthquakes, floods, and droughts result in eco-
nomic loss and social disorder. At the location, there was no erosion, landslide, or sub-
sidence of terrain; this risk factor is almost nonexistent. With the analysis of natural 
resources in the location of the city of Krusevac, we did not find significantly important 
living species for biodiversity. Flora and fauna from this aspect cannot be exposed to 
danger, so there is no risk factor in the realization of the WWTP project. 

3.4. LOGISTICS RISK FACTORS 

Development patterns of the past that ignored the risks of building on vulnerable sites 
such as floodplains and hillsides have exacerbated the problem. Risk factors assessment 
implies analysis of the location for building plants. If during ground clearing, we find ar-
chaeological and cultural uncovering at a construction site, there is a risk that the project 
cannot be implemented with existing documentation. In case of risk situations when we 
have large amounts of construction waste, that also can be dangerous it is required to stop 
work, carry out rehabilitation, and act according to regulations about storage. There are 
many problems concerning the water, quality, quantity, reception, guidance, direction, and 
outflow. Although some existing models have considered both water quality and quantity 
issues, these two aspects have usually been analyzed separately. In water allocation mod-
els, water quality problems often took available water as a constraint and waste load was 
determined by the results of the water allocation models [76]. 
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The presence of the mechanization, a large amount of construction waste, and an 
unapproachable location, during the phase of the preparation construction site and 
placement infrastructure, represent high-risk factors and degradation in place for the 
installation of the WWTP in the city of Krusevac. The ecotoxicological risk assessment 
methodologies developed up to now mainly focus on local pollution and do not incor-
porate an evaluation and prioritization of the different risk situations present in the same 
territory [77]. It should be taken care of to dispose of construction waste into the internal 
sewage network to avoid contamination of the environment. At the construction site for 
installation of the WWTP in a specially marked area, were placed containers with 
sorbent (sand, zeolite) and a specific repository for construction waste to decrease po-
tential risk factors. To reduce gas emissions and overall pollution, the administration of 
the city of Krusevac built a sewage network with collectors to improve environmental 
protection at a given location. 

During the installation of the WWTP in the city of Krusevac, there were no prob-
lems with transport, distribution, or supply. The location for construction was approach-
able, and it was established that there were no ruined buildings or objects, as well as an 
archeological site or cultural monuments. When we observe the location for installations 
of the WWTP in the city of Krusevac as a whole, the planned volume, and the duration 
of the project, we conclude that logistics risk factors will not have a significant effect 
on installations of the WWTP. 

4. CONCLUSIONS 

Installations of the WWTP represent a subject with more recognition in the social 
community for environmental protection. During the construction of these facilities, 
many problems need to be identified and dealt with in time, which is also the reason for 
conducting this study. The purpose of this research is to reveal potential risk factors in 
all phases of the WWTP project. The examination lasted for a year and obtained signif-
icant data on the risk factors that occur during the installation of wastewater treatment 
plants, also using the SLR. A large number of experts took part in the research, which 
adds to the quality of this study. 

We focused on empirical surveys involving environmental experts to collect diver-
sified opinions. In addition to the questioning of experts who participated in this project, 
a very significant contribution to this research was made by scientific studies in this 
area. Throughout a given period, we identified risk factors that occurred during the in-
stallation of the WWTP. After identification, we performed a classification of risk fac-
tors and their categorization by the aspects they belonged to. The goal is to define the 
Delphi model that will be used for the assessment of risk factors during the installation 
of the WWTP. The essence was to establish a framework for risk factor assessment, 
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which is classified into four categories. These four categories constitute the most rele-
vant method for the management of risk factors during the WWTP installations. This 
research accomplished a full analysis of risk factors from their aspects in all categories. 
Another purpose of this study is to enable easier implementation for all similar projects 
in the future. Exploration should draw attention to risk factors that have a negative im-
pact and should be downsized or eliminated. Research is presented so that it can be 
further expanded with risk factors and put to the function of conducting new case stud-
ies. Also, the exploration aims to effectively manage risk factors during the installation 
of the WWTP. Some of the advantages of risk studies in projects of installation of the 
WWTP are the possibility of preventing risk situations, reducing unnecessary losses on 
the project, increasing project quality control, increasing project flexibility, and success-
ful project implementation. 

Future research should investigate the risk factors that affect the WWTP and expand 
this research. In addition, by adding new risk factors from future investigations, not only 
can the model be more effective in getting accurate predictions, but it can also provide 
environmental experts with more valuable insights into the processes of the WWTP. 
Furthermore, this model makes it possible for environmental experts to understand how 
the risk assessment model arrived at its predictions, enabling them to better trust and 
utilize the model’s results. 
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