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Abstract: This study provides a method for identifying water treating plants operational and engineering hazards. It is
qualitative. Here, a modelling framework is applied with the objective of developing a systematic approach for organizing and
improving our understanding of the hazards at the treatment plant operational level that affect the risk of infection from the
pathogen Cryptosporidium parvum. The approach was successful in identifying many technical and operational hazards. The
continued assurance of the needs of drinking water and its proper quality is vital for ensuring good living conditions. This
concept can result in improved effectiveness through risk analysis of the technological process of providing drinking water in the
case of water tanks, as well as the establishment of a strategy for handling risks and ongoing pursuit of it. Water treatment
plants are vital community facilities, as many unknowns might arise and have an impact on systems over their lifetime. This type
of water treatment plant must do a risk analysis of these events in order to have effective and proper administration during the
operating time. A well-crafted risk management strategy, when followed throughout the objective lifetime, keeps costs down and
aquatic qualitative indicators within the predetermined bounds.
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I.  INTRODUCTION
Given their significant impact on public health, water supply systems have been determined to be the most critical. These systems
are comprised of devices and infrastructure that can be sabotaged, and they are characterised by the presence of the primary
components of each system: the untreated water sources, water purification facilities (including many reasons treatment methods),
and the networks that distribute drinking water to shoppers. Some contaminants may seep into the water distribution system through
storage tanks and pipes; seepage through distribution systems can occur during or after maintenance and renovation work; and when
the pipe's pressure is extremely low or inadequate, this drastically raises the chance of backflow damage or leakage in the system.
When the hydrant is used for free suppression or during water hammer, for example, or when the pipe pressure is temporarily
reduced for repair, this can happen. (1)
The internal degradation of metallic pipes and plumbing fittings can also lead to greater levels of metallic substances in water. High
dissolved oxygen, low pH, very high temperature, and high dissolved particle content all contribute to faster corrosion rates in
water, albeit the precise mechanism differs from metal to metal. Physico-chemical degradation of the water quality and related
health risks are caused by chemicals from external lining materials and pipe lining, which frequently enter the water system first. (2)
The regulated management of risks and dangerous events in the production of drinking water depends on risk analysis techniques.
Examples of problems with water distribution systems include leaks or water contamination, catchment pollution caused by
chemicals or biology, and treatment process breakdowns. The field of risk analysis consists of three main parts: the first part
discusses risk management. Assessing the possible harm or hazard's severity and amount in the medium that could expose the public
to toxic substances and surroundings is the main focus. (3,4, 5)
Using information from the assessment, risk evaluation evaluates various policy options. Specific control features are chosen and
put into action, along with rules to abide by and apply when necessary. Being able to communicate crucial information regarding the
hazard is one of the process's most essential elements, or risk communication. (6) Planning the technical team's (managers and
assessors) course of action, assessing the risk, and sharing information are all included. The input from users and stakeholders is
also included. This study offers indications of the techniques and tools utilised in order to help people make knowledgeable
decisions about the risks associated with a treatment and distribution process. (7, 8) Given that our evaluation models may be
adjusted according to the particular demands of officials, lawmakers, and system operators, we firmly believe that our research will
be valuable not only for water output, treatment, including consuming research additionally for them.
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A. Water Treatment Plant

The identification and management of workplace hazards through an experienced risk assessment approach has a significant impact
on occupational safety and health. The efficiency and earnings of an organisation can be affected by workplace events and work-
related injuries caused by biological, chemical, or psychological hazards. (9, 10) A technique for identifying and classifying dangers
according to their likelihood, frequency, and seriousness as well as assessing any negative results, such as possible damage or an
illness, is called hazards identification Risk Examination, or HIRA. To enhance the industry's success, the work process in this field
needs to take environmental health and safety into consideration. Risk assessments have been conducted using risk guidelines and
standards. The industry has to recognise hazards and evaluate the associated risks in order to tolerate continuous levels. A WTP is a
crucial piece of infrastructure for maintaining environmental and public health. They are essential to providing civilisation with
access to clean, wholesome water since they are a source of water. Concerns regarding the surroundings / public health and safety
will arise as this goes on. (11)

Because there are so many hazards at work, there are often times when accidents and illnesses occur. Since it usually results in
fatalities in tiny regions, it is believed to be risky to operate in the water treatment business. Occupational safety and health is not a
priority in this industry. Processing staff is nevertheless susceptible to sickness and even death from exposure to chemicals used as
water purification materials, despite the fact that many decision-makers feel that the present state of danger is substantially lower.
Water treatment companies use equipment and machinery that could cause worker injuries. Accidents can occur in dangerous
workplaces or when workers utilize machinery and equipment irresponsibly. Chemical exposure, operational flaws, and labour
tiredness are potential risks that frequently arise. To find potential occupational risks, the study employed the HIRA (Hazard
Identification and Risk Assessment) method. It is anticipated that this process of identifying potential risks and hazards will help the
organization manage and control workplace safety and reduce the likelihood of disasters. (12, 13)

B. Most Common Problem In Water Treatment Plant

1) Training

The majority of water treatment facilities are tiny components of larger operational systems, such a 16-stage facility receiving water
from a reverse osmosis system. The process is extremely technological, and teams are sizable. Every member of the team must
receive comprehensive, continuous training in managing the systems involved and the intricate details of their industry. (14) This
may be avoided and staff members throughout your entire operation can thrive as knowledgeable, up-to-date industry experts with
excellent, continuous training. Every team member at a water treatment facility should be familiar with the fundamentals of the
relevant subject matter, regardless of their position or work role. Among them are

« Knowing the functions, limitations, and characteristics of each piece of water treatment equipment.

« Being knowledgeable about preventive maintenance techniques to reduce the likelihood of issues.

« Understanding what metrics to keep an eye on along with how to spot issues.

The most frequent issues with water treatment that staff members are probably to run into are:

e Scaling
« Membrane fouling
« Bacteria

o Mechanical failure

o Instrument failure

Expert staff members can help fill information gaps by offering on-the-job support. Because of this, there is a better chance that
issues will be found and fixed before they worsen.

Instead of actively training staff, the majority of facilities rely on equipment vendors for their technical knowledge. Nonetheless, by
offering the advanced, within the organisation expert instruction, staff members will be able to recognise:

2) Bacterial Control

Bacteria growth is most extensive under the following conditions:
« The being there of food for the bacteria

« high temperature

e Areduced flow rate

o The lack of antimicrobial treatment
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The majority of microorganisms consume substances that contain organic carbon. For most water-born microorganisms, the optimal
breeding temperature range is between 30° and 40° (86 and 105°F), as this is when growth happens most quickly.

Total Organic Carbon, also known as Total Oxidisable Carbon, is a measurement of the amount of dissolved organic components in
the feed water (TOC).

When material is continually being added at a slow speed, microorganisms thrive and bacteria have time to proliferate.Because of
the overwhelming momentum of water, this is minimised by increasing flow rates.Biocides are chemicals that destroy
microorganisms.

The usage of oxidising chemicals as biocidal agents, like chlorine, was once a standard procedure. But nowadays, UV bacterial
disinfectants are the most widely used bacterial control methods due to the adoption of more stringent environmental, chemical, or
health and safety standards, like COSHH.

For membrane filtration, UV bacterial disinfection is preferable since certain microorganisms are resistant to ultraviolet light.
Reverse osmosis and nanofiltration membranes that filter water typically have very low oxidising agent tolerances.

Eliminating these oxidising substances from the feed-water upstream of the membrane unit is recommended practice. The process
involves putting the feedwater through a water softener or bed of activated carbon.

Membrane fouling is caused by bacterial growth that occurs when these oxidising chemicals are not removed. This slows down the
flow and exacerbates the problem over time.

3) Equipment Design Specification

There is a growth in industrial water treatment. In light of the increasing number of OEMs (Original Equipment Manufacturers)
joining the market, many of whom lack experience, it's critical to comprehend the perfect design specification in order to avoid
issues. The following elements must be included in designs:

o  The Rates of Economical Water Flux

o Cross-flow Rates That Are Generally High

«  Enough apparatus for sufficient observation

«  Enough space for cleaning.

The quantity of permeate that moves through the cell membrane area in an exact quantity of time is known as water flux, and it is
expressed as GFD, or gallons of permeate produced, per square foot of membrane per day.

4) Maintenance

Serious performance consequences may arise from inadequate maintenance of the water treatment plant. Severe system damage,

higher expenses, and customer financial losses can all be caused by poor maintenance.

For water filtration systems, it is critical to maintain ongoing maintenance procedures because

« Maintaining a schedule for preventive care by replacing the pre-filtration cartridges and bags can assist extend the membranes'
lifespan in the system.

« It lessens membrane fouling and scaling

« Because leaks are discovered and fixed more quickly, there is a savings in downtime for the units.

« By collecting thorough maintenance records, clients may anticipate modifications to flow, pressure, and pure water quality to
permit the optimum outcomes.

« The unit maintains optimal performance over an extended period of time by staying in good condition.

C. Risk Managements Processes

The steps that are necessary to establish an appropriate risk management system for any project or structure are outlined in the PMI

Practice Standard Project Risk Management.

1) The development of defining the goals and parameters of the risk management procedure is known as plan risk management. In
the process, historical data is examined to identify prior hazards and their data in comparable structures; standards and
documents are examined to determine the parameters to be measured and the degree of acceptance; and the business's tolerance
thresholds for risks are examined.

2) The process of recognising risks, their sources, and the features that define them is known as risk identification. Risks are
identified base on the structure's design, execution, and most importantly exploitation phase, as well as on the knowledge
gathered from the use of similar structures.
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Qualitative analysis is the technique used to examine hazards. It uses a risk index to rank the risks based on chance and impact.
The risk index is calculated by multiplying the likelihood of an event occurring by the estimated gain or loss from it. It is
referred to that analysis and ways to mitigate are required by adopting the Pareto principle, which claims that 80% of effects
may be determined by the first 20% of causes.
The process of mathematically examining the combinations of the effects of the identified risks and additional sources of
uncertainty is known as quantitative analysis.
Prepare risk responses: Assign risk owners (those who bear responsibility for any risk) and provide solutions for decreasing,
avoiding, or transferring noted risks and any potential consequences.
Implement risk responses refers to the procedure that, in the event that a risk materialises, proceeds with the prearranged
planned actions.
Managing risks is the process that keeps track of the risks that have been discovered, keeps an eye on the responses to those
risks that have been agreed upon, finds and analyses new risks, and determines whether the risk process is effective.

Il. LITERATURE REVIEW
G Covatariu, D Covatariu and A Filip, 2020 Ensuring adequate living conditions requires continuous assurance of the needs for
drinking water and its optimal purity. This approach can result in a more efficient process through risk analysis of the
technological process of providing drinking water in the case of water tanks, as well as the establishment of a risk management
plan and ongoing pursuit of it. Water tanks are vital community facilities, and many unknowns might arise and have an impact
on them over their lifetime. For this type of building, conducting a risk analysis of these events is essential to having an
effective and proper facility management during the operating term. Developing a sound risk control strategy plus adhering to it
throughout the goal's lifespan maintains the water's qualitative indicators within predetermined bounds & lowers expenses.
Aidan A. Cronina, Anjal Prakash, Satya Priyac and Sue Coate, 2014. India's water resources are developing at a rapid pace, yet
despite large financial increases, a sizable resource base (albeit one that is remarkably variable in both space and time), and an
abundance of land, there are still persistent management challenges. Professionals dealing with water resources have difficulties
because of India's growing population and rising demand, which makes it harder for the country to achieve its water goals. In
order to present viewpoints for the future, a thorough analysis of the water industry was conducted. The tensions and forces
within the industry were analysed through a comprehensive analysis of the secondary literature and five regional meetings with
important players. The community, market, water programs, the State, and civil society all had a part in giving the people
access to and control over water, among other things. These included adjustments to the ease of use and accessibility of water.
At the national and regional levels, recommendations are made and contrasted with those of two other noteworthy sector
assessments. Regarding the emphasis on the major activities that have been suggested, there is a general agreement that these
three major assessments have produced. These actions fall into the following categories: data and knowledge, policy and
institutions, capacity and disaster management, drinking water and sanitation for health, and water resources.
Jayne Lois San Juan, Carlo James Caligan, et.al, 2020 The author's research indicates that there is a growing need for energy
and a risk of global warming; developments in the production of bioenergy are becoming crucial to addressing these problems.
Biorefineries have proven successful in transforming biomass into energy and other useful goods. They also provide the added
advantage of cleaning wastewater that is utilised as a growing medium. Relationships between sewage sludge and microalgae
that may increase its energy and biomass yields are made possible by recent innovations. In order to help stakeholders design an
integrated system that consists of wastewater treatment systems, an algal-based bioenergy park, and a sludge-based bioenergy
park, this study suggests a multi-objective optimisation model. The framework would help determine which processes to use in
treating sludge and waste water while minimising cost and carbon dioxide emissions. According to the model's baseline run, the
three plants were used to treat both sludge and water to get the best result. Water disposal is given priority when the model is
run without storage, however storage can contribute to increased energy production. Sensitivity analysis of demand and storage
costs was done. The findings indicate that while raising demand can assist in lowering anticipated costs by using process
capacities and storing more, declining demand is directly correlated with overall costs. Storage expenses immediately follow
the change and do not significantly affect overall costs. (15)
Kirsten S. Almberg, Mary E. Turyk, 2017 Negative reproductive consequences have been linked to consuming water
contaminated with naturally occurring arsenic in locations where high levels of arsenic are present. The consequences of lower
doses of arsenic on reproduction are less well understood. This study looked at the relationships in Ohio between small for
gestational age (SGA), term low birth weight (term LBW), very low birth weight (VLBW), preterm birth (PTB), and very
preterm birth (VPTB) and low-level arsenic in drinking water. Using data from the Safe Drinking Water Information System,
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the mean annual arsenic concentration in drinking water for each Ohio county from 2006 to 2008 was used to define exposure.
428,804 births in Ohio during the same time period had their birth outcomes determined from their birth certificate records. The
association between each birth outcome and arsenic was evaluated independently using multivariable generalised estimating
equation logistic regression models. Sensitivity studies were conducted to investigate the effects that the use of prenatal care
and private wells play in these relationships. The consequences of foetal arsenic exposure on reproduction may not be mitigated
by current regulatory regulations. (16)

5) U. Praveen Goud, G.Hari Krishna, P.Jeevan, V.Babulal, 2018 Modifications to treatment procedures, the need to take
advantage of technological advancements, the desire to enhance operating performance, or attempts to mitigate the impact of
rising construction costs are the main causes of design changes in water treatment facilities. They've all had an impact on the
current generation of water treatment plants. The facility's numerous features and apparatuses, such as the surface-wash system,
under-drains, valves, sludge removal units, additional plant construction, settling and mixing basins, surface-wash system, new
filter media, surface-wash system, and ongoing plans and studies. Three phases make up the wastewater treatment plant's
overall design: i) Primary treatment, which includes sedimentation, grit removal, and screening ii) A bioreactor is used for
secondary treatment; iii) Nitrogen removal, adsorption, and pH control are used for tertiary treatment. The following
wastewater parameters are assumed or experimentally determined for plant design. Furthermore, there are daily fluctuations in
both the overall flow rate and the concentrations, in addition to seasonal variations. For instance, the flow rate and BOD value
are higher in the morning. In a similar vein, when the rainy season, surface runoff increases the amount of solid substances like
silt. (17)

6) WiemGuissouma, Othman Hakami, Abdul Jabbar Al-Rajab, Jamila Tarhouni, 2017 Consumer dental cavities are known to
decrease when fluoride is added to drinking water, but excessive fluoride intake might cause skeletal and dental fluorosis. The
fluoridated tap water from 100 water consumption locations in Tunisia was thoroughly surveyed and reported in this study.
There was a range of 0 to 2.4 mg L-1 of fluoride in tap water. Using a four-step process that included hazard identification,
toxicity reference values selection (TRVS), daily exposure assessment, and risk characterisation, the risk of fluoride exposure
was evaluated based on the age of consumers. Based on the WHO-recommended fluoride concentrations in drinking water, our
findings show that nearly 75% of Tunisians are at risk for dental decay, 25% may be at risk for dental fluorosis, and 20% may
be at risk for skeletal fluorosis. Further research is recommended to establish the risk of fluoride exposure in other drinking
water sources, such as bottled water. (18)

I1l. RESULTS AND DISCUSSION

A General Framework for Integrated Risk Management in WSPs Developed by TECHNEAU Application at various levels of

sophistication and for both operational and strategic goals is the goal of the TECHNEAU Generic Framework for Integrated Risk

Management in WSPs. The framework's goals are as follows: (1) strengthening integrated risk management in water safety plans;

(2) defending the public's health, society, and private functions; (3) shielding water utilities from dangers and improving their ability

to provide users with acceptable amounts and quality of drinking water; (4) promoting rational decision-making; and (5) providing

transparency. (6) To enable an iterative process of continual updating in response to new information and changes in the
preconditions; (7) To raise the public's, decision-makers', and utility employees' awareness and knowledge of risk issues; (8) To
make it easier for everyone to communicate. (19, 20) Thus, the framework seeks to enhance and give structure to integrated risk
management in Water Safety Plans, including both water quality and quantity. Because water quantity is now given less attention in
WSP, it is advised that the framework's description be slightly changed to more explicitly address water quantity problems (see

Figure).
4{ Framework for Safe Drinking-Water ]7
| Water Safety
Plans

Health Based | Water Quantity| Independent

Targets Targets Surveillance
: Management plans,
Sysieny Pperaionat Documentation and

Assessment Monitoring P

Figure 1: Suggested modification of the description of the WSP framework for more explicit considerations of water quantity aspects (19)
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Risk management must make the following possible in order to achieve the goals: conformity with WSP Use in both operational and
strategic contexts, with varying degrees of complexity, for surface and groundwater sources; (20) The extent of the risk management
process should be precisely defined; utilising appropriate techniques to identify risks associated with water quantity and quality,
such as those pertaining to microbiological, chemical, radiological, technical, operational, and administrative risks; employing
pertinent techniques, such as fault tree analysis or structural diagrams, to organise and integrate source water systems, treatment
systems, distribution systems, and plumbing network systems into a single integrated risk assessment model; applying appropriate
techniques to risk assessment, both qualitative and quantitative; the application of pertinent techniques for risk assessment and
uncertainty assessment; In order to prioritise risk reduction activities based on cost-benefit and/or cost-efficiency considerations, all
hazards should be stated as much as feasible in monetary terms; the basis for risk evaluation being the applicable, established risk
tolerance criteria; openness; the application of pertinent techniques for determining and evaluating the impact of risk reduction
alternatives' performance; verification of outcomes, such as audit and review approval processes; the application of appropriate
techniques to communicate risks to all parties involved. (21) According to WSP and the overall risk management approach, the
proposed framework is fully compliant. Figure displays the major elements of the proposed framework. For the framework, the
water corporation is the main target user. (22, 23) Every phase of the risk management process might not be able to be completed by
every water firm, though. Tolerability standards for health risks, for instance, are usually outside the purview of water providers. In
the source water system, the water company might also not be able to put risk-reduction measures in place. So, it is crucial to stress
that all parties involved in the framework must communicate with one another. (24) According to WSP and the overall risk
management approach, the proposed framework is fully compliant. The main components of the suggested framework are shown in
the figure. The water corporation is the primary target user of the framework. (25, 26) However, not all water companies will be
able to finish every step of the risk management process. For example, water providers typically have little control on tolerability
requirements for health risks. The water company may also not be able to implement risk-reduction strategies in the source water
system. (27) Thus, it is imperative to emphasise that communication is a necessary between all parties participating in the
framework. A strong risk management strategy must consider the objectives and viewpoints of various stakeholders in order to
create suitable tolerance standards and implement suitable and workable risk reduction techniques. (28)

Risk Analysis
Get new
information

Define Scope
Identify Hazards
Estimate Risks
Qualitative
Quantitative

Update

Analyse
sensitivity

Risk Evaluation

Define tolerability criteria Develop
Water quality supporting
Water quantity programmes
Analyse risk reduction
options Document
Ranking and assure
Cost-efficiency quality
Cost-benefit

Report and
Risk Reduction/ commurHcate
Control
Make decisions Review,

approve and
audit

Treat risks

Monitor

[ f
Figure 2:  Main components of TECHNEAU Generic Framework for Integrated Risk Management in WSP

IV. CONCLUSION

When creating Water Safety Plans, risk management should be supported and given structure by the general framework that is
outlined here. It is intended for use at the operational and strategic levels in both basic and complicated surface water and
groundwater systems. Applying a single strategy for risk identification, estimation, valuation, reduction, and control on several
levels and in different types of systems is not practical; instead, one must use combinations of methodologies suitable for the
specific conditions at hand. TECHNEAU's current efforts are therefore concentrated on offering a toolkit of approaches together
with examples of how these techniques can be applied effectively. From the source to the tap, every component of the water
production system must be considered for effective risk management of drinking water delivery systems. (29) The whole risk
management process, as well as each step that must be completed to achieve effective risk management, are included in the
framework. It is imperative to emphasise that effective risk management requires both an organisational framework and a clear
understanding of the possible benefits of risk management.
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Risk must be understood to have both positive and negative aspects. This means that while certain activities may necessitate risk
reduction measures, these measures can also be designed to increase consumer safety and efficiency in the production of water.
Recognising the importance of involvement and communication with stakeholders impacted by risk management choices is also
essential An structured approach to risk management offers transparency and a clear basis for communication with pertinent parties,
including regulators and customers. (30) Using risk assessment techniques to assist in decision-making is one of TECHNEAU's
objectives. The right strategies should be used for the decisions at hand. The life cycle phase of a water company's development
(e.g., design or operation) is one of several factors that will impact the selection of risk analysis techniques. type of water company
Parts of the system that deal with the source, treatment, or distribution strategic or operational decisions in addition to stakeholder
values. A comprehensive set of risk analysis techniques that satisfy the needs of many stakeholders ought to be furnished by a
"TECHNEAU catalogue™ of such approaches. (31) The catalogue should be able to adjust its approaches to such criteria. Practical
applications and assessments are required for the framework's development as well as to gain experience with various risk analysis
methods. Therefore, TECHNEAU now conducts a number of case studies using a variety of tool applications, ranging from the
basic (RVA) to the more sophisticated. The framework's further development will include economic risk assessment as a crucial
component for risk management that is both economical and efficient. (32)
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