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Water supply is regulated by laws that require water plants to adopt robust risk management 

practices. Systematic planning, precautionary measures, and effective risk management are 

crucial for the operational capability of water plants and mitigating potential hazards. Risk 

management practices involve identifying threats, analysing risks, and planning, 

implementing, and monitoring risk management activities to maintain the integrity and 

reliability of water supply systems and ensure community safety. According to the Finnish 

Water Services Act, water utilities must ensure the availability of water services, even during 

disruptions. They are expected to cooperate with stakeholders such as emergency services, 

municipalities, and regulatory authorities. The aforementioned act also mandates that water 

utilities have an up-to-date contingency plan shared with collaborating partners. The 

objective of the thesis was to develop a contingency plan for the Piikainkyrön water utility 

in Orimattila, aligning with the regulatory framework outlined in Finnish legislation. The 

thesis examined relevant legislation and the needs for contingency planning in Finland. The 

contingency plan was developed by assessing the current state of the water utility, 

identifying key functions for risk assessment and management, and preparing operational 

procedures for incident management and crisis communication. In the literature part of the 

work, relevant literature was reviewed, and following were discussed: water supply system 

and contingency planning, the treatment plant in the water supply, and a context analysis of 

Piikainkyrön Vesisouuskunta.   



 

Abbreviations  

HSY          Helsinki Region Environmental Services Authority 

Valvira         Sosiaali- ja terveysalan lupa- ja valvontavirasto  

pH                 Potential of hydrogen  

WHO            World Health Organization  

WTP             Water Treatment Plant 

WWTP         Wastewater Treatment Plant 

STM             Sosiaali- ja terveysministeriö  

MSAH          Ministery of social affairs and health of Finland  

MMM           Maa-ja metsätalousministeriö / Ministry of Agriculture and Forestry  
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1 INTRODUCTION  

The Earth possesses a sufficient water supply to cater to its population, yet clean 

drinking water remains inaccessible in many regions worldwide. Moreover, the 

growing population, rapid industrialization, and expanding urbanization have 

heightened the need for freshwater, resulting in increased costs for drinking water. 

This surge in demand has directly impacted the pricing of water itself, rather than 

the associated treatment costs. Water scarcity poses a significant danger to human 

existence. Surface water stands as a primary source for delivering drinking water, 

with its quality contingent upon factors such as riverbed composition, water flow, 

and regional climate conditions. (Mirzadeh & Amirinejad, 2021)  

Providing a steady and sustainable supply of water has been essential to the 

development of human settlements. The amount of water available was the main 

issue of early settlements. However, the few high-quality surface water supplies were 

under more stress as the population grew. Concurrently, the augmentation of 

industrial, agricultural, and municipal waste in water caused a decline in the quality 

of water in several additional sources. (Howe et al. 2012)  

Before the middle of the nineteenth century, the prevailing belief was that diseases 

like cholera and typhoid fever were primarily spread through the inhalation of 

miasma, the noxious vapors emitted by decaying matter that wafted through the air 

at night. It was not until the latter half of the nineteenth century that a significant 

commitment to treating public drinking water supplies began to emerge. This change 

was catalyzed by the work of Dr. John Snow, who established the critical link 

between water contamination and waterborne diseases. (Howe et al. 2012)  

Two thirds of the world's population may reside in countries that are facing water 

stress by 2025. 20% of the world's population and 30 nations are affected by water 

shortage. Water shortages may affect 3 billion people by then because of 40% 

increase in water consumption over the next 20 years. It is anticipated that zoonotic 

illnesses transmitted through water and food would significantly affect human 

health. In cities across Asia, Africa, and Latin America, there are at least 600 million 

people who live in unhygienic conditions. More than a billion people do not have 
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access to safe drinking water because of their increased vulnerability to parasite and 

diarrhoeal disorders. (Cotruvo et al. 2014).  

Water-related diseases are uncommon in developed nations, mostly because there 

are effective water supply and wastewater disposal systems in place. (Tebbutt 1997) 

The burden of diarrheal illnesses is disproportionately high in low- and middle-

income nations. Over 71 million DALYs (Disability-Adjusted Life Years) were 

estimated to have been lost to diarrheal in 2015, with 45 millions of these instances 

affecting kids under the age of five. Amazingly, low- and middle-income nations 

accounted for 99% of all instances. Africa, South Asia, and Southeast Asia have the 

highest rates of diarrheal in the world (see Figure 1). (Webb & Cabada, 2018)   

 

 

 

Figure 1. Percentage of deaths attributable to diarrheal diseases among children 

under 5 years old in 2015 (Webb & Cabada, 2018)  

 

The primary objective of municipal water treatment is to safeguard public health. 

Water can carry a wide range of constituents that have the potential to cause illness, 

and it possesses a unique ability to swiftly transmit diseases to many people. As such, 

water quality and the treatment of water sources cannot be underestimated when 

addressing the well-being of communities. (Howe, et al. 2012) Ensuring the safety 
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and quality of drinking water for the public is an ongoing commitment that demands 

vigilant monitoring of water quality within distribution networks. (Kirstein et al. 

2015)  

Water utilities bear the crucial responsibility of ensuring that the water they provide 

not only meets high standards but is also safe for consumption, as emphasized by the 

World Health Organization (WHO 2011).   

In Finland, water utilities are governed by a comprehensive framework of legislation 

and regulations, ensuring that the quality and safety of drinking water remain 

paramount. These utilities operate under the vigilant oversight of regulatory 

authorities, notably Valvira, in strict compliance with Finnish law (Valvira, 2023 / 

National health authority in Finland, 2023).   

Their commitment to maintaining high water quality standards and readiness for 

unforeseen challenges is outlined in the Water Service Act, a crucial piece of 

legislation that mandates water utilities to create and maintain up contingency plan. 

These plans delineate the necessary steps to be take in the event of a crisis, with close 

collaboration between the municipality, emergency services, and regulatory 

agencies, all guided by water service act. (Vesihuoltolaki 119/2001, 15 a §/ Water 

Services Act 119/2001, Section 15a) Furthermore, water utilities are obligated to 

provide specific information to the municipal health protection authority, in strict 

accordance with the Drinking Water Decree. This information includes a concise 

summary of identified risks and the strategies in place to manage these risks, as 

stipulated in Section 20 of the Drinking Water Decree (STM 2017, MSAH, Drinking 

Water Decreen, Section 7a).    

The monitoring and program for water utilities must also encompass comprehensive 

information on emergency preparedness, coordinated actions with relevant 

stakeholders during emergencies, and a well-defined schedule for contingency 

measures (STM 2017, Talousvesiasetus 7 a §/ MSAH, Drinking Water Decreen, 

Section 7a). Ultimately, water utilities are responsible for ensuring that the water 

supply remains not only operational and dependable but also fully prepared to 

address emergencies within their service areas (Vesihuoltolaki 9§/ Water Services 

Act Sections 9).  
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1.1 Objectives  

The primary objective of this thesis is to develop a contingency plan for Piikainkyrön 

Vesiosuuskunta, a small water cooperative. The study centers on specific scenarios 

and the associated preparedness measures related to water supply. To accomplish 

this goal, a threepart approach is employed. Initially, a comprehensive assessment of 

the current operations at the facility is conducted. Subsequently, the focus shifts to 

identifying risk factors associated with these operations, a crucial step in the process. 

Finally, the contingency plan delves into the consideration of actions to mitigate 

these risks. The overarching purpose of creating this contingency plan is to ensure 

that the water cooperative is well-prepared for a variety of exceptional situations, 

thus enabling its personnel to respond as efficiently as possible in such scenarios.  
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LITERATURE PART  

The literature part of the thesis offers valuable insights into the water supply system, 

contingency planning, and related aspects. It provides a comprehensive overview of the 

water supply system and its regulatory framework in Finland, with a specific focus on the 

Helsinki area water system. The discussion extends to treatment plants in water supply, 

covering the purification of surface water, groundwater treatment, artificial groundwater 

plants, as well as wastewater and sludge treatment. The latter includes physical unit 

operations, chemical unit operations, and biological unit processes, all of which play a 

crucial role in ensuring water quality and environmental sustainability.  
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2 WATER SUPPLY SYSTEM  

2.1 Water supply and distribution systems, water procurement  

The primary objective of water companies is to deliver a sufficient and adequately 

pressurized water supply that is safe for consumption. To operate efficiently, these 

companies must focus on minimizing energy expenses, decreasing water losses, and 

enhancing the reliability of their supply systems. (Kowalski et al. 2022)  

Maintaining rural water supply is a major policy problem for low- and middle-

income nations in many areas of the world. The worldwide Sustainable Development 

Goals (SDG), which prioritize universal access to safe water, are significantly 

hampered by the inconsistent operation and early degradation of rural water 

infrastructure. In many nations, including Cambodia, hand pumps are a prevalent 

method for providing rural water supplies. As a result, there is growing worried about 

these systems' long-term durability. (Foster et al. 2018)  

Improving and growing water treatment is still a top priority for many governments 

across the world, with assistance from several development agencies. In developing 

nations, centralized water treatment and distribution systems can be practical for 

highly populated areas because of the benefits of economies of scale. Many cities 

and municipalities already have these systems in place. Improvements in water 

treatment techniques and distribution network modernization can result in better 

water supply conditions in areas where centralized water sources already exist. 

Nonetheless, attaining this involves both financial inputs and positive changes in 

water management, operation, and maintenance methods. (Peter-Varbanets et al. 

2009)  

 

2.1.1 Finnish water supply system and regulations  

The intial city water supply system in Finland was established in Helsinki in 1876, 

mostly due to the introduction of a new fire code in 1861. Finland was ruled as an 

independent part of Russia throughout time by the Imperial Senate. On fact-finding 
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trips to Sweden, Denmark, and Germany, officials gathered information and ideas 

for the Helsinki waterworks project. A unique instance of privatized communal 

water services in Finnish history began in 1872 when the waterworks were built in 

Berlin under a concession with a private business. But the system was repurchased 

with the Local Government Act of 1875, which started the city's autonomous 

infrastructure development. (Katko et al. 2022)  

Twenty cities in Finland had started producing electricity by 1903, and five had 

already set up public water systems. Finland had sixteen waterworks, sixteen 

wastewater treatment plants, and twelve city-owned fire departments when it became 

an independent country in 1917. In Finland, the establishment of urban water and 

sewage systems began in the bigger cities and spread to smaller towns throughout 

time. (Katko et al. 2022)  

Although some portions of Finland's water and wastewater networks stretch back to 

the late 1800s, most of infrastructure was built during the World War II. The 

country's water and wastewater networks trace back to the early 1900s. As a result, 

there has been an increase in demand for urban network renovation in recent years 

and this trend is anticipated to continue. (Katko et al. 2022) 

Over the next 20 to 30 years, aged infrastructure and distribution networks are 

expected to provide serious issues for water services, even though pipe age is not the 

only factor considered when renovating. Reducing sewage leaks is still a major 

concern, particularly as systems get larger. Whenever possible, no-dig techniques 

should be used while updating the network. Remarkably, the 120-kilometer raw 

water tunnel connecting Lake Päijänne with Helsinki was renovated in 2001 and 

2008, and the restoration of water towers has become more and more popular. (Katko 

et al. 2022)  

Helsinki implemented separate stormwater and sewage sewers in 1938, and many 

other Finnish cities followed suit following the World War II. Finland, like Sweden 

and France, has a long history of using slip-form cast concrete water towers, which 

are high reservoirs. These water towers have come in rather handy, especially when 

pipes have broken and there have been power shortages. (Katko et al. 2022) 
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The historical development of Tampere's water towers is seen in Figure 2, which also 

features mushroom-shaped tower designs, bigger volume, and higher-pressure levels 

in suburban regions. (Katko et al. 2022) 

Tampere is home to the oldest raised water reservoir in existence, dating back to 

1898. (Katko et al. 2022)  

  

Figure 2. Tampere's towers and raised water reservoirs are silhouetted. (Katko et al. 

2022)  

 

Finland has an enormous amount of freshwater resources, with long-term averages 

of about 20,000 cubic meters per person. Better industrial and municipal wastewater 

treatment has resulted in a notable decrease in nutrient discharges during the 1980s. 

As a result, Finland currently has over 65% of its rivers and 85% of its lakes 

classified as being in good or high condition. (Takala, 2017)  

According to data from the Finnish Ministry of Agriculture and Forestry in 2016, 

Finland has an impressively high percentage of water services coverage, with over 

90% of households having access to centralized water supply services and over 85% 

having access to wastewater facilities. (Takala, 2017)  

In Finland water utilities are responsible for ensuring that the drinking water they 

offer satisfies the purity requirements of the Health Protection Act (MMM, 2015, 

43). The water utility must be aware of the risks related to the quantity or quality of 

the raw water it uses, the condition of its equipment, and the availability of water 
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supply services even during times of disruption to provide water supply services to 

properties connected to its network (MMM, 2015) The Water Services Act mandates 

that the water corporation develop, maintain, and implement an emergency 

contingency plan in the case of an interruption. (Vesihuoltolaki15 a §/ Water 

Services Act, Section 15a)   

Through the environmental permit of a wastewater treatment facility, the 

Environmental Protection Act may impose a direct planning responsibility on water 

utilities for unique circumstances. In accordance with Section 52 of the 

Environmental Protection Act, a wastewater treatment plant's environmental permit 

must outline the appropriate procedures for handling disruptions and extraordinary 

circumstances as well as precautions against pollution hazards. A separate risk 

management strategy may be needed in the environmental permit for big treatment 

facilities. (Ympäristönsuojelulaki 527/2014/ Environmental Protection Act 

527/2014).  

The Municipal Health and Environmental Protection Authorities are the regulatory 

bodies under the Water Services Act (119/2001). Municipal health departments are 

responsible for monitoring the quality of the water used for drinking, while 

environmental protection departments monitor the environment's health and 

wastewater treatment. (Vesihuoltolaki 4 §/ Water Services Act, Section 4).   

The authority for municipal health protection must create and keep up with a current 

special circumstance plan to guarantee the safety of drinking water. The Health 

Protection Act's Section 8(2) calls for the preparation and preventative actions that 

the special circumstance plan is a part of. The local health protection authority must 

work with other authorities, the water supply facility, the water supplier, and other 

pertinent institutions to develop the exceptional scenario plan. 

(Huoltovarmuusorganisaatio 2018/Security of Supply Agency 2018).  

The water utility's service area is set by the municipality. If the operational area 

crosses more than one municipality, each one must authorize it inside its borders. 

One operational area is 11 allotted to each water utility, within which the precise 

regions that will be covered by the water supply, sewage, and stormwater networks 
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are specified. The size of these spaces might vary. A goal schedule is also included 

in the choice (Kuntaliitto 2014/ Finnish Local and Regional Authorities 2014).  

Water utility networks encompass water supply, wastewater sewage, and stormwater 

sewage systems, all of which are interconnected through pumping stations. Enabling 

the water utility to provide drinkable, clean water to different buildings and places is 

the main goal of the water supply network. (VVY, 2023)  

The Water Services Act states that the municipality, the water utility, and the owners 

or occupiers of the land are the three main parties involved in the delivery of water. 

Within its authority, the municipality takes on the responsibility of organizing and 

arranging the whole water supply system. (Vesihuoltolaki 119/2001 /Water Services 

Act 119/2001, 5-8 §) (MMM 2015).  

Within the designated operational zone outlined by the municipality, the water utility 

is responsible for delivering water services (Vesihuoltolaki 119/2001 / Water 

Services Act) 9§). Important to note that property owners or occupants retain control 

over the water supply on their respective properties (VHL 6). Water Services Act 

emphasizes the separation of duties between the municipality and the water utility, 

regardless of whether the municipality owns the utility (MMM 2015).  

The Ministry of Agriculture and Forestry is vested with the responsibility of planning 

water services and crafting relevant legislation. The Water Act governs various 

aspects, including the utilization and management of water resources. The principal 

authority responsible for the development of the Water Act is the Ministry of Justice 

(MMM 2015).  

  

2.1.2 Example: Helsinki area water system  

Helsinki's water system is chosen to showcase as an example due to its historical 

significance. In 1876, Helsinki pioneered the establishment of the first urban water 

supply system in Finland, setting a precedent for water management practices in the 

country. This watershed moment not only marked a crucial milestone in Helsinki's 

history but also laid the foundation for advancements in urban water infrastructure 

across Finland. 
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The Helsinki metropolitan region produces 130 million cubic meters of wastewater 

per year from homes and businesses combined. The sewage system transports this 

effluent to treatment facilities, where it is cleaned up and then released back into 

nearby waterways (HSY, 2023)    

There are two operational sewage systems in the greater Helsinki area. Espoo, 

Vantaa, and Kauniainen are a few neighborhoods outside of central Helsinki that 

have their own sewage systems. Only wastewater is sent to treatment facilities in 

some areas, while stormwater is released into the closest bodies of water. On the 

other hand, much of Helsinki's downtown is located in a mixed sewerage district, 

where a single unified sewer system channels both sewage and rainwater to the 

Viikinmäki wastewater treatment plant. With the help of the city, upgrades and 

segregation of the mixed sewage area are being carried out (HSY, 2023)  

In Finland as of 2015, the main sources of water for residential and commercial food 

processing facilities are artificial groundwater and groundwater, with the exception 

of the capital area and the west coast. In 2015, water utilities used 59% of their raw 

water from artificial or groundwater sources (MMM,2015).  

The early 2010s saw a substantial change in the Helsinki Metropolitan Area's water 

services landscape. Helsinki Water, Espoo Water, Vantaa Water, and Kauniainen 

Water were the four distinct municipal water utilities that existed earlier. Under 

political pressure, these organizations combined to establish HSY (Helsinki Region 

Environmental Services Authority), the largest utility in the Nordic region. About 

900,000 people receive water and wastewater services from HSY in addition to other 

environmental services including solid waste disposal. (Katko et al. 2013)  

To provide environmental services to the enterprises and citizens of the Helsinki 

Metropolitan Area, HSY, as a regional body, is essential. Its primary duties include 

managing waste and water resources and offering local information services. Since 

its founding on January 1, 2010, HSY has been in charge of managing the 

waterworks in Espoo, Helsinki, Kauniainen, and Vantaa. In addition, it oversees the 

management of garbage and provides regional and environmental information 

services, handling them formerly under YTV and the Helsinki Metropolitan Area 

Council. Approximately 750 people work for  
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HSY, and more than 70% of them specialize in disciplines connected to water. 

(Katko et al. 2013)  

HSY operates two water treatment plants, one in Espoo and one in Helsinki, where 

it produces drinking water. The Viikinmäki Wastewater Treatment Plant in Helsinki 

and the Suomenoja Wastewater Treatment Plant in Espoo are where industrial and 

municipal wastewater is treated. Furthermore, HSY has the vital task of constructing 

and managing a comprehensive water and sewer network that is around 7,600 

kilometers long. (Katko et al. 2013)  

The treatment outcomes of the Viikinmäki plant meet or exceed international 

requirements; 95% of the phosphorus and around 90% of the nitrogen in wastewater 

have been effectively removed. HSY is involved in international organizations such 

as the Finnish Water and Wastewater Works Association (FIWA) and the 

International Water Association (IWA). Additionally, HSY Water supports the 

Baltic Sea Action Group's (BSAG) initiatives.  

Currently, HSY provides its services to clients from the municipalities in which it is 

situated through offices in Helsinki, Espoo, and Vantaa. Customers in Kauniainen 

are also served by the Espoo office. Compared to other Finnish counterparts such as 

Tampere, Turku, and Oulu, HSY is by far the biggest entity in its sector in Finland 

(Fig. 3). (Katko et al. 2013)  

  

  

Figure 3. The number of residents in the Helsinki Metropolitan Area who are 

connected to the network (Oulu, Turku, Tampere, Espoo, and Vantaa, 2007), (Katko 

et al. 2013)  
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3 TREATMENT PLANTS IN WATER SUPPLY   

The process of treating water involves eliminating any material that might be 

detrimental to the water supply for household and human usage, be it biological, 

chemical, or physical. Water that has undergone this treatment is made to be safe, 

pleasant, transparent, colorless, and odorless. (Pakharuddin et al. 2017).  

Different types of Drinking Water Treatment Plants (DWTPs) can be classified based 

on their water sources and treatment processes (Pakharuddin et al. 2017):  

- Rivers, lakes, and reservoirs are the sources of surface water treatment plants. 

Treatment procedures include sedimentation, filtration, flocculation, 

coagulation, and disinfection (with chemicals like chlorine or chloramines).   

- Groundwater treatment plants: Underground aquifers are the source. 

Filtration, disinfection, and aeration are the treatment procedures.  

- Artificial Groundwater recharge plants: To replenish subterranean aquifers.  

Procedure: Recharging groundwater by the infiltration of treated surface 

water.   

- Desalination plants: used to create freshwater by treating brackish or 

saltwater.  

Methods: distillation and reverse osmosis.  

 

3.1 Purification of surface water to tap water  

Water treatment processes are carefully chosen to match the unique qualities of the 

water source they are intended for. In general, water treatment follows a set 

combination of separation methods that can be adapted for various water sources. 

These methods are selected from a relatively small pool of around twenty options 

and are applied step by step in separate treatment units. For instance, the usual 

procedure for cleaning surface water for human consumption entails preliminary 

screening, coagulation, flocculation, sedimentation, filtration, and disinfection 
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(Fig.4). This tailored approach ensures that the treatment effectively addresses the 

specific characteristics of the water being treated. (Gitis &  

Hankins, 2018)  

 

  

Figure 4. Treatment stages for surface water (Digieneni. et al. (2019).  

Modern water treatment practices follow a multi-barrier approach, a term introduced 40 

years ago by the US Environmental Protection Agency (EPA). This strategy involves 

employing a sequence of treatment stages to guarantee potable water quality standards for a 

minimum of 95% of the time, without relying solely on any single process. (Gitis & Hankins, 

2018)  

This redundancy enhances treatment efficiency and offers resilience in the event of process 

failures or maintenance. Furthermore, this approach requires the simultaneous use of both 

chemical and physical treatment methods, which have traditionally worked together and are 

expected to continue doing so in the future. (Gitis & Hankins, 2018)  

Water treatment practices have long relied on chemical processes to enhance the quality of 

potable water. One crucial stage is coagulation, where the introduction of chemicals initiates 

the formation of particle-particle agglomerates known as flocs. Following coagulation, the 

process of flocculation leads to the physical retention of flocs. (Gitis & Hankins, 2018) 

Another essential chemical treatment method is chemical disinfection, often achieved 

through the introduction of free chlorine or other oxidizing agents. However, the 

effectiveness of chlorine disinfection is tempered by the potential formation of undesirable 

by-products, such as trihalomethanes. (Gitis & Hankins, 2018) 
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In recent years, there has been a paradigm shift towards incorporating more physical 

treatment methods in water purification processes. Initial screening, a crucial stage, involves 

physically removing large debris and particles from the water, setting the stage for 

subsequent treatment. (Gitis & Hankins, 2018) 

Sedimentation utilizes physical processes to separate dense flocs from the water, 

contributing to the removal of impurities. Filtration plays a pivotal role in removing small 

and less-dense flocs or particles through a physical barrier. (Gitis & Hankins, 2018) 

The emergence of advanced physical methods, such as membrane filtration (ultrafiltration - 

UF) and UV disinfection, represents a departure from traditional chemical-dependent 

processes. (Gitis & Hankins, 2018) 

Membrane filtration physically separates impurities using membranes, offering a chemical-

free approach to water treatment. UV disinfection utilizes ultraviolet light to physically 

inactivate microorganisms, providing an effective and sustainable alternative to chemical 

disinfection. (Gitis & Hankins, 2018) 

Chemical disinfection involves the introduction of free chlorine or other oxidizing agents in 

various forms. Chlorine disinfection has served as a reliable and effective disinfection 

method for more than a century. However, the reaction of chlorine with organic substances 

in water can lead to the generation of undesired byproducts known as trihalomethanes. To 

mitigate this issue, chlorine concentrations in water are carefully controlled to prevent the 

formation of trihalomethanes. (Gitis & Hankins, 2018) 

In some cases, a dechlorination process following chlorination may also be necessary. It's 

important to note that the presence of trihalomethanes can affect the disinfection of certain 

contemporary pathogens. (Gitis & Hankins, 2018)  

In the disinfection process within water treatment plants (WTPs), chlorination is highly 

effective at eliminating microbial activity and inducing the oxidation of organic substances. 

(Nam et al. 2014) 

Coagulation and chemical disinfection both depend on customized chemical dosages that 

are adapted to the water's quality. Despite often being adjusted by skilled personnel at 

centralized treatment facilities, these dose adjustments may not consistently achieve the 

desired water quality. The complexity of managing multiple chemicals and the need for 
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suitably qualified personnel at treatment facilities have spurred interest in exploring 

alternative chemical water treatment methods. (Gitis &Hankins, 2018)  

Sedimentation tanks are fundamental units in water treatment facilities, playing a crucial role 

in the removal of settleable solids through the natural process of gravity settling. A specific 

type of sedimentation tank, known as the lamella gravity settler, is widely used to enhance 

the efficiency of rectangular tanks, making them more cost-effective.  (Tarpagkou, & 

Pantokratoras, 2014) 

Unlike traditional clarifiers, lamella gravity settlers feature inclined parallel plates or tubes 

in the settling zone, directing the flow of water. This design minimizes erratic flow patterns 

and mixing currents, accelerating the settling process. As particles interact with the inclined 

surfaces, they agglomerate, leading to faster settling. (Tarpagkou, & Pantokratoras, 2014) 

The inclined plates not only reduce the travel distance of particles but also increase the 

effective surface area for settling, allowing these systems to achieve comparable or superior 

performance with a smaller footprint than traditional tanks. (Tarpagkou, & Pantokratoras, 

2014) 

 

3.2 Groundwater treatment plants   

The water that fills the gaps, holes, and fissures in geological formations is known as 

groundwater. The main source of this water is atmospheric precipitation, which might come 

from rainfall directly or indirectly using rivers, lakes, or canals. Generally, geological 

elements like sands, gravel, sandstones, and limestone formations are used to extract 

groundwater. If sand or gravel deposits are placed on top of impermeable rocks like granite, 

they can occasionally serve as groundwater reservoirs. (Ojo et al. 2012)   

The utility of groundwater for diverse purposes hinges on its unique chemical, physical, and 

bacterial attributes. To assess groundwater quality, chemical analysis is employed, involving 

the quantification of inorganic constituents. This analysis extends to measuring parameters 

such as pH and specific electrical conductance. (Ojo et al. 2012)  
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Physical analysis, on the other hand, encompasses the evaluation of temperature, color, 

turbidity, odor, and taste. These factors provide valuable insights into the overall physical 

characteristics of groundwater. (Ojo et al. 2012)  

Bacterial analysis, a crucial component of groundwater assessment, involves conducting 

tests to detect the presence of coliform organisms. These tests are instrumental in assessing 

the microbial quality of groundwater, which is vital for public health and safety. (Ojo et al. 

2012)   

Groundwater treatment constitutes the transformation of raw water sourced from 

underground reservoirs into a potable form suitable for drinking and various domestic 

applications. This essential process also encompasses the crucial task of eliminating 

pathogenic microorganisms and toxic substances present in the water. The specific treatment 

method employed is contingent upon the nature and extent of pollution or contaminants in 

the water source. (Ojo et al. 2012)  

There are several conventional methods employed to render water potable (Fig. 5), which 

include aeration, coagulation, flocculation, sedimentation, filtration, and other disinfection 

techniques that rely on physical processes to achieve their purification objectives. These 

processes collectively contribute to the enhancement of water quality through cost-effective 

treatment measures, consequently reducing the prevalence of waterborne diseases. (Ojo, et 

al. 2012)  

 

  

Figure 5. Processes of groundwater treatment (Noubactep & Angelika 2010)  

Among the appropriate technologies utilized in this endeavor are pot storage and pot 

chlorination, along with various disinfection techniques, all of which play a pivotal role in 
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ensuring the safety and suitability of groundwater for consumption and domestic use. (Ojo 

et al. 2012)  

  

3.3 Artificial groundwater plants   

Artificial groundwater recharge is a deliberate process involving the introduction of surface 

water into shallow aquifers. Its primary objectives include increasing the underground water 

storage and improving water quality through natural attenuation mechanisms. 

 

Figure 6. Sketch map of the concept of artificial recharge (Shi et al. 2014).  

The technique is particularly applicable in regions like river valleys and sedimentary plains, 

where it entails directing river or lake water into shallow sand and gravel layers. A number 

of criteria, including hydrogeological circumstances, available land area, water demand, the 

makeup of the infiltrated water, and the required level of purification, influence the choice 

of an infiltration technique. Artificial groundwater replenishment can be used in conjunction 
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with pre-treatment, bank filtration, and plant-based purification techniques to increase the 

effectiveness of subterranean natural purification processes. (Balke & Zhu, 2008)  

Both naturally occurring inorganic and organic chemicals, which are present as dissolved 

materials and suspended particles, make up surface water. Regrettably, trash, sewage, 

chemicals, hydrocarbons, hormones, medicines, germs, viruses, antibiotics, fertilizers, and 

plant-protective agents—as well as their breakdown products—all contribute to the pollution 

of rivers and lakes. (Balke & Zhu, 2008)  

If such water is to be used for drinking, these pollutants must be completely removed or 

broken down by purifying processes. Filter layers and subsurface environments have builtin 

natural purification mechanisms that involve a variety of processes, such as filtration, 

sedimentation, precipitation, oxidation-reduction reactions, sorption-desorption phenomena, 

ion-exchange processes, and biodegradation (fig.6). (Balke & Zhu, 2008)    

When it comes to artificial groundwater replenishment systems, the water intended for 

infiltration first passes through a layer of filter sand that has been constructed with care. By 

filtering, this filter layer efficiently captures larger particles. Additionally, the precipitation 

of carbonates, hydroxides, and sulphides that are sparingly soluble can be caused by 

chemical reactions between the infiltrated water and solid inorganic and organic components 

within the subsurface, as well as interactions with groundwater while moving towards the 

extraction well. (Balke & Zhu, 2008)   

The occurrence and characteristics and qualities of these reactions rely on factors such as pH 

levels and oxidation-reduction potential in both the filter bed and the groundwater reservoir. 

(Balke & Zhu, 2008)   

The presence of oxygen in the water significantly impacts oxidation processes and microbial 

actions. Conversely, the existence of reducing agents, such as humic substances, which can 

deplete oxygen levels, may trigger chemical reduction responses. (Balke & Zhu, 2008)   

Redox potential, indicating its susceptibility to oxidation or reduction, and pH value are 

pivotal factors in these chemical reactions. Moreover, dissolved compounds, including 

contaminants, exhibit a tendency to be adsorbed, particularly by clay minerals, iron-

hydroxides, amorphous silicic acid, and organic substances. Desorption may occur in 

response to changes in the chemical composition of the water. (Balke & Zhu, 2008) 
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 Ion exchange processes predominantly take place in the presence of organic matter and clay 

minerals, entailing the substitution of one type of ion for another in stoichiometric ratios, 

highlighting the complexity of natural purification mechanisms. (Balke & Zhu, 2008) 

 

3.4 Wastewater treatment   

The basis of treatment systems is the seamless integration of unit activities and processes 

that are involved in the management of water and wastewater treatment. Although the 

phrases "unit operations" and "unit processes" are sometimes used synonymously due to 

their ability to function concurrently inside a single treatment unit, there are recognized 

definitions for each (Fig. 7). (Sperling. 2007) In the following sections, in-depth insights 

will be provided.   

- Physical Unit Operations: These use physical forces, like screening and 

filtration.   

- Chemical Unit Processes: They use chemicals to remove contaminants, 

including precipitation and disinfection.   

- Biological Unit Processes: Biological activities help remove contaminants, 

such as organic matter breakdown.   

 

  

Figure 7. Unit operations of centralized wastewater treatment system. (Shehabi et al. 2012)  
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Preliminary treatment in wastewater management primarily focuses on the removal of two 

key components: (Sperling, 2007)   

Coarse Solids: This component encompasses larger solid particles present in the wastewater.  

Coarse particles are usually removed using screens or racks, although comminutors and 

stationary or revolving screening can also be employed. Material that is bigger than the gaps 

between the bars in the screening is eliminated.  

Grit: Grit refers to smaller, dense particles such as sand. The primary mechanisms employed 

for removal in preliminary treatment are of a physical nature (Sperling, 2007)  

Alternatively, rectangular, or triangular weirs and enclosed-pipe measurement mechanisms 

can also be utilized. For a visual depiction, consult illustrating a standard preliminary 

treatment layout. The extraction of large solids is often executed through screens or grids, 

although static or revolving screens and comminutors are also applicable. In the screening 

procedure, substances exceeding the openings between the bars are efficiently eliminated. 

(Sperling ,2007)  

For the removal of sand found in sewage, specialized units known as grit chambers are 

employed. Sand removal within these chambers relies on sedimentation, with sand grains 

settling at the tank bottom due to their larger size and density. Meanwhile, organic matter, 

which settles at a much slower rate, remains suspended and continues to downstream units 

(Sperling, 2007)   

Various processes, ranging from manual to fully mechanized systems, are utilized for the 

removal and transport of settled grit. The primary purposes of grit removal include:   

Abrasion Prevention: It safeguards equipment and piping by eliminating abrasive grit. 

Obstruction Minimization: It reduces the risk of blockages in piping, tanks, orifices, siphons, 

and other components. (Sperling, 2007)  

Primary treatment serves the crucial purpose of removing two main components from 

wastewater: Settleable Suspended Solids: These are solid particles in the wastewater that can 

readily settle.  
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Floating Solids: These are solid materials that tend to float on the surface of the wastewater. 

Following the initial preliminary treatment stages, wastewater still contains non-coarse 

suspended solids, which can be partially eliminated through sedimentation units. (Sperling, 

2007)  

A significant portion of the suspended solids present in wastewater comprises organic matter 

held in suspension. The implementation of relatively uncomplicated procedures like settling 

can yield a substantial reduction in the Biochemical Oxygen Demand (BOD) load directed 

toward secondary treatment, thus contributing to the overall reduction of treatment expenses. 

(Sperling, 2007)  

Table 1 illustrates the guidelines outlined in the Jordanian standards for the reuse of 

reclaimed water in irrigation. Sedimentation tanks are commonly configured in two primary 

forms: circular or rectangular. Sewage moves slowly through these tanks, allowing solid 

particles that are denser than the surrounding liquid to settle to the bottom of the tank.  

Crude primary sludge is the aggregated mass of particles that is stored at the bottom of the 

tank. In smaller tanks, this sludge is extracted using a single tube; in bigger tanks, mechanical 

scrapers and pumps are utilized. (Sperling, 2007)  

On the other hand, materials like oils and fats that have a lower density than the liquid around 

them tend to rise to the top of the sedimentation tanks. (Sperling, 2007)  

To enhance the effectiveness of primary treatment in removing suspended solids and, 

consequently, reducing BOD levels, the addition of coagulants can be employed. This 

addition aids in the aggregation of fine particles, facilitating their sedimentation and removal 

from the wastewater. (Sperling, 2007)  

Table 1. Jordanian standard guidelines for reclaimed water reuse for irrigation. (Al-

Khashman, 2009) 
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The primary goal of secondary treatment is to eliminate organic matter, which is present in 

two main forms: dissolved organic matter (also known as filtered or soluble BOD), which is 

not eliminated during physical processes like sedimentation in the primary treatment, and 

suspended or particulate BOD, which is primarily removed in the primary treatment but 

contains finer solids that settle more slowly. (Sperling, 2007)  

The purpose of secondary treatment procedures is to hasten the wastewater's natural 

breakdown processes in the surrounding environment. Compared to natural systems, this 

enables the breakdown of degradable organic contaminants under controlled circumstances 

and in a shorter amount of time. (Sperling, 2007)  

Adding a biological step is essential for subsequent treatment of residential sewage. In the 

secondary stage, organic matter is removed by microorganisms through biochemical 

reactions, whereas the primary and preliminary treatments mostly depend on physical 

processes. (Sperling, 2007)   

Numerous microorganisms are involved in this process, such as fungus, bacteria, and 

protozoa. Ensuring that these bacteria make effective contact with the organic content in the 
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sewage is the fundamental step in the biological process, which allows them to use it as a 

food source. After that, the organic matter is broken down by the microbes into carbon 

dioxide, water, and cellular material—which is used for their own development and 

reproduction. (Sperling, 2007)   

Since oxygen is a vital component of aerobic activities, the biological breakdown of organic 

matter depends on its existence. It's also critical to maintain other favourable environmental 

factors including pH, temperature, and contact duration. (Sperling, 2007)   

Primary treatment units may or may not be a part of secondary therapy, while preliminary 

treatment units may be. There are several secondary treatment methods available (Sperling, 

2007)   

The following are the most popular ones:   

- Ponds for stabilization   

- Land disposal mechanisms  

- Reactors without oxygen   

- Systems with activated sludge   

- Reactors for aerobic biofilms  

 

3.4.1 Physical unit operations   

Physical unit procedures use mechanical equipment or gravity to eliminate impurities. 

Usually, a screen is used as the initial unit process to filter out big items that can harm or 

obstruct pumps or other unit processes. A grit-removal device is then introduced to deal with 

settleable inorganic materials like soil particles and sand. Grit will prematurely wear down 

pumps and other mechanical parts of the plant if it is not removed. Grit removal systems use 

gravity to shift particles out of the way based on their weight. (Wagner, 2000) 

The remaining settleable materials gather at the base of the basin during the primary 

sedimentation stage as primary sludge, or nonstabilized organic material, which is then sent 

to another unit process for stabilization. (Wagner, 2000) 
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The majority of the non-settleable and soluble organic and inorganic components in water 

make up the partly purified liquid supernatant at this point. About 60% of the suspended 

matter and 30% of the total organic waste loading material are removed during primary 

sedimentation. (Wagner, 2000) 

Suspended particles are common contaminants in water and wastewater treatment, 

and it is crucial to remove them effectively. These particles fall into the following 

general categories Stuetz, 2009):  

- Large suspended and floating solid things, such as rags, paper, plastic, fish, 

wood, vegetable and animal waste, and plants.   

- Silt and grit generally have particle sizes between 10 and 1000 mm and a 

density of between 2000 and 2600 kg/m3.   

- Flocs and biomass have diameters of 100–1000 mm and densities of 1005– 

1010 kg/m³.  

In the realm of water and wastewater treatment, various physical techniques play a crucial 

role in efficiently removing particles of different sizes. These methods encompass filtration, 

sedimentation, flotation, screening, and grit removal. (Stuetz, 2009) 

The process of particles with a density greater than the liquid they are suspended in sinking 

due to gravity is called sedimentation. Certain suspended solid particles should occasionally 

float rather than sink. This is achieved by the commonly utilized method of dissolved air 

flotation (DAF) in the treatment of water and wastewater. DAF has benefits over traditional 

sedimentation methods in terms of waste sludge concentration and footprint. Stuetz, 2009)  

DAF is used in many different water and wastewater treatment processes, such as sludge 

thickening in sewage treatment, protein recovery from meat processing and dairy waste, 

treatment of industrial effluents, and clarifying following flocculation. (Stuetz, 2009)  

DAF reduces the density of the coupled bubble floc agglomeration by connecting air bubbles 

to flocs. When this is lowered to a level below that of water, the floc rises to the top where 

sludge gathers and may be skimmed off. (Stuetz, 2009) 

In general, bigger DAF units are rectangular in shape, whereas smaller ones are circular. The 

performance characteristics of DAF are essentially the same as those of sedimentation 

clarifiers; however, because surface overflow or rise rates are usually five times higher than 
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those of sedimentation, their footprint is lower. Approximately 2-4% of the sludge is present, 

as opposed to 0.5-2% in sedimentation clarifiers. (Stuetz, 2009) 

Water is filtered via holes that are smaller than the solid particles to remove solids. Screens 

are used in water and wastewater treatment for a variety of reasons. These include the 

removal of large solids that could clog downstream processes, the removal of abrasive solids 

that could harm pumps and equipment, the protection of potable water intake facilities, the 

removal of algae from potable water, the polishing of the final effluent from sewage works, 

the removal of floating material from industrial wastewaters, and the facilitation of 

wastewater treatment unit operations' separation. (Stuetz, 2009)  

 

3.4.2 Chemical unit operations   

In these treatment methods, the removal or conversion of contaminants is achieved through 

the introduction of chemical products or because of chemical reactions. This category 

encompasses processes like precipitation, adsorption, and disinfection. (Sperling, Marcos 

von. 2007)  

When it comes to controlling the amount of bacteria and viruses in water and wastewater 

before it is distributed or discharged, chemical dosing is essential for increasing precipitation 

during sedimentation.  

Chemicals are also used to enhance sludge dewatering and prevent the development of 

certain compounds. If the right cations or anions are added to water or wastewater, the 

chemistry of the mixture is changed, and insoluble salts are produced. The following are a 

some of the most popular precipitation techniques (Stuetz, 2009):  

- Adding hydroxide or sulfide to wastewater to remove heavy metal cations: 

Zn2+ 2OH + Zn2 = Zn (OH)₂   

- Removing calcium bicarbonate (a transient hardness) from water and 

precipitating calcium carbonate using lime (Clarke's process): CaCO3 + -> 2CaCO3 

+ 2H2O   

- The Lime-Soda Process, which involves adding lime and soda ash to water,  
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- Completely softens the water: CaSO₄ + Na₂CO₃ → CaCO₃ + Na₂SO₄   

- Ferric chloride is added to wastewaters to remove phosphorus: Na₃(PO₄) + 

FeCl₃ → FePO₄ + 3NaCl  

  

3.4.3 Biological unit processes   

These treatment methods aid in the removal of contaminants through biological activities. 

Principal processes in this category encompass the removal of carbonaceous organic matter, 

nitrification, and denitrification. Proficiency in comprehending and applying these unit 

operations and processes is essential for tackling the varied complexities linked to water and 

wastewater treatment, guaranteeing the purification and secure management of water 

resources. (Sperling, 2007) 

For the purpose of eliminating organic materials, aerobic biological wastewater treatment is 

used in the majority of wastewater treatment facilities. (Ghangrekar, 2022) 

The activated sludge process (ASP), oxidation ditch, trickling filter, aerated lagoons, 

sequencing batch reactor (SBR), and moving bed biofilm reactor (MBBR) are among the 

most utilized aerobic technologies. (Ghangrekar, 2022) 

Activated sludge process is a highly effective aerobic biological method for treating 

wastewater. It functions by partially oxidizing non-settleable organic materials, converting 

them into carbon dioxide, and transforming the residual material into settleable cellular 

biomass. The key to the process lies in the interaction between aerobic microorganisms and 

the organic content in the incoming wastewater. An interesting variant of this method is the 

oxidation ditch, characterized by the construction of an aeration tank in the shape of a ditch. 

(Ghangrekar, 2022) 

The trickling filter, a type of unsubmerged attached growth process in biological wastewater 

treatment, involves the distribution of wastewater from the top of the filter media. This 

process, aptly named "Trickling filter," operates by allowing wastewater to slowly trickle 

down over the filter bed. (Ghangrekar, 2022) 

Contrary to its name, the treatment of organic matter in the wastewater doesn't occur through 

filtration. Instead, the oxidation of organic matter takes place through initial absorption and 
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subsequent oxidation. As the wastewater trickles over the filter bed, an active biofilm forms, 

consisting of aerobic microorganisms such as bacteria, protozoa, and fungi. (Ghangrekar, 

2022) 

One of the aerobic suspended growth biological wastewater treatment methods is the use of 

aerated lagoons. Wastewater is treated on a flow-through basis in an aerated lagoon, either 

with or without solids recycling from a secondary sedimentation tank. Instead of 

photosynthetic oxygen output as in the case of an oxidation pond, oxygen is often provided 

via surface aerators. (Ghangrekar, 2022) 

Typically, floating aerator types are used in aerated lagoons to handle seasonal variations in 

evaporation losses, which cause fluctuations in water level. Aerators mounted on platforms 

or diffused air aeration machines, however, can also be utilized for tiny lagoons. 

(Ghangrekar, 2022) 

The non-continuous wastewater flow within batch reactors, like fill-and-draw systems, is a 

defining feature of these reactors during a reaction cycle. There are three separate phases to 

this operational mode: fill time, reaction time, and withdrawal time. (Ghangrekar, 2022) 

BOD bottles used for batch reactor (SBR) testing and sequencing are notable examples. 

Temperature or concentration gradients can be eliminated by completely mixing the reactor 

mixture to guarantee consistent treatment. For the length of the wastewater's retention in the 

reactor during batch operation, every component within is subjected to treatment. 

(Ghangrekar, 2022) 

The moving bed biofilm reactor (MBBR) is a biological treatment method. This process 

relies on attached growth, where the media is not stationary; it freely moves within the 

reactor to enhance substrate removal kinetics. The system incorporates small cylindrical 

polyethylene carrier elements with a specific density (around 0.96 g/cm3), added to either 

aerated or non-aerated reactors, depending on the desired aerobic or anaerobic mode of 

operation. (Ghangrekar, 2022) 

 

These carriers serve as a support for the growth of biofilm. Typically, the media consists of 

cylinders measuring 10 mm in diameter and 7 mm in thickness, featuring cross walls inside 

and made from polyethylene (Ghangrekar, 2022) 
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3.5 Sludge treatment 

Managing sludge generated from wastewater treatment plants is a complex and costly 

endeavour. Poor management can jeopardize the environmental and sanitary benefits of 

treatment systems. Increased demands for higher environmental standards have put pressure 

on public and private sanitation service providers. (Andreoli et al. 2007)  

With many developing countries having low wastewater treatment rates, the construction of 

more treatment plants is expected, leading to a rise in sludge production. Environmental 

agencies now require detailed plans for sludge disposal in the licensing process. This 

highlights the growing importance of solids management as more treatment facilities are 

built. (Andreoli et al. 2007)  

The term "sludge" generally refers to the solid residues generated in the process of 

wastewater treatment. Within biological treatment systems, a fraction of the organic matter 

undergoes a conversion into microbial biomass, which is commonly known as biological or 

primary and secondary sludge. (Andreoli et al. 2007).  

This type of sludge primarily consists of biological solids and is occasionally termed 

biosolids. However, to ensure the safe and efficient utilization of sludge, its chemical and 

biological properties must align with specific applications, such as agricultural use (Andreoli 

et al. 2007)  

Despite sludge constituting a relatively small fraction, approximately 1% to 2%, of the 

overall volume of treated wastewater, its management is a complex endeavor and constitutes 

a significant portion of the operational costs for wastewater treatment plants, ranging from 

20% to 60% (Andreoli et al. 2007). Moreover, the final disposal of sludge involves intricate 

processes often conducted beyond the boundaries of the treatment plant.  

Sludge undergoes significant changes in its characteristics as it progresses through various 

treatment stages (fig 8.), including thickening, dewatering, digestion, and others. During this 

transformation, certain constituents in wastewater may become more concentrated in the 

sludge, potentially posing environmental and sanitary risks. (Andreoli et al. 2007). 
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These undesirable constituents typically encompass metals, trace organic contaminants, and 

pathogenic organisms. The presence of these constituents varies depending on the initial 

characteristics of the raw wastewater and the treatment methods employed. Wastewaters 

from healthy populations generally contain fewer pathogens compared to those from less 

healthy communities. (Andreoli et al. 2007).  

Domestic wastewater sludge usually exhibits low levels of heavy metals and does not pose 

significant environmental hazards, while most chemical contaminants originate from 

industrial effluents discharged into the sewage system (Andreoli et al. 2007).  

 

  

Fig 8.  Common sludge treatment processes (Ghangrekar. 2022)  
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The quality and quantity of sludge also depend on the treatment processes. For instance, 

primary sedimentation results in sludge primarily consisting of heavier, easily biodegradable 

organic matter with fast decomposition characteristics. In contrast, chemical precipitation 

and biological treatment processes yield different sludge properties. (Andreoli et al. 2007)   

The selection of sludge processing and final disposal technologies depends on various 

factors, including treatment plant type, size, and location. (Andreoli et al. 2007)   

This involves decisions such as whether to dispose of liquid sludge, stabilize it for agronomic 

recycling, or condition it using chemicals like coagulants and polyelectrolytes to improve 

solids capture. The choice of polyelectrolyte and dewatering methods is influenced by 

factors like the sludge's characteristics, treatment plant design, and intended destination. 

(Andreoli et al. 2007)  

Sludge disposal in landfills is contingent on both the characteristics of the sludge and the 

attributes of the landfill itself. There are two primary landfill disposal options (Andreoli et 

al. 2007):  

Exclusive (Dedicated) Sanitary Landfills: These landfills are purposefully designed and 

constructed to receive sewage sludge. They incorporate specialized features tailored to 

handle the unique properties of sludge and ensure compliance with environmental 

regulations. Typically, this option requires sludges that have been thermally dried or 

processed into cakes with high solids content. (Andreoli et al. 2007)  

Co-Disposal with Urban Solid Waste: This strategy involves the disposal of wastewater 

sludge in the same landfill as municipal solid waste. Combining sludge with urban waste 

can expedite the biodegradation process, primarily because of the nitrogen content and the 

potential for sludge inoculation. Nonetheless, a drawback associated with this option is the 

potential reduction in the overall lifespan of the landfill, especially when dealing with 

significant volumes of sludge. (Andreoli et al. 2007)  
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4 RISK MANAGMENT 

Monitoring and ensuring safely managed drinking water services can be a slow, complex, 

and costly endeavor. Relying solely on water quality testing, while beneficial, cannot 

guarantee the safety of water services. (Lia et al. 2020).   

The best course of action is to implement a preventative and methodical management 

strategy. This strategy has been promoted by the World Health Organization since 2004 

through, the use of Water Safety Plans (WSPs), which act as thorough risk management 

frameworks for drinking water. (Lia et al. 2020) 

A WSP is a methodical technique that addresses every facet of the water supply, from the 

source to the user. In order to reduce possible risks to the supply and quality of water, it 

enables the methodical identification of potential hazards, evaluation of these hazards 

according to their likelihood and severity and strengthening or development of risk 

management systems. (Lia et al. 2020)  

By using the user-friendly web based WSP program, water supply facilities may enhance 

their risk management processes. Due to the WSP, these facilities can ensure that clients 

receive clean drinking water. Every step of the water production process, from the creation 

of raw water sources through water treatment, distribution, and consumer tap usage, may be 

used to identify and manage hazards. (STM)   

However, it should be emphasized that since the water supply and wastewater disposal are 

regulated through the network of the Orimattila water utility, the WSP was not utilized in 

this thesis.  
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5 EXAMPLES OF CONTIGENCY PLANNING IN SMALL 

WATER COOPERATIVES  

Young, et al. (2001) shed light on the potential advantages inherent in the establishment of 

shared-service, non-profit cooperative organizations for small water systems (SPWS). 

Through an in-depth exploration of their research, this study unveils crucial findings and 

assesses the implications for contingency planning within small water utilities.  

The initial insights from the research propose that the formation of a cooperative 

organization could indeed yield benefits for SPWS. However, a notable challenge arises as 

water system operators express their reluctance to engage in the legal organization as a 

cooperative. This hesitancy is rooted in operators' unfamiliarity with the shared-service 

cooperative concept, revealing that only a minority possess prior knowledge of cooperatives 

in their communities. (Young et al. 2001) 

This knowledge gap underscores the imperative to educate all involved parties about the 

cooperative concept.  

To address the challenge posed by operators' unfamiliarity with the shared-service 

cooperative concept and considering that only a minority possesses prior knowledge of 

cooperatives in their communities, Young et al. (2001) propose a two-phase plan. The initial 

phase involves creating an informal network among businesses within SPWS. Serving as a 

prelude to a formal cooperative, this network allows members to promptly engage in 

discussions on issues and potential solutions.  

Despite lacking the legal structure of a cooperative, this informal network yields valuable 

insights into the benefits and challenges of a cooperative environment. Throughout this 

phase, a central focus lies on educating operators about the advantages a cooperative can 

offer to their individual operations.  

Educational tools, including fact sheets from the United States EPA, play a crucial role in 

enlightening operators about the cooperative concept. This proactive approach aims to 

bridge the identified knowledge gap and foster a more receptive attitude among water system 

operators toward cooperative organization. (Young et al. 2001) 



43  

  

While the study primarily focuses on the cooperative concept, it indirectly highlights the 

importance of contingency planning. Contingency planning is crucial in this context to 

address operator reluctance and unfamiliarity. It offers a framework for preparing for 

unforeseen scenarios, mitigating potential risks, and facilitating the transition from an 

informal network to a formal cooperative. (Young et al. 2001).  

Without a contingency plan, operators may struggle to adapt to cooperative principles and 

navigate unexpected challenges. (Young et al. 2001).  

Furthermore, the study's acknowledgment that the two-phase plan can be implemented in 

other localities across Virginia with similar challenges demonstrates the adaptability that is 

a key element of effective contingency planning. Contingency plans should be flexible and 

responsive to the unique characteristics and needs of different SPWS, making the study's 

approach applicable to a broader context. (Young et al. 2001).  

In conclusion, the study on cooperative infrastructures for small water systems provides 

valuable insights into addressing operator reluctance and unfamiliarity with cooperative 

concepts. Although not explicitly addressing contingency planning, the study indirectly 

emphasizes the significance of such planning in managing potential risks and facilitating 

transitions within small water utilities.  

Contingency planning is vital for helping operators prepare for uncertainties, navigate 

challenges, and ensure the successful adoption of cooperative structures, ultimately 

contributing to the sustainable and reliable operation of small water systems. (Young et al. 

2001)  

Bruins (2000) presented another study that focuses on Proactive Contingency Planning in 

the Face of Declining Water Security 

According to Bruins (2000) In the 21st century, the global challenge of declining water 

security looms large, particularly in arid regions where most freshwater resources are 

funneled into irrigation agriculture. This overreliance on finite water resources is 

compounded by a misleading sense of security fostered by technological advancements. In 

this context, proactive contingency planning emerges as a paramount imperative.  

The Converging Water-Food Nexus presents a disconcerting trend, with overutilization of 

groundwater posing a palpable threat. The convergence of water and food crises forebodes 
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regional famines and political instability, underscoring the urgency of implementing 

proactive contingency planning measures. (Bruins, 2000)  

Beyond the realm of operational preparedness, the theoretical imperative calls for 

comprehensive frameworks that incorporate diverse forms of contingency planning 

intricately linked with interactive crisis management. The multifaceted and dynamic nature 

of water security challenges necessitates proactive responses guided by theoretical 

foundations. (Bruins, 2000)  

A spectrum of both predictable and unpredictable threats casts shadows over water security, 

each demanding its own facet of contingency planning (Bruins, 2000):   

Drought, as a pervasive natural hazard with fuzzy temporal and spatial boundaries, 

necessitates contingency planning tailored to address its recurrent yet unpredictable nature.   

Seismic Risks and Earthquakes, capable of incapacitating large water supply systems 

through ruptured pipelines, highlight the need for crisis management plans, as exemplified 

by California.   

Terrorism poses a threat to water security and supply systems, necessitating contingency 

planning encompassing fortified water resources, continuous water quality monitoring, and 

the maintenance of requisite chlorine levels for public safety.   

Conflict and Warfare, exacerbated by water scarcity, can inflict collateral damage on water 

resources. In the 21st century, contingency planning becomes imperative, with a focus on 

identifying safe underground water resources and secure supply systems in the event of 

pollution by atomic, bacteriological, and chemical weaponry.   

The article underscores the mounting challenges to global water security and the necessity 

of proactive contingency planning. Anchored in both theory and practice, contingency 

planning serves as the cornerstone for securing water resources and confronting the 

complexities of the 21st century. It ensures resilience, preparedness, and protection, 

directing its significance toward preserving water resources, guaranteeing food security, and 

sustaining political stability. (Bruins, 2000)  

The clarion call resounds effective contingency planning is an indispensable foundation for 

a secure and resilient 21st-century world. (Bruins, 2000) 
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 CASE STUDY  

  

6 ORIMATTILAN VESI OY 

The main purpose of this thesis is to create a contingency plan for Piikainkyrön 

Vesiosuuskunta, a small water cooperative. Piikankyrön osuuskunta purchases its water and 

disposes of its wastewater through the Orimattila water utility network.  

In Orimattila, water supply and wastewater management fall under the jurisdiction of the 

Technical Committee as a city-owned entity, responsible for the operation of the wastewater 

treatment plant, water abstraction points, and distribution networks. Orimattilan Vesi Oy, a 

holding company, is responsible for new construction and customer connection agreements.  

The management of stormwater networks is overseen by the Orimattila municipality. (Virta, 

2012)  

Orimattila's water supply primarily relies on groundwater sources. In 2010, there were seven 

municipal abstraction points in operation: Uusikartano, Pakaantie, Sikosuo, Kyttämaa, 

Tönnö, Hietastenkangas, and Pennala. Orimattila Water Utility provides potable water to 

Villihiiden and Piikainkyrön Water Cooperatives. (Virta, 2012)  

Water and wastewater cooperatives operating in Orimattila include Niinikosken Water 

Cooperative, Villihiisi Water Cooperative, and Piikainkyrön Water Cooperative. Solely 

economic water networks are managed by Kuivanto Water Municipality, Koskusten Water 

Cooperative, and Heinämaan Water Cooperative. . (Virta, 2012) 

Villihiisi and Piikainkyrön Water Cooperatives source water from the Orimattila water 

utility network, while other water associations have their own water abstraction facilities. 

Villihiisi, Niinikoski, and Piikainkyrön Water Cooperatives channel wastewater into the 

Orimattila water utility's sewer system for further treatment at the wastewater treatment 

plant. (Virta, 2012)  

The total length of the water distribution network is approximately 229 kilometers, with 

roughly 85.5% being composed of plastic pipes, 13% of cast iron pipes, and 1.5% of asbestos 
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cement or other materials. Water is pumped into the distribution network from abstraction 

points at a rate of approximately 2,550 cubic meters per day as of 2010. (Virta, 2012)   

Unaccounted-for water in the distribution network, including firewater, street and park 

irrigation, and network leakages, accounted for around 34% or approximately 860 cubic 

meters per day in 2010. The proportion of unaccounted-for water has ranged from 33% to 

40% over the past five years. (Virta, 2012)  

The wastewater sewer network spans about 226 kilometers, with approximately 83% 

consisting of plastic pipes and the remaining portion made up of concrete pipes. The sewer 

network features around 60 wastewater pumping stations and an inlet pump station. Of these, 

38 pumping stations are equipped with remote monitoring. (Virta, 2012) 

Estimated contributions of leakage and stormwater in the sewer system have varied from 

41% to 49% between 2009 and 2010. The stormwater network extends for about 30 

kilometers. (Virta, 2012)  

Wastewater treatment in Orimattila is centralized at the Vääräkoski wastewater treatment 

plant, receiving wastewater from various areas within the Orimattila water utility's operation 

zone, including the central urban area, Virenoja, Pennala, Pasina, Mallusjärvi, Kirkonkylä 

(Artjärvi), as well as wastewater from Villihiiden, Piikainkyrön, Niinikosken, Heinämaan, 

Kuivanto, and Koskusten Water Cooperatives or Unions once their networks were 

established. Additionally, industrial wastewater is also treated. (Virta, 2012)   

The Vääräkoski plant was constructed in 1981 and operates as a biological activated sludge 

plant. The biological process was enhanced, particularly in the removal of ammonium, total 

nitrogen, and phosphorus in 1995. With the implementation of biological phosphorus 

removal, the use of ferrous sulfate was discontinued. (Virta, 2012)  

Biological nitrogen and phosphorus removal reduced the chemical load on the discharge 

waters, resulting in decreased excess sludge and improved quality. Denitrification and 

sludge treatment were introduced in 2000, with further upgrades to the pretreatment in 2005. 

(Virta, 2012)  
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6.1 Overview of Piikainkyrön Vesiosuuskunta  

Piikainkyrön Water Cooperative is situated to the northeast of Orimattila's central urban 

area. The cooperative has established service areas for both wastewater and water 

distribution. Within the water distribution and wastewater service area, the building database 

indicates approximately 15 inhabited properties. The estimated water consumption for the 

cooperative is then below 10 cubic meters per day. (Virta, 2012 

Piikainkyrön Water Cooperative purchases its water and directs its wastewater into the 

Orimattila Water Utility's network. (Virta, 2012) The main pipeline of the Orimattila water 

utility serves as the link for the water connection (Figure 9).   

 

  

   Figure 9. Meter pit of Piikainkyrö Water Cooperative 
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7 DEVELOPMENT OF CONTINGENCY PLAN  

The primary objective of the work was to develop a contingency plan for Piikainkyrön 

Vesiosuuskunta, a small water cooperative. The initial phase involved discussions on the 

operations of the water cooperative, during which agreements were reached regarding what 

will be used in the plan.  

In the contingency plan, the description of the facility's operations and the assessment of the 

current situation aim to utilize existing documents.   

The development of the contingency plan involved a literature examination, interviews with 

key stakeholders, and on-site visits.  

Interviews were conducted with key stakeholders, including the manager and board 

chairman, to gather their insights on current risk management practices, operational 

functions, and potential risks. The questions and interview results are reviewed in Section 

8.2, "Identification of Threat Factors and Risk Assessment."  

On-site visits to the facilities of Piikainkyrön Vesiosuuskunta provided a comprehensive 

understanding of operational procedures, safety measures, environmental conditions, and 

current practices. These visits included observations of facility operations, security 

measures, infrastructure conditions, and operational procedures. Thorough notes and visual 

documentation were used to supplement the collected information.  

The prepardness plan template is heavily influenced by the framework recommended by the 

Finnish Environment Institute, which suggests that small water utilities make use of the 

contingency plan model designed by Vikman and Arosilta (2006). However, significant 

enhancements have been implemented to ensure clarity and a stronger emphasis on practical 

operational aspects.  

The table presented below, integral to the development of the contingency plan for 

Piikainkyrön Vesiosuuskunta, outlines the contingency plan for water supply facilities in 

accordance with the guidelines provided by the Finnish Environment Institute. The 

contingency plan for Piikainkyrön Vesiosuuskunta is included in Appendix 1. 
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Table 2. The content outline of a water supply facility's contingency plan in 

accordance with the Finnish Environment Institute's guidelines(Vikman and Arosilta 

, 2006).  is as follows:  

1. Facility Description   

2. Threat   

3. Factors Ensuring Current Operations   

3.1 Water Demand and Wastewater Volume   

3.2 Raw Water Acquisition   

3.3 Water Treatment Facilities   

3.4 Water Distribution, Regulation, and Storage Facilities     

3.5 Water Quality Monitoring   

3.6 Sewerage   

3.7 Wastewater Treatment   

3.8 Critical Material Names   

3.9 Energy Acquisition and Usage   

3.10 IT Readiness Assessment   

3.11 Vehicles and Machinery   

3.12 Material and Spare Parts Cooperation Agreements   

3.13 Radiation Safety Plan   

3.14 Readiness Enhancement   

4. Organization and Personnel   

5. Security, Leadership Crisis and Communication   

6. Preparedness Training Sessions and Exercises   

7. Plan Maintenance, Distribution, Storage, Guarding and Protection 
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8 METHODOLOGY 

As previously mentioned, the contingency plan template (appendix 1) for this project is 

primarily based on the content outline of the Finnish Environment Institute's guidelines. 

Additionally, Vikman and Arosilta (2006) introduced a model for a small water utility 

preparedness plan. While our preparedness plan adheres to the fundamental structure of the 

Finnish Environment Institute's guidelines and Vikman and Arosilta (2006), we have 

endeavored to enhance its clarity and practical operational focus.   

The structure of the plan is designed (appendix 1) so that the report section contains 

permanent information, while the attachments contain updatable data. The format of the plan 

report aligns with the Finnish Environment Institute's guidelines for the initial chapters 

concerning facility description and threat assessment.   

The structure of the plan report follows the Finnish Environment Institute's model for the 

initial chapters, covering the facility's description and securing operations at the current 

level. The second chapter includes threats, crisis communication, and action cards. 

Furthermore, the plans from four separate water cooperatives served as precursors to this 

work, offering valuable insights into the development of contingency plans and their 

essential components.   

The most important phases in preparing a contingency plan include identifying threats and 

assessing risks. According to Vikman (2006), smaller facilities can suffice with a 

checkliststyle vulnerability analysis, while larger facilities may also include new threats in 

their risk analysis. In this contingency plan, risk assessment is based on Vikman's (2006) 

checklist designed for small water utilities.  

 

8.1 The table of contents for a Piikainkyrön water utility contingency plan 

report 

The contingency plan table content is entirely different as it pertains to a small water 

cooperative operating in a different location within the municipality.  
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Table 3.  Table of Contents for the Contingency Plan Report at Piikainkyrön Water Utility, 

following the Guidelines of the Finnish Environment Institute. 

1. Contact Information  

2. Facility Description  

3. Organization  

4. Securing Operations at the Current Level  

5. Water Demand  

6. Water Procurement and Distribution  

7. Wastewater Management  

8. Water Quality Monitoring 

9. Threats  

10. Crisis 

11. Communication Action Cards 

 

Contact information for key individuals is presented initially in the document. These 

individuals play pivotal roles in managing and overseeing the cooperative's daily operations. 

They include the Chairman of the Board and the Water Utility Manager, who are central 

figures in the decision-making process. Following this, the plan offers a detailed description 

of the cooperative's facilities and services. Understanding the infrastructure and the services 

provided is fundamental for effective contingency planning.   

The document proceeds to outline the organizational structure, focusing on the roles and 

responsibilities within the cooperative. This provides a transparent framework for 

decisionmaking and leadership during any crisis.  

To ensure that the cooperative can continue to provide essential services without 

interruption, the plan details strategies for safeguarding current operational levels. Key 

aspects such as water demand, procurement, wastewater management, and water quality 

monitoring are addressed, highlighting the importance of maintaining regulatory compliance 

and meeting necessary standards.   
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Anticipating and preparing for potential threats is a core component of the plan. By 

identifying and assessing vulnerabilities within the network and the possibility of water 

quality issues, the cooperative can proactively develop strategies for contingency planning.  

In the event of a crisis, the cooperative employs an effective communication strategy to keep 

members and staff informed and safe. This strategy includes methods like group text 

messages and emails to ensure prompt notifications and situational awareness among 

stakeholders.   

Finally, the plan includes a set of action cards. These action cards offer practical guidance 

for cooperative members and staff to follow in response to various crisis scenarios, 

contributing to a coordinated and efficient emergency response.  

 

8.2 Identification of threat factors and risk assessment for Piikainkyrön water 

utility 

As previously mentioned, the checklist for small water utilities functions as a vulnerability 

analysis that small water utilities can utilize instead of conducting a site-specific risk 

analysis. This checklist covers various aspects of the facility, including water supply, 

treatment, and distribution, except for sewage treatment, which is not incorporated. 

However, the checklist is not comprehensive, and each facility's specific characteristics 

should be considered to the best extent possible during the assessment.  

In this contingency plan, 14 questions selected from the checklist were used for risk analysis. 

The risk categories were defined as follows: Nonexistence = 0, very low risk = 1, low risk = 

2, moderate risk = 3, high risk = 4, very high risk = 5. The chairman of the water cooperative 

responded to the questions based on the respective risk categories. The questions 

encompassing the following aspects of the water supply system:  

Risks associated with water sources and their management:  

- Contamination of water sources due to pollution or industrial activities?  

- Insufficient water supply during peak demand periods?   
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- Changes in water quantity or quality due to natural events? (Such as floods and 

droughts)  

 Risks associated with water treatment:  

- Equipment malfunction or failure? 

- The potential for waterborne infections due to inadequate treatment processes? 

- Failure to meet water quality standards and requirements? 

 Risks related to water distribution:  

- Network leaks or other damage? 

- Interruptions in water supply due to infrastructure issues? 

- Inaccurate measurements, or payment problems? 

 Hazards associated with wastewater treatment:  

- Sewer system backups or obstructions? 

- Environmental contamination resulting from inadequate wastewater 

treatment? 

- Violations of regulations governing wastewater discharge? 

 Risks concerning other functions, such as plans, instructions, and operating procedures:  

- Inadequate strategies for managing emergencies, including water damage? 

- Insufficient equipment maintenance and inspections, non-compliance with 

safety and health regulations?  

 

Following table addresses the responses related to the risk assessment questions. In the risk 

analysis, 7 different risk factors emerged, which were categorized as per the table below. 

The rest were negligible in terms of risks.  
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Table 4. Risk Assessment Table for Piikainkyrön water utility 

Operations Very low risk Low risks Moderate risks High 

Water 
Catchment 
Areas and 
Related 
Activities 

0 0 0 0 

Water 
Treatment 

0 0 0 0 

Water 
Distribution 

3 0 0 0 

Wastewater 
Treatment, 

1  0 0 

Other Functions 3 0 0 0 

 

 

The risk assessment table provides insight into the distribution of risk variables across 

various functions within the water cooperative. The findings illuminate the spectrum of risk 

within each group, ranging from extremely low to high. This comprehensive assessment 

encompasses multiple facets of the utility's operations, including water catchment areas, 

water treatment, water distribution, wastewater treatment, and other functions.  

Commencing with water catchment areas and related activities, it is noteworthy that no 

discernible risks have been identified in this category. This signifies the presence of a robust 

and efficient management system that safeguards the security and reliability of the water 

source. The "very low risk" rating reflects a proactive approach to pre-empt potential issues 

within this critical segment of the utility's operations.  

In the domain of water treatment, the assessment continues to yield favourable results, with 

no significant risks detected. This suggests that the utility excels in water treatment, ensuring 

that safety and quality standards are consistently met, thereby contributing to the reliable 

delivery of safe drinking water.  
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Transitioning to the sphere of water distribution, while the overall risk level remains low, 

there are three isolated instances that warrant attention. These risks are related to leaks or 

damages in the water distribution network, interruptions in water supply due to infrastructure 

faults, and issues with incorrect measurement or billing. These low-risk factors emphasize 

the importance of ongoing monitoring and maintenance.  

A well-functioning water distribution system is paramount for providing uninterrupted and 

uncontaminated water to consumers, necessitating continuous vigilance. Within the 

wastewater treatment category, a single case of moderate risk has been identified. The risk 

is related to overflow or blockage in the sewer system. This underscores the imperative need 

for focused attention on wastewater treatment processes and risk mitigation.  

Regular monitoring and maintenance are essential to effectively address this risk, thereby 

safeguarding both the environment and public health.  

Lastly, in the "Other Functions" category, three instances of low risk have been identified. 

These risks are related to inadequate emergency management plans for water damage, 

insufficient maintenance and inspection of valves, and non-compliance with health and 

safety protocols. Despite encompassing a range of activities within the utility, the low-risk 

classification underscores the ongoing need for monitoring and periodic risk assessments to 

maintain control over these aspects.   

In conclusion, this comprehensive risk assessment offers a valuable overview of potential 

risks associated with the operations of a small water treatment utility. The absence of risks 

in water catchment areas and water treatment reflects effective management and 

maintenance practices.  

The low risk levels in water distribution and other functions emphasize the importance of 

continual vigilance. The moderate risk in wastewater treatment signals the necessity for 

specific focus in this area.  

Overall, this assessment provides valuable insights into areas of strength and potential 

improvements in the utility's ongoing efforts to ensure a reliable and safe water supply.  
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9 SUMMARY  

In this thesis, a contingency plan (Appendix 1) was developed for Piikainkyrön water 

cooperative located in Orimattila using the checklist method. Given the cooperative's small 

size, the checklist method used for risk assessment proved highly applicable in the facility's 

risk evaluation process. Small facilities often lack the resources for extensive projects like 

Water Safety Plans (WSP) to assess their risks comprehensively. Moreover, the Finnish 

Environment Institute recommends that small water utilities utilize the contingency plan 

model proposed by Vikman and Arosilta (2006).  

In summary, the preparedness plan for the water cooperative serves to secure the planning 

and implementation of investments and action.  
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 Appendix 1. Contingency Plan for Piikainkyrö Water Cooperative  

  

   

PIIKAINKYRÖN WATER COOPERATIVE  

CONTINGENCY PLAN  

03.07.2023    
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CONTACT INFORMATION   

  

Chairman of the Board:                                                                               Tuomas Hämäläinen, 

0400 494 253   

Orimattila  Water utility:                                                                               044 781 3579   

Water Supply Manager:                                                                              Jami Junkkari, 0400 

714 694   

Orimattila Fire Station:                                                                                 044 077 3210   

  

Health Inspectors:                                                                                       Outi Tervo: +358 44 

480 1149  

 Jaana Pyykölä:                                                                                            +358 44 480 1159   

Pirjo Takku:                                                                                                  +358 44 480 1143   

  

  

Special Locations: The Water Cooperative handles it themselves.  

      

1. FACILITY DESCRIPTION   

  

The Piikainkyrön Water Cooperative is located northeast of Orimattila town center and 

was established in 2007. The cooperative purchases its water and directs its wastewater 

to the Orimattila Waterworks network. Orimattila Waterworks supplies drinking water 

to the Piikainkyrön Water Cooperative.   

  

2. ORGANIZATION The cooperative's operations are overseen by the board, with 

Tuomas Hämäläinen serving as the Chairman.   



 

  

3. ENSURING OPERATIONS AT THE CURRENT LEVEL   

3.1 Water Demand Piikainkyrön Water Cooperative has defined operational areas 

for water distribution and sewerage. According to the building database, there 

are approximately 15 inhabited properties within these operational areas. The 

estimated water consumption for the cooperative is thus less than 10 m3/day  

  

3.2 Water Procurement and Distribution The cooperative does not have its water 

abstraction     facility. All the water supplied by the cooperative is obtained 

from the Orimattila Waterworks.  

  

3.3 Wastewater Management Piikainkyrön Water Cooperative disposes of 

wastewater into the Orimattila Waterworks' sewer system for further 

treatment at the wastewater treatment plant. The Orimattila water network 

comprises around 226 km of pipelines, with approximately 83% being plastic 

pipes and the remaining as concrete pipes. The sewer network includes about 

60 wastewater pump stations and one incoming pump station.  

  

3.4 Water Quality Control The health inspector collects drinking water samples 

according to the surveillance plan. The Environmental Health Service also 

monitors the quality and operations of the Piikainkyrön Water Cooperative.  

  

4. THREATS Possible disruption situations in the water supply or sewerage network 

are described below:  

- Network damage before the cooperative's network  

- Network damage within the cooperative's network   

- Damage and water ingress within a property   

- Water quality issues   

- Prolonged power outage  

  

Piikainkyrön Water Cooperative does not have its water abstraction facility. Microbiological 

and chemical contamination of drinking water can occur mainly due to pipe breaks or 

installation errors during pipe connections. Pipe breaks can result from various factors, 

including cable or wire digging or ground freezing.   

  

The area includes detached houses, so the risk of low usage leading to water stagnation, which 

can cause an increase in bacterial numbers, is not present.   

  

Wastewater flooding and overflow are possible due to factors such as prolonged power outages, 

pump station breakdowns, sewer blockages, or heavy surface water. The risk arises as each 

pump station operates independently. If one pump station stops functioning, the central pump 



 

station fills up while the others continue pumping. However, immediate alerts ensure prompt 

action. The alert recipient addresses the situation and, during daytime, can also seek assistance 

from the municipal water utility.   

  

5.CRISIS COMMUNICATION  

 Cooperative members are informed through group text messages, emails, and paper notices. 

The method of communication depends on the nature of the specific situation. In cases where 

there is suspicion of drinking water contamination, immediate contact must be made with the 

health inspector to coordinate crisis communication.   

  

Health authorities decide when to pump water into the network and initiate enhanced sampling. 

In the event of contaminated soil, the Orimattila Fire Department must be alerted to remove 

the contaminated material. Detailed contact information for collaborating organizations and 

media can be found on the first page of the preparedness plan. Additionally, templates for 

boiling water advisories, pipe break notifications, and the end of boiling water advisories are 

included at the end of the plan.  

    

      



Action Card 1  

Network Damage Before the Cooperative`s Network            

   

1. Situation Assessment   

- Request information from Orimattila Waterworks about the location of the damage, the cause of the 

damage, and the timing of the incident.   

2. Communication   

Inform the cooperative's chairman and cooperative members through text messages.   

After the situation has been rectified, communicate the issue to consumers.  

2. Damage Containment   

Close network shut-off valves as needed to prevent the spread of contaminated water.   

3. Damage Repair  

 After the network damage is repaired, read the cooperative's water meter.  

 If contaminated water has entered the cooperative's network, flush the mainlines branch by branch. 

Estimate the volume of water that has flowed into each branch based on the meter pit reading. The 

water volume should be at least 3 times the branch's capacity.   

Record the volume of water used for flushing and report it to the waterworks for reimbursement.   

4. Reporting  

Report the incident to the cooperative's chairman. The report should include the actions taken with 

timestamps and the volume of water flushed.   

Damage in the Cooperative's Network   

  

Damage in the Mainline  

 Situation Assessment  



Action Card 1  

 Investigate the damage site and assess the extent of the problem.  

    

    

    

    

 Damage and Water Ingress Inside a Property   

1. Situation Assessment   

Examine the quality of leaked water (clean/wastewater), identify the location of the damage, and 

assess the extent of the problem.   

  

2. Damage Containment   

Close the shut-off valve preceding the damage.   

Prevent wastewater from flooding.   

  

3. Communication   

Notify the cooperative's chairman.   

  

4. Damage Repair  

 Assist the property owner in drying measures and in procuring a professional plumber to carry 

out necessary repairs.  

  

5. Reporting Report the incident to the cooperative's chairman.   

The report should outline available observations, actions taken with timestamps, the cause of the 

damage, and the estimated volume of leaked water. If necessary, the report can be provided to the 

insurance company.  

        

  



Action Card 1  

  

  

  

  

      

  

  

  

  

  

    
  

      Water Quality Issue Hygienic Quality  

    

    

1. Situation Assessment  

    

Observation     Action    

Recurrent health   

issues among the 

cooperative's 

water users have 

surfaced  

A  comprehensive 

 survey  will  be 

conducted to determine if the water users of 

the cooperative are experiencing health 

problems indicative of an epidemic.  

water quality 

  

problem has been 

identified by 

Orimattila  

Water Utility.    

A comprehensive survey will be conducted to 

ascertain whether the cooperative's water users 

are experiencing health problems suggestive of 

an epidemic.   
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Quality issues 

  were 

detected in routine 

water samples and also 

during network 

maintenance   

Action instructions are requested from both the 

water utility and the health inspector.   

Indicated by taste, odor, or visual anomalies.  

The cooperative carries out the measures to 

mitigate the issues as per the provided guidelines.  

    

     

2. Communication Inform the cooperative's chairperson.   

Notify the health inspector. Inform users through printed materials and emails.   

Coordinate the communication with the health inspector.   

Keep users informed of significant changes in the actions as they progress.   

3. Damage Control   

Decide to close the main valve to prevent water use.   

  

4. Damage Repair   

  

Perform network flushing or chlorination according to the guidelines. Ensure water quality 

through water samples and visual inspection.   

Notify customers of the end of the boil water advisory (Attachment 2).   

5. Reporting   

  

Report the incident to the cooperative's chairperson and, depending on the severity, to local 

health authorities. In the report, detail the observations and actions taken with timestamps, 

and explain the cause of the water quality issue.   

 



Action Card 1  

  

Actions Required in Prolonged Power Outages   

1. Residents should be instructed in advance to reduce water consumption if a long-lasting 

power outage is expected.   

2. If the power outage persists for over 24 hours, some property pump stations will be 

switched off.   

3. When pump stations are filling up, arrange for a vacuum truck to empty them, giving 

priority to critical locations.   

4. When power is restored, start monitoring line pump stations for overflow.   

5. Reconnect the previously disconnected property pump stations.  

      



 

  

OPERATION CARD 5  

        

Example of a Boiling Advisory          Attachment 1   

  

PIIKAINKYRÖ WATER COOPERATIVE ANNOUNCEMENT  

 x.x.2023 BOIL WATER ADVISORY FOR THE xxxx AREA In water samples taken 

yesterday on  

x.x.2023, Escherichia coli bacteria were found in the xxxx area. To assess the situation, 

additional samples have been taken from a wide area today. The results of these tests will be 

available tomorrow.   

The presence of Escherichia coli in drinking water indicates fecal contamination, so there may 

also be disease-causing bacteria in the water. All food and drinking water must be boiled for 

5-10 minutes.   

You can use the water for normal hygiene purposes. Chlorination of the water supply network 

is being carried out today. Chlorine destroys harmful bacteria. The water's chlorine 

concentration will be noticeably higher and can be smelled until tomorrow morning at 9:00 

AM.   

The boil water advisory will be in effect at least until x.x.2023 at x o'clock. Information about 

the results of today's samples will be provided, and new instructions will be given at that time. 

The announcement will be broadcast on the radio (e.g., Radio Suomi) and will be available on 

the cooperative's website at the following address.  The water in other areas is safe for 

consumption.  For more information: Water Cooperative Phone Helpline 000 000 000   

Chairperson   

Health Inspector Piikainkyrö   

Water Cooperative Orimattila  

 Phone: 0000000   

Phone: 0000000  



 

  

    

PIIKAINKYRÖ WATER COOPERATIVE ANNOUNCEMENT   X.X.2023   

NO LONGER REQUIRED TO BOIL WATER   

  

IN THE XX AREA The boiling advisory issued for the XX area on 1.1 has now been lifted.   

  

The advisory was issued due to the presence of Escherichia coli bacteria found in the water. 

Chlorination of the XX area's water supply began on 1. 1. Samples taken by health protection 

authorities from various parts of the network on January 1 no longer show signs of 

contamination.   

  

The water in the area is now safe to drink, and there is no longer a need to boil it. If the water 

appears cloudy, it is advisable to flush it briefly after it has been standing in the pipes. You 

could always use the water for normal hygiene purposes.   

  

On 1.1 at XX:XX, it was observed at the XX water intake facility that surface water had entered 

the well due to heavy rain overnight.   

  

Piikainkyrö Water Cooperative apologizes for any inconvenience caused by this situation.   

  

First Name Last Name Chairperson of the Water Cooperative   

  

Phone: 000000   

  

  

  

  

  

  

  

  

  

  

  



 

  

  

  

  

  

  

  

  

  

  

Example of a Notice about a Widespread Water Outage Attachment 3   

  

  

PIIKAINKYRÖ WATER COOPERATIVE ANNOUNCEMENT X.X.2023 XX AREA 

EXPERIENCES WATER PIPE DAMAGE.   

  

Piikainkyrö's water distribution is affected by pipe damage in the areas marked with X and Y 

on the map. During the expansion project of Highway XX, an excavator damaged the main 

water pipeline in the area today at XX:XX.   

  

Orimattila Water Utility has isolated the section of the damaged pipe from the rest of the 

network, and repair work is about to begin.  

  

The rupture of the main water pipe will be noticeable to users as a decrease in water pressure, 

resulting in significantly less water flowing from the taps. Water supply may also cease 

entirely. In such a situation, it's important to remember to close the tap to prevent potential 

water damage when the situation is resolved.   

  

As the situation normalizes, air and discolored water may flow from the tap, which should be 

flushed into the drain. As a precaution due to the pipe breakage, the water utility will initiate 

chlorine disinfection of the network water to ensure the microbiological quality of the water.   

  

The next update on this matter will be provided today at XX:XX.   

  

First Name Last Name Chairperson of the Water Cooperative  

Phone: 000000  
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