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[bookmark: _Toc214949736]ACTIVITY 1. Water quality and health match-up
Choosing from the following list, complete the middle row of the table provided (i.e. the column “Possible hazard”) by matching each water-related hazard with the signs and source of the hazard. Review answers together.
Once you have used a word from the list, draw a line through it. See the example provided in red.

List of words to choose from:  
High levels of nitrates/nitrites
High hardness (calcium and magnesium)
Microbial pathogens
High arsenic levels
High levels of organic matter
Algae (cyanobacteria) and toxins 
High metal concentrations
High sodium chloride levels
High sulphide levels
High fluoride levels


	Potential signs
	Possible hazard 
(write your answer here)
	Possible contamination source (or hazardous event)

	Acute health issues

	
Diarrhoea and dysentery (including occasional outbreaks of cholera and typhoid fever) and other waterborne infections such as hepatitis are widespread within the community, particularly affecting the young, old and health compromised

	Microbial pathogens

	Open defecation or nearby sanitation facilities; agriculture (use of manure) or wildlife; dirty water with suspended particles such as silt, clay or organic matter (often from flood waters or following rainstorms)

	Methaemoglobinaemia in bottle-fed infants (or "blue baby syndrome")
	











	Sewage discharges; poorly maintained septic tank; animal manure and runoff from agriculture

	Chronic (long-term) health issues

	Mottling and staining of teeth in young children and teenagers; brittle bones and crippling
	
	Naturally occurring in some groundwaters

	Pigmentation changes (melanosis) and thickening of the skin (hyperkeratosis), increased rates of cancers
	
	Naturally occurring in some groundwaters

	Skin irritation (skin rash, hives, itchy eyes and throat); tingling around the mouth and fingertips; slurred speech; animals who drink the water may die
	
	High nutrient levels in warm and stagnant surface water (ponds, tanks)

	Acceptability issues

	Stains on fixtures or laundry; coloured water with metallic taste
	
	Naturally occurring in some groundwaters; may result from corroding pipes in the distribution system or from "overturning" of reservoirs

	Unpleasantly salty taste (may pose health concern to those on sodium-restricted diets)
	
	Naturally occurring in some groundwaters; may be from seawater (coastal areas) or caused by evaporation residue in irrigated areas (hot climates)

	Rotten egg odour and taste; corrosive black spots in pipes
	
	Naturally occurring in some groundwaters; could indicate industrial waste, oil, coal or stagnant water

	Brown-coloured water without particles (not directly harmful to health but could result in high levels of disinfection by-products if water is chlorinated)
	
	Naturally occurring in some surface waters from lakes or rivers with submerged vegetation

	Soap does not lather; white scale builds up on pots or kettles when water is heated (not harmful to health, but may make water difficult to treat and use)
	
	Usually from limestone or chalk aquifers




[bookmark: _Toc214949737]ACTIVITY 2. System diagram
Working in groups, draw “level 1” and “level 2” diagrams of the system described below on flipchart paper. Diagrams should be as complete, accurate and neat as possible.  They will be reviewed by other groups!
System information
Level 1: System overview 
· The system has a groundwater water source: a shallow borehole (< 20 metres deep). (Note: within the catchment, there is also a river, but this is not currently used as a water source.)
· The borehole is located in a low-lying area near the coast. There are a number of vegetable farms in the immediate area, with fertilizer application (nitrogen-based).
· During periods of drought, overextraction of water from the borehole can result in saline intrusion in the aquifer, resulting in more saline (salty) water. Droughts are projected to become more frequent and longer lasting in the next 5 to 10 years.
· The borehole recharge catchment area is considered a “protected zone” with laws prohibiting industry or development. However, there is an informal settlement located close to the borehole. 
· Sanitation in this informal settlement consists of latrines, which are poorly constructed and maintained. 
· For the borehole source, there are two pumps to abstract the water – one duty (or active) pump and one standby (or reserve) pump. The max. pumping rate is 20 litres/second. Water is transferred from the borehole by PVC pipe. 
· During storm events, storm surge from the sea can result in flooding of the borehole pump station and pump outages.
· The bore water is pumped to a conventional water treatment plant (WTP). (WTP details are provided below under Level 2.)
· From the WTP, water flows by gravity to the town (approx. 18 000 connections) via a 500 kilolitre (kL) storage tank (concrete tank, covered, no liner, built in 1979).
· From the storage tank, the water enters the distribution network. The network pipes are ductile iron concrete-lined (laid in 1955), and the network experiences water loss through leakages (> 50% water loss). Frequent pipe breaks also occur.
· The water is delivered to interior household taps for most residents (95%). Most of the household plumbing is newer PVC piping, but there are still some lead pipes and connections in older properties.
· For the remaining 5% of residents, access to water is from public tapstands. Residents accessing water from the public tapstands need to collect, transport and store water at home. Often, the tapstand water lacks sufficient free chlorine residual due to lower flows in this section of the network. No household water treatment is practiced.






Level 2: Water treatment plant (WTP) details
· The WTP is a conventional plant, which consists of coagulation, flocculation, clarification, rapid sand filtration (two filters), chlorine disinfection and an on-site treated water storage tank (1 megalitre [ML]).
· Two treatment chemicals are added at the water treatment plant: aluminium sulphate (alum) and chlorine. Alum is added at the inlet to the rapid mixer/coagulation unit, and chlorine at the outlet of the 1 ML treated water storage tank (i.e. immediately before distribution).
· Chemicals are added by chemical injection pumps. There are duty and standby pumps for both alum and chlorine.
· The rapid sand filters are backwashed with water from the 1 ML treated water storage tank. There is only one backwash pump; there is no standby pump.
· The electrical supply to the WTP is subject to power cuts during storm events about once per year. There is no on-site back-up generator.

[bookmark: _Toc214949738]ACTIVITY 3. Identify hazards and hazardous events
Using the risk assessment table on Page 14 of your workbook, work as a group to complete sections A, B and C (shown below) for the water supply system you sketched during the “System Diagram” exercise (Activity 2). 
Describe at least one hazardous event and hazard for each of the following process steps (using the “X happens because of Y” formula):
· Catchment/source
· Water treatment plant
· Storage/distribution system
· User
If time allows, after you have identified one hazardous event at each process step (4 hazardous events in total), go back and identify a second hazardous event for each process step (up to 8 hazardous events in total). Consider all hazardous events within the system, including those that are climate-change and equity-related.

	A
	B
	C

	Process Step 
(catchment, treatment plant, etc.)
	Hazardous Event  
(“X happens because of Y”)
	Hazarda


	
	 
	 


a Microbial, Chemical, Radiological, Acceptability, Quantity

	Key definitions: 
Hazard: A contaminant or condition that may adversely affect the supply of safe drinking-water
Hazardous Event: An event that results in a hazard being introduced to, or inadequately removed from,                                           the water supply




[bookmark: _Toc214949739]ACTIVITY 4. Hazard-control match-up
Looking at the “Hazardous event” column on the left, draw a line from each hazardous event to the corresponding “control measure” in the table on the right. See the example in red.


	HAZARDOUS EVENT

	Raw water is contaminated runoff (X) because of cattle grazing near surface water intake (Y)

	Contaminated water is consumed (X) because informal settlements do not have access to the piped water supply (Y)

	Contaminated water from customer’s storage tanks is back-siphoned into distribution pipes (X) because of low pressure in distribution network (Y) 

	The water supply is or over- or under-dosed with chlorine (X) because of operator error (Y)

	Water supply outages (X) because of power loss at the network pump station following severe storm (Y)

	Raw water is contaminated (X) because of direct discharge of industrial pollutants upstream of the intake (Y)







	CONTROL MEASURE

	Back-up mobile power generator 


	Controlled grazing in exclusion zone: permits, fencing, regular inspections 


	SOPs and thorough operator training and competency testing in chlorination procedures 

	Enforced industrial effluent standards

	Settlement dweller education programme on safe household treatment and storage practices

	Regulations requiring check valves (backflow prevention valves) at customer connections 










[bookmark: _Toc214949740]ACTIVITY 5. Hazard-control-validation match-up
Looking at the table provided, and the numbered boxes on the next page (numbered 1-6), fill in the blanks by writing the correct box number into the table. See example in red.

	Process step
	Hazardous event
	Hazard
	Existing Control Measures
	Validation Notes

	Catchment
	Raw water turbidity spikes can occur (X) due to logging activity near the river and soil erosion during heavy rains (Y)
	3
	The Catchment Management Authority prohibits logging within 300 m of the riverbank
	?

	Water Treatment Plant
	Water is under- or over-chlorinated (X) due to an operator error (Y)
	Microbial
Chemical
	?
	?

	Distribution System
	?
	Microbial
	Wire mesh installed around vent pipe and overflow pipe to prevent bird and insect access
	?






2
Water in the storage tank becomes contaminated (X) due to bird access to tank through the vent pipe and overflow pipe (Y)
1
Operator competency testing indicates effective learning, and water quality monitoring confirms that chlorine levels are consistently within the target range







3
Microbial
Acceptability


4
Operator training and regular refresher courses






6
A review of relevant literature indicates that a 300 m vegetated buffer zone is sufficient to control sediment transport at grades typical within the catchment


5
Visual inspection confirms that the wire mesh is robust and finely woven, and water quality testing results indicate high microbiological compliance










[bookmark: _Toc214949741]ACTIVITY 6. Control measure ID and validation
Using the risk assessment table on Page 14 of your workbook, work as a group to complete sections D and E (shown below) for the water supply system you sketched during the “System Diagram” exercise (Activity 2). 
· For half of the hazardous events from Part I, imagine that there are no existing control measures in place. (In these cases, record “None” for existing control measure, “No” for effectiveness and “N/A” for validation notes.)

· For the other half of the hazardous events, be creative and imagine that there is at least one existing control measure in place. You will need to decide if these existing control measures are effective, somewhat effective or not effective.  Imagine that you have already gathered evidence to judge the effectiveness of the control measures (e.g. visual inspections, measurements, literature reviews), and document what you found when you reviewed this evidence in the validation notes. Creativity required for this part!


	D
	E

	Existing control measure description
(measures already in place to address hazard)
	Are the existing controls effective?

	
	Validation notes 
(basis of control measure effectiveness decision)
	Yes
	No
	Somewhat

	 
	 
	 
	 
	 



	Key definitions: 
Control measure: An activity or process to prevent, eliminate or reduce the risk of a hazardous event to an acceptable level 
Validation: Obtaining evidence that the control measure can effectively control the corresponding hazardous event



[bookmark: _Toc214949742]ACTIVITY 7. Risk assessment
Using the risk assessment table on Page 14 of your workbook, work as a group to complete sections F (shown below) for the water supply system you sketched during the “System Diagram” exercise (Activity 2).  
Be prepared to explain the basis for your risk assessment and to discuss any challenges encountered in assigning the risk score/level.
	F

	Risk assessment

	Likelihood
	Severity
	Risk score
	Risk level

	 
	 
	 
	 



	Likelihood level
	Definition

	
	Unlikely
	Could occur at some time but has not been observed; may occur only in exceptional circumstances.

	
	Likely 
	Might occur at some time; has been observed occasionally.

	
	Most likely
	Will probably occur in most circumstances; has been observed regularly.

	Severity level
	Definition

	
	No/minor impact
	Minor or negligible impact on water quality, acceptability or quantity (not health related) for a small percentage of customers; some manageable disruptions to operation; rise in complaints not significant.

	
	Moderate impact
	Minor impact water quality, acceptability or quantity (not health related) for a large percentage of customers; clear rise in complaints; community annoyance; minor breach of regulatory requirement.

	
	Major impact
	Major impact; potential illness or death in community associated with the water supply; large number of complaints; significant level of customer concern; significant breach of regulatory requirement.





	 
	 
	 
	SEVERITY

	 
	 
	 
	No/minor impact
	Moderate impact
	Major impact

	 
	 
	 
	1
	2
	3

	LIKELIHOOD
	Unlikely
	1
	1
	2
	3

	
	Likely
	2
	2
	4
	6

	
	Most likely
	3
	3
	6
	9

	 
	 
	 
	 
	 
	 

	 
	Risk score:
	 
	≤ 2
	 3 - 5
	≥ 6

	 
	Risk level:
	 
	Low
	Medium
	High


Clearly not a priority
Clearly a priority; requires urgent attention
Medium- or long-term priority; requires some attention













Risk assessment table
	A
	B
	C
	D
	E
	F

	Process Step 
	Hazardous Event
(X happens  because of Y)
	Hazarda
	Existing control measure description
	Are these controls effective?
	Risk assessment

	
	
	
	
	Validation notes 
	Yes
	No
	Somewhat
	Likelihood
	Severity
	Risk score
	Risk level

	Catchment/ source
	 




	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Catchment/ source
	 




	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Water Treatment Plant
	 





	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Water Treatment Plant
	 





	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Distribution/ Storage
	 





	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Distribution/ Storage
	 





	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	User
	 





	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	User
	 





	 
	 
	 
	 
	 
	 
	 
	 
	 
	 


a Microbial, Chemical, Radiological, Acceptability, Quantity
[bookmark: _Toc214949743]ACTIVITY 8. Improvement planning
Using the improvement planning template provided on the next page, work in your groups to develop a progressive improvement plan by following these steps:
1. From the risk assessment table you have completed (from page 14), choose one hazardous event that represents a significant risk and requires additional control. 
2. Develop a two-stage improvement plan.  In other words, document one simple improvement that could be done in the short term and with limited resources to partially address the problem (row 1), and in the next row document a more thorough improvement that may require additional funding, time, or expertise (row 2).
Be prepared to present your improvement plan to the other groups.


















	#
	Specific improvement action
	Arising from 
(relevant hazardous event/hazard)
	Responsible party(ies)
	Estimated cost
	Funding source
	Due date
	Status update

	1
	






	
	
	
	
	
	 

	2
	






	
	
	
	
	
	 




[bookmark: _Toc214949744]ACTIVITY 9. Field trip instructions
Working in your groups:
PART I:  RISK ASSESSMENT 
For each major process step visited (e.g. catchment/source, treatment works, storage/distribution and tap stand/user), make observations and ask questions of staff in order to:
· Identify at least two hazardous events at each major process step (“X happens because of Y”)
· Document any existing control measures for each hazardous event 
· Validate the effectiveness of those controls (may require imagination!)
· Assess the risk of each hazardous event identified 
Record findings on the risk assessment tables provided on pages 22-24.
 TIPS:
· Refer to the list of possible threats to water safety for ideas (pages 29-35)
· Ask questions of yourselves and of supplier staff, for example:
· What could go wrong here?
· What steps are currently taken to stop that from happening?
· What evidence is there that those measures do (or do not) work?
PART II: IMPROVEMENT PLANNING
From the field-trip risk assessment table (Part I), choose at least two hazardous event that represent a significant risk and require additional control, and complete the improvement plan table on Page 25. 
Consider a two-stage improvement plan. In other words, document one simple improvement that could be done in the short term and with limited resources to partially address the problem, and in the next row document a more thorough improvement that may require additional time, funding or expertise.
PART III: OPERATIONAL MONITORING
At the process steps visited, e.g. the water treatment plant (WTP), ask questions of staff to determine:
· Where are the operational monitoring points? What is monitored, how, how often and by whom? What are the critical limits? What action is taken if critical limits are breached? Where is monitoring data recorded?
· For at least two control measures, record the information collected in the operational monitoring plan template provided on page 26.

PART IV: WTP SCHEMATIC REVIEW
Where the field trip includes a WTP visit and a WTP diagram/schematic has been provided:
· Study the WTP schematic provided and, while on site, field verify the accuracy of the schematic. Can you spot any significant errors or omissions? If so, make a note on your copy of the schematic.
Note – where a diagram/schematic is not provided, participants may consider sketching a basic one themselves. Two blank pages are provided at the end of the workbook for this purpose.
PART I: Field Trip – risk assessment table
	A
	B
	C
	D
	E
	F

	Process Step 
	Hazardous Event
(X happens  because of Y)
	Hazard
	Existing control measure description
	Are these controls effective?
	Risk assessment

	
	
	
	
	Validation notes 
	Yes
	No
	Somewhat
	Likelihood
	Severity
	Risk score
	Risk level

	
	


	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	 


	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	



	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	 



	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	 



	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	 



	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	



	
	
	
	
	
	
	
	
	
	

	
	



	
	
	
	
	
	
	
	
	
	

	
	



	
	
	
	
	
	
	
	
	
	



PART II: Field trip - Improvement plan
	#
	Specific improvement action
	Arising from 
(relevant hazardous event/hazard)
	Responsible party(ies)
	Estimated cost
	Funding source
	Due date
	Status update

	1
	

	
	
	
	
	
	 

	2
	
	
	
	
	
	
	 

	3
	
	
	
	
	
	
	

	4
	
	
	
	
	
	
	




PART III: Field trip – Operational monitoring plan
	Process step
	Control measure
	What to monitor
	Where
	When
	How
	Who
	Critical limit(s)
	Corrective action if acceptable limits are breached

	


	
	
	
	
	
	
	
	

	


	
	
	
	
	
	
	
	

	


	
	
	
	
	
	
	
	

	


	
	
	
	
	
	
	
	



[bookmark: _Toc214949745]ACTIVITY 10. Walkerton (Canada) case study
Review the case study from Walkerton, Canada in 2000 and:
1. Prepare a timeline of key events
2. Discuss in your groups when and how did the water likely become contaminated?
3. What could have been done differently by the various stakeholders (operators, health officials and laboratory staff) to control the outbreak after it happened?
4. What elements of water safety planning could have helped to proactively prevent the incident from occurring? 
Record findings on a flipchart and be prepared to share results following the exercise.

Case study:
Walkerton is a small town in Canada. In the year 2000, approximately 4500 people were served by the town’s water supply system.  Walkerton’s drinking-water came from two wells: Well 7 and Well 5.  Well 7 was the main supply.
On 3 May, the chlorinator for Well 7 broke down, but the well remained in use (without chlorination) until 9 May.  From 9 to 15 May, Well 7 was shut down and Well 5 was used.  On 15 May, Well 5 was shut down and Well 7 was once again used, although the chlorinator was still broken.  On 19 May, the chlorinator for Well 7 was repaired.
On 13, 14 and 15 May, the operator recorded a chlorine level in the water supply of 0.75 mg/L in the log books, although a subsequent inquiry found that the operator had not actually performed the chlorine testing and had falsified the records.
On 15 May, water samples were collected for microbial testing, and on 17 May, the laboratory called the water supplier to advise them of the presence of Escherichia coli in the distribution system water samples.  The laboratory staff did not fax the results to the Ministry of Health as they should have done.
On 18 May, the first signs of illness related to E. coli were becoming evident in the community.  On 19 May, the outbreak was evident at many levels.  Thirty-three children were now absent from Walkerton schools with stomach pain, diarrhoea and nausea; several residents of retirement homes and long-term care facilities had developed diarrhoea; and a Walkerton physician had examined 12 or 13 patients suffering from diarrhoea.  The hospital notified the Health Unit of the problem, and a Walkerton school administrator also called the Health Unit to report the number of children absent and stated that she suspected the town’s water supply to be the source of the problem. 
On 19 May, a Health Unit official called the general manager (GM) of the water supplier, and the GM advised him that “everything is okay” despite his knowledge of the presence of E. coli in the system.  Later that afternoon, another Health Unit official called the GM asking whether anything unusual had happened in the water system, and again the GM did not report the E. coli detection or the fact that Well 7 was operated without chlorine from 3-9 May and 15-19 May.  These denials led the Health Unit to believe that the source of the outbreak was food-borne rather than waterborne.
By 20 May, the hospital had received 120 calls from concerned residents, more than half of whom complained of bloody diarrhoea, and again the GM was called.  Again, the GM assured the Health Unit that there was no problem with the water supply system.
On 20 May, a concerned employee of the water supplier began to suspect something was wrong with Walkerton’s water. He had learned of the E. coli detection and anonymously phoned the local authorities to report his concerns.
On 21 May, a boil water advisory was issued to the local AM and FM radio stations, but additional publicity by the television station or by direct door-to-door notification was not pursued.  Therefore, the boil water advisory did not reach all residents.
By 22 May, the Health Unit had received reports of 90-100 cases of E. coli infection, and the first victim died.  On 23 May, the second victim died.  Ultimately, 7 deaths and 2300 cases of gastrointestinal illness (27 with potentially lifelong health implications) were attributed to the consumption of Walkerton water.  
Results of the investigation indicate that the most likely source of contamination was Well 5, which is located in an agricultural field and was highly vulnerable to faecal contamination from cattle. (The initial application for Well 5 construction was denied, but the well was ultimately constructed despite safety concerns.) From May 8 to 12 May, 2000, Walkerton experienced heavy rainfall and flooding was seen near Well 5 on the evening of 12 May. The most likely date of contamination was determined to be between 12 to 14 May, when Well 5 was in operation.











This information is adapted from: Hrudey SE and Hrudey EJH. Prevention is painfully easy in hindsight: Fatal E. coli O157:H7 and Campylobacter Outbreak in Walkerton, Canada, 2000. In: Institute of Medicine. Global issues in water, sanitation, and health. Washington, DC: The National Academies Press; 2009:127–152 (https://www.ncbi.nlm.nih.gov/sites/books/NBK28462/pdf/Bookshelf_NBK28462.pdf; accessed 19 November 2025).


[bookmark: _Toc214949746]ANNEX 1. Possible threats to water safety
WSP teams can use this tool[footnoteRef:1] to help identify possible threats to water safety, which will inform the identification of hazards and hazardous events (Module 3).  [1:  After Water safety plan manual: step-by-step risk management for drinking-water suppliers, second edition. Geneva: World Health Organization; 2023. Licence: CC BY-NC-SA 3.0 IGO.] 

This list is not comprehensive – it is given to stimulate thinking of potential hazards and hazardous events in a particular water supply. WSP teams should decide which threats are relevant to their water supply and adapt the list as required. 
When completing Module 3, the threats provided should be converted to hazardous events using the template shown in the box below. Hazardous events are specific for each water supply, so the examples given may not apply to the water supply under consideration. 

	How to describe hazardous events
A clear and concise way to describe a hazardous event is to use the convention:
X happens because (of) Y
where X is the effect on the water supply and Y is the cause.
For example:
Microbial contamination enters distribution pipes (X) because of unsanitary pipe repair practices (Y).
In addition to what happens, X will often describe the stage of the water supply when it occurs (e.g. source water, network pipe, informal settlement). X may also include the hazard type (e.g. microbial contamination, arsenic, pesticide).
Identifying X (the effect) and Y (the cause) allows the WSP team to understand and assess the associated risk, and to identify appropriate control measures in Modules 4 and 5.




DRAFT
DRAFT


For more comprehensive guidance on threats related to climate change and equity considerations, refer to Climate-resilient water safety plans: managing health risks associated with climate variability and change (WHO, 2017) and A guide to equitable water safety planning: ensuring no one is left behind (WHO, 2019), respectively.
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[bookmark: _Toc214949747]Source threats
Surface water
· 
· Raw or inadequately treated sewage from human settlements
· Industrial effluents – organic, chemical, biological pollutants
· Animal access, leading to faecal material in the waterbody upstream of the abstraction point
· Agricultural activities (e.g. related to application of fertilizer, manure, pesticides, herbicides)
· Cyanobacteria (“algal”) blooms in surface-water sources (e.g. lakes, reservoirs)
· Solid waste/refuse disposal sites
· Biosolids storage or spreading sites
· Roads near intake (e.g. accidents, run-off)
· Major spills (accidental and deliberate)
· Animal husbandry in catchment
· Development/construction activity
· Mining activity
· Forestry or logging activity
· Landslides
· Human activities in open reservoirs and waterways (e.g. bathing, clothes washing, recreation, fishing)
· Severe weather events (e.g. flood, drought)
· Increased temperatures
· Increased rainfall, run-off, flooding or snowmelt
· Fires (e.g. bushfires)[footnoteRef:2]  [2:  Also referred to as forest fires or wildfires.] 

· Volcanic eruptions 
· Deforestation
· Erosion
· Abstraction-related threats (e.g. clogging of, or damage to, intake structures, including screens) 


Example of a surface water threat converted to a hazardous event
Threat: Raw or inadequately treated sewage from human settlements
Conversion to a hazardous event: Source water is contaminated by pathogens (X) because the domestic sewage treatment plant in the catchment is overloaded and discharges poor-quality effluent directly into the surface-water source close to the intake (Y). 

Groundwater
· 
· Naturally occurring chemicals (e.g. arsenic, fluoride, iron) and radioactivity
· Agricultural contaminants (e.g. pesticides, nutrients) 
· On-site sanitation and sewerage systems 
· Chemicals from extractive, industrial and human settlement activities 
· Reduced yields (e.g. declining groundwater tables from over-extraction for irrigation or natural causes)
· Salt-water intrusion 
· Run-off from surface contaminants into poorly constructed or maintained wellheads
· Backflow into groundwater source
· Animal access, leading to faecal material at abstraction point
· Severe weather events (e.g. heavy rain, flood, drought)
· Changes in groundwater quality in dry conditions and reduced recharge (especially relevant in groundwater sources that are currently of low quality)
· Abstraction-related threats (e.g. surface water entering well heads after intense run-off or flooding events)
· High water level (reducing natural contaminant attenuation processes)
· Earthquakes (disruption of aquifer)
· Low pH
· Oxidation–reduction reactions in deep wells 
· Casing material not suitable for corrosive water 

[bookmark: _Hlk127385392]Example of a groundwater threat converted to a hazardous event
Threat: Naturally occurring chemicals
Conversion to a hazardous event: Groundwater contains arsenic above the national drinking-water quality standards (X) because of naturally occurring geological, physical and chemical conditions of the groundwater and substratum (Y). 


[bookmark: _Toc214949748]Water treatment plant threats
This list is for conventional treatment consisting of coagulation, flocculation, sedimentation, filtration and chlorination. Although some of these threats will occur with other treatment process configurations, specific threats associated with other treatment systems should also be considered.

General (applicable to many of the individual processes)
· 
· Inadequate backup for essential equipment (e.g. spare parts, duty/standby equipment)
· Inadequate human resources
· Insufficiently trained operators
· Interruption to the treatment process
· Power failure
· Poor water quality during accidents and emergencies
· Inappropriate plant design
· Flow rates in excess of design capacities
· Inadequate site security
· Inadequate process control or monitoring
· Rapid changes in source water quality or quantity
· Failure of automated alarms and monitoring equipment 
· Presence of raw (untreated) water bypass valves (allowing untreated water to bypass the treatment plant and enter the distribution network)
· Contamination during water sampling
· Contamination during maintenance


Example of a water treatment plant threat converted to a hazardous event
Threat: Inappropriate plant design
Conversion to a hazardous event: Hazards are insufficiently removed or reduced (X) because treatment is not well suited to the prevailing source water quality and flow variations (Y).

Coagulation, flocculation and sedimentation

· Malfunction in alum/polyaluminium chloride (PAC) or other chemical dosing 
· Improper alum/PAC dosing rate
· Suboptimal pH control
· Exhausted chemical supply 
· Incorrect chemical used
· Poor-quality chemicals used
· Inadequate mixing of chemicals
· Insufficient contact time for floc formation
· Improper mixing speed for floc formation
· Malfunction in floc removal mechanism (e.g. scrapers)
· Improper storage of chemicals
· Use of out-of-date chemicals
· Poor calibration of dosing or testing equipment
· Improper selection of coagulant and flocculant
· Dosing pipe clogging
· Dosing pipe leakage


Example of a coagulation, flocculation and sedimentation threat converted to a hazardous event
Threat: Exhausted chemical supply
Conversion to a hazardous event: Harmful microorganisms are not removed from raw water (X) because the supply of coagulant is exhausted, resulting in no dosing of the treated water (Y).


Rapid sand filtration
· 
· Improper or exhausted media
· Infrequent filter backwashing
· Ineffective filter backwashing (e.g. over-frequent backwashing mixes filter layers, filter bed is not completely fluidized during backwashing)
· Filter backwashing using untreated water
· Inadequate filter inspection and maintenance
· Return of backwash water to the head of the plant without sufficient treatment
· Insufficient filter ripening periods
· Incorrect valves and pipe configurations
· Biofilm growth


Example of a sand filtration threat converted to a hazardous event
Threat: Insufficient filter ripening periods
Conversion to a hazardous event: Filtered water exceeds desired turbidity (X) because filtered water is released to filtered water storage before stable performance is achieved after filter backwash (Y).
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Chlorination
· pH too high for effective chlorination
· Turbidity too high for effective chlorination
· Chlorine under-dosing (microbial threat)
· Chlorine over-dosing (chemical, acceptability threat)
· Insufficient contact time for pathogen inactivation (e.g. flow short-circuiting or flow rate in excess of design limits)[footnoteRef:3] [3:  For effective disinfection of drinking-water at the point of disinfection, WHO recommends a minimum contact time of 30 minutes where the residual chlorine concentration is ≥0.5 mg/L and the water is pH <8.] 

· pH or temperature change affecting Ct value
· Dosing equipment malfunction or poor dose control
· Poor calibration of dosing or testing equipment
· Incorrect dose calculation
· Chlorine supply exhausted
· Expired chlorine used
· Chlorine of poor quality used (e.g. not for potable use or outside of specification) 
· Inappropriate chlorine storage (e.g. in direct sunlight)
· Formation of disinfection by-products[footnoteRef:4]  [4:  Attempts to control disinfection by-products should not compromise effective disinfection.] 

· 

Example of a chlorination threat converted to a hazardous event
Threat: pH is too high for effective chlorination
Conversion to a hazardous event: The effectiveness of chlorine dosing is compromised (X) because the pH of dosed water is above the pH range for effective chlorination (Y).


[bookmark: _Toc214949749]Distribution and storage threats
Post-treatment storages (e.g. tanks, reservoirs)
· 
· Open tanks or reservoirs
· Access by animals/birds (e.g. through unscreened vents, holes or gaps in tank roofs, cracks in concrete roofs)
· Unauthorized access (e.g. vandals)
· Leaching from construction materials, fittings or liners and internal corrosion
· Entry of run-off from storage tank roof
· Entry of contaminated groundwater (for underground tanks)
· Entry of contaminated surface water (for uncovered reservoirs or underground tanks)
· Contamination during sampling
· Contamination during maintenance
· Sediment build-up and resuspension 
· Biofilm growth build-up on internal surfaces and subsequent release (e.g. liners, floating covers)
· Cyanobacterial blooms resulting in metabolites (e.g. taste/odour compounds, toxins)
· Improper cleaning practices
· Inadequate site security
· Long water detention times (excessive water age)
· Flow short-circuiting


Note: Where raw water storage is in place before water treatment, some of the above may also be applicable.

Example of a post-treatment storage tank/reservoir threat converted to hazardous event
Threat: Access by animals and birds
Conversion to a hazardous event: Microbial contamination from the entry of birds and small animals (X) because of faults or gaps in tank air vents (Y).

Pipe network (including pump stations)
· 
· Depressurization events
· Unintentional cross-connection (e.g. wastewater, stormwater or greywater pipes)
· Illegal or unauthorized connections
· Leaching of chemicals from pipelines or fittings materials (e.g. solders, joint compounds)
· Change in water chemistry causing internal corrosion
· Poor pipeline repair or installation practices and return-to-service procedures
· Inadequate design controls
· Abnormal flow conditions (e.g. flow reversals, sudden flow rate increases)
· Sediment accumulation and resuspension
· Biofilm build-up and release (“sloughing off”)
· Disinfection residual not maintained throughout network
· Exposed pipework
· Excessive detention time in network (increased water age)
· Contaminants drawn into system due to a combination of: 
· low pipeline pressure (e.g. intermittent operation);
· presence of subsurface contaminants (e.g. sewers, drains, garbage pits, pit latrines); and
· breaks, loose joints or leaks in pipeline
· Backflow (e.g. from users’ tanks or hose connections, industrial processes using high-pressure pumps for process controls)
· Contamination from water tankers, water carters
· Contamination from use of public tap stands (standpipes)
· Power failure at pump stations
· Contamination during maintenance
· Mechanical pump failure


Example of a pipe network threat converted to a hazardous event
Threat: Contamination from use of public tap stands
Conversion to a hazardous event: The condition of the container collection area is unhygienic (X) because of poor maintenance of the tap stand area (Y).


[bookmark: _Toc214949750]User-level threats
· 
· Water transported or stored in open or unclean containers 
· Water transported or stored in unsafe containers (not suitable for potable water)
· Household storage tank not regularly cleaned
· Household storage tank vulnerable to access by birds or animals (e.g. open rooftop tank)
· Poor hygiene practices (e.g. dirty hands and utensils)
· Improper or inconsistent household treatment practices
· Absence of backflow prevention device (see “Pipe network”, above) 
· Poor management of private systems (e.g. pipe network or storages in high-rise buildings or body corporate systems) 
· Use of less safe alternative water sources


Note: See threats above for storage tanks under “Distribution and storage threats” that may be applicable to storage at the user level.

Example of a user premises threat converted to a hazardous event
Threat: Poor hygiene practices
Conversion to a hazardous event: Water stored at the household is microbially contaminated (X) because of use of a dirty utensil (Y).
Special consideration: informal areas
Hazards, hazardous events and risks are magnified in informal settlements. For example, population densities are high, sanitation is often poor, non-revenue water rates are high, and often residents receive water from water kiosks, water carters or tap stands. Management of water systems in informal settlements is often poor. Hence, the likelihood of hazardous events occurring is much greater. Examples of specific threats in such settings are provided below. 


Poor sanitation due to:
· open defecation; 
· overflowing sewers, pit latrines, bio-toilets and storm drains;
· open drainage; and
· poor solid waste management.

Inadequate supply due to:
· lack of storage;
· high leakage rates;
· high cost of laying pipes;
· poor quality of pipe materials;
· illegal connections;
· inadequate protection of standpipes;
· poor hygiene;
· poor reporting and communication of leaks and other failures;
· limited access, restricting maintenance and repairs; and
· limited governance, planning and operation
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