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1. HAZARDS
a) Hazards Facing the Waste Water Management System
The wastewater management system is found in almost all cities and towns in the country. They deliver clean drinking water to homes after intensive treatment of sewage water. The treatment process contains the following hazards to the workers of the plant.  Anybody working in the treatment plant needs a confined space-working permit from the Occupational Safety and Health Administration. The collection and distribution piping systems are engulfed with atmospheric hazards like poisonous and highly flammable gases. Therefore, accidents due to these gases may occur occasionally. The question we need to answer is what is the extent of the risk in case the accident occurs?
i. Exposure to microorganism poisoning (Biological Hazards)
Sewage waste contains bacteria, fungi, and viruses which when ingested may cause adverse health effects to factory workers. It easy for the=m to be ingested by mouth since protective gear does not protect workers from swallowing these tiny organisms. 
ii. Exposure to poisonous gases such as hydrogen sulfide and methane gas
Hydrogen sulfide gas is a product of decaying matter from the wastewater collection system. The gas is heavier than air and therefore settles in the lowest levels possible. It is also poisonous and its inhalation results in sudden death. 
iii. Exposure to explosive burns 
Methane gas is highly flammable and equally poisonous. Accumulation of the gas within a confined chamber may result in a build-up of pressure, which in turn may cause an explosion. The explosion may cause burns and in extreme cases, death. 
b) Assessment Matrix of the Hazards

	Frequency of Risk Occurrence
	Severity

	
	
	Low Severity
	Medium Severity
	High Severity

	
	High Frequency
	Medium
	High
	High

	
	Medium Frequency
	Low
	Medium
	High 

	
	Low Frequency
	Low
	Low
	Medium


 
Factory workers are exposed to toxic gases, chemicals, and disease-causing microorganisms, which have varied severity risks. For instance, a wastewater management plant operates on decaying matter from the sewerage system. This matter results in the formation of hydrogen sulfide gas, making it a very risky hazard. On the contrary, the occurrence of exposure is minimal, making the overall risk of hydrogen sulfide poisoning a medium.

2. VULNERABILITY ASSESSMENT
a) Assets
Of the three hazards highlighted above, methane gas provides the highest magnitude of risk. Accumulation may go undetected and cause an explosion that would result in a catastrophic inferno. According to research done by (Daelman et al, 2012), the wastewater treatment system emits about 80% methane gas from anaerobic respiration of sludge. Methane contributes much more to the greenhouse effect than Carbon dioxide. The waste management system is therefore designed to regulate the production of methane gas and minimize the possible effects of the explosion.  The methane formed from the sewage system can be biologically oxidized in the aeration tanks, and the excess released through proper ventilation piping channels (Ghent University). 
b) Vulnerability
The aeration tanks and the ventilation piping system are the most vulnerable assets in the sewage treatment process. If not properly set up, methane gas can accumulate within these structures. The build-up of pressure can result in a massive explosion, and the effects could be deadly. A Chemical combination of methane and air causes a fire ignition that can burn down the entire treatment plant and result in burns or death of the workers. An explosion in the aeration (digester) tank can be minimal since it is normally underground and reinforced with concrete walls, but one in the piping system can be devastating given that the pipes circulate within the entire plant set up. 
c) Evidence
i. Ghent University. (2020). Reducing methane emission from Wastewater treatment. https://www.ugent.be/bw/en/research/platforms/environmental-science-technology/reducing-methane-emissions-wastewater-treatment 
ii. Daelman, M. R., van Voorthuizen, E. M., van Dongen, U. G., Volcke, E. I., & van Loosdrecht, M. C. (2012). Methane emission during municipal wastewater treatment. Water research, 46(11), 3657-3670.
3. RISK ANALYSIS
a) Technique
The several ways of calculating risks, including 
· Risk = likelihood X Severity
· Absolute Risk = Number of events ÷ number of people in the group
Absolute risk is the most appropriate option for calculating the risk related to methane gas explosion in the wastewater treatment plant
b) Risk 
Production of methane has many associated risks to the workers within and the population around the plant. Exposure to methane may result in suffocation when it is in excess amounts within the respiratory system the severity of an accident such as burns or death is dependent on the frequency of exposure to flames and the unburnt methane gas. 
4. RISK MANAGEMENT
a) Best Practice
The risks associated with methane production can be reduced through the use of biogas digesters in supporting farm use, and supporting organic farming processes. At the industrial level, the methane can be channeled to other companies for the production of methanol, and in homes for cooking to reduce its accumulation
b) Mitigation
These strategies can be made possible through financial aid from the government and support from the community. It is expensive but if implemented by the government, then it would save on the energy consumption costs due to cooking. 
c) Localization
The main drawbacks to attaining the mitigation strategies in Saudi Arabia would be poor infrastructural networks. The country is still operating in the old tunnels and it would be very costly to construct gas delivery pipes to consumer homes. 









