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Table 1 NSV and OV of severe earthquakes that caused damages to WWTPs (period 1989-2011)

	A/A
	Year
	Place of the Earthquake
	Non-Structural Vulnerability (NSV)
	Operational Vulnerability (OV)

	1
	1989
	USA / California / Loma Prieta
	Power outage (USGS, 1998). Need for non structural measures as flexible pipelines and their strong connections (Suarez-Paba et al., 2019)
	Temporary shutdown of the installation (due the power outage) and damages of the digesters (Panico et al., 2017). Insufficient reserves about power (USGS, 1998). Need to break out uncontrolled fires (Kameda, 2000)

	2
	1993
	USA / Iowa / Des Moines
	No data
	Floods led to a loss of water (Schwab, 2010)

	3
	1994
	USA / Los Angeles / Northridge
	Electrical problems and power outage (Zare et al., 2010). Failure to implement the Emergency plan and need for electric address (Suarez-Paba et al., 2019)
	Power outage (Zare et al., 2010). Need for address water systems and maintenance of redundant systems (Suarez-Paba et al., 2019)

	4
	1995
	Japan / Kobe
	Electric engineering risks and power outage (Zare et al., 2010)
	Temporary shutdown of the installation (due the power outage), damages of filters and aeration units, damaged sedimentation basins (Panico et al., 2017). Power outages at pumping stations (Zare et al., 2010)

	5
	1999
	Republic of China / Taiwan
	Power outage  (Schiff & Tang, 2000)
	Misuse of the operations

	6
	1999
	Turkey / Izmit and Kokaeli
	Heavy damage to mechanical equipment in Izmit (Zare et al., 2010)
	Uncontrolled release of harmful and/or hazardous materials on soil and superficial waters in Izmit (Tang Alex K., Eng P., Eng C., 2011). Damaged sedimentation basins in Kokaeli (Panico et al., 2017). A need for backup systems for electricity, water supply and alternative access roads. Also, a need for evaluation of the level of preparedness (Suarez-Paba et al., 2019)

	7
	2001
	Peru / Atico
	No data
	Damages of aeration units (Panico et al., 2017)

	8
	2003
	USA / California / San Simeon 
	No data
	Damages of the digesters and sedimentation basins (Panico et al., 2017) 

	9
	2004
	Thailand (2004 Indian Ocean earthquake and tsunami)
	All the sewage systems collapsed (Zare et al., 2010)
	All the sewage systems collapsed (Zare et al., 2010)

	10
	2007
	New Zealand / Gisborne
	Non-structural components affected (as the support for equipment) (Zare et al., 2010)
	Destruction of pumping stations and untreated municipal wastewater had massively discharged (Zare et al., 2010)

	11
	2007
	Japan / Niigata
	No data
	Damaged sedimentation basins (Panico et al., 2017)

	12
	2009
	Italy / L’Aquila
	No data 
	Damages of the digesters (Panico et al., 2017)

	13
	2010
	New Zealand / Darfield
	No data
	Damages of aeration units (Panico et al., 2017)

	14
	2010
	Chile
	Observation of damages to large-diameter interceptor pipes and small-diameter connection pipes (Zare et al., 2010)
	Uncontrolled release of harmful and/or hazardous materials on soil and superficial waters (Tang Alex K., Eng P., Eng C., 2011). Damaged sedimentation basins (Panico et al., 2017)

	15
	2010
	USA / California / El Mayor-Cucapah
	No data
	Damaged sedimentation basins and many problems to aeration tanks (Panico et al., 2017)

	16
	2011
	Japan / Tohoku (Great East Japan Earthquake)
	Non implementation of the emergency plan (Qi et al., 2014)
	Temporary shutdown of the installation (due the power outage) (Panico et al., 2017). Problems at the temporary recovery methods of the purification centers. 
Problems about health and safety by discharged water (Qi et al., 2014). Non preparedness measures must be insighted for Nuclear Power Plants (Suarez-Paba et al., 2019)





Table 2 Categorization of Greek WWTPs’ seismic impacts to NSV and OV (period 2011-2021)

	A/A
	Year
	Place of the Earthquake
	Non-Structural Vulnerability (NSV)
	Operational Vulnerability (OV)

	1
	21-7-2017
	Kos 
	The movement of the liquids inside the tanks caused the stressing of their supporting (it took a waved form). The supporting of the sludge condensate scrape failed and the partition walls in a meandering tank for phosphorus removal failed, too. A fire broke out to the control panel after one month from the seismic occurrence due to the movement of the wires. Recurrent power outages occurred.
	The automatic processes, stopped due the lack of power. The water supply network was damaged while the sewerage network was not damaged. No reserves existed.

	2
	30/10/2020
	Samos
	The main problems to WWTPs of Samos were the non operation of the pumping machines. Electrical problems existed, having as a result the burnt out of these pumping machines. Three to four of them (instead of 1 at normal conditions) stopped to operate due to voltage drop in electricity. 
	Τhe soil inserted and mixed with the water inside water pipes at the town due to the cracks of them, to the pipes age and to the narrow diameter of them. Reserves of pumping machines existed so the operation problems eliminated. Operational matters existed (Cetin et al., 2020; Triantafyllou et al., 2021)

	3
	27/9/2021
	Crete - Arkalohori
	The support of the air-pipes at pre-treatment process dropped down. Other problems were the electronic issues because the logistics stopped to operate (due to the burnt out of the power supply) and the management took place manually, for the first period.
	Some pumping machines stopped operating due to soil sludge that inserted inside. These machines unblocked immediately or replaced with others that existed as reserve machines. A problem of water supply (due to pipe leakages) existed for about 2-3 days. The operation of the WWTP restored after 2-3 days due to the existence of the big balancing-tank and to the reserves.
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