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Drinking water resources are vulnerable to human activities and to natural phenomena. The spatial distribution of hazards across the entire catchment and 

uncertainties in describing hazard failure, toxicity, mass release (=source), transport from hazards (=pathway) to the well (=receptor) lead to differences and 

uncertainties in the level of severity impacting the produced water.   

The complex task of  regional risk assessment lead to the following research question (RQ): 

RQ-I: How to prioritize and aggregate hazards in a well catchment and across contaminant types?  
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Fig.1: Conceptual regional risk model to characterize from 

source, via pathway to receptor the level of severity. 

Risk Definition: „Risk is uncertainty about and severity of the consequences of an activity“ [2] 

Qualitative Risk Assessment (Fig. 2,3)      Limitations: 

     Risk Matrices [3]      Hazard Ranking (high/low - ordinal scale) 

            Ranking is mix of subjectivity and facts 

Semi-quantitative Risk Assessment (Fig. 3)    Problem of translation (risk mitigation) 

   DRASTIC-based approaches    Cumulative: perfect simultaneous events 

 

Quantitative Risk Assessment      Interdependence of events 

   Fault-Tree methods (Fig. 3)    Severity (mass) accumulation 

 

   Physical-based approaches    Max/Min – considerations 

   (Fig. 4)        Worst-Case Scenarios     

            (concurrency/consecutiveness) 

Fig. 3: Conceptual illustration of parameter combination in qualitative and 

semi-quantitative risk assessment, adopting a fault-tree flow diagram. 

STORM Framework 

Fig. 4: Severity  level aggregation, here, well exposure time, 

receiving a cumulative impact measure for risk. First, summation 

of levels indicate the spirit of worst-case scenarios and complete 

concurrency resp. consecutive assumptions. Second, min-max 

considers only hazardous events, assuming perfect concurrency. 

STORM is a probabilistic and structured physical-based risk assessment approach to quantify risk and 

support stakeholders in taking risk-informed, implementable, transparent and evidence-based decisions. 

 

Fig. 5 & 6: Conceptual illustration of mass-discharge aggregation in failure frequency over time and in space with variations in temporal 

arrival and severity at the well due to retardation, degradation and mass being released (left). Mass-discharge-based and 

modularized risk model, following the source-pathway-receptor concept (right). 

Fig. 7: Converting well vulnerability criteria (blue) to stakeholder-

objective criteria (red). CLE = Contaminant Load Exposure; MCR = 

Maximum Concentration Ratio; RTF = Response Time Failure; WET 

= Well  Exposure Time, MBR = Maximum Blending Ratio; 

• Qualitative and semi-quantitative methods cannot rank hazards on full scale, e.g., within one risk category. 

• For aggregation a common unit, e.g. a derivative of STORM, is necessary. 

• Cumulative risk is only meaningful, when mass-discharge levels are accumulated at the receptor. 

• Summation = perfect simultaneous impacts at receptor of two or more events independent of failure time. 

• “No-risk” hazards may significantly add to the cumulative and true risk. 

• Non-conditioned risk sums may lead to risk overestimation, e.g. neglecting mass given toxicity. 

 

Fig. 2: 5 x5 Risk 

matrix with three risk 

categories (accept-

able, ALARP, not 

acceptable), showing 

the problem of trans-

ferring ordinal to 

cardinal ranking. 
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