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Well-head Protection: Time matters – But how much? 
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Motivation 

Approach 
The presented approach is based on the existing risk quantification 

scheme [1] and altered by a reverse random walk particle tracking (RWPT) 

scheme and quasi-stationary (QS) flow fields, accounting for transient flow 

conditions. For the purpose of discussion, we focus on capture zone 

delineation with travel times less than τcrit = 50days. 

Figure 1: Methodology to determine probabilistic capture zones under transient flow conditions. 

Model Set up 
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Figure 7: Probabilistic isopercentiles [0.1, 0.5, 0.9] for well capture zones from n=5000 

simulations (left: unconditional; right: conditioned on 15 sample locations). Grey-scale maps show 

the ensemble mean. 

Results 
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Enhanced risk containment is provided by delineation 

of well-head protection zones (WHPZ) according to 

the individual risk acceptance level via vulnerability 

isopercentiles [1]. This probabilistic approach is based 

on commonly used delineation scheme, such as 

stationary flow fields.  However, flow fields are subject 

 Complete PTRW Code 

 Realistic test case with unknown temporal and spatial drivers for risk  

comparison of stationary and non-stationary capture zone delineation.  

 Global sensitivity analysis on most relevant uncertain impact   

parameter. 

 Validity of the quasi-stationary approach. 
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Figure 2: Illustrative Example, showing location of measurements (left) and uncertain flow and  

     structural parameters (here, lighter colors are not considered). 
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Figure 3: Characteristic time length for uncertain temporal parameters and validity for QS approach. 
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Figure 4: Test example for the quasi-stationary formulation in combination with PTRW with three 

unknown temporal drivers (pumping rate, recharge, hydraulic background gradient) in 

homogeneous aquifer. 

t1 = 7d t2 = 14d 

Figure 5: Test example: Time series for the unknown temporal drivers (pumping rate, recharge, 

hydraulic background gradient) in homogeneous aquifer. 
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to temporal changes such as variation in water demand, precipitation, 

water table fluctuation, and so forth. Thus, contaminants which are 

deemed to be safe and just outside stationary well-head protection zones 

may become a severe risk during the cause of the year, leading to the 

following research questions (RQ): 

RQ-I:  What is the general frequency of contaminant capture by WHPZ? 

RQ-II:  What is the capture rate due to temporal and spatial uncertainty? 

RQ-III: When is the quasi-stationary approach valid?  

RQ-IV: What is the most important uncertain drivers? 


