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Motivation 

Conceptional Approach 
The presented approach is based on an existing risk quantification scheme 

[2] extended by a reverse random walk particle tracking (RWPT) scheme 

with continuous particle injection around the well. We account for transient 

flow conditions by stepping through a sequence of quasi-stationary (QS) 

flow fields and evaluate the bulk instead of peak arrival time in order to 

save computational costs, from which we derive the capture zone indicator 

matrix with the help of pre-defined critical threshold values. The approach 

is independent on a conditioning scheme (e.g., EnKF, Bayesian GLUE, …).  

Figure 2: Numerical and mathematical methodology to determine probabilistic capture zones under 

transient (quasi-steady) flow conditions. 

Model Set up & Preliminary Results 
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Delineation of well-head protection zones (WHPZ) based on travel time isopercentiles in a probabilistic setting can substantially 

improve the risk management for source water protection. The travel time-related capture zones used for protection are commonly 

based on steady-state flow considerations. However, Festger and Walter (2002) and other authors showed, that  transient flow 

conditions do influence the shape and extension of WHPZ [1]. Flow transients can be caused, e.g., by variation in water demand, 

precipitation or water table fluctuation. Thus, contaminations which are deemed to be safely outside stationary WHPZ may become a 

severe risk during the cause of the year under transient flow conditions. With this paper, we demonstrate our concept to answer the 

following research questions (RQ): 

 Investigate the limits of validity for the quasi-stationary approach (RQ-II). 

 Realistic test case to compare the required safety margins in risk management for stationary and non-stationary WHPZ delineation (RQ-III). 

 Global sensitivity analysis to identify whether and when parameter uncertainty of transient flow conditions matter more (RQ-III). 

 Extend the mathematical concept to model conditioning on conductivity and head level measurements (RQ-I, continued). 

Outlook 
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Figure 3: Illustrative Example (left) and uncertain flow and structural parameters (here, lighter colors are not yet considered, mid-left). Values of the assumed temporal drivers over model time (mid right). The  

unconditional WHPZ delineation in heterogeneous media under steady-state conditions  [2], showing isopercentiles [0.1, 0.5, 0.9] for n=5000 well capture zones simulation (right). 
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Figure 1: Single capture zones under given transient flow conditions and uncertain spatial 

distribution (upper left). Probabilistic WHPZ delineation for steady-state flow conditions, showing 

uncertainty in WHP due to spatial variability (lower left). Probabilistic WHPZ delineation, 

accounting for transient flow conditions by time-averaging over transient simulations, but 

assuming known model parameters (upper right). The overall probabilistic WHPZ, showing 

additional delineated area due temporal variability (lower right). 

Mathematical Approach 

RQ-I 

RQ-I:  How to define the statistical and time-related capture frequency of contaminants in uncertain and transient flow? 

RQ-II: Can we use a quasi-stationary flow approach approach for  WHPZ delineation under transient flow conditions? 

RQ-III: When are transients, when is parameter uncertainty dominating the extent of the WHPZ?  

 

RQ-III 
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