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Motivation
Complete risk management schemes need to know: 
(1) What kind of hazards exist within the water 
catchment, (2) how these hazards can be controlled 
and (3) knowing that they are controlled. 

Additional information on optimal allocation of financial 
resources on improved monitoring by estimating the 
utility of planned data is indispensable for efficient and 
rational risk management.    

 Approach
We provide a probabilistic risk management approach for actively managed well 
catchment that quantifies uncertainty. It is based on probabilistic intrinsic 
transport-based well vulnerability criteria:
(a) The probability distribution of peak arrival time from source to well; 
(b) Possible levels of peak concentration arriving at the well;
(c) Probability distribution of reaction time until a threshold level is

 exceeded (e.g., drinking water standard); and
(d) The probability distribution of well down time (exposure time).

Figure 1: Methodology to determine probabilistic intrinsic well vulnerability criteria. 

Example & Results
value unit

μ [-7.5  -5.5] [ - ]

σ² [1  3] [ - ]

κ [0.5  5] [ - ]

λx [10  25] [m]

λy [5  15] [m]

qrg 120 mm a-1

σrg 10 mm a-1

Figure 2: Illustrative Example, showing location of measurements for 
four design cases (9, 12, 14, 15 samples) and modeling parameters.

Table 1: Uncertain model 
                         parameters 

Figure 3: Probabilistic isopercentiles [0.1, 0.5, 0.9] for intrinsic well vulnerability criteria (a)-(d) from n=1000 
simulations (design 0). Color-scale maps show the ensemble mean of the resp. well vulnerability criteria. 

Data in Risk Evaluation

Figure 5: Showing the concept of utility, using wrong delineated area as uncertainty measure.

1a) Unconditional Simulation
- random permeability fields

2) Reverse Temporal Moments

3) Breakthrough Curve Reconstruction

4) Well Vulnerability Criteria

1b) Conditioning to Data
(e.g. Bayesian GLUE, EnKF)

Probabilistic Well Vulnerability Criteria
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Risk Acceptance – Areal & Reliability Costs: 

● Optimal site exploration for minimal uncertainty in probabilistic well
 vulnerability criteria.

● Integral risk management framework for water supply systems under
 uncertainty for better decision support.

● Time-varying flow and heavy-site risk concepts (in cooperation with DTU).
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Outlook

Risk Reduction and Risk-based Decision – Effect of Conditioning:

treact = 32d; Preact,21d = 26%texp = 11d; Pexp,2d = 59%

Figure 4: Showing increased costs for lower risk acceptance by accounting for larger capture zones 
(left, wrong delineated area) and current failure band of actual delineation (right). 

Figure 6: Increased reliability by reallocating the current delineated area (left) and utility of additionally 
planned data to reduce areal uncertainty in capture zone delineation (right).
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Figure 7: Rational risk-based decision support towards sampling worth. Here, showing system reliability 
depending on total costs for drilling (1000€ per well) and areal error (1€ per m²) versus sampling size 
(left) in comparison to 5000€ per well (right).

hin  = 1.5m

hout = 0.0m

Qp  = 1 * 10-4 m³/s

αL   = 2.5m 
αT   = 0.25m

λx    = λy = Matérn-model

Δx   = Δy = 1m

ċpeak = 1.6 * 10-7; Ppeak = 60%tpeak = 63d; Pt,peak = 59%

(d) 4th VIP: exposure time, τ
exp

=2d

(a) 1st VIP: peak arrival time, τ
crit

=50d (b) 2nd VIP: peak level, ξ
crit

=1e-7

(c) 3rd VIP: reaction time, τ
react

=21d
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Areal Reduction = Design 0 – Design X

Unconditional Simulation

Conditional Simulation
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