Well-head Protection: Time matters — But how much?
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Enhanced risk containment is provided by delineation ]
of well-head protection zones (WHPZ) according to B‘E’le,j 200
the Individual risk acceptance level via vulnerabllity
Isopercentiles [1]. This probabllistic approach Is based
on commonly used delineation scheme, such as %
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stationary flow fields. However, flow fields are subject ‘.~~~ """ 120 xm] 250 120 xm) 250 120 x ) 250

to temporal change§ such as variation in water dem‘fmd’ preC|p|tat|on, Figure 4: Test example for the quasi-stationary formulation in combination with PTRW with three
water table fluctuation, and so forth. Thus, contaminants which are unknown temporal drivers (pumping rate, recharge, hydraulic background gradient) in
deemed to be safe and just outside stationary well-head protection zones homogeneous aquifer.

may become a severe risk during the cause of the year, leading to the
following research questions (RQ):
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RQ-IV: What is the most important uncertain drivers? 400 ] i} ] Recharge _ | | | .
% 200} ¢ . o o _
;5— 0 | | | | | | | ]
l \p p rO aC h 0.02 . . IHydraulicI Backgroulnd Gradiernt | .
—— = . ° o o
. . L < 0.01F . . . . 1
The presented approach Is based on the existing risk guantification 0 : L L - L L L = =,
scheme [1] and altered by a reverse random walk particle tracking (RWPT) time [d]

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

scheme and gquasi-stationary (QS) flow fields, accounting for transient flow hvdraulic background gradient) in homogeneous aquifer.

conditions. For the purpose of discussion, we focus on capture zone
delineation with travel times less than tcrit = 50days.
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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.
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Figure 1: Methodology to determine probabilistic capture zones under transient flow conditions.

- Complete PTRW Code

I\/I O d e I S et u - 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.
) Y measurements| Neumann BC . g . .
| © h& Y measurements : Permeability log(¥) [ @ Pumping Rate Q, "\ - Validity of the quasi-stationary approach.
| oy : [75 55] [3.9¢73 4.2¢77]
:% & O 8: [1 3] [100 300] -
i B it Literature
PR —_—
V= 0.25m ! .
O Ax = Ay = 1m [ [1] Enzenhofer, R., Nowak, W. and Helmig, R. (2012): Probabilistic
0 300 exposure risk assessment with advective-dispersive well
Figure 2: lllustrative Example, showing location of measurements (left) and uncertain flow and vulnerabillity criteria. Adv. in Water Res. (36), p.121-132.

structural parameters (here, lighter colors are not considered).
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