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Figure 23: Hydraulic Head in Aquifer 1 After Recalibration 
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Chapter 6 
Capture Zone Delineation for Alder Creek 

6.1 Selecting Stream Segments for Capture Zone Delineation 

Two main criteria must be satisfied when choosing an appropriate segment of stream within a 

watershed to perform capture zone analyses. Firstly, the stream needs to be a gaining stream on 

average (for a steady-state model). In other words, the stream has to be a groundwater sink. Secondly, 

the stream needs to be a sufficient distance away from any model boundaries, so that the boundary 

conditions would not overly influence the capture zone results.  

Three stream segments were chosen for capture zone delineation. Two are in the center of the 

model domain located approximately 7.4 km upstream from the discharge outlet. This area is thought 

to be well calibrated as discussed in Section 5.7. Furthermore, this area is farthest from the modelling 

domain boundaries. Because of these reasons it would be prudent to choose two stream reaches in this 

area to see if similar results are obtained. Figure 24 depicts the two segments which are defined as 

mid-stream segments #1 and #2. The third reach is located at the northern end of the modelling 

domain and is defined as the upper stream segment #3. Two subsections of the Alder Creek watershed 

were selected around the chosen stream sections to help improve the efficiency and runtimes for 

reverse transport simulations. The two subsections are referred to as Reverse Transport Area #1 and 

#2 in Figure 24. Flow information within the selected subsections were generated by using a pre-

processing program called ptrans, which is a FORTRAN program developed by Professor John 

Molson from Laval University in Quebec City, Quebec. 
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Figure 24: Alder Creek Watershed Depicting Stream Segments for Capture Zone Delineation 

and Subsections for Reverse Transport (from CH2MHILL and North-South Environmental 

Inc., 2008) 
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6.2 Capture Zones from Particle Tracking 

Figure 25 shows an example of the initial particle placement for Mid-Stream Segment #1 in Visual 

Modflow and the finite element models. The number of particles placed within a particular stream 

reach was based on the number that could fit within the stream reach. The particles in Visual 

Modflow, Watflow and HydroGeoSphere are within the first layer of the model. Vertical particle 

placement can cause slight changes to the capture zone delineated. Due to differences in the vertical 

discretization the initial particle positions for Visual Modflow and the finite element models will be 

slightly different. Tests showed that the differences between the initial particle positions from Visual 

Modflow to the finite element models will not cause a significant difference in the capture zones 

delineated.  

Although the modelling of the Alder Creek watershed was completed in three dimensions, the 

following capture zones are plan view representations of the particle tracks projected in the horizontal 

plane and run until steady-state [Figure 26, 27 and 28].  

Figure 26 depicts the capture zones delineated for mid-stream segment #1. 150 particles were 

released from the initial position, taking approximately 700 years for the particles to reach steady 

state. The particles reach steady state when there is no longer any change in their position over time. 

However, for mid-stream segment #1 less than 4% of the particles continued to move after 300 years. 

The similarities in the capture zones for all three models are that they extend to the west. 

HydroGeoSphere and Watflow capture zones appear to be similar, both extend straight west, with the 

Watflow capture zone extending the farthest west and deviating northwards. Comparing Modflow and 

Watflow, both capture zones have the same general shape, however the Modflow capture zone 

extends more to the northwest than the other two models. With all three models, the westerly 

migration of the particles takes place mostly in the bottom layer. 
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For mid-stream segment #2, 200 particles were released from the initial position, taking 

approximately 400 years for the particles to reach steady-state [Figure 27]. The capture zones 

delineated from mid-stream segment #2, which is just north of the first stream reach, shows a 

significant difference across the three models. The only similarity between the three capture zones is 

that they all extend in the same general direction. All three differ in shape and size. In Modflow the 

capture zone extends to the northwest and has one stray particle that travels along the western edge of 

the model. In Watflow the capture zone is significantly smaller and extends to the west of the stream 

segment. HydroGeoSphere creates a capture zone somewhere in between the two models. The 

HydroGeoSphere capture zone extends farther west than the Watflow capture zone, but does not 

extend as far north as the Modflow capture zone. 

From choosing two stream reaches in close proximity from one another we can see drastically 

different results. In mid-stream segment #1 [Figure 26] we can see that the capture zones are 

comparable. All three extend in the same general direction. In particular, the sizes of the capture 

zones in Modflow and Watflow are very similar, however the capture zone tip in Modflow extends 

approximately 1 km farther to the north. In this case one may conclude that the choice between 

groundwater models for stream capture zone delineation is not important since they produce similar 

results. By going a step further and choosing another stream reach in close proximity to the first we 

can see that the capture zones can differ greatly from one model to another. In mid-stream segment #2 

we can see that differences in the capture zones are more pronounced and that there is little 

predictability in how the capture zones will form depending on the model chosen.  

Finally, capture zones were delineated in upper stream segment #3 by releasing 180 particles 

from the initial position, taking approximately 100 years for the particles to reach steady state [Figure 

28]. This area that did not have many calibration points and is considered to be a poorly calibrated 

area. There are a few similarities between the capture zones. They all extend in the same direction, 
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encompassing the same southwest area that HydroGeoSphere delineated. Also, the sizes of the 

capture zones are similar in Watflow and HydroGeoSphere. The Watflow capture zone extends a bit 

further to the north than the HydroGeoSphere capture zone.  

The Modflow capture zone extends farther to the north than the Watflow capture zone and 

also has a number of particles that extend directly northwest from the particle source area, splitting 

the particle tracks into two parts. If the area enclosed is considered as the capture zone, then it makes 

for a very big capture zone with considerable uncertainty. The particles that extend to the west from 

the source end up travelling north along the boundary. This is due to the Type 2 no flow boundary 

that represents the intermediate and local groundwater divide. In reality the particles would likely 

travel further west beyond the boundary of the modelling domain. 

In all three models the cross-sections show that the particles travel deep into the model 

domain, passing through several hydrostratigraphic layers. The cross-section for upper-stream 

segment #3 in Watflow and HydroGeoSphere showed fewer particles penetrating deeper into the 

lower hydrostratigraphic layers. There is no clear pattern for particles travelling through any specific 

hydrostratigraphic layers when comparing the cross sections from the models.   
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Figure 25: Initial Particle Placement for Mid-Stream Segment #1 
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Figure 26: Reverse Particle Track Capture Zones for Mid-Stream Segment #1 
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Figure 27: Reverse Particle Track Capture Zones for Mid-Stream Segment #2 



 69 

Figure 28: Reverse Particle Track Capture Zones for Upper-Stream Segment #3 
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6.3 Implications from Reverse Particle Tracking 

In all three models the capture zones extend in the same general direction, however they differ 

significantly in size and shape. For stream segments #2 and #3, the Modflow capture zone extends 

farther than with either of the other models. The main reason that the Modflow capture zones are 

different from the HGS and Watflow capture zones are due to differences in discretization, hydraulic 

conductivity distribution and the way the unsaturated zone is represented in the models. In the Visual 

Modflow model there is significantly less resolution in terms of vertical discretization (7 layers) 

compared to the Watflow and HydroGeoSphere model (87 layers).  A possible reason for the greater 

length of the Modflow capture zones for stream segments #2 and #3, could be the proximity to the 

constant head boundary. As shown in Table 5, the constant head boundary in the Modflow seems to 

generate large rates of inflow/outflow resulting in locally high velocities. 

An important concept to note is that the finite difference and finite element models should 

converge to the same answer as the discretization becomes finer horizontally and vertically. With a 

finer grid comes greater accuracy in the numerical solution (Pinder and Frind, 1972). The 

HydroGeoSphere and Watflow results should be more accurate than the Modflow results, because the 

flexible discretization scheme in finite elements allows for a more efficient refinement of the 

discretization in critical areas.  

Another significant factor that contributes to the differences in the capture zones is that 

Modflow is calibrated with a different hydraulic conductivity distribution which in turn would lead to 

differences in the hydraulic head distribution. To compare different models it is important to use the 

model the same way it would be used in practice.  

The differences in hydraulic conductivity shed light on an important aspect of groundwater 

modelling and the inherent problem of non-uniqueness. There are an infinite number of possible 

combinations in hydraulic conductivity that could produce acceptable calibration results; each one of 



 

 71 

these solutions could in theory produce different capture zones. It is difficult to know which one is the 

most valid. In this case further refinement in the understanding of the hydrogeological setting is 

required to constrain the possible calibration parameters. This means more boreholes and more 

monitoring wells need to be installed in the study area, as well as the hydrogeological testing (i.e. 

permeameter, slug and pumping test) necessary to better characterize the study area. Filling in these 

information gaps could help produce a more physically based model that is more representative of the 

natural system. 

From comparing the capture zones created by Watflow and HydroGeoSphere we can see that 

there are differences in shape and size of the capture zones. They both generally extend in the same 

direction. In this case the discretization, hydraulic conductivities and boundary conditions are the 

same. The only differences lie in the ways the models treat the unsaturated zone and that 

HydroGeoSphere takes into account surface water processes while Watflow does not. 

HydroGeoSphere has a rigorous formulation of the unsaturated zone, while Watflow has a simplified 

linearized representation of the unsaturated zone.  

When comparing Modflow to the finite element models it becomes less obvious what factors 

are contributing to the differences we see in the capture zones. Therefore, it becomes clear that the 

capture zones are quite sensitive to unsaturated zone representation and surface water processes. By 

adding Modflow to the comparison we can see that capture zones are also sensitive to differences in 

discretization and hydraulic conductivity distributions. The comparison also shows that capture zones 

can be sensitive to differences in the boundary conditions and to the way the various boundary 

conditions are handled in each model. It would be interesting in future studies to quantify the 

sensitivity of capture zones to these differences. 

Another important thing to note is that the impact of numerical errors in capture zone 

calculations will also depend on the magnitude of the hydraulic gradient. This is a factor that is not 
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model specific, but would be encountered by any groundwater model in general. In the case of an 

extraction well, the induced gradients near the well are normally larger than the natural gradients, 

meaning that numerical errors may be less consequential. On the other hand, natural hydraulic 

gradients occurring within and next to streams are much more gradual, sometimes changing only a 

metre over a kilometre. Hence, numerical and calibration errors may be the same order of magnitude 

as the hydraulic gradient being calculated. Therefore, capture zone delineation for stream base flow 

contribution areas are expected to be more sensitive to numerical errors and uncertainty than well 

capture zone delineation. In addition, because natural gradients may decline with distance, uncertainty 

in the stream capture zone may increase with distance from the stream.  

6.4 Comparison of Watflow Capture Zones: Before and After Calibration 

Calibration of groundwater models by varying hydraulic conductivity to match calculated head values 

to observed head values is standard practice when producing a defendable groundwater model. For 

this reason it takes professional judgment to determine whether the flow field reasonably represents 

the conceptual model.  

Watflow was calibrated with its own calibration routine, however after recalibration it was 

found that the new flow field seemed unreasonable when compared with the flow fields from 

Modflow and HGS. Also, when comparing it with historical groundwater flow data, as discussed in 

Section 5.4, the flow field before calibration was more comparable. It could be argued that Watflow 

was over-calibrated to match observed values mainly concentrated in the central area, and as a 

consequence the flow field in the northern section of the domain was no longer representative. The 

observation points in the northern section of the domain were removed as objective functions. This is 

because the extraction wells in that area were inactivated due to their proximity to the boundary, as 

discussed in Section 5.1.  
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In Figure 29 and Figure 30 we can see for Mid-Stream Reach #1 and #2 respectively, that after 

recalibration the capture zone does not extend as far north, reducing the size of the capture zone. 

Also, the cross-sections show that fewer particles penetrate through the hydrostratigraphic layers after 

calibration. In Figure 31 for Upper-Stream Reach #3 the opposite is true. After recalibration the 

capture zone extends further north, reaching the northern edge of the model domain. This causes a 

dramatic increase in the capture zone size. These results show that the capture zones can be highly 

sensitive to differences due to calibration. In this case, the flow field after recalibration in the northern 

section is not considered representative; therefore, the capture zones after recalibration are not 

reliable. 
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Figure 29: Watflow Capture Zones for Mid-Stream Segment #1: Original Calibration and 

Recalibration 
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Figure 30: Watflow Capture Zones for Mid-Stream Segment #2: Original Calibration and 

Recalibration 
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Figure 31: Watflow Capture Zones for Upper-Stream Segment #3: Original Calibration and 

Recalibration  
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6.5 Capture Zones from Reverse Transport 

The model WTC has been applied to generate the capture probability plumes for the three stream 

segments. The model uses the hydraulic head distribution from Watflow (original calibration). For the 

reverse transport runs, the finite element nodes under the streambed are set to a specified probability 

of P=1.0. Figure 32 shows the position of these boundary nodes for Mid-Stream Segment #1 (See 

enlargement to the right of grid and cross-section). Longitudinal dispersivity was set to 20 m, 

transverse dispersivity was set to 5 m and transverse vertical dispersivity was set to 0.02 m. Diffusion 

was set to 1.0E-10 m2/s.  

Reverse transport was run to 300 years for all three stream segments, since changes beyond a 

few 100 years would not be relevant for practical purposes. Figure 33 shows the growth of the capture 

probability plume for the mid-stream segment #1 from 1 year up to 250 years, while Figure 34 shows 

the pseudo steady-state 300 year capture probability plume with the 300 year particle tracks 

superimposed in magenta. The peak concentration in 3D is projected to the surface with the 0.5 

contour highlighted by a dark black line. The capture probability plume grows with the advance in 

time in the opposite direction of groundwater flow. At 50 years the 0.01 probability contour begins 

extending towards the west. At 100 years the 0.01 probability contour extends further west and 

slightly to the north. From 100 to 300 years the probability plume continues to extend to the west. At 

300 years the 0.01 contour is approximately half a km from the boundary and the 0.5 contour has 

moved about half a km to the west.  

The capture probability plume extends in the same direction as the reverse particle tracks 

[Figure 34], however we can see that the capture zone delineated by the particle tracks extends  into 

the low probability contours depicted in light blue and blue (0.01 to 0.3). Only 5 of 150 particle tracks 

(less than 4% of the particles) extend to the west beyond 0.1 capture probability contour, the vast 

majority of the particles can be found within the 0.5 probability contour. 
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 Figure 35 shows the growth of the capture probability plume that originates from mid-stream 

segment #2 from 1 year up to 250 years. Figure 36 superimposes the pseudo steady-state 300 year 

capture probability plume with the 300 year particle tracks superimposed in magenta. At 50 years the 

0.5 to 0.9 probability contours extend southward, while the 0.01 probability contour starts to extend 

to the northwest. From 100 to 300 years we can see that the 0.5 to 0.9 probability contours extend 

approximately 0.75 km to the south and staying relatively close to the source area. The 0.01 to 0.5 

probability contours extend further northwest until encountering the boundary of the model domain.  

 From examining Figure 36 we can see that the probability capture zone and the reverse 

particle tracks coincide with each other very well. Only 2 of the 200 particle tracks (1% of the 

particles) extend past the 0.5 probability contour. For this plume there is a dense network of particles 

that seem to agree well with the 0.5 contour which was a trend noticed by Frind et al. (2002) after 

delineating capture zones by particle tracking and reverse transport for an extraction well.   

Figure 37 shows the growth of the capture probability plume that originates from upper-

stream segment #3 from year 1 up to 250 years. The particle tracking results in Section 6.2 showed 

that steady state was being reached at approximately 100 years, for this reason the 100 year particle 

tracks will be superimposed in magenta, on the 100 year capture probability plume shown in Figure 

38. At 50 years the 0.01 probability contour depicted in light blue, extends to the west until it 

encounters the boundary where it starts to travel northwards along it. From 100 to 250 years the 0.01 

probability contour does not change much in size or shape indicating that the probability plume has 

reached steady state and that it is likely exiting through the deeper regional flow system in the north. 

The 0.5 probability contour extends to the southwest by approximately 0.25 km, while the 0.9 

probability contour never extends from the source.  

In Figure 38 we can see that the capture probability plume and the reverse particle tracks 

coincide with each other well. The particles extend in a narrow path that never expands wider than the 
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0.3 probability contour. Approximately 60 particles out of the 180 (33% of the particles) extend 

beyond the 0.5 probability contour. This is significantly more particles extending beyond the 0.5 

probability contour than the previous two stream segments. The particle tracks extend all the way into 

the 0.01 probability contour following the same northwest path.   
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Figure 32: Initial Probability Placement for Mid-Stream Segment #1
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Figure 33:  Growth of Capture Probability Plume for Mid-Stream Segment #1  
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Figure 34:  Capture Probability Plume with Reverse Particle Tracks at 300 Years, 

for Mid-Stream Segment #1
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Figure 35:  Growth of Capture Probability Plume for Mid-Stream Segment #2 
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Figure 36: Capture Probability Plume with Reverse Particle Tracks at 300 Years, 

for Mid-Stream Segment #2 
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Figure 37: Growth of Capture Probability Plume for Upper-Stream Segment #3 
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Figure 38: Capture Probability Plume with Reverse Particle Tracks at 100 Years, 

for Upper-Stream Segment #3 
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6.6 Implications from Reverse Transport 

From the three stream segments that were tested, it is clear that the capture zone can vary in size 

depending on the delineation method. If the capture probability plume were to be used to extract a 

capture zone, it would not be clear which probability contour to choose. For extraction wells, Frind et 

al. (2002) suggested that the 0.25 probability contour would be an appropriate well capture zone on 

the basis of mass balance between the recharge and the pumping. On the other hand, the capture zone 

delineated within the 0.5 contour is suggested by Molson and Frind (2011) to be a significant capture 

zone based on life expectancy considerations. For extraction wells, it was found that the majority of 

steady-state particle tracks tend to fall within the 0.5 probability contour. In the case of streams, the 

hydraulic gradient is small compared to the gradient induced by extraction wells, which adds to the 

uncertainty and could be a factor causing the particle tracks to travel further than the 0.5 probability 

contour. We can see that only a few (less than 4%) of the particle tracks travel beyond the 0.5 

probability contour for stream segments #1 and #2. However, for stream reach #3 approximately 33% 

of the particles extend beyond the 0.5 probability contour. We should keep in mind that stream reach 

#3 is located in an area of the domain where the flow field is more uncertain due to the inactivation of 

pumping wells.  

Traditionally, reverse particle tracking is seen more as a screening tool because results can be 

generated quickly. It helps give a first approximation of the capture zone size delineated by reverse 

transport. Reverse particle tracking can give insight into which areas to crop in the model so that 

more efficient reverse transport simulations can be run. Reverse transport, on the other hand, can take 

hours to run depending on the domain size. However, in the case of extraction wells, reverse transport 

produces more credible capture zones taking into account local-scale uncertainty, with less need for 

subjective judgment. We can now see from our study that delineating capture zones for streams is 

much more uncertain since there is no clear trend in determining how far the steady-state particle 
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tracks will travel in comparison to the reverse probability plumes, leaving the choice of a proper 

contour in doubt. Therefore, it is important to use all the tools available to help determine which 

contour level is an appropriate choice for the final capture zone. 

The probability contour that is chosen as the appropriate capture zone should encompass a 

majority of the steady-state particles. For stream segments #1 and #2 that probability contour should 

be the 0.5 probability contour, since the majority (greater than 96%) of particles are contained within 

this contour. For stream segment #3, approximately 33% of the particles extend beyond the 0.5 

contour, which is far too many to make it an appropriate capture zone. Approximately 27 out of 180 

particles (15%) extend beyond the 0.1 probability contour. Thus most particles are contained within 

the 0.1 probability contour making it a more acceptable choice as a capture zone. 

It was found that in some of the reverse transport scenarios that were tested, instabilities 

would occur if the Courant criterion 1v tCr
R x
Δ⎛ ⎞= ≤⎜ ⎟Δ⎝ ⎠

was exceeded. Exceedance of the Courant 

criterion causes the dependant variable (concentration, probability) to travel farther than one element 

during one time step. The remedy is to shorten the time step. 

 To ensure that the capture probability plumes were created properly it is crucial to not have 

these instabilities contact the capture zone. In some cases it was necessary to apply Type 1 zero 

concentration to some elements in the domain. This ensured that mass would not be created by the 

instabilities. As long as these boundaries were set at a sufficient distance away from the capture 

probability plume and that the capture probability plume was not moving in the direction of these 

manually set boundaries, the transport results would be unaffected. 
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Chapter 7 
Conclusions 

There are four main conclusions that can be drawn from this research. Firstly, the capture zones 

delineated by using different modelling software can vary dramatically from one another. The first 

stream reach showed good agreement between the three models when comparing the size, shape and 

direction of the capture zone. With those results one could conclude that choosing between the 

different models is arbitrary. However, after testing another two stream segments, it was clearly 

shown that the results can be drastically different from model to model. Therefore, different stream 

reaches can give different degrees of agreement and because of this it is difficult to know which 

model to use and which capture zone to trust.  

It is impossible to predict the size, shape and direction of the capture zones delineated by the 

different models. Careful analysis and professional judgment will always be necessary in scrutinizing 

the capture zones before they are used in the decision making process.  This is a concern, because 

most capture zone delineations today are done by running only one model with only one scenario. By 

relying on only one model/scenario, a practitioner may not realize that different solutions may exist.  

The modified conceptual model for this study involved the extraction of head values from a 

larger scale model to be used as type 1 constant head boundaries for the perimeter of a smaller scale 

inset model. This technique is only valid if there are no changes in the flow conditions going from a 

larger scale model to smaller scale. If flow conditions change, boundary conditions should be 

updated.  

Through this research it was made clear that finite element modelling allows for greater 

flexibility in terms of grid refinement, especially for stream reaches. This would not be possible in 

finite difference modelling with a quadrilateral grid. In addition, Visual Modflow tends to have 



 

 90 

stability issues when there are too many layers near the ground surface and because this study 

involves groundwater - surface water interactions it is a poor model choice for the capture zone 

delineation of streams. Finite element based integrated groundwater - surface water models such as 

HydroGeoSphere prove to be advantageous for the delineation of capture zones for streams and can 

be applied to other surface water features. 

 Secondly, non-uniqueness or differences in hydraulic conductivity of the models due to 

calibration can cause dramatic differences in the capture zones created. The act of model calibration, 

where calculated values are matched with observed values by altering variables, is an essential part of 

creating a useful model but is not sufficient proof of model validity. In practice, once a model is 

calibrated, it is thought to be a valid representation of reality, forgetting there may be other 

realizations that will give equally valid results. Differences in calibration can lead to slight variations 

in hydraulic head distributions and as already noted, capture zones are extremely sensitive to slight 

variations in hydraulic head distributions. 

 Thirdly, capture zones for base flow are subject to greater uncertainty than capture zones for 

extraction wells. The reason being is that the hydraulic gradients for natural features are small, 

frequently changing less than a metre over a kilometre. Therefore, numerical and calibration errors 

can be the same order of magnitude as the gradient that is being modelled, which leads to greater 

uncertainty of the capture zones delineated. It is also more challenging because it involves both 

groundwater and surface water flow processes, whereas extraction wells involve mostly groundwater 

processes. 

 Finally, it is evident from this study that both particle tracking and reverse transport should be 

considered as necessary tools in choosing the appropriate probability contour as the capture zone for a 

stream reach. In practice, capture zones are usually delineated by particle tracking alone. Reverse 

transport provides insight into local uncertainties of the study area, but at a greater computational 
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cost. However, using reverse transport alone to delineate capture zones for streams, the results may be 

subject to greater uncertainty than for extraction wells. The choice of an appropriate probability 

contour as a representative capture zone for a stream reach remains unclear.  

For extraction wells, 0.25 (on the basis of mass balance) and 0.5 (on the basis of life 

expectancy) contours have been proposed. For stream reaches, on the other hand the 0.1 contour may 

be a viable choice since a majority of particle tracks are contained within this contour. Again, the 

choice may vary for different stream reaches since there is no clear way of predicting how far the 

particle tracks will extend when compared with the reverse probability plume. This may be due to the 

fact that the hydraulic gradients for streams are much smaller than those of an extraction well, adding 

to the ambiguity.  

Combining both techniques can help set areas of high protection priority where the 

probability contours overlap with the largest number of particles. Particle tracking also gives a good 

first estimate to the size, shape, direction and time taken for the capture zone to reach steady-state. 

This provides guidance on how to set up the reverse transport simulation. In any case, both particle 

tracking and reverse transport should be used together when delineating capture zones for streams. 

Modelling of groundwater has progressively taken steps in adding additional layers of 

complexity to take into account more processes (i.e. saturated groundwater flow, unsaturated 

groundwater flow, surface water flow, atmospheric processes). The development of governing 

equations for natural systems has allowed the creation of these sophisticated models and has opened 

up many research avenues. This study would not have been possible without the existence of an 

integrated groundwater - surface water model such as HydroGeoSphere. However, with each 

additional layer of complexity come greater data requirements and more uncertainty. Addressing the 

uncertainty surrounding the use of these models will be a growing area of research. 
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In addition, a capture zone is not a static line on a map but evolves and changes as more site 

information is uncovered and as groundwater models improves. It is important for decision-makers to 

note that capture zones are not delineated in stone and that over time they are likely to change since 

hydrogeologists are still wrestling with the fact that capture zones are very sensitive to changes due to 

model selection, boundary conditions, recharge distribution, and non-uniqueness in calibration. 

Therefore, future policies for land use planning should be flexible and allow capture zones to be 

revisited periodically as new hydrologic information is uncovered and better models are developed. 
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