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Introduction 

When dealing with the monitoring of groundwater contamination over time, a common question involves the necessity 

and costs associated with resampling all wells on a regular basis.  This invariably leads to questions about automated 

methods to determine which wells may be omitted from future sampling.   

In an attempt to answer the second question about automatic resampling, a series of experiments were conducted 

involving random decimation, sensitivity analysis, and proximity filtering. 

Random Decimation 

Two data sets were modeled via a RockWorks playlist (Figure 1).  The first dataset consisted of 1,000 random XYZ Points.  

Grid models using Kriging and triangulation were generated for the original data set as well as randomly decimated 

versions of the initial dataset in order to evaluate the effects of control point omissions (Figure 2).   

The results of the Kriging illustrate how the directional geostatistics implicitly finds trends and biases the models 

accordingly.  Although this is typically a welcome feature of Kriging, it produces misleading results with random data.  Note 

how the directional fabric of the models radically change based on the number of control points.  This leads to the 

conclusion that randomly decimating highly-variable data and expecting Kriging to compensate is a bad idea. 

Performing a similar analysis with triangulation is less problematic but the algorithm tends to produce different anomalies 

with each model.  In other words, triangulation will produce radical changes when the data is decimated. 

In the second example (Figure 3), the maximum contamination values for 643 wells within and surrounding a groundwater 

contamination plume were modeled using Kriging and triangulation with 2nd-order polynomial enhancement.  Unlike the 

previous dataset, this data has an east/west trend that allowed the both the Kriging and the triangulation to perform 

properly.  Note that the overall trend was preserved by the triangulation with 2nd-order enhancement while the Kriging 

splits the plume into two segments. Nevertheless, the overall shape of the plume changed significantly with both 

algorithms as points were randomly decimated. 

Random Decimation Experimental Conclusion:  Randomly decimating the data is a very bad idea. 
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Figure 1 
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Sensitivity Analysis 

Sensitivity analysis is a process in which a point is temporarily removed from the input data and the model is re-

interpolated and compared with the original model.  If the difference between the original model and the new model is 

negligible, the point can be ignored. 

To illustrate this concept, five test scenarios were added to the playlist (Figure 4) in which a point was removed, the model 

was re-generated and subtracted from the original grid model to determine the influence of the point upon the modeling 

(Figure 5).  The results indicate that points 92, 194, and 594 can be omitted from future sampling. 

But (and this is a very big “but”), the results of this method are dependent upon the modeling algorithm and the optional 

interpolation settings (e.g., logarithmic re-scaling).   

This method also assumes that the user has the time and patience to march through the process of enabling/disabling 

points, re-creating the grids, differencing the models, and evaluating the results.  The motivation to automate this process 

with a new RockWorks program has been minimized by performing this analysis. 

It gets worse.  Performing this type of analysis with solid models adds to the complexity of automating the process because 

each downhole sample would have to be analyzed separately.  The problem becomes even worse when dealing with time-

based data.  For example, a dataset with 643 boreholes sampled over 36 years would translate to 23,148 iterations.  

Assuming that each iteration (modeling/differencing/display) would require 10 minutes, the total process would take 161 

days! 

Sensitivity Analysis Experimental Conclusion:  Sensitivity analysis is an impractical solution due to processor speed 

restrictions with three-dimensional models. 

 

 
Figure 4 
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Proximity Filtering 

This process involves data filtering in which each borehole is evaluated relative to the neighboring boreholes.  Specifically, 

the algorithm flags borehole that merit future sampling based on the following logic; 

Given a user-defined time interval … 

For each borehole … 

Identify the closest neighboring boreholes within each of eight sectors surrounding the “centroid” 

borehole. 

If a borehole or any of its neighbors contain contaminant values that exceed a user-defined 

threshold, the borehole is flagged as meriting resampling. 

In other words, the algorithm is essentially identifying boreholes in which something is “happening” nearby.  These are 

the boreholes that should be resampled in the future.  Conversely, boreholes that fail this test are flagged as not meriting 

future resampling. 

Accordingly, a new program titled “Resampling” has been added to the Borehole Operations / T-Data menu that 

implements this algorithm.  Specifically, the Resampling program provides a tool for determining wells that merit 

resampling in the future based on the T-Data within each well and its surrounding neighboring wells.  The neighboring 

wells are defined by locating the closest well within radial sectors that surround the well in question.  The angle and radius 

of the sector wedges are user-defined.  If the well or its neighbors contain a T-Data value that exceeds a user-defined 

threshold (e.g., the non-detect limit), the well is flagged as worthy of resampling in the future.  The results are saved within 

an RTF (Rich Text Format) file and automatically loaded into the default RTF application (e.g., Microsoft Word). 

Example Output: 
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