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Remediation

The goal of the remediation stage is the selection, implementation and operation of actions to prevent exposures and
achieve the regulatory limits or cleanup goals where practicable.

Geospatial methods can support and optimize remedy selection and evaluation of remedy effectiveness by:

informing the CSM (remedy selection is based on the CSM)

assessing the certainty in the required remedial footprint

determining the contaminant mass (and its uncertainty) which may support selection, design, and cost
estimating of a particular remedy

determining the contaminant mass discharge or flux from discrete measurement points before and after
treatment. Geospatial methods can provide a better indication of the uncertainty in the mass discharge
estimates than other interpolation techniques (Li, Goovaerts, and Abriola 2007); see also the ITRC MASSFLUX-1
document.

illustrating the spatial variation which may influence how remedial alternatives are applied

providing input to various models intended to simulate and optimize remedial processes

evaluating dynamics such as seasonal variation, geochemical changes, and groundwater flow regimes
supporting determination of remedy effectiveness and monitoring effectiveness of remedial measures
allowing forecasts of remedial duration for attenuation based on spatial and temporal trends

supporting predictions of short and long-term remedial effectiveness

developing visual description

predicting concentrations that are consistent with simulations

comparing the results with the bounds of anticipated uncertainty

Figure 4 provides an overview of the role of geospatial methods in this stage of the project life cycle. Each general topic,
specific question, and method is linked to a more detailed discussion.


http://www.itrcweb.org/GuidanceDocuments/MASSFLUX1.pdf
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Figure 4. Remediation overview.

Remediation: Plume Change/Attenuation Over Time

How are the plume intensity and boundaries changing over time?

Read more
Changes in concentrations over time are key metrics for remediation progress. These changes can be assessed at individual
sampling locations, but the plume as a whole cannot be tracked without spatial mapping of the plume at a series of points
through time. A series of geospatially interpolated plume maps at distinct times can be compared to assess reductions in
extent or intensity, or both. For more information, see the discussion of using geospatial results in plume change over time
and estimating quantities, as well as an example of plume shrinkage analysis.

Geospatial Methods

1. Simple geospatial methods, such as inverse distance weighting, Delaunay triangulation with Voronoi polygons
and natural neighbor interpolation on mutually exclusive subsets of the data representing distinct time periods
or sampling events can be used to assess plume changes.

2. More complex geospatial methods, such as local spatial regression or splines.

3. Advanced methods such as kriging can be used, including indicator kriging with an indicator for the change over
time (for example, increasing or decreasing values). Note that indicator kriging can address nondetect
concentrations, provided the detection limits are below the concentration goal.

Remediation: Trend Maps

If there are changes occurring in the plume, what is the spatial distribution of the temporal concentration
trends across the site?

Read more

Geospatial methods can help track plume shrinkage (or expansion) by helping to map the estimated regression slope
direction and magnitude of the temporal concentration trends at each sampling location, or the certainty in the direction of
the trend for nonparametric methods such as Mann-Kendall analysis. The statistical significance of the trends and the
potential for bias in regression results should be considered. The maps can include posted slope values, which can be
contoured. Alternatively, the sampling locations can be color-coded based on the direction and magnitude of the trend or the
certainty in the direction of the trend. Figure 5 is an example of a trend map for Mann-Kendall trends for benzene
concentrations in wells at a site being managed with monitored natural attenuation. A trend map provides a spatial overview
of the areas of the site that are decreasing in concentration, as well as how quickly this decrease is occurring; see Trend
Maps for a discussion of using geospatial results in understanding the trends.


https://gro-1.itrcweb.org/estimating-quantities/
https://gro-1.itrcweb.org/estimating-quantities/
https://gro-1.itrcweb.org/examples/#sampling_redundancy
https://gro-1.itrcweb.org/simple-geospatial-methods/
https://gro-1.itrcweb.org/more-complex-geospatial-methods/
https://gro-1.itrcweb.org/more-complex-geospatial-methods/#nonparametric_regression
https://gro-1.itrcweb.org/more-complex-geospatial-methods/#splines_and_kernel
https://gro-1.itrcweb.org/advanced-methods/
https://gro-1.itrcweb.org/advanced-methods/#kriging
https://gro-1.itrcweb.org/trend-maps/
https://gro-1.itrcweb.org/trend-maps/
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Figure 5. Temporal trend map of benzene concentration in wells at monitored natural attenuation site in
Texas.
Source: Example trend map courtesy USACE 2015.

Geospatial Methods:

1. Temporal trend estimation (linear regression, Mann-Kendall, Theil-Sen) can be combined with plotting of the
magnitude and direction of the trends on a map. The GSMC-1 document (ITRC 2013) includes more information
on trend estimation methods.

2. More complex methods (for example, local spatial regression) can be used to interpolate the data over both
space and time to provide a series of plume maps at different times.

3. Kriging, including indicator kriging, can be used to map the likely distribution of the determined trend. The
statistical confidence in the trend (positive values for increasing trends and negative values for a decreasing
trend) can be kriged, or indicator kriging can be used to evaluate certainty of trends by assigning a one to an
increasing trend and a zero to the opposite trend.

4, Other approaches may be used to evaluate changes in plume area, average concentration, and mass over time
(quantified using grid or raster tools in software such as Surfer or ArcGIS). These metrics can then be statistically
trended to evaluate remedial progress and inform optimization decisions. An example of plume shrinkage
analysis illustrates one of these approaches.

Remediation: Estimating Average Concentrations

What is an estimate of the average concentration of a contaminant for any medium?

Read more
It is often necessary to estimate the volume or mass requiring cleanup or mass remaining at some point during the
remediation. For example, an upper confidence limit on the average concentration may be required to fall below the goal or
regulatory threshold; this statistical limit must be estimated with potentially spatially correlated data. Geospatial methods
can help in estimating quantities and average concentrations when the data are clustered or spatially correlated.

Geospatial Methods:

1. Spatial declustering using Voronoi polygons can be used to apply appropriate weights to spatially clustered data
in computing an average
2. Kriging of various kinds can be used to estimate a spatial average with spatially correlated data. This approach



http://www.itrcweb.org/gsmc-1/#GW%20Stats/5%20Methods%20in%20indiv%20Topics/5%205%20Trend%20Tests.htm#5.5_Trend_Tests%3FTocPath%3D5.%2520Statistical%2520Tests%2520and%2520Methods%7C5.5%2520Trend%2520Tests%7C_____0
https://gro-1.itrcweb.org/more-complex-geospatial-methods/
https://gro-1.itrcweb.org/more-complex-geospatial-methods/#nonparametric_regression
https://gro-1.itrcweb.org/advanced-methods/#kriging
https://gro-1.itrcweb.org/advanced-methods/#indicator_kriging
https://gro-1.itrcweb.org/software-descriptions/#surfer
https://gro-1.itrcweb.org/software-descriptions/#arcgis
https://gro-1.itrcweb.org/examples/
https://gro-1.itrcweb.org/estimating-quantities/
https://gro-1.itrcweb.org/simple-geospatial-methods/#thiessen_polygons
https://gro-1.itrcweb.org/advanced-methods/#kriging

includes block kriging to assess averages within specific areas for comparison to a specific goal.
3. Conditional simulation can be used to assess the likelihood that a site or an area meets or exceeds a specific
goal.

Remediation: Evaluating Remedial Success

Has the remediation met remedial goals?
Read more

While it may be clear whether individual sampling locations have met remedial goals (see ITRC GSMC-1), it may be
important to assess if unsampled locations have also met the goals. This assessment requires a mapping of the site
contamination or plume concentrations and comparison to a regulatory or cleanup threshold. Geospatial analysis is most
applicable where the goal for an estimate of the average concentration in the environmental medium (for example, soil or
groundwater) is to be below a specified criterion over an area. Geospatial methods can also help quantitatively assess the
changes in mass flux or discharge as result of cleanup actions (Li, Goovaerts, and Abriola 2007). Output would include maps
and measures of uncertainty with the interpolated values. For more information, see the discussion of using geospatial
results in evaluating remedial success.

Geospatial Methods:

1. More complex geospatial methods (for example, local spatial regression) can not only help prepare maps, but
also map uncertainty to estimate a confidence envelope around the plume

2. Advanced methods (kriging) can interpolate concentrations between sampling locations. In particular, indicator
kriging can help map probabilities of exceeding or not exceeding the cleanup threshold at any site location.
Block kriging can help assess success within an area or total mass flux.

Remediation: Remedial Action Optimization

How can the ongoing remedial action be optimized?
Read more

Remedial actions optimization evaluation should always be conducted during remedy implementation. Though optimization
of active remedies involves primarily engineering and hydrogeologic analyses, geospatial methods can support these
analyses. This support includes preparing current maps of data such as groundwater elevations, contaminant
concentrations, in situ treatment amendment concentrations, or geochemical conditions.

Trend maps can help to identify whether areas are responding to treatment as expected. Data generated by sampling during
remediation, such as excavation or dredging, can be reassessed to identify additional media requiring removal. If
groundwater flow and contaminant modeling is used for optimization evaluation, then geospatial methods can help develop
input for the models based on observations. For example, kriging or local spatial regression can be used to interpolate
observed values of hydraulic conductivity, water levels, or concentrations for model cells. Conditional simulation can help
assess the sensitivity of the modeled, optimized remedy to uncertainty in the interpolated values of the site parameters
used in design of the remedy. For more information, see the discussion of using geospatial results in remedial action

optimization.

Geospatial Methods:
1. Simple geospatial methods such as inverse distance weighting, natural neighbor for maps and interpolation.
2. More complex geospatial methods such as local spatial regression or splines for maps and interpolation.
3. Kriging for maps and interpolation.
4. Conditional simulation for assessing model output regarding optimized, modeled remedy.

Remediation: Future Data Prediction/Verification

Can geospatial methods support the prediction or verification of site conditions?
Read more

Geospatial methods can provide input for models that allow prediction of future conditions or outcomes, or that can be used
to evaluate the optimum design. Geospatial methods can provide an objective way to interpolate values of input parameters
for predictive models. Once cleanup targets are initially met, new data may be periodically collected to ensure cleanup goals


https://gro-1.itrcweb.org/advanced-methods/#point_and_block_kriging
https://gro-1.itrcweb.org/advanced-methods/#conditional_simulation
http://www.itrcweb.org/gsmc-1
https://gro-1.itrcweb.org/remedial-action-optimization/
https://gro-1.itrcweb.org/more-complex-geospatial-methods/
https://gro-1.itrcweb.org/more-complex-geospatial-methods/#nonparametric_regression
https://gro-1.itrcweb.org/advanced-methods/
https://gro-1.itrcweb.org/advanced-methods/#kriging
https://gro-1.itrcweb.org/trend-maps/
https://gro-1.itrcweb.org/remedial-action-optimization/
https://gro-1.itrcweb.org/remedial-action-optimization/
https://gro-1.itrcweb.org/simple-geospatial-methods/
https://gro-1.itrcweb.org/more-complex-geospatial-methods/
https://gro-1.itrcweb.org/advanced-methods/#kriging

are maintained and comparison of the new data to previous estimates of concentration distribution may be necessary.
Geospatial methods can interpolate new data in map form for comparison to previously prepared predictive maps to detect
inconsistencies.

Geospatial Methods:

1. Simple geospatial methods, including inverse distance weighting, and natural neighbor interpolation can be used
to map the data and provide some measure of confidence limits or envelope around the plume. A comparison of
each new measurement can be made to see if it falls within the confidence envelope; any measurements outside
the envelope are flagged as inconsistent with the remediated plume and require follow-up.

2. More complex geospatial methods such as local spatial regression and splines can be used in a similar way.

3. Kriging, of various types, can be used to map the data, including recontouring of the kriging variance with the
new data.

4. Advanced methods such as conditional simulation can be performed. This process could involve including the
new data in the sampled distributions to see if the probability of exceeding a specific threshold has changed.



https://gro-1.itrcweb.org/simple-geospatial-methods/
https://gro-1.itrcweb.org/more-complex-geospatial-methods/
https://gro-1.itrcweb.org/advanced-methods/#kriging
https://gro-1.itrcweb.org/advanced-methods/

