Release Detection
Has a release occurred?
During release detection, sampling data are collected near known waste deposits or ecological receptors to determine
whether a statistically signiﬁcant contaminant release into environmental media has occurred. Given that geospatial
methods require substantial preexisting data, they are best applied when ongoing monitoring provides the necessary data
set (such as detection monitoring at a RCRA waste disposal unit or a landﬁll). Geospatial methods are also best applied
where the contaminants are detected above background levels, such as with some metals, or where the detections of
organic contaminants are observed but the concentrations are not over some action level. Information about managing
nondetect data is included in the GSMC-1 document.
During release detection, geospatial methods can help to optimize the following:
identifying additional monitoring locations
determining background values (see GSMC-1 for more information about background conditions)
determining the horizontal and vertical extent suﬃcient to make appropriate initial decision
assessing the number of monitoring locations and frequency of monitoring
Optimization through geospatial methods is sometimes limited by the lack of data at this stage in the life cycle.
Figure 2 provides an overview of the role of geospatial methods in this stage of the project life cycle. Each general topic and
speciﬁc question is linked to a more detailed discussion.

Figure 2. Release detection overview.

Release Detection: Plume Detection and Estimation
Do various detected concentrations represent an actual plume?

▼Read more
Geospatial techniques oﬀer spatial mapping of measurement data; they serve as an alternative to professional judgment or
hand contouring when creating site maps. Mapping can help to locate areas of a site where a plume may be developing and
assists in qualitatively determining whether a plume is present. For more information, see the discussion on using geospatial
results to determine plume intensity and extent.
Geospatial Methods:
1. Simple geospatial methods (for example, inverse distance weighting, natural neighbor interpolation) can also
provide a map and, in some cases, a measure of a goodness of ﬁt.
2. More complex methods (for example, local spatial regression) can be used to interpolate the data over time and
space or easily incorporate other predictor variables into the analysis to improve the interpolation.
3. Kriging (including co-kriging, for example, with an indicator compound) can map the plume and assess
uncertainty in the interpolations between data points.

Release Detection: Trend Maps
Are there signiﬁcantly diﬀerent concentration trends in diﬀerent parts of the site?

▼Read more
Trend maps are an eﬃcient way to look for possible contaminant releases. Instead of mapping the site and tracking the map
over a series of time points, the slope direction and magnitude are estimated at each sampling location and then plotted on
a site map, which can be contoured. A trend map provides a spatial overview of which areas of the site are increasing or
projected to increase in concentration, as well as how quickly the concentrations are changing. Further discussion on how to
use the trend map is provided in remediation trend map section. For more information on using geospatial results to
understand trends, see Trend Maps.
Geospatial Methods:
1. Temporal trend estimation (for example, linear regression, Mann-Kendall, Theil-Sen) can be combined with
posting of the magnitude and direction of the trends at speciﬁc locations 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.

Release Detection: Estimating Average Concentrations
What are the average concentrations for diﬀerent chemicals and how may they be changing over time as an
indication of a release?

▼Read more
In order to assess whether a plume might be emerging, the average site concentration can be estimated and periodically
tracked over time. See the further discussion of using geospatial results in estimating quantities and average
concentrations.
Geospatial Methods:
1. Averages of spatial data can be aﬀected by spatial correlation (nonindependent data). Declustering using a grid
or Voronoi polygons can be applied to weight spatially clustered data. This practice results in a more accurate
estimate of the population mean.
2. Block kriging can also be used to account for spatial correlation in assessing averages over a block or study
area.

Release Detection: Hot Spot Detection
Are there hot spots of interest at the site?

▼Read more
During release detection, it may be necessary to identify areas of elevated concentration (hot spots) or to evaluate the
likelihood that areas of the site exceed regulatory limits. Hot spots can be found by sampling on a systematic grid with
traditional statistics or through use of row- and column-aligned incremental sampling methods (ISM). Geospatial analysis of
these data may help to identify hot spots. Geospatial methods may allow better incorporation of hot spot concentrations in
characterizing site conditions. Examples include ordnance detection with geophysical data, or characterization of a large
area with random storage or disposal of hazardous waste. Note that geospatial methods require some existing data to guide
the collection of additional data. Choosing eﬃcient and eﬀective sample spacing (in space or time) for any medium can help
to optimize a sampling program for detection of a hot spot. For more information, see the discussion of using geospatial
results in hot spot detection.
Geospatial Methods:
1. Variograms can help select optimal grid spacing based on the degree of spatial correlation for detecting hotspots
of a given size. The variograms can indicate the distances at which the sampling locations can be spaced
without yielding too much duplicative information. Hot spots usually have high variability over short distances,
so closer spacing is appropriate.

