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S E C T I O N  1  

Introduction 
This tutorial is based on a project that was carried out by the Information Services and 
Development and Analysis Teams of the Information Management and Communications 
Technology Unit of the Christchurch City Council in New Zealand.  

The main purpose of the project was to create a set of maps that could effectively communicate 
contamination levels within a residential area so that intelligent decisions pertaining to any 
remediation could be made.  

  Because of the sensitive nature of the project and that remediation is ongoing, the 
location and name of the landfill and the levels of the contaminants have been altered for the 
purposes of this document. 

 

The residential area in question was built on top of an old landfill. While no legislation or 
standards had been breached at any stage (both in terms of the management of the landfill and 
its subsequent use for residential purposes), legislation, standards, and community expectations 
had changed in the intervening years.  

Due to community concern, initial soil samples were taken and analyzed for the presence of 
contaminants. On the basis of the results from these initial soil samples, it was determined that 
the entire site should be sampled and that an analysis should be carried out using Grid Analysis 
to determine areas at potential risk and, in turn, areas that need remediation. 

Remediation would be carried out by: 

 digging out affected areas to a depth of approximately 1 meter, 

 covering the dug-out areas with a protective membrane, and finally 

 back filling the dug-out areas with uncontaminated soil. 

  The contaminated soil would be decontaminated principally using dilution and other 
dispersion techniques. 
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One of the issues that faced the team initially was what constitutes contamination because, after 
all, most contaminants are naturally occurring chemicals. Also, the presence of substances 
within the ground can only be considered a contaminant if there is a presence above a certain 
level at which it becomes potentially injurious to human health. Additionally, an exposure path to 
the occupants of the site is a consideration. 

Some substances, such as copper, may not be harmful to humans; although at high levels 
copper can be toxic to plants. Overseas standards were reviewed because standards for some 
substances did not exist in New Zealand legislation. When examined, there was a wide variance 
between them. Of the standards that were reviewed, Canadian and United Kingdom standards 
were generally the most stringent, Australian and U.S. Standards the most lenient, and Dutch 
and New Zealand Standards in between these. 

Contamination is a contentious issue that attracts public anxiety and emotional responses. The 
issue needed to be dealt with scientifically, factually, and sensitively while keeping people fully 
informed without being alarmist. The presence of contaminants also has the potential to drop 
property values significantly. 

The public was also expecting the issue to be dealt with rapidly, so it was important to be able to 
do the analysis quickly. 

The other area of importance is that there are other old landfills also known to exist, so it was 
important to establish an acceptable methodology that can be applied consistently to similar 
problems as they are raised and dealt with. 
 

The Customer 

The work was commissioned by the Environmental Services Unit of the Christchurch City 
Council. The Environmental Services Unit is responsible for Building and Planning Regulatory 
functions, Property Reports, and Environmental Effects Monitoring. The Information Services 
team and the Development and Analysis team both have complementary roles in the 
management of Geographic Information Systems. 
 

Participants 

The project described in this tutorial was conducted by Bryan Clarke and Ilja van Nieuwpoort. 

Bryan has been involved in GIS since joining the Christchurch City Council in 1988. He 
completed a Diploma in GIS from Massey University in 2001. Bryan is an Information Developer 
within the Development and Analysis Team and currently works on Geospatial Data Architecture 
and Analysis. He is trying to encourage a shift away from Feature-based GIS towards 
Surface-based GIS, where it is more appropriate to represent the data using surfaces. 

Ilja completed a M.Sc. Degree in Physical Geography from the Vrije Universiteit, Amsterdam, 
the Netherlands, in 1999. Her thesis was about the education of remote sensing in studying 
coastal processes. Ilja has been a Geospatial Technician with the Christchurch City Council 
Information Services Team since 2002 and has been working predominantly with 
hazards-related data. 
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The Study Area 

The Marunui landfill is located in a suburban area of Christchurch, a New Zealand coastal city 
with an approximate population of 350,000. The area consists of middle to lower-middle class 
residents and contains a War Veterans Housing complex with two parks. One park is for passive 
recreation, while the other park contains a sports field for organized activities. 

  LIDAR was analyzed, and this data indicated that most of the filling occurred on the 
eastern side of the landfill. The landfill was closed in 1942. 
 

Tutorial Text Conventions 

There are several conventions used throughout the tutorial: 

 Ribbon bar items are shown as: On the Aaa tab, in the Bbb panel, click Ccc > Ddd. 

 Dialog box names, field names, and button names are depicted using Bolded Text. 

 Information to be entered, either by selecting from a list or by typing, is depicted using 
Italicized Text. 
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S E C T I O N  2  

Part 1: Getting to know the Workspace 
Grid Analysis is completely integrated with the GeoMedia Desktop and is available when 
GeoMedia Advantage or GeoMedia Professional tiers are used. 

1. Launch GeoMedia Desktop, and choose Open an existing GeoWorkspace (More Files) from 
the Welcome menu. 

2. Use the open dialog box to browse to \Grid Analysis Tutorials\Customer-Based 
Tutorials\Points to At-Risk Areas.   

  The installer for this tutorial automatically puts the data in this folder. Select the 
Christchurch.gws GeoWorkspace file, and click Open. 

3. If a GeoMedia error message requests the name of the database files, browse to locate the 
required connections (\Grid Analysis Tutorials\Customer-Based Tutorials\Points to At-Risk 
Areas), click Open, and click OK in the error message box. 

The Christchurch GeoWorkspace has two connections: 

 A Microsoft™ Access read-only database (Marunui) connection containing the 
Boreholes, MarunuiParcel, MarunuiRoadBoundary, MarunuiRoadName, and 
RoadSurface feature classes. 

 A Microsoft™ Access read-write database called Raster Analysis. This connection 
contains a Study Area, specifically Marunui Half Meter. The Study Area contains 22 Grid 

Analysis layers. These layers have been generated for you to streamline the process. 

 

The Christchurch GeoWorkspace has been set up to display two feature classes (namely, 
Boreholes and MarunuiParcel). 
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1. On the Grid tab, in the Study Area panel, click List to display the Study Area List dialog 
box. 

2. Click the + symbol beside the Marunui Half Meter text to display the contents of the Study 
Area.  As noted above, there are 22 grid layers in this Study Area. 
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S E C T I O N  3  

Part 2: Creating a Mask Map 
Interpolation is a mathematical method of creating missing data. This process uses a 
combination of proximity and adjacent data to fill in the missing values. It is therefore important 
not to over influence the interpolation process by providing extraneous information because this 
can produce erroneous results, such as negative values or wildly accelerating values. Therefore, 
it is important to limit the area of interpolation to only those properties that have samples – and 
mask maps are used in Grid Analysis to accomplish this. 

Instead of drawing a mask map feature class by hand, we will create it using the GeoMedia 
Aggregation and Attribute Query commands, and then we will send the mask map feature 
class to Grid Analysis using the Rasterize Legend Entries command. 

 
 

Aggregating Data: Using the Aggregation Command 

The first step in creating a mask map feature is to encode all of the parcels with a Functional 
Attribute that contains the number of samples that fall within the parcel. 

The Aggregation command lets you copy attributes from features in one feature class (the 
detail feature class) to related features in another feature class (the summary feature class) in 
the form of a dynamic query. The process aggregates detail feature class attributes into the 
summary feature class. Both summary and detail feature classes can be point, linear, area, 
compound, and nongraphic, but not graphic text or coverage. The output aggregation is a query 
that is stored in the GeoWorkspace and which can be displayed in the Map and/or Data window.  
All summary attributes will be included in the resultant query, while only the calculated attributes 
from the detail feature class are included. 

1. On Analysis tab, in the Analytical panel, click Aggregation to display the Aggregation 
command. 



Part 2: Creating a Mask Map 

 

 

12 

 
 

2. Select the MarunuiParcel feature from the Aggregate to summary features in drop-down 
list. 

3. Select the BoreHoles feature from the From detail features in drop-down list. 

4. Make sure that the Aggregate where summary features check box is checked. 

5. Choose touch from the detail features drop-down list. 

6. Click the Output tab. 

7. Click New. 

8. Enter NumberOfSamples into the Functional attribute name text box. 

9. Enter COUNT(*) into the Expression text box. 

 

10. Click Add to add the new Functional Attribute to the Aggregation. Once the Add button has 
been clicked, the dialog box will be updated so that another Functional Attribute can be 
defined and added. 

11. In this case, we do not require another Functional Attribute; therefore, click Close. 

12. Select First from the Resolution operator drop-down list. 
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13. Enter Samples_In_Parcels into the Query name text box. 

 

14. Make sure that the Display aggregation in map window check box is checked. 

15. Make sure that the Display aggregation in data window check box is unchecked. 

16. Click OK to execute the Aggregation command. 

Because the Display aggregation in map window option was selected, the legend entry 
called Samples_In_Parcels will be added to the GeoMedia Legend. 

 
 

Querying Data: Using the Selection Tool 

The map in the GeoMedia Map window will not have changed all that much; however, the new 
legend entry that was just created will include a new functional attribute called 
NumberOfSamples. This new attribute will allow us to isolate the properties that contain one or 
more samples. 

1. Click on the Selection tool  icon in GeoMedia Desktop. 
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2. Move your mouse over one of the parcels that has a number of sample points within it, and 
double click the mouse to query the parcel. This action will display a dialog box that reports 
the attributes for the selected parcel. 

 

In the example above, the dialog box window reports that 40 sample points fell within the 
selected parcel even though it appears as if there are only four points. It should be noted 
that each sample type is represented using ten points (that is, one for every containment 
type) and that these points fall directly on top of one another, therefore appearing on screen 
as a single entity. 

3. Dismiss the dialog box that reports the attributes. 
 

Extracting Data: Using the Attribute Query Command 

The Attribute Query command allows you to search the database for a specific value or a 
range of values for one attribute or a combination of attributes that apply to one feature class. In 
this example, we want to locate all the parcels with one or more samples. 

1. On the Analysis tab, in the Attribute panel, click Attribute Query to display the Attribute 
Query command in GeoMedia Desktop. 

2. Select Samples_In_Parcels from the Select features in drop-down list.  

  Because Samples_In_Parcels is a query, it will be located in the Queries category 
of the drop-down list. 

 

3. Type NumberOfSamples >= 1; in the Filter text box. 

4. Make sure that the Display query in map window check box is checked. 

5. Type MaskMap into the Query name text box. 
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6. Make sure that the Display query in data window check box is unchecked. 

 

7. Click OK to execute the Attribute Query command. 

8. Because the Display query in map window option was selected, the legend entry called 
MaskMap will be added to the GeoMedia Legend. 
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9. Use the tools within the GeoMedia Legend to turn "off" the display for Samples_In_Parcels 
and MarunuiParcel. As can be seen from the example below, only the parcels that contain 
samples are displayed. 

 

The MaskMap query will be used in the grid analysis as a mask map. To make use of this query 
we need to make use of the Rasterize Legend Entries command. 
 

Rasterizing Data: Using the  Rasterize Legend Entries 
Command 

As noted earlier in this tutorial, a Study Area entitled Marunui Half Meter has been created for 
you. This Study Area contains a number of Grid Analysis layers. 

1. On the Grid tab, in the Study Area panel, click List to display the Study Area List dialog 
box. 
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The Study Area List is a treeview list of the connections, Study Areas, and grid layers 
belonging to a GeoWorkspace. In this case, there are 22 Grid Analysis layers already in the 
Study Area. These files have been created to streamline the analysis process. Take a 
moment to review the grid files that are in the Study Area. 

The Rasterize Legend Entries command creates a new grid layer from either a vector 
feature class or a query. The grid layer will have the same coordinate system, cell 
resolution, and extents as the current Study Area. 

2. Select the legend entry called MaskMap in the GeoMedia Legend. 

 

3. On the Grid tab, in the Layer panel, click Rasterize Legend Entries. Since the MaskMap 
feature is a query, the Available Fields dialog box will open, displaying all the numeric 
attributes of the query. 

 

4. Select the attribute ID, and click OK. 

The resulting grid layer will have the name of the query, the cell resolution and extents of the 
current Study Area, and the data values of the selected attribute. 

In this case, we want every parcel to be uniquely identified in the resulting grid layer 
because we are going to incorporate parcel size into the analysis. 

Choosing the ID will create a grid layer where each parcel is encoded with its parcel 
identification number.  
In the example provided below, there are 32 individual parcels. Each parcel is made up of a 
collection of cells, and each collection of cells is encoded with the Parcel ID value from the 
data base. Therefore, the value used to represent each parcel is unique. In this case, each 
parcel was assigned a unique color so that each parcel can be easily seen. 

The legend in the example below includes the cell count field. This field allows the map 
reader to see the size of each parcel in terms of the number of cells (that is, parcel 47 is 
made up of 2532 half meter cells). 
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If we were to have selected the NumberOfSamples attribute during the rasterization 
process, the resulting grid layer would have been very different. The example provided 
below illustrates how the resulting grid layer would differ if we were to have selected the 
NumberOfSamples attribute. In this case, parcels with the same number of samples are 
encoded with the same value.  

Again, each legend entry is made up of a collection of cells; however, in this case, each 
collection of cells is encoded with the NumberOfSamples attribute instead of the Parcel ID 
value. The resulting grid layer only contains four zones (that is, 10, 30, 38, and 40). These 
values represent the number of samples that fell within each parcel. 

 

5. On the Grid tab, in the Layer panel, click Layer > View Legends to display the View 
Legends dialog box. 
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6. Choose the MaskMap layer as the Source Layer. 

7. Use the facilities in the View Legend dialog box to color all of the non-VOID legend entries 
the same color (for example, a light grey). 

 

8. Click Apply, and Close the View Legend dialog box. 

9. On the Grid tab, in the Layer panel, click Display to display the grid layer MaskMap in the 
GeoMedia Map window. 
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10. Move the MaskMap legend entry to the bottom of the legend. 
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S E C T I O N  4  

Part 3: Creating a Contaminant Surface Map 
In Grid analysis and processing, "continuous" data sets are derived from sparse data sets 
through interpolation. A variety of algorithms is used to estimate the values of cells with 
unknown values based on their proximity to cells with known values. Some algorithms estimate 
unknown values based on the trend in values of nearby cells relative to their distance from the 
target cell. 

To create a Mercury grid surface layer, we will use the GeoMedia Attribute Query command to 
isolate the Mercury samples. Once these Mercury samples have been isolated, the resulting 
query will be prepared for Grid Analysis using the Rasterize Legend Entries command. The 
Ordinary Kriging command will then be applied to the core sample data. 

 
 

Interpolation: An Introduction 

Grid Analysis currently has six data interpolation algorithms, with more planned for the future. 
The six data interpolation commands, IDW (Inverse Distance Weighting), Ordinary Kriging, 
Ordinary Kriging Suite, Triangulation, Density, and Spline, have fairly complex interfaces 
that require the user to supply several parameters. In each case, it is assumed that the user has 
a good understanding of his or her data set and of data interpolation algorithms in general. The 
more knowledge the user has, the better the results of the interpolation commands. 

IDW (Inverse Distance Weighting) is a classic gravity model. For each target cell, an 
interpolated value is computed based on the values of data cells in a defined neighborhood and 
on the distance between each data cell and the target cell. Two weighting methods are 
available. When the Inverse weighting method is used, the interpolated value is equal to the 
sum of the ratio of each data value and its distance to the target cell, divided by the sum of the 
reciprocals of the distances. When the Inverse Squared weighting method is chosen, the 
square of the distances, rather than the distances, is used. Data points closer to the target cell 
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contribute more to the estimated value than do more distant values. Squaring the distance 
values enhances local effects. 

Kriging is a specialized interpolation algorithm used to predict the location of a body or 
structure, or the extent of a phenomenon that is continuous and discrete. For example, it can be 
used to predict the location of a plume of groundwater contamination, a body of ore, or an 
earthquake epicenter. It should not be used to predict a surface, such as ground elevation or 
temperature. 

The Spline command is used to interpolate a continuous surface from sparse data points using 
the Completely Regularized Spline method of Mitasova and Mitas (1993). It is a variant of the 
Thin Plate Spline (TPS). This command models the behavior of a material with a specified 
amount of tension as it is draped over a set of known points. Unknown values are determined by 
plotting their positions on the surface. 
 

Ordinary Kriging: An Explanation 

The Ordinary Kriging command applies the Ordinary Kriging method to a grid layer of sparse 
data to predict unknown values based on regression trends in irregularly distributed known 
values. Ordinary Kriging relies on a variogram to determine the distance at which data points 
become independent of one another. 

A variogram summarizes the relationship between differences in pairs of measurements and the 
distance of those measurement points from each other. It is used to determine the distance 
(range) at which points no longer influence one another (independence). In highly variable data, 
the range is short; in data with a broad trend, the range is larger. The figure provided below 
presents the Ordinary Kriging dialog box, and the table below provides an explanation of each 
option in the dialog box. 
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Explanations of the Ordinary Kriging command interface parameters. 

Source Layer Name The name of the sparse data grid layer. Unknown values are 
encoded as VOID. If the data is stored in a feature class, the grid 
layer contains indexed cells which act as pointers to the feature 
class. 

Source Attribute When the data grid layer contains pointers to a feature class, this 
parameter is used to select the feature class attribute to be 
interpolated. 

Mask Layer Name The name of a grid layer used to restrict the interpolation to those 
cells that correspond to the cells with a non-VOID value. VOID 
values in this layer represent cells that are not to be included in the 
interpolation. For example, the user might want only to interpolate 
cells that fall within a county. 

Mask Attribute When the mask grid layer contains pointers to a feature class, this 
parameter is used to select the feature class attribute to act as a 
mask. 

Output Precision Specifies the precision, units, and data type of the output grid layer. 
We recommend setting the precision no higher than 100 times the 
precision of the input data. For example, for 10 ppm, the output 
precision should be no more than 0.1 ppm. A high precision value 
can lead to "legend value explosion," which will increase the time of 
processing without an appreciable gain in data quality. If the data 
values are measured in a unit that is not available from the units 
drop-down list, specify "None." 

Data Model: 
Spherical/ 
Exponential 

Apply either a spherical model or an exponential model to fit a line to 
the variogram. This line will be used to predict the unknown value 
based on the distance to the known values defined by the Range 
parameter. If the user plots the variogram of the data in a third-party 
application, the choice of data model can be determined by fitting 
one of these models to data points. 

Range The distance, in number of cells, at which the data points become 
independent. By default, this is the length of the map, meaning that 
all points are spatially correlated. This value should be chosen based 
on the density of the data and on surface variability. For relatively 
smooth areas, a large range can be used. If the area is rough (highly 
variable), then a smaller range is recommended. If the user plots the 
variogram of the data in a third-party application, the range can be 
determined by identifying the distance at which the sill occurs. 

Data interpolation, by its very nature, is fraught with "gotchas" (common mistakes based on 
invalid assumptions). The user must understand the limitations of the data interpolation methods 
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and the data used as the basis for interpolation. Be aware that data interpolation is merely an 
estimation based on probability. The results are only as reliable as the input data and the 
applicability of the interpolation method. If poor quality data is used, poor quality estimations will 
result. 

The user should "ground truth" results before using them to make decisions that may have 
social or economic consequences, and it should be noted that "at a number of points within this 
project, results depend upon experienced judgment and as a result do not necessarily accept 
the values contained within this section of the tutorial gospel. Apply your judgment, and use the 
values that you think are most appropriate for you data." 

There are ten contaminates types that were sampled for this project. The table below presents 
the name, the symbol, and residential guidelines for each contaminate. 

Contaminant Symbol Residential Guideline Level 

Arsenic As 30 mg/kg 

Cadmium Cd 2 mg/kg 

Chromium Cr 210 mg/kg 

Copper Cu 1000 mg/kg 

Mercury Hg 8 mg/kg 

Nickel  Ni 50 mg/kg 

Lead Pb 450 mg/kg 

Zinc Zn 7000 mg/kg 

Benzo-a-pyren
e 

BAPeq 6 mg/kg 

Naphtalene Napht N/A (not used in this analysis) 

To keep the workflow moving, the Kriging command was used to interpolate the surfaces for: 

 Arsenic (Arsenic Surface) 

 Cadmium (Cadmium Surface) 

 Chromium (Chromium Surface) 

 Copper (Copper Surface) 

 Nickel (Nickel Surface) 
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 Lead (Lead Surface) 

 Zinc (Zinc Surface) 

 Benzo-a-pyrene (BAP Surface) 

These Grid Analysis layers have already been added to the Study Area entitled Marunui Half 
Meter. 
 

The Bore Log Contaminant Data: An Explanation 

The bore log information that was provided by the Consulting Laboratory was in tabular format. 
It was very difficult to assess what the condition was on any particular property with this format, 
and it was virtually impossible to get a holistic view of the landfill contamination. Grid Analysis 
was used to build contamination surfaces to visualize the extent and severity of the problem to 
assist with decision making. 

Bore As Ca Cr Cu Hg Ni Pb Zn BAP 

96 Piccolo St 

Pi96/1 4 < 0.1 13 11 0.1 11 44.1 77 1.029 

Pi96/2 3 < 0.1 10 14 0.3 9 58.1 88 1.351 

Pi96/3 6 0.7 13 56 0.6 12 374 322 4.141 

Pi96/4 5 0.4 16 23 < 0.1 14 31.7 144 1.059 

97 Piccolo St 

Pi97/1 7 1 13 91 0.4 11 199 453 10.752 

Pi97/2 16 0.3 21 510 < 0.1 45 617 451 9.541 

Pi97/3 6 0.3 12 25 0.3 11 144 357 1.189 

Pi97/4 21 0.2 19 51 0.4 14 232 183 3.717 
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Isolating Data: Using the Attribute Query Command 

The Attribute Query command allows you to search the database for a specific value or a 
range of values for one attribute or a combination of attributes that apply to one feature class. In 
this example, we want to isolate the data for Mercury by putting it into its own Query feature 
class. 

1. On the Analysis tab, in the Attribute panel, click Attribute Query to display the Attribute 
Query command in GeoMedia Desktop. 

2. Select BoreHoles from the Select features in drop-down list. 

3. Type ChemicalSymbol = "Hg"; (or ChemicalSymbol = ‘Hg’;) in the Filter text box. 

4. Make sure that the Display query in map window check box is checked. 

5. Type Mercury into the Query name text box. 

6. Make sure that the Display query in data window check box is unchecked. 

 

7. Click OK to execute the Attribute Query command. 

8. Because the Display query in map window option was selected, the legend entry called 
Mercury will be added to the GeoMedia Legend. 
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9. Use the tools in the GeoMedia Legend to turn "off" the legend entry called BoreHoles. As 
can be seen from the figure presented below, only those points that relate to Mercury are 
displayed in the GeoMedia Map window. 

 

The Mercury query will be used in the grid analysis to create a surface. To make use of this 
query we need to make use of the Rasterize Legend Entries command. 

1. Select the legend entry called Mercury in the GeoMedia Legend. 

 

2. On the Grid tab, in the Layer panel, click Rasterize Legend Entries. 



Part 3: Creating a Contaminant Surface Map 

 

 

28 

 
 

3. Since the Mercury feature is a query, the Attribute Selection dialog box will open, 
displaying all the numeric attributes of the query. 

 

4. Select the attribute Concentration, and click OK. The resulting grid layer will have the name 
of the query, the cell resolution and extents of the current Study Area, and the data values of 
the selected attribute. 

 

Interpolating Data: Using the Ordinary Kriging Command 

Ordinary Kriging is a regression-based interpolation method that predicts unknown values from 
irregularly spaced known values. It was originally developed to reveal underlying trends in 
stratigraphy. 

1. On the Grid tab, in the Analysis panel, click Interpolation > Ordinary Kriging. 

2. Choose the Mercury layer as the Source Layer. 

3. Choose the MaskMap layer as the Mask Layer. 

4. Set the Output precision to 0.01 None. The precision value should be selected carefully 
and logically. In this case, the input data has two levels of precision, and therefore it makes 
logical sense that this data precision be maintained as output. 

5. Set the Data model to Spherical. The Spherical equation is used to estimate the variogram 
for a "complexly varying" data surface, while the Exponential equation is used to estimate 
the variogram for a "smoothly varying" data surface. 

6. Set the Range to 916 cells. The Range field is used to define how close a known point must 
be to the point to be predicted in order to be included in the construction of the surface. The 
Range value defines the Neighborhood of the target cell.  

  You must know the nature of the data being mapped to correctly specify a Range 
value; however, in general, the larger the Range value, the smoother the results, but the 
greater the dependence on values far away from the target cell. The default Range value is 
the greater of the number of rows or number of columns. 

7. Name the layer Mercury Surface. 

8. Leave the Place results in map window check box checked. 
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9. Ensure that your dialog box matches the one depicted below, and then click OK to execute 
the command.  

  This command will take approximately 2 minutes to complete. 

 

The default color sequence for a Grid Analysis layer is a "sequential" color ramp from black 
through to white. This color sequence does not effectively show the results very well because 
the color ramp does not reflect the contents of the grid layer (that is, the Residential Guidelines 
Levels). 
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As noted above, the residential guideline level for Mercury is 8 mg/kg. Use the Grid Analysis 
coloring facilities to color the resulting grid layer to better reflect this guideline. Below is a 
suggested color scheme: 

VOID (no data) Color = Transparent  

-0.58 to 4.00  

(acceptable to half 
the acceptable level) 

Color = Transparent 

4.01 to 8.00  

(half the acceptable 
level to acceptable 
level) 

Color = Red: 70%, Green: 70%, Blue: 70% (light grey) 

8.01 to 65.87  

(exceeds the 
acceptable level) 

Sequence start color = Red: 59%, Green: 61%, Blue: 100% (light blue)  

Sequence end color = Red: 100%, Green: 0%, Blue: 0% (dark red)  

Path = Clockwise   

Distribution = Change in zone area 
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With this color sequence, we can clearly see where the Mercury levels exceed the acceptable 
level. This process was applied to all of the other contaminant samples for you. 

 

If you want to visualize these grid layers, you can use the Display in Map Window command to 
display the grid layers layer in the GeoMedia Map window, or you can use the View Layers 
command. 
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S E C T I O N  5  

Part 4: Determining Severity Levels for Each 
Contaminant Type 
Knowing where individual contamination exceeds the guidelines is important; however, it is 
extremely useful to visualize how much the contamination exceeds the guidelines in a consistent 
way across all contaminants (that is, normalize the data so that it can be used together to gain 
insight and to provide an overall picture for the entire study area). 

In this section of the tutorial, you will make use of the Calculator to classify the Mercury Surface 
into a severity grid layer where each cell value represents the number of times each cell 
exceeds the recommended guideline. 
 

Classifying Data: Using the Calculator Command 

The Calculator command creates a new grid layer by applying mathematical and/or relational 
operations to one or more input grid layers. The operations are applied to the values of the cells 
of the input grid layer(s) in a process known as "layer math" or "overlay math." 

In this case, the Calculator command is going to be used to determine which cells exceed the 
guidelines and by how much. As noted earlier, the residential guideline for Mercury is 8 mg/kg; 
therefore, to determine which cells exceed the level and by how much, all we need to do is 
divide the Mercury reading by 8. 

1. Use the tools within the GeoMedia Legend to turn off the display for Mercury Surface and 
MarunuiParcel. Your GeoMedia Map window should look similar to the example provided 
below. 

 

2. On the Grid tab, in the Analysis panel, click Calculator. 
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3. When the Calculator opens, click on the Scientific radio button to open the full calculator 
window. 

4. Click the prec button in the bottom-right corner of the function buttons on the Calculator. 
This will place the name of the prec function in the calculator display, place brackets after it, 
and place the insertion point between the brackets. 

5. Double click the layer named Mercury Surface from the Available Layers list. 

6. When the name of the layer appears between the brackets, type / 8, then a comma, and 
then type the number 0. This means: "Set the precision of the layer named Mercury Severity 
to 0 decimals."  
In this instance, we wanted to have the severity results reported in an increment of 1 (that is, 
grouped by 1), and setting the precision to 0 allows us to get this desired result without 
having to perform a second operation on each of the contaminant surfaces. 

7. The statement should look like this: prec ("Mercury Surface" / 8 , 0) 

8. Rename the result layer to Mercury Severity. 

9. Check the Place results in map window check box. 

10. Ensure that your dialog box matches the one depicted below, and then click OK to execute 
the command. 
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The resulting map will look similar to the Mercury Surface map (that is, both maps have a similar 
surface); however, the contents of each map are quite different. The values in the result map no 
longer represent the contamination values; they now represent severity or the number of times 
each cell exceeds the accepted residential guideline. 

 

Just as before, the default color sequence is applied to the resulting map. This color sequence 
does not effectively communicate the results. 

Determining a color sequence for all maps can be difficult, especially when their ranges vary 
dramatically. After examining each result, we noticed that there was a large range within some 
of the contaminant severity maps, and we wanted to ensure that the color sequence we chose 
effectively presented each result consistently across the spectrum of contaminants. It was 
reasoned that five times the accepted level for any contaminant was serious and that this value 
should be used as a threshold value for displaying the result for each of the contaminants. 

Use the Grid Analysis coloring facilities to color the resulting Grid layer to better reflect this 
threshold. Below is a suggested color scheme: 

VOID (no data) Color = Transparent  

-1.00 to 0.00  Color = Transparent 

1.00 to 4.00  

 

Sequence start color = Red: 59%, Green: 61%, Blue: 100% (light blue) 

Sequence end color = Red: 100%, Green: 20%, Blue: 20% (dark red) 

Path = Clockwise   

Distribution = Sequential 
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5.00 to 8.00  Color = Red: 100%, Green: 0%, Blue: 0% (dark red) 
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With this color sequence, we can clearly see where the Mercury levels exceed the acceptable 
level and by how many times. This process was applied to all of the other contaminant samples 
for you. 

 

If you want to visualize these grid layers, you can use the Display in Map Window command to 
display the grid layers layer is the GeoMedia Map window, or you can use the View Layers 
command. 
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S E C T I O N  6  

Part 5: Ranking the Areas that Exceed Residential 
Guidelines 
The Calculator command is an extremely powerful tool, and its power is often overlooked. The 
Calculator command contains a wide variety of operators. The operators include Monadic, 
Dyadic (Math, Relational, and Logical), Trigonometric, Logarithmic, Modal, and List functions. All 
of these facilities can be used together to solve a range of complex spatial analysis problems. 
 

Calculator: Order of Operation 

The Calculator command follows standard mixed mode arithmetic logic when operands of 
different data types appear in an algebraic expression. When fixed-point and floating-point data 
type grid layers are mixed, the data type of the resultant grid layer depends on the order of the 
grid layers and on the operators and functions used. Expressions are evaluated in the following 
order: 

Order Symbol(s) Name(s) 

1. ( ) Brackets 

2. -, !, NOT Negation, NOT, NOT 

3. ^ Power/Exponent 

4. *, /, % Multiplication, Division, Modulus 

5. +, - Addition, Subtraction 

6. <, <=, >, 
>= 

Less than, Less than or equal to, Greater than, Greater than or 
equal to 

7. ==, != Equal to, Not equal to 

8. AND, & Boolean "And", Boolean "And" 

9. OR, | Boolean "Or", Boolean "Or" 

 

  Operations at the same level are performed from left to right. 
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Calculator: Mix Mode Arithmetic 

If a given operator or function is given all fixed-point values, the result will have fixed-point 
values. If any operand of an operator or function is a floating-point value, then all operands are 
changed to floating-point data, and the result has a floating-point value. 

The following are exceptions to the rule: 

 All trigonometric and logarithmic functions return floating-point data. 

 The PREC and FLOAT functions return floating-point data. 

 The TRUNC and COUNT functions return fixed-point data. 

 The relational operators (<, <=, >, >=, ==, !=) and the logical operators (AND, OR, NOT, 
&, |, !) return fixed-point results (1 or 0, where 1 = True and 0 = False). 

Constants in an expression are considered fixed-point unless they contain a decimal point. 

With this background in mind, we can look at using the math and logical operators to create a 
grid layer that identifies which areas have problems with multiple contaminants over the 
recommended guidelines. Given the flexibility of the Calculator command, we can create a 
statement that first encodes each input map with a combination of zeros and ones (a Boolean 
map), where zero represents the cells that fall below the recommended guidelines and one 
represents the cells that exceed the recommended guidelines. The statement then adds all of 
the resulting maps together to create the desired results. 

To accomplish this, we need to build the following statement using the facilities with the 
Calculator command: 

("Arsenic Severity">=1) + ("Cadmium Severity">=1) + ("Copper Severity">=1) + ("Mercury 
Severity">= 1) + ("Nickel Severity">=1) + ("Lead Severity">=1) + ("BAP Severity">=1). 

This statement evaluates each contaminant type on an individual basis. Each contaminant 
severity map layer is evaluated to determine which cells are greater than or equal to one (that is, 
locate those cells that exceed the recommended guideline, and assign these cells a value of 
one – or assign a value of zero). Once this evaluation is done for each input map, the resulting 
"in memory" Boolean maps are added together to create the desired result. 

1. On the Grid tab, in the Analysis panel, click Calculator. 

2. When the Calculator opens, click on the Scientific radio button to open the full calculator 
window. 

3. Use the facilities in the Calculator command to build the following statement:  ("Arsenic 
Severity">=1) + ("Cadmium Severity">=1) + ("Copper Severity">=1) + ("Mercury 
Severity">= 1) + ("Nickel Severity">=1) + ("Lead Severity">=1) + ("BAP Severity">=1). 

4. Rename the result layer to Contaminant Count. 

5. Check the Place results in map window check box. 
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6. Ensure that your dialog box matches the one depicted below, and then click OK to execute 
the command. 

 

The resulting map contains values that represent the number of contaminants that exceeds the 
recommended guidelines. If you review the legend for this grid layer, you will notice that the 
values range from 0 to 6. Cells with a value of 6 represent cells where 6 of the contaminants 
exceed the recommended guidelines. 

 

Just as before, a default color sequence for a Grid Analysis layer does not effectively show the 
results. Use the Grid Analysis coloring facilities to color the resulting grid layer to better reflect 
this threshold. Below is a suggested color scheme: 

VOID (no data) Color = Transparent  
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0  Color = Transparent 

1 to 6  

 

Sequence start color = Red: 100%, Green: 50%, Blue: 50% (light red) 

Sequence end color = Red: 100%, Green: 0%, Blue: 0% (dark red) 

Path = Straight   

Distribution = Sequential 
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Example Calculation 

  If we did not have severity grid layers, the Calculator statement could have been 
expanded to create these layers in memory layers first using a division statement on each of the 
input grid layers. The following example illustrates this usage: 

(("Arsenic Surface"/30)>=1) (("Cadmium Surface"/2)>=1) + (("Copper Surface"/1000)>=1) + 
(("Mercury Surface"/8)>= 1) + (("Nickel Surface"/50)>=1) + (("Lead Surface"/450)>=1) + 
(("BAP Surface"/6)>=1). 

In the example above, the Severity grid layers are created by divided Surface grid layers by the 
accepted residential level, and because of the order of execution (that is, bracketing), the 
Boolean operators are then called and addition statements are performed. 
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S E C T I O N  7  

Part 6: Determining Severity Levels Across 
Contaminants 
Severity levels can, for example, include areas with few, but severe, problems or a number of 
generally high, but not necessarily excessive, problems. A contamination index that averages 
the severity across all contaminants effectively captures the locations of the problem areas. 

1. On the Grid tab, in the Analysis panel, click Calculator. 

2. When the Calculator opens, click on the Scientific radio button to open the full calculator 
window. 

3. Use the facilities in the Calculator command to build the following statement:  Prec 
((("Arsenic Severity" + "Cadmium Severity" + "Copper Severity" + "Mercury Severity" 
+ "Nickel Severity" + "Lead Severity" + "BAP Severity") /7), 2). 

4. Rename the result layer to Contaminant Severity Average. 

5. Check the Place results in map window check box. 

6. Ensure that your dialog box matches the one depicted below, and then click OK to execute 
the command. 

 



Part 6: Determining Severity Levels Across Contaminants 

 

 

46 

 
 

The resulting map contains values that represent the average severity levels across all 
contaminants. If you review the legend for this grid layer, you will notice that the values range 
from -0.72 to 4.00. 

 

Just as before, a default color sequence for a Grid Analysis layer does not effectively show the 
results. Use the Grid Analysis coloring facilities to color the resulting grid layer to better reflect 
this threshold. Below is a suggested color scheme: 

VOID (no data) Color = Transparent  

-0.72 to 0.00  Color = Transparent 

0.14 to 4.00  

 

Sequence start color = Red: 59%, Green: 61%, Blue: 100% (light blue) 

Sequence end color = Red: 100%, Green: 0%, Blue: 0% (dark red)  

Path = Clockwise   

Distribution = Sequential 
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S E C T I O N  8  

Part 7: Identify Parcels for Remediation 
The final step in the process is to identify which properties require remediation. In this case, 
candidate areas for remediation were defined as properties where 20 percent of the property is 
occupied by contaminated areas, where 3 or more contaminants exceed the residential 
guidelines, and where the average severity level is 1 or more. 

To accomplish this analysis, a number of commands are required. 

The Area command is used to determine the size of each parcel in the Study Area. In this case, 
size is simply defined by the total number of cells for each parcel. The resulting grid layer is 
used to determine the greater than or equal to a 20-percent coverage criterion. 

The Calculator command is used to perform a Boolean analysis and to locate the cells where 
the contaminant counts are greater than or equal to 3, and the average severity is greater than 
or equal to 1. 

Once the Boolean analysis is complete, the Zonal Score command is used to determine how 
many "at risk" cells fall within each parcel. 

The Calculator command is used one more time to determine the percentage coverage for 
each parcel and then to assign a value of 1 to those parcels that exceed the 20-percent criterion 
and a value of 0 to those parcels that do not exceed the 20-percent criterion. 

 

This workflow further illustrates the power of the Calculator command. Its flexibility allows you 
to perform very complex operations. 
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Calculating Area: Using the Area Command 

The Area command calculates the area of each zone of the Source layer. This command is 
useful for determining the area of widely dispersed cells or groups of cells with the same value. 
It can be used to determine the area occupied by crops, rock types, soil types, tree cover, 
catchments, electoral zones, postal code zones, and many other area-based landscape 
features. 

1. On the Grid tab, in the Analysis panel, click Zone > Area. 

2. Choose the MaskMap layer as the Source Layer. 

3. Click the Non-Beveled radio button.  
When the Non-Beveled method is chosen, zone areas are computed based on cell 
resolution only. For example, if the cell resolution of the Source layer is 30 m, and the Area 
units choice is square meters, the area represented by each cell is assumed to be 900 m

2
, 

and the area of a zone made up of 143 cells would be computed as 143 x 900 = 128700 m
2
. 

4. Select Cells from the Area units drop-down list. In the case, we do not require that the 
result be in a unit of measure such as square meters. 

5. Ensure the Ignore cell value is set to VOID.   
The Ignore cell value field specifies a value for which the area calculation will not be 
performed. Normally "VOID" is used as a background value, but any valid number can be 
specified. Leave this field blank if all cells in the Source layer are to be considered in the 
calculation. 

6. Ensure the Store original value as text is unchecked.  
When the Store original value as text option is chosen, the value of each Source layer 
zone appears as text in the legend entry for the corresponding Result layer zone. 

7. Name the result layer Parcels by Area. 

8. Leave the Place results in map window check box checked. 
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9. Ensure that your dialog box matches the one depicted below, and then click OK to execute 
the command. 

 

The resulting map contains values that represent the area of each parcel in terms of the number 
of cells. If you review the legend for this grid layer, you will notice that the values range from 
1712 to 19901 (that is, the smallest parcel contains 1712 cells, and the largest parcel contains 
19901 cells). This information is very useful because it is going to help us determine the 
percentage of contaminant coverage (criteria 3). 
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Performing Boolean Analysis: Using the Calculator 
Command 

The Calculator command will now be used to perform a Boolean analysis and to locate the cells 
where the contaminant counts is greater than or equal to 3 and the average severity is greater 
than or equal to 1. 

1. On the Grid tab, in the Analysis panel, click Calculator. 

2. When the Calculator opens, click on the Scientific radio button to open the full calculator 
window. 

3. Use the facilities in the Calculator command to build the following statement:  
("Contaminant Severity Average" >= 1) and ("Contaminant Count" >= 3). 

4. Rename the result layer to Criteria 1 and 2. 

5. Check the Place results in map window check box. 

6. Ensure that your dialog box matches the one depicted below, and then click OK to execute 
the command. 
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The resulting map contains three zones (VOID, 0, and 1), where the value 0 represents the cells 
that did not meet the criteria, and 1 represents the cell that did meet the criteria (that is, 
contaminant counts greater than or equal to 3 and the average severity greater than or equal to 
1). This information is going to be used to determine the proportional coverage. 

 
 

Calculating Totals: Using the Zonal Score Command 

In order to calculate the percentage cover, we need to create a grid layer that represents the 
total number of "at risk" cells that fall within each parcel, and the Zonal Score command allows 
for this. 

The Zonal Score command creates a grid layer of summary statistics for geographic zones. 
The command requires two input layers: a Source layer and a Data layer. 

The Source layer defines the geographical zones within which the statistics are computed. The 
Source layer must be of fixed-point values. Examples of zones include residential 
neighborhoods, zoning districts, agricultural fields, soil types, climatic regions, species habitats, 
or census tract blocks. 

The Data layer provides the data values used to compute the zonal statistics. The Data layer 
data type can be either fixed-point or floating-point. For example, a Source layer representing 
soil types might be used with Data layers showing moisture content, contaminant 
concentrations, crop yields, land use, or soil invertebrate population densities. 

The values of the Result layer are the statistics, computed using the values of the Data layer, for 
each zone defined by the Source layer. When the Diversity or Density statistic is specified, the 
Result layer will be of the fixed type. When any other statistic is specified, the Result layer will 
be the same type as the Data layer. 

1. On the Grid tab, in the Analysis panel, click Statistical > Zonal Score. 



Part 7: Identify Parcels for Remediation 

 

 

54 

 
 

2. Choose the MaskMap layer as the Source Layer.  
Remember that this map contains the ID values for each parcel and, therefore, that each 
parcel is uniquely identified in this map 

3. Choose the Criteria 1 and 2 layer as the Data Layer. 

4. Choose Total from the Statistic drop-down list.  
The Total statistic is simply a sum of all the values in a zone where the Result layer data 
values are the sum of the Data layer data values in each zone defined by the Source layer. 

 

5. Name the result layer Criteria 3 Proportion. 

6. Leave the Place results in map window check box checked. 

7. Ensure that your dialog box matches the one depicted below, and then click OK to execute 
the command. 
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The resulting map contains values that represent the total number of "at risk" cells that fell within 
each of the parcels within the Study Area. If you review the legend for this grid layer, you will 
notice that the values range from 0 to 1536. 

 

We now have all the grid layers in place to finalize the analysis and to determine the percentage 
coverage for each parcel. To do this, we need to assign a value of 1 to those parcels that 
exceed the 20-percent criterion and a value of 0 to those parcels that do not exceed the 
20-percent criterion. 

1. On the Grid tab, in the Analysis panel, click Calculator. 

2. When the Calculator opens, click on the Scientific radio button to open the full calculator 
window. 

3. Use the facilities in the Calculator command to build the following statement:  
(float("Criteria 3 Proportion" ) / float("Parcels by Area" ) * 100) >= 20. 

4. Rename the result layer to Parcels to Remediate. 

5. Check the Place results in map window check box. 
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6. Ensure that your dialog box matches the one depicted below, and then click OK to execute 
the command. 

 

The resulting map contains three zones (VOID, 0, and 1), where the value 0 represents the cells 
that did not meet the criteria, and 1 represents the cell that did meet the criteria. Use the Grid 
Analysis coloring facilities to color the resulting grid layer to better affectively illustrate which 
parcels require remediation. Below is a suggested color scheme: 

VOID (no data) Color = Transparent  

0  Color = Red: 70%, Green: 70%, Blue: 70% (light grey) 

1 Color = Red: 100%, Green: 100%, Blue: 0% (yellow) 
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You have now determined which parcels within the sub-division require remediation based upon 
a set of predetermined criteria. The criteria presented here are only examples, and they can be 
modified to match specific requirements. 
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