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Abstract 

Creating numerical models, diagrams, animations, and volumetric analyses for geologic data that changes 

over time (e.g. groundwater contamination) can be accomplished by using several programs within the 

RockWorks2020 software.  The basic strategy described within this guide is to create a series of models 

that represent only the data obtained during specific time intervals.  In order to create smooth 

animations, transitional models are then interpolated between the original models.  These animations 

can be shown as both three-dimensional isosurface plumes and two-dimensional contour maps.  Time-

based volumetric reports may also be generated to show how the concentrations have changed over time. 

The geochemical models within the animations are optionally constrained to permeable zones.  These 

zones are defined by interpolating a lithology model and then converting this model to a 

permeable/impermeable model based on the hydraulic conductivities of the various lithologies. 

The individual steps used to perform these operations are presented in a step-by-step format based on a 

case-study database consisting of 25 monitoring wells.  These steps are stored within a RockWorks 

Playlist.  This Playlist automates the workflow so that the entire process can be repeated with a single 

mouse click, if the original borehole data is changed.  These Playlists may also be applied to other 

projects to streamline subsequent workflows and to provide an automated environment for 

inexperienced users.  
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Introduction 

Many types of borehole-based data change over time.  Examples of time-based data include 
groundwater contamination, reservoir depletion, ground subsidence, and in-situ mining.  The 
instructions within this report will show how to use the RockWorks product to streamline the modeling, 
analysis, and visualization of these data types. 

The most common application of time-based data modeling involves groundwater contamination plume 
migration.  Accordingly, this exercise will use TCE concentrations that change over time as an example.  
The goal is to create a 3D isoshell animation, a 2D contour animation, and a report showing the volumetric 
changes over time.  The steps and strategy for this exercise are summarized within the flowchart shown 
below (Figure 1). 
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Figure 1.  Processing Steps & Overall Strategy 
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This exercise will limit the TCE models to permeable zones as defined by an interpolated lithology 

model.  This assumes that the TCE contaminant within the monitoring well water samples is migrating 

through the porous sediments.  

It should be noted that the operations described within this report are solely focused on streamlining the 
data-to-video process.  Additional information about other related topics such as modeling algorithms, 
diagram embellishments, etc. are described elsewhere within the RockWorks documentation.  This 
documentation is embedded in a context-sensitive fashion within all of the RockWorks menus (Figure 2). 

 
Figure 2.  Example of Context-Sensitive Embedded Help System 
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The Borehole Database 

A database titled “TCE Site” has been created and installed within the \Documents\RockWorks Data\ 

folder to serve as the case-study for this exercise to eliminate the tedium of data import/entry.  This 

database contains 25 boreholes with hydrostratigraphy, lithology, and time-based geochemical (TCE) data 

for a small study area (300 x 300 x 120 meters). 

➢ Start by changing the Project Folder to the tutorial project titled “TCE Site” (Figure 3). 

 
Figure 3.  Setting the TCE Site as the Project Folder 

Data that changes over time is stored within the RockWorks Borehole Manager T-Data table.  Clicking 
on the T-Data tab for a selected borehole will display time-based data for that particular borehole, 
including the interval depths, sampling dates, and observations (e.g. quarterly TCE samples).  An 
example showing the T-Data table (highlighted by a red rectangle) is shown below (Figure 4). 

 
Figure 4. T-Data Data Table For "105 Myrtle" Borehole Screenshot 
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The Playlist 

An all-too-common scenario involves creating animations only to then discover bad or missing data.  A 
similar situation occurs when new data is added to the database long after the animations have been 
created.  To address this problem, RockWorks includes a feature whereby all of the individual steps can 
be added to a Playlist.  This Playlist can be saved and re-executed with a single mouse-click if the data 
changes. 

➢ Click on the Playlist tab and use the Playlist/File/Load option to load the sample file titled “TCE 

Modeling & Animation” (Figure 5) 

 
Figure 5. Playlist Populated with Applications Used Within This Exercise 

The parameters for each item within the Playlist may be examined and/or modified by double-clicking on 

the item title.  

➢ Double-click on the Create Lithology Model item and after a few seconds, the Lithology -> Solid Model 

menu will fill the entire Playlist page (Figure 6).  Notice how the lithology modeling options as well 

as the Playlist item title can now be examined and/or modified. 
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Figure 6.  Lithology Modeling Parameters 

➢ Click on the Cancel option to return to the main Playlist.  Nothing within the Playlist will be modified 

until later in this exercise. 

The Playlist work area may be detached from the main RockWorks menu and enlarged by dragging the 

blue Playlist tab off of the RockWorks menu and clicking the Enlarge button within the upper-right corner 

of the Playlist dialog (Figure 7).  Conversely, the Playlist dialog can be “re-docked” back into the main 

RockWorks menu by clicking on the small down-arrow also located in the upper-right corner of the Playlist 

dialog. 

 
Figure 7.  Playlist Detached from Main RockWorks Menu 
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The items within this Playlist have been pre-configured to perform the operations depicted within the 

flowchart (Figure 1) within the Introduction to this exercise.  

➢ Click the Process Playlist button at the base of the Playlist and find something else to do while all of 

the commands within the Playlist are sequentially processed.  This particular data set takes about 

30 minutes to process on a typical laptop.  Eventually, a time-based 3-D isosurface animation, a time-

based 2-D contour animation, and a volumetric report will be created (Figure 8). 

 

 
Figure 8.  Output from TCE Modeling & Contamination Playlist: 3D Isosurface Animation (Left), 2D Contour Animation (Center), 

& Volumetric Report (Right) 

The entire Playlist does no need to be processed to test a particular process. The checkboxes adjacent to 

each Playlist item (Figure 5) determine which steps will be executed when the Process Playlist button is 

clicked.  This provides a means for testing selected items within the Playlist. 
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Creating a Playlist 

Adding items to the Playlist is accomplished by selecting the Playlist option located within the upper-right 
corner of any application menu (Figure 9). 

 
Figure 9.  Playlist Button Location 

Once the Playlist button has been clicked, a small dialog box will provide a way to edit the item name 

within the Playlist.  In the following example (Figure 10), the default title has been changed from “Solid 

Morphing” to “Create 3D Animation.” 

 
Figure 10. Changing the Name of an Item Before it is Added to the Playlist 

Applications do not need to be executed in order to add them to the Playlist.  Instead, clicking on the 

Playlist button within an application menu will simply add the menu and its current settings to the Playlist 

using the name that is assigned within the Item Title dialog.  A typical practice is to configure the menu, 

run the application to make sure everything is processing in the desired way, then re-load the application 

(if necessary) and save it to the Playlist. 

In the remaining steps, the following applications will be introduced, configured, executed, and added to 

the Playlist: 

• Borehole Operations / Lithology / Solid – Rename to “Create Lithology Model” 

• ModOps / Solid / Filters / Range Filter – Rename to “Convert Lithology to BPI Model” 

• T-Data / Multiple Solids – Rename to “Create Quarterly TCE Models” 

• Graphics / Animate / Solids -> 3D Isoshell Animation – Rename to “Create 3D Isoshell Animation” 

• Graphics / Animate / Grids -> Contour Map Animation – Rename to “Create Contour Animation” 

• ModOps / Volume / Time-Based Volumetrics – Rename to “Create Volumetrics Report” 
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➢ Start by clicking on the New button to clear the Playlist (Figure 11). 

 

 
Figure 11.  Using the New Option to Clear Playlist 
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Creating a Lithology Model 

➢ Before creating the lithology model, the Lithology Types Table should be reviewed by clicking on the 

Borehole Manager / Lithology / Lithology Types Table option (Figure 12). 

 
Figure 12.  Selecting the Lithology Types Table Option 

The Lithology Types Table (Figure 13) is used when creating a lithology model.  Each lithology keyword 

has a unique user-assigned G-Value.  When creating lithology models, the program will use this table to 

convert the lithologies within the Borehole Manager to the associated G-Values.  These G-Values are 

what are stored within the numerical lithology model.  The keywords are not stored within the lithology 

model. 

 
Figure 13.  Lithology Types Table 

A very useful practice is to assign the G-Values within the Lithology Types Table such they can be 

numerically filtered into two categories; permeable and impermeable.  In the example above (Figure 

13), the G-Values for impermeable lithologies range from 0.1 to 0.7 whereas the G-Values for permeable 
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lithologies range from 1.1 to 1.6.  The usefulness of this strategy will become apparent later on when 

the lithology model is converted to a BPI (Boolean Permeable / Impermeable) model.  

➢ Select the Borehole Operations | Lithology | Solid application and configure the menu settings as 

depicted within the screenshots shown below (Figure 14 to Figure 17 ). 

 

 
Figure 14.  Specifying the Lithology Model File Name 

 

 
Figure 15.  Selecting the Lithology Modeling Algorithm 
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Figure 16.  Specifying the Lithology Model Superface 

 

 
Figure 17.  Specifying the Lithology Model Subface 
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➢ Click the Playlist button in the upper-right corner of the Lithology -> Solid menu (Figure 18) to add 

this menu and settings to the Playlist. 

   

 
Figure 18.  Playlist Button Location 

 

➢ When prompted for the item’s title, change it to “Create Lithology Model” (Figure 19). 

 

 
Figure 19.  Specifying Playlist Item Title 

➢ Click the Continue button to create a Lithology model and diagram (Figure 20) depicting the numeric 

Lithology model using voxels whose colors are defined within the Lithology Table. 

 
Figure 20.  Lithology Model 

Please note that this is a representation of a numeric model (i.e. a three-dimensional array of numbers) 

in which the voxel g-values are color-coded based on the assignments within the lithology table. 
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Creating a BPI (Boolean Permeable/Impermeable Model) 

Creating a BPI (Boolean Permeable/Impermeable) model can be performed in a variety of ways.  These 

methods include the following possibilities: 

1. Assigning lithotypes to values that can be easily converted with a range filter to a BPI model.  This 

is the method that will be used within this exercise because it’s easy and simple. 

 

2. Converting a lithology model to a BPI model based on a replacement table. 

 

3. Creating hydrostratigraphic model to a BPI model using grid filters. 

 

4. Creating a hydraulic conductivity model (based on measured K values) and converting it to a BPI 

using range filtering. 

 

➢ Select the Range Filter from the ModOps | Solid | Filters sub-menu (Figure 21). 

 

 
Figure 21. Selecting the Range Filter 
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Double-click on the Convert Lithology Model to BPI Model item within the Playlist and fill out the Solid & 

G-Value Cutoffs -> Range Filter input and output models as shown below (Figure 22). 

 
Figure 22.  Selecting the Input and Output Models 

Click on the Filter Options tab and set the parameters as shown below (Figure 23). 

 
Figure 23.  Range Filter Menu Settings for Converting Lithology Model to BPI Model 

These settings will change all of the lithologies with G-Values less than 1.0 (the impermeable sediments) 

to 0.0 (false) while setting the node values for permeable sediments (1.0 or higher) to 1.0 (true). 

➢ Click the Add-to-Playlist button in the upper-right corner of the Solid & G-Value Cutoffs -> Range 

Filtered Solid menu (Figure 24) to add this menu and settings to the Playlist.  

  

 
Figure 24.  Playlist Button Location 

➢ When prompted for the item’s title, change it to “Convert Lithology Model to BPI Model” (Figure 

25). 

 

 
Figure 25.  Specifying Playlist Item Title 
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➢ Click the Continue button to create and display the BPI model (Figure 26). 

 
Figure 26.  Lithology Model Converted to BPI Model 

The blue regions within this diagram (Figure 26) represent zones that are permeable enough to allow for 

groundwater flow.  Later on, multiplying each TCE model by this Boolean model on a voxel-by-voxel 

basis will set all nodes within impermeable sediments to zero.  This is what the “Constrain” option 

within the next step will accomplish. 
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Creating Multiple Time-Based Solid Models 

➢ Select the Multiple Solids option from the T-Data pull-down menu (Figure 27). 

 
Figure 27.  Selecting the T-Data | Multiple Solids Application 

This program will create solid and grid models representing a selected T-Data item (e.g. TCE) at sequential 

time intervals.  In addition, a Datasheet will be created that lists these models and the associated dates.  

This datasheet is designed to be used by other RockWorks programs which create animations and 

compute the contaminant volumetrics.  Although the Multiple Solids program does all the “heavy 

lifting”, it does not produce any maps or diagrams. 

➢ Configure the Multiple Solids / Input tab (Figure 28) as described below. 

 
Figure 28.  Multiple Solids / Input Tab Menu Settings 

T-Data Track:  Select the track within the T-Data table that contains the data that is to be modeled.  In 
this example, TCE has been selected.  Note that for each time interval, when two or more samples 
occupy the same depth intervals and fall within the designated time interval, the highest G-Values for the 
selected T-Data track will be used for the modeling. 
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Modeling Interval:  Models will be generated by extracting the designated T-Data based on a date range.  
These dates are computed by adding the designated time period (i.e. 1-day, 1-week, 1-month, 3-months, 
6-months, or 1-year) beginning with the Starting Date (see below).   

The amount of time required to create the models is determined by the modeling interval.  As a worst-
case scenario, if hundreds of wells were sampled on a daily basis over three years and a Daily Modeling 
Interval is selected, 1,095 models will be created which may require a very significant amount of 
processing time (e.g. days) and storage space (e.g. terabytes). 

Note: If no data is found within a Modeling Interval, a model will not be created and a warning 
message will be added to the Execution History list.  However, this interval will not be added to 
the output list. 

Starting Date:  If the Modeling Interval is set to Months, Quarters, Bi-Annual or Years, it is recommended 
that the Starting Date be set to the first day of the appropriate interval.  For example, if the Modeling 
Interval is set to years and the sampling started in 2018, it is recommended that the Starting Date be set 
to 1/1/2018. 

Ending Date:  If the Modeling Interval is set to months, quarters, bi-annual or years, it is recommended 
that the Ending Date be set to the last day of the appropriate interval.  For example, if the Modeling 
Interval is set to years and the sampling ended in 2019, it is recommended that the Ending Date be set to 
12/31/2019. 

Solid Suffix:  The text specified for the Solid Suffix will be appended to the names of the Solids that are 
created by this program.  For example, if the suffix is defined as “_TCE” and the title is “2012”, the output 
file will be named “2012_01Dioxane.RwMod”.  The purpose of the suffix is to allow for unique file names 
if more than one type of geochemistry is being modeled. 

Grid Suffix:  The text specified for the Grid Suffix will be appended to the names of the Grids that are 
created by this program if the Create Grids option has been enabled.  For example, if the suffix is defined 
as “_Dioxane” and the title is “2012”, the output file will be named “2012_Dioxane.RwGrd”.  The 
purpose of the suffix is to allow for unique file names if more than one type of geochemistry is being 
modeled. 

Summary:  This section provides a summary of the models that will be created by this program based 
on the previous settings.  It is intended to provide a rough idea for how long the modeling may take and 
how much disk space will be used to store the models. 
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➢ Click on the Modeling tab and configure the menu settings as shown below (Figure 29). 

 
Figure 29.  Modeling Algorithm Settings 

Algorithm & Special Options: The extensive nuances of solid modeling algorithms, being outside the 
scope of this exercise, are described elsewhere within the RockWorks embedded documentation.  
However, there is one particular Special Option titled “Constrain” that merits particular attention in the 
context of this exercise. 

When the solid modeling is being used to model geochemical changes within groundwater, it is 
recommended that the solid modeling “Constrain” option (Figure 30) be used to confine the geochemical 
modeling to zones in which groundwater can permeate.  This was accomplished within the previous 
section of this exercise by creating a Boolean Permeable/Impermeable (BPI) model. 
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Figure 30.  Constraints Sub-Menu 

➢ Activate the Constraints option and enter the name of the BPI model as shown within Figure 30. 
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Creating Grids Based on Solids 

➢ Activate and click on the Create Grids tab and select the Highest G-Value option within the Create 
Grids page (Figure 31. Create Grids Tab). 

 
Figure 31. Create Grids Tab 

In order to create a 2D contour map animation of the geochemical solids, the solids must be converted to 
grid models.  This is accomplished by activating the Create Grids option.  The names of the new grids 
will be the same as the solids except that an “RwGrd” extension will be used instead of “RwMod”. 

The Type of Conversion setting within the Create Solids tab defines how the program converts each solid 

to a grid.  The most common computation is the Highest G Value. 

Assuming that the Highest-G Value option has been selected, the program will create grids in which the 

node value is the highest magnitude G-Value within the corresponding column of voxels within the solid 

model. 

Upon completion, the Multiple Solids program will create a Datasheet (Figure 32) that lists the solid name, 
starting date, ending date, and grid name for each time interval. 

 
Figure 32.  Example of Datasheet Created by the Multiple Solids Program 

➢ By default, the datasheet will be added as a tab within the Multiple Solids dialog.  However, the 

subsequent items within the Playlist (e.g. Grids->Contour Map Animation) can only read data from 

the main Datasheet.  To address this, click on the Output Options tab within the Multiple Solids 

menu and adjust the output settings as shown within the screenshot below (Figure 33) to redirect 

the output to the main Datasheet. 
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Figure 33.  Multiple Solids Output Options 

Programs That Process Data Created by The Multiple Solids Program 

• Solids -> 3D Animation:  This program will use the datasheet and solids produced by the 
Multiple Solids program to create an animation in which the solid is displayed as an isosurface or 
voxels. 

• Solids -> 3D IsoShells Animation:  This program will use the datasheet and solids produced by 
the Multiple Solids program to create an animation in which up to three threshold levels will be 
displayed as isoshells. 

• Solids -> Grids:  This program will use the datasheet and solids produced by the Multiple Solids 
program to create grid models.  This program is redundant with the Create Grids option within 
the Multiple Solids program.  However, it may be useful if the Create Grids option was disabled 
or if another type of solid-to-grid conversion (e.g. Average G-Value) is desired. 

• Time-Based Volumetrics:  This program will use the datasheet and solids produced by the 
Multiple Solids program to create a report listing the volumetrics for each time interval based on 
up to three cutoff levels. 

• Grids -> Contour Map Animation:  This program will use the datasheet and grids produced by 
the Multiple Solids or Solids -> Grids programs to create an animation in which the contours 
dynamically change over time. 

• Grids -> 3D Surface Animation:  This program will use the datasheet and grids produced by the 
Multiple Solids program to create an animation in which the grids are displayed as 3D surfaces. 

 

➢ Click the Playlist button in the upper-right corner of the Multiple Solids menu (Figure 34) to add this 

menu and settings to the Playlist.   

 

 
Figure 34.  Playlist Button Location 

 

➢ When prompted for the item’s title, change it to “Create Quarterly TCE Models” (Figure 35). 
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Figure 35.  Specifying Playlist Item Title 

➢ Click the Continue button to create the TCE models and a datasheet that lists the models and their 
associated dates (Figure 32). 
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Creating 3D IsoShell Animations 

Isoshells (Figure 36) are a particularly useful type of 3D diagram because they visually convey both the 
three-dimensional extent and the relative concentrations of a plume by allowing the viewer to see inside 
the model. 

 
Figure 36.  3D Isoshells Showing Three Different Cutoff Levels 

The Solids -> 3D IsoShells Animation program will read the contents of the Datasheet created during the 

preceding operation within the Playlist in order to create an animation that can be saved as a video file 

(e.g. AVI, MP4, WMV).  These files can be modified within a video editing program (e.g. Camtasia, Vegas) 

or uploaded to shared sites such as YouTube. 

➢ If it isn’t already loaded, select the Datasheet tab and load the “Quarterly Models.RwDat” file into the 

Datasheet (Figure 37). 

 
Figure 37.  Loading a File into Datasheet 

➢ Select the Solids -> 3D Isoshell Animation program from the Graphics | Animate pull-down menu 

(Figure 38). 
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Figure 38.  Selecting the Solids -> 3D IsoShells Animation Application 

The Solid Morphing Using IsoShells menu, as with all RockWorks programs, includes detailed and 

hyperlinked instructions embedded within the menu (Figure 39). 

 

 
Figure 39.  Solid Morphing Menu 

  



27 
 

There are, however two options that merit special attention (Figure 40). 

 
Figure 40.  Solids -> 3D IsoShells Animation Menu 

➢ Select the List of Models option and specify the columns within the Datasheet that contain the Solid 

File Names, Starting Dates, and Ending Dates that were created by the Multiple Solids program. 

 

➢ Specify the number of Transitional Frames.  This setting determines the number of intermediate 

models that will be interpolated and displayed between each of the models within the List of Models.  

The smoothness of the final animation and the time required to generate the animation is determined 

by the number of Transitional Frames (Table 1). 

 
Table 1.  Examples of Rendering Times 

Transitional Frames Processing Time Comments 

10 2 Minutes Video is too fast unless Frames Per Second 
is decreased to 5 in which case it will 

appear “jerky”. 

50 10 Minutes Acceptable compromise. 

100 20 Minutes Smooth video even at 30 Frames Per 
Second. 

 

 

The temporary intermediate models that are used to create the transitional images are interpolated based 

on a weighted averaging method summarized by the following pseudocode. 

 

For A = 1 to TF … 

For All Nodes … 

GT = ( ( G1 x ( ( TF – A ) / TF ) ) + ( G2 x ( A / TF ) ) ) / 2 

G1: Starting Solid Node Value 

G2: Ending Solid Node Value 

GT: Transitional Model Node Value 
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TF: Number of Transitional Frames 

 

It is recommended that a test animation be created using a small number of transitional frames (e.g. 3) 
before creating a lengthy animation (e.g. 100+ transitional frames). 

➢ Configure the color thresholds for the isoshells by setting the cutoff levels, colors, opacities, and titles 

as shown below (Figure 41). 

 
Figure 41.  Isoshell Cutoff Levels, Colors, Opacities, & Titles 

➢ Click the Add-to-Playlist button in the upper-right corner of the Solid Morphing Using IsoShells menu 

(Figure 42) to add this menu and settings to the Playlist.  

  

 
Figure 42.  Playlist Button Location 

➢ When prompted for the item’s title, change it to “Create 3D Isoshell Animation” (Figure 43). 
 

 
Figure 43.  Specifying the Item Title 

➢ Click the Continue button and a video animation will be generated that depicts the TCE contamination 
moving through the subsurface.  Note: The time required to generate this animation is determined 
by many factors (see Appendix 3.  Time & Processor Requirements). 
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Creating 2D Contour Map Animations 

Creating 2D contour map animations based on a list of grid models is performed in a manner very similar 
to the preceding instructions for creating 3D IsoShell animations from a list of solid models. 

➢ As with 3D animations, a RwDat file listing the models to be animated must be loaded into the 
RockWorks Datasheet before proceedinge).  This should be the same file that has been used during 
the preceding steps. 

 
➢ Select the Grids -> Contour Map Animation option from the Graphics / Animations pulldown menu 

(Figure 44). 

 
Figure 44.  The Grids -> Contour Map Animation Position Within the Graphics / Animate Pulldown Menu 

This program will read the contents of the Datasheet in order to create a two-dimensional contour map 

animation that can be saved as a video file (e.g. AVI, MP4, WMV).  This can be uploaded to shared sites 

such as YouTube or modified within a video editing program (e.g. Camtasia, Vegas). 

The tab labeled “Input Grids” within the Grids -> Contour Map Animation menu (Figure 45Error! 

Reference source not found.) is very similar to the Solids -> IsoShells menu except that the input column 

represents the columns within the Datasheet that define the input grids, not the solids. 

➢ Select the appropriate columns from the shown within Figure 45 below.   

 
Figure 45. Entering Grid Names into Grids -> Contour Map Animation Menu 

Contour Options:  When selecting options for colored intervals, the Min->Max option is certainly the 

easiest to use because the colors are automatically based on the minimum and maximum values within 

each grid (Figure 46).  Unfortunately, this will commonly create problems in the final animation if all of 
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the grids do not have the same range of values.  Invariably, the range of values will vary and the color 

range will shift during the animation because the range is determined by each grid which may change 

considerably over the sampling duration. 

 
Figure 46.  Contour Options Menu 

The solution to the automatic color range problem (if it occurs), albeit requiring a bit more effort, is to 
create a custom color table (Figure 47) as described below. 

 
Figure 47.  Steps Involved in Creating A Custom Color Table 

  



32 
 

The following steps, as shown within Figure 47, describe the most expedient way to create a custom color 
table: 

1. Select the Custom option. 
 

2. Click the Edit button. 
 

3. Click on the New Table button within the Color Table sub-menu. 
 

4. Entering a name for the new color table within the Create A New Table sub-menu. 
 

5. Select the Palette option from the Color Fill Table sub-menu. 
 

6. Enter the Minimum and Maximum expected values for all of the models and the contour Interval. 
 

7. Once the OK button is selected, the Custom Color table will be created (Figure 48). 

 
Figure 48.  Custom Color Table 

Transitional Frames:  The number of transitional frames determines how many models will be 
"morphed" between each pair of grid models.  Smooth animations can be achieved by increasing the 
number of transitional frames.  However, the time required for producing the animation is based on the 
number of transitions and the size of the models. 

➢ Click the Add-to-Playlist button in the upper-right corner of the Grids -> Contour Map Animation 

menu (Figure 49) to add this menu and settings to the Playlist.  

  

 
Figure 49.  Playlist Button Location 

➢ When prompted for the item’s title, change it to “Create Contour Animation” (Figure 50). 
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Figure 50. Changing the Playlist Item Title 

➢ Click the Continue button and a video animation will be generated that depicts the highest TCE 
contamination over time.  Note: This time required to generate this animation is determined by 
many factors (see Appendix 3.  Time & Processor Requirements).  
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Time-Based Volumetrics 

By comparing the contamination volumetrics over time, it is possible to quantify both the spatial extent 
and the dilution that is occurring within the plume. 

As with 3D animations, a RwDat file listing the models to be animated must be loaded into the RockWorks 
Datasheet before proceeding.  This should be the same file that has been used during the preceding 
steps. 

A time-based volumetrics report is created by selecting the Time-Based Volumetrics option from the 

Graphics / Animations pulldown menu (Figure 51). 

 
Figure 51.  Selecting the Time-Based Volumetrics Program 

The options within the Time-Based Volumetrics menu are described as follows: 

➢ Select the datasheet columns that contain the titles and the name of the solids to be analyzed (Figure 

52). 

 
Figure 52.  Time-Based Volumetrics Data Columns 
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➢ Select up to three cutoff levels for categorizing the volumetrics as shown within Figure 53.  These 

thresholds should correspond to the same thresholds used to generate the IsoShell diagram. 

 
Figure 53.  Time-Based Volumetrics Thresholds 

Volumetrics: The Time-Based Volumetrics program counts the number of voxels within categories defined 

by the Thresholds.  These totals are multiplied by a user-specified number which is described in more 

detail within the Volumetrics tab (Figure 54). 

 
Figure 54.  Time-Based Volumetric Conversions 

Output Options:  The volumetric report can be saved within a RockWorks datasheet, an Excel file, a text 

file, or a Word file.  In this example (Figure 55), the output will be saved within an Excel file. 

 
Figure 55.  Time-Based Volumetrics Output Options 
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➢ Click the Playlist button in the upper-right corner of the Time-Based Volumetrics menu (Figure 56) to 

add this menu and settings to the Playlist. 

 

 
Figure 56.  Playlist Button Location 

➢ When prompted for the item’s title, change it to “Create Volumetrics Report” (Figure 57). 
 

 
Figure 57. Changing the Playlist Item Title 

 

➢ Click the Continue button and the Time-Based Volumetrics program will sequentially load each 
solid, determine the number of voxels that fall within the ranges specified within the Thresholds 
tab, and convert the number of voxels to a volumetric total based on the settings within the 
Volumetrics tab.  The following example output (Figure 58) shows the report a RockWorks 
Datasheet. 

 
Figure 58.  Volumetrics Report 
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Automating the Entire Process 

After completing the preceding operations, the following programs should be listed within the Playlist.   

• Create Lithology Solid 

• Convert Lithology Model to BPI Model 

• Create Quarterly TCE Models 

• Create 3D Isoshell Animation 

• Create Contour Animation 

• Create Volumetrics Report 

If any steps are missing, they can be added to the Playlist by reloading the missing option’s menu and 

clicking on the Playlist button within the upper-right corner of the application menu.  The processing 

order may also be edited within the Playlist, if a given operation is dependent upon completion of another 

item. 

It is also possible to change the individual menu parameters for items within the Playlist by double-clicking 

on the item title.  After a few seconds, the item’s menu will be displayed within the Playlist.  Changes 

can be made and the entire Playlist may be re-processed based on these changes.  This capability is very 

useful when experimenting with the overall effects of minor changes.  For example, consider a scenario 

in which a large dataset spanning many time intervals was used to create animations by using the closest-

point algorithm to create the initial solid models.  The entire process takes hours to process within the 

Playlist.  If is decided that a different algorithm (e.g. IDW-Advanced) should be used for the initial 

modeling, the solution is to simply double-click on the Multiple Solids item within the Playlist, change the 

algorithm, press the Continue button, and find something else to do while all the necessary steps are 

automatically re-executed. 

Conclusion 

Establishing a workflow often represents half the battle when processing geologic data.  Keeping track 

of the steps involved and automating these steps is what the Playlist is designed for.  Applications 

include: 

➢ Providing an audit trail to serve as a record of what was done and all of the associated menu 

settings. 

➢ Automating the reprocessing of data sets in which new data is being introduced on an ongoing 

basis (e.g. resampling and monitoring). 

➢ Providing a memory aid for projects that are infrequently re-visited. 

➢ Providing a template for processing different data sets/sites using a streamlined workflow. 

➢ Providing turn-key tools for colleagues or clients who need to use RockWorks capabilities 

without learning how to use it. 

As an analogy, consider that preparing the lawn mower on the right side of Error! Reference source not f

ound. takes more effort than preparing the lawn mower on the left side, but it’s worth it when there’s a 

large lawn to mow. 
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Appendix 1. Creating a Boolean Permeable / Impermeable Model 

The flowchart depicted within Figure 59 provides one example in which a lithology model is created and 

then truncated by the top of the groundwater and the bedrock (lower aquitard).  This truncation will set 

all the lithology values above and below the truncation surfaces to a value that RockWorks interprets as 

“undefined” (-1.0e27). 

The lithology values are then converted to hydraulic conductivity values based on a Replacement Table 

which list the K-values for each lithotype.  Finally, the model is filtered into a “Boolean” model in which 

the node values are either 1.0 (true) or 0.0 (false) based on the user-defined K-value that defines the 

cutoff between permeable and impermeable.  Nodes within geochemical solids that are multiplied by 

the BPI model will be set to a null value where the sediment is considered impermeable. 

Borehole Database

Aquifers / Grid-Based 

Model

Top of Groundwater

(Grid)

Stratigraphy / 

Structure Grid

Top of Bedrock /

Aquitard (Grid)

Lithology / Solid

Lithology Model

(Solid)

Solid & Grid Filter

(Surface Truncations)

Truncated Lithology 

Model (Solid)

Replacement Table 

Filter

Replacement Table 
Datasheet: Defines hydraulic 

conductivities for each 
lithotype.

Hydraulic Conductivity 

Model (Solid)

Solid Range Filter

BPI (Boolean Permeable / 
Impermeable) Model (Solid)

 

Figure 59.  Sample Strategy for Creating BPI (Boolean Permeable/Impermeable) Model 
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Appendix 2. Converting Solid Models to Grid Models 

The case study described within this report automatically creates the grids that are necessary for the 

subsequent creation of time-based contour map animations.  Recall that the T-Data / Multiple Solids 

menu was configured to represent the highest contaminant value.  However, there may come a time 

when a different type of contour animation is desired.  Examples include average g-value maps and 

minimum g-value maps.  The Solids -> Grids program eliminates the need to re-execute the Multiple 

Solids program by creating new grids based on the existing solids.  These new grids may then be 

converted to new animations. 

To create new grids, based on a different type of conversion, select the Solids -> Grids program from the 

ModOps / Solid / Extract Grids sub-menu as shown within Figure 60. 

 
Figure 60.  Selecting the Solids -> Grids Program from the Solid Pulldown Menu 

The Solids -> Grids program reads the names of the solids from a datasheet column and creates grid 

models for each of these solids.  This should be the same datasheet that was created by the Multiple 

Solids program.  The Solids -> Grids program will add a new column of file names to the datasheet that 

depicts the names of the grid files as they are created.  The names of the new grids will be the same as 

the solids except that an optional suffix and “RwGrd” extension will be used instead of “RwMod”. 
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Figure 61.  Solids -> Grids Input & Output Columns 

Input/Output:  The first tab within the Solids -> Grids menu (Figure 61) is where the Datasheet input and 

output columns are specified (Figure 61). 

Grid Suffix:  The text specified for the Grid Suffix will be appended to the names of the Grids that are 
created by this program.  For example, if the suffix is defined as “_Dioxane” and the solid model is named 
“2012.RwMod”, the output file will be named “2012_Dioxane.RwGrd”.  The purpose of the suffix is to 
allow for unique file names if more than one type of geochemistry is being modeled. 

Type of Conversion:  Clicking on this tab (Figure 62) will determine how the program converts each solid 

to a grid.  The most common computation is the Highest G Value. 

 
Figure 62.  Solid -> Grid Conversion Options 

Assuming that the Highest-G Value option has been selected, the program will create grids in which the 

node value is the highest magnitude G-Value within the corresponding column within the solid model. 

The Solids -> Grids program does not produce any maps or diagrams; it simply converts the solids to grids 

and adds the grid names to the Datasheet.  This modified version of the Datasheet should be saved for 

subsequent use by the Grids -> Contour Map Animation program. 
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Appendix 3.  Time & Processor Requirements 

Atmospheric solid modeling was the impetus for the creation of supercomputers in the early 1960s.  The 

demand for nuclear fallout simulations associated with the Cold War inspired technologies such as parallel 

processing, which have greatly benefited the geosciences.  Today, it is possible to create voxel-based 

geologic block models in a reasonable amount of time thanks to pioneers such as Seymour Cray. 

Nevertheless, the processes described within this report can take a long time when compared with 

instantaneous tasks such as zooming into a landscape within Google Earth or searching the Internet for a 

particular item such as “Seymour Cray.”  

Factors that determine the time required include: 

• Model Dimensions 

• Number of Boreholes 

• Number of Samples Per Borehole 

• Number of Transitional Models 

• Processor Speed 

• Processor Cores 

• Computer Memory 

• Modeling Algorithm 

To illustrate the speed issues, the following hardware, software, and data parameters were used to 

provide some examples of processing times (Table 2) based on a worst-case scenario. 

• Computer: Lenovo Thinkpad P71 Laptop with Intel i7-7700HQ 4-Core Processor & 32gb RAM 

• Operating System: Microsoft Windows 10 Pro 

• Model Dimensions: 543x197x172 Voxels (18,399,012 Total Nodes) 

• Database: 754 Wells w/Approximately 10 Samples Per Well 

• Sampling Interval: Annual - 1986 to 2019 (34 Time Intervals) 

• Modeling Algorithm: IDW-Advanced w/Declustering, Smoothing, HiFi & BPI Filtering 

Table 2. Results of Time Trials 

Transitions Creating 
Solids 

Creating 
Solids & 

Grids 

Converting 
Solids to 

Grids 

Creating 
3D Isoshell 
Animation 

Creating 2D 
Contour Map 

Animation 

Volumetric 
Reporting 

0 2.5 Hrs 4 Hours 38 Min 28 Min 2.5 Min 2 Min 

10 n/a n/a n/a 57 Min 14 Min n/a 

20 n/a n/a n/a 1.5 Hr 26 Min n/a 

40 n/a n/a n/a  47 Min n/a 
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Glossary 

IsoShell: 3D diagram in which selected isosurfaces representing user-defined cutoff levels are displayed 

as semi-transparent wireframes and/or solids thereby allowing the viewer to see inside a model (Figure 

63). 

 
Figure 63.  IsoShell Diagram 

Lithotype: A type of lithology (e.g. limestone). 

Pseudocode: “… informal high-level description of the operating principle of a computer program or other 

algorithm. It uses the structural conventions of a normal programming language, but is intended for 

human reading rather than machine reading.” – Wikipedia 

TCE: Trichloroethylene is a colorless, poisonous liquid, C2HCl3, used chiefly as a degreasing agent for 

metals and as a solvent, especially in dry cleaning, for fats, oils, and waxes. 


