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GMS 10.7 Tutorial 

RT3D – BTEX Degradation with Multiple Electron 
Acceptors  

 

Objectives  

This tutorial shows how to use GMS and RT3D to model BTEX degradation using a multiple electron 
acceptor model. 
 

Prerequisite Tutorials 

 RT3D – Instantaneous 
Aerobic Degradation 
 

Required Components 

 GMS Core 

 MODFLOW Interface 

 RT3D 

 

Time 

 20–35 minutes 
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1 Introduction  

This tutorial illustrates the steps involved in using GMS and RT3D to model BTEX 
degradation using a multiple electron acceptor model. Since the flow model used in this 
simulation is similar to the flow model used in the “RT3D – Instantaneous Aerobic 
Degradation” tutorial, the steps involved in building the flow model will not be described in 
this tutorial. A predefined version of the flow model will be used. 

This tutorial will begin with importing a MODFLOW model followed by defining RT3D 
inputs and boundary conditions, running RT3D, and viewing results by overlaying the 
contours. 

1.1 Description of the Reaction Model 

The reaction that will be simulated is biodegradation of BTEX compounds via different 
aerobic/anaerobic pathways using multiple electron acceptors. Five different processes 
considered in this model are Aerobic Respiration (AR), Denitrification (DN), Iron (III) 
Reduction (IR), Sulfate Reduction (SR), and Methanogenesis (MG). All of these 
biochemical reactions are assumed to occur in the aqueous phase, mediated by the 
existing subsurface microbes, and are expected to happen in the following sequence: 

MGSRIRDNAR   ............................................................................. (1) 

The following reaction kinetic framework is used to model the degradation rate of 
hydrocarbon via different electron acceptor pathways: 
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Where:  

 rHC,O2 is the rate at which hydrocarbon is destroyed by utilizing oxygen,  

 rHC,NO3 is the rate at which hydrocarbon is destroyed by utilizing Nitrate,  

 rHC,Fe2+ is the rate at which hydrocarbon is destroyed by producing Fe
2+

 (or 
utilizing Fe

3+
),  

 rHC,SO4 is the rate at which hydrocarbon is destroyed by utilizing sulfate,  

 rHC,CH4 is the rate at which hydrocarbon is destroyed by producing methane,  

 [O2] is the oxygen concentration [ML
-3

],  

 kO2 is the first-order rate constant [T
-1

],  

 Ko2 is the Monod half saturation constant [ML
-3

] (by setting all the half-saturation 
constants to a small value, zero-order dependency can be simulated with respect 
to the electron donor and hence a first-order degradation model with respect to 
hydrocarbon; the default values simulate this option),  

 and Ki,o2 is the oxygen inhibition constant [ML
-3

] (by setting all inhibition constants 
to a small value, reactions can be forced to occur in a sequential fashion; the 
default values simulate this process).  

Similar nomenclature is used to identify other Monod constants and inhibition coefficients. 

Since the concentrations of Fe
3+

 and CO2 are not readily measurable under normal field 
conditions, these terms were replaced with the “assimilative capacity” for iron reduction 
and methanogenesis, defined as the following: 

]Fe[]Fe[]Fe[ 2
max

23    ............................................................................... (7) 

]CH[]CH[]CO[]MC[ 4max,42   .................................................................. (8) 

where [Fe
2+

max] and [CH4 max] are the maximum possible aquifer levels of these species 
that represent the aquifer’s maximum capacity for iron reduction and methanogenesis. 
Note: the concentration of CO2 used here is the CO2 evolved while the hydrocarbon is 
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destroyed via methanogenesis, which may be thought of as the “Methanogenic Capacity” 
(MC) of the aquifer. Using these relations, iron (III) reduction and methanogenesis 
processes may be related back to measurable Fe

2+
 and CH4 concentration levels. 

The total rate of hydrocarbon destruction, via all the above described processes, is the 
sum of each of the individual rates and is given as the following: 

44
2

32 CH,HCSO,HCFe,HCNO,HCO,HC rrrrr
dt

]HC[d
   ....................................... (9) 

Rates of electron acceptor utilization are given as the corresponding rate of hydrocarbon 
destruction multiplied by the appropriate yield coefficient (Y): 

22 O,HCHC/O
2 rY

dt

]O[d
  ...................................................................................... (10) 

33 NO,HCHC/NO
3 rY

dt

]NO[d


................................................................................ (11) 




22 Fe,HCHC/Fe

2

rY
dt

]Fe[d

 ............................................................................. (12) 

44 SO,HCHC/SO
4 rY

dt

]SO[d


 .................................................................................. (13) 

44 CH,HCHC/CH
4 rY

dt

]CH[d


 .............................................................................. (14) 

The yield values (the mass ratio of electron acceptors removed or metabolic byproducts 
produced to total BTEX degraded) are as follows:  

 Y02/HC = 3.14, 

 YNO3/HC = 4.9  

 YFe2+/HC = 21.8  

 YSO4/HC = 4.7  

 YCH4/HC = 0.78  

Typical values of all inhibition coefficients, except for KiFe
3+

, should be in the range of 1.0 
to 0.01 mg/L. KiFe

3+
 should always be set around 40% to 80% of the max Fe

2+ 
value. 

Monod half-saturation constants should be in the range of 1.0 to 0.1 mg/L.  

As pointed out in Lu et al.,
1
 it is important to note that this model is based on several 

assumptions. The model should be used with caution only at sites where these 
assumptions are valid.  

In summary, the key assumptions used in the model are:  

1. The fuel chemical species benzene, toluene, ethylbenzene, and xylene are 
assumed to degrade at similar rates and, hence, are combined and modeled as a 
single electron donor species BTEX;  

                                                      

1
 Lu, G., Clement, T.P., Zheng, C., and Wiedemeier, T.H. (1999). Natural attenuation of BTEX 

compounds: Model development and field-scale application. Ground Water. 37(5):707–717. 
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2. Production of Fe
2+

 and methane are restricted at a node to a “maximum-
observed level”; however, the model assumes that an infinite supply of electron 
acceptors will be available for iron-reduction and methanogenic reactions;  

3. More complex processes are not considered; these include processes such as 
the rate-limited interaction of bioavailable, solid-phase Fe

3+
 and aqueous-phase 

Fe
2+

, interaction of oxygen and Fe
2+

, and/or variations in the spatial pattern of 
methanogenic activity and CO2 availability;  

4. Growth and decay of various microbial populations and their interactions with 
contaminants and aquifer solids are assumed to be negligible; and  

5. All BTEX decay reactions are approximated as first-order reactions, and, hence, 
the model ignores the Monod limitation due to the electron donor (BTEX) 
availability.  

Fortunately, these assumptions are expected to be reasonable approximations for most 
field sites. However, there will always be some exceptions. 

1.2 Description of Problem 

The problem in this tutorial is the same as the problem described in “RT3D – 
Instantaneous Aerobic Degradation” tutorial. The site is a 510 m x 310 m section of a 
confined aquifer with a flow gradient from left to right. An underground storage tank is 
leaking fuel hydrocarbon contaminants at 2 m

3
/day at the location shown. Concentration 

of BTEX is 1000 mg/L. Initial levels of hydrocarbon, oxygen, nitrate, Fe
2+

, sulfate, and 
methane in the aquifer are assumed to be as follows: 0.0, 4.0, 20.0, 0.0, 10.0, and 0.0 
mg/L, respectively. The reaction constants to be used are as follows: 

Constant Value 

Max Fe
2+

 25.0 mg/L 

Max 
Methane 

30.0 mg/L 

kHC,O2 0.1 day
-1

 

k HC,No3 0.008 day
-1

 

k HC,Fe3+ 0.0005 day
-1

 

k HC,SO4 0.00025 
day

-1
 

k HC,CH4 0.0001 day
-1

 

Values of all inhibition coefficients, except KiFe
3+

, are assumed to be 0.01 mg/L and all 
Monod constants are assumed to 0.5 mg/L. The value of KiFe

3+
 is set at 12.5 mg/L (50% 

of max Fe). The yield values are the same as those described in the previous section. 

The first part of the problem will be to import a previously computed MODFLOW flow 
model of the site. Using this flow field, a reactive transport model will then be defined 
using RT3D. 

1.3 Getting Started 

Do the following to get started: 

1. If GMS is not running, launch GMS.  

2. If GMS is already running, select the File | New command to ensure the program 
settings are restored to the default state. 
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2 Importing the MODFLOW Model 

The first part of the simulation is to import the MODFLOW flow model. A steady state flow 
model has been previously computed and is supplied with the tutorial files. 

1. Select the File | Open… command to bring up the Open dialog. 

2. Locate the directory entitled flowmod\flowmod. 

3. Select the file entitled “flowmod.gpr”. 

4. Click Open to import the project file. 

 

Figure 1      The MODFLOW flow model 

3 Building the TransportModel 

Now that the flow model is imported, the next step is to set up the RT3D simulation. For 
this part of the simulation, select the reaction, define the reaction data, define the 
supplemental layer data needed by RT3D, and assign concentrations to the well. 

4 Initializing the Model 

The first step is to initialize the RT3D data. 

1. Expand the “  3D Grid Data” folder in the Project Explorer.  

2. Right-click on the “  grid” item in the Project Explorer. 

3. Select the New MT3DMS… command to open the Basic Transport Package 
dialog. 

5 The BTN Package 

The next step is to initialize the data in the Basic Transport Package. First, initialize the 
data, select RT3D as the transport model, and select the appropriate packages. 

1. In the Model section, select the RT3D option. 

2. Select Packages… to open the MT3DMS/RT3D Packages dialog. 

3. Select the following packages: 
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 Advection package 

 Dispersion package 

 Source/sink mixing package 

 Chemical reaction package 

4. For the RT3D reactions, select the “Kinetic-Limited Deg. of BTEX w/ MEA” 
option. 

5. Select OK to exit the MT3DMS/RT3D Packages dialog. 

5.1 Starting Concentrations 

Note that in the Layer Data section of the dialog, the species associated with the reaction 
being modeled are listed by name. The next step is to define the starting concentration 
for each of these species. The default starting concentration is zero. Use the default 
value for BTEX, Fe

2+
, and methane, but use non-zero values for oxygen (4.0 mg/L), 

nitrate (20.0 mg/L), and sulfate (10.0 mg/L). 

1. Enter a value of “4.0” for the Starting Conc. (mg/l) for Oxygen.  

2. Enter a Starting Conc. (mg/l) value of “20.0” for Nitrate. 

3. Enter a Starting Conc. (mg/l) value of “10.0” for Sulfate. 

5.2 Porosity 

The porosity to be used is 0.3. Since this is the default in GMS, nothing needs to be 
changed. 

5.3 Stress Periods 

The next step is to define the stress periods. Since the injection rate of the well and the 
other boundary conditions do not change, a single stress period will be used.  

1. Select Stress Periods… to open the Stress Periods dialog. 

2. Enter a value of “730” for the Length. 

3. Enter a value of “10” for Num Time Steps. 

4. Select OK to exit the Stress Periods dialog. 

6 Saving the Project 

All of the files which are part of the project (shapefiles, images, CAD files, etc.) are just 
referenced in the project file, so it is a good practice to save the project where these 
external files are located. This keeps all the files together in case the project needs to be 
shared or moved to another computer.  

GMS project files have a GPR extension. It is recommended to save often as the project 
is being built. To save the project, do the following: 

1. Click the Save  macro to bring up the Save As dialog. 

2. Navigate to the GettingStarted/GettingStarted folder, and enter "tahoe.gpr" in 
the File name field. 
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3. Select “Project Files (*.gpr)” from the Save as type drop-down list. 

4. Click Save to save the project and close the Save As dialog. 

7 Feature Objects 

The most powerful way to build a groundwater model is by using a conceptual model 
made of feature objects (Figure 2). Feature objects are used to conceptually represent 
the important parts of the model such as wells, rivers, boundaries, etc. For more about 
feature objects, please refer to the tutorial entitled Feature Objects. 

 

      Figure 2      Examples of feature objects 

To define the model boundary with an arc, do the following: 

1. Turn off “  World Imagery” in the Project Explorer so that the watershed 
boundary is more visible. 

2. Switch to the Map  module. 

3. Using the Create Arc  tool, create a simple arc as shown in Figure 3by 
clicking in the Graphics Window. Click on the starting point (indicated by the 
red arrow in Figure 3) to close the arc to form a polygon. Hit the Backspace 
key to remove the last point clicked. 

If a mistake is made, select the arc with the Select Arcs  tool and delete it, then switch 

back to the Create Arc  tool and start again. There is no undo option in GMS. 

This illustrates the basic idea of feature objects which are used for many things in GMS. 
In this case, the first part of the conceptual model—the model boundary—was created. If 
a real model was being created, more precision in creating the boundary arc would be 
required.  

Creating the boundary arc by converting the shapefile to feature objects directly is a very 
effective and precise method. For example, more detail can be added to the conceptual 
model, including points for wells, arcs for rivers, and polygons for the lake boundary. 
Attributes would be added to these items such as pumping rates, depths, and recharge 
rates. For more information on how to build a groundwater model using a conceptual 
model, please see the tutorial MODFLOW – Conceptual Model Approach I. 
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      Figure 3      Creating an arc for the watershed boundary 

Although a closed polygon was formed with the arc, GMS doesn't know it is a polygon 
there until the polygons are built. This allows GMS to know the model area. 

4. Click the Build Polygons  macro. 

The interior of the polygon is now filled with a transparent grey color. If it doesn't look like 
this, the arc is probably not closed and there is a gap somewhere. Try creating it again. 

8 Creating a UGrid 

After the conceptual model is created using feature objects, create a grid for the 
numerical model by doing the following: 

1. Click the Map → UGrid  macro. This opens the Map → UGrid dialog. 

2. In the X-Dimension section, select the Number of cells radio button and enter 
“20” into Number of cells. 

3. In the Y-Dimension section, select the Number of cells radio button and enter 
“30” into Number of cells. 

4. Accept the defaults for everything else and click OK to close the Map → 
UGrid dialog. The project should appear similar to Figure 4. 
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       Figure 4      UGrid created in area of conceptual model 

This is the second way to create a UGrid discussed in this tutorial. There are other ways 
explained in the UGrid Creation tutorial. UGrids can be created so that they are refined 
around wells, rivers, and lakes (points, arcs, and polygons) in the conceptual model. 

9 Creating a MODFLOW Simulation 

Now that a UGrid is completed, a MODFLOW simulation can be created. GMS supports 
other numerical models but MODFLOW is the most widely used.  

1. In the Project Explorer, right-click on the “  ugrid” item and select New 
MODFLOW… to bring up the MODFLOW Global/Basic Package dialog. 

This is where the fundamental aspects of the model are set, such as which packages to 
use and whether the model is steady-state or transient. 

2. Accept the defaults and click OK to close the MODFLOW Global/Basic Package 
dialog. 

With a conceptual model, a UGrid, and a MODFLOW simulation all created, the next step 
is mapping the conceptual model to the UGrid using the Map→MODFLOW command. 
This command intersects the feature objects with the UGrid cells, and transfers the 
attributes from the conceptual model to the UGrid. The MODFLOW simulation can also 
be edited directly on the grid in a cell-by-cell fashion. 

For the purposes of this tutorial, this is as far as this project will be taken. There are a 
number of tutorials on the Aquaveo website about the building of MODFLOW models.  
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10 Printing 

A very common task is printing or otherwise getting image data out of GMS. There are a 
number of ways to get image data from GMS and there is a tutorial on the subject called 
Printing and Exporting Images. 

1. Select File | Page Setup… to bring up the Page Setup dialog. 

The Page Setup dialog allows control over such things as the margins, paper size, and 
orientation of the printed output. 

2. Click Cancel to close the Page Setup dialog. 

3. Click the Print  macro to bring up the Print dialog. 

The Print dialog allows selecting the printer to which the print job information will be sent, 
as well as a number of other options. 

4. Click Cancel to close the Print dialog. 

Both File | Save As… and Edit | Screen Capture... capture the Graphics Window to an 
image file. The second option creates a higher resolution image. All of this is reviewed in 
more detail in the Printing and Exporting Images tutorial. 

11 Stratigraphy Modeling 

Another common use of GMS is for stratigraphy modeling. This involves creating a model 
of the geology of a site. This could be for the sole purpose of site characterization or for 
later use in constructing a groundwater model. 

1. Click the New  macro. If prompted to save, select Save to bring up the 
Save As dialog. 

2. Enter "tahoe.gpr" in the File name field. 

3. Select “Project Files (*.gpr) from the Save as type drop-down list. 

4. Click Save to save the project and close the Save As dialog. 

5. If asked to replace the existing file, click Yes.  

6. Click the Open  macro to bring up the Open dialog. 

7. Navigate to the GettingStarted/GettingStarted folder and select “Project Files 
(*.gpr)” from the Files of type drop-down. 

8. Select “stratigraphy.gpr” and click Open to import the file and close the Open 
dialog.  

The Graphics Window will now appear similar toFigure 5. Boreholes and cross sections 
will be visible. 
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      Figure 5      Boreholes and cross sections 

9. Use Rotate  and Zoom  to examine the data. 

Feel free to experiment with the various selection and creation tools in the Boreholes  
module. Several tutorials explain how to create this sort of data, including TINs, 
Boreholes and Cross Sections, and Horizons and Solids. 

12 Geostatistics 

The last commonly used feature of GMS discussed here is geostatistics, otherwise 
known as interpolation. 

1. Click the New  macro. If prompted to save, select Don’t Save.  

2. Click the Open  macro to bring up the Open dialog. 

3. Navigate to the GettingStarted/GettingStarted folder and select “Project Files 
(*.gpr)” from the Files of type drop-down. 

4. Select “geos2d.gpr” and click Open to import the file and close the Open 
dialog.  

The Graphics Window should now appear similar to Figure 6, showing a 2D grid. 
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      Figure 6     2D grid with interpolated values 

5. Use Rotate  and Zoom  to examine the data. 

This shows a 2D grid surface whose Z values have been warped to match dataset 
values. The datasets were generated by interpolating from a few scatter points to every 
grid cell corner. 

6. Switch to Plan View . 

7. In the Project Explorer, right-click and select Expand All. Any collapsed 
folders should now be fully expanded. 

8. Turn off “  grid” in the Project Explorer. 

The scatter points, which are the source of the interpolation, are now visible. The points 
are colored according to their dataset value, with higher values colored red and lower 
values colored blue. The dataset in this case could represent a contaminant plume but in 
this case it is a perfectly elliptical plume derived from a mathematical function in order to 
illustrate how interpolation works. 

9. Turn on “  grid”. 

10. Right-click on the “  plumedat” scatter point set and select Interpolate To | 
2D Grid to bring up the Interpolate → Object dialog.  

Right-clicking on items in the Project Explorer opens context menus with commands 
specific to the item clicked. 
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   Figure 7      Interpolate → Object dialog 

11. Click the Interpolation Options… button to bring up the 2D Interpolation 
Options dialog. 

This dialog allows choosing from many different interpolation options. Each interpolation 
method has its strengths and weaknesses. Inverse distance weighted will be used in this 
tutorial for simplicity. 

12. In the Interpolation method section, select the Inverse distance weighted 
radio button. 

 

      Figure 8      2D Interpolation Options dialog 

13. Click OK to close the 2D Interpolation Options dialog. 

14. Enter "idw" in the Interpolated dataset name field. 

15. Click OK to close the Interpolate → Object dialog. 

A new dataset named "  idw" is added under the 2D grid and the contours change to 
reflect the new dataset. 
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16. In the Project Explorer, click on the various datasets  under the grid and 
see how the contours change. 

17. Switch to Oblique View . 

18. Again click on the various datasets  under the grid. The ↑ Up and ↓ Down 
arrow keys can also be used to change datasets once the first dataset has 
been selected. 

The Z values of the grid are warped to match the active dataset values. This is the default 
behavior for 2D surfaces. GMS also supports 3D interpolation to 3D objects, such as a 
UGrid. To learn more about geostatistics and interpolation, please refer to the 
Geostatistics – 2D and Geostatistics – 3D tutorials. 

13 Conclusion 

This concludes the Getting Started tutorial for GMS. The following information was 
discussed in this tutorial: 

 The GMS user interface, static tools, and display options.  

 The File | New… command. 

 Projections and coordinate systems. 

 Importing an online map, and importing a shapefile. 

 Printing and saving the project. 

 Creating feature objects, UGrids, and MODFLOW simulations. 

 Stratigraphy modeling, including boreholes, cross sections, and solids. 

 Using geostatistics with scatter points.  

 

 


