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GPS-X Lite Exercises 

Refer to the Quick Start Guide GPS-X Lite available from the Help selection on the menu bar for supporting 

information on how to perform specific actions that will be used in the following exercises.  

For more detailed content related to the fully-functional version of GPS-X, users can reference the 

Technical Reference for GPS-X and Complete User Guide for GPS-X.  

Note:  

¶ GPS-X Lite implements a limited version of the International Water Association Activated 

Sludge Model no. 1 (ASM1). 

¶ The simulation results obtained in GPS-X Lite can differ slightly based on several factors 

including the modelôs initial conditions, convergence criteria, and rounding. Therefore, 

you may observe minor variances between the model results and provided solutions. If 

you find significant differences (>0.1%) then we recommend that you check your model 

setting and model inputs. 

¶ Refer Appendix -A for more details of the biological models used in GPS-X Lite. 
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Exercise 1 ï Configuration of the Starting Point 

Layout 

Note: Only make the specified changes outlined in the steps below as this layout will be used at the starting 

point for all subsequent exercises. 

1. Open a new model layout in GPS-X Lite. (You will be prompted with ñClose current layoutò; 

choose Yes.) 

2. Navigate to the process table on the left-hand side of the window.  

3. Within the appropriate process group, left-click and drag the following process objects onto the 

drawing board.  

¶ Influent ï Wastewater Influent 

¶ Suspended Growth Processes ï Plug-Flow Tank  

¶ Secondary Clarifiers ï Circular Secondary Clarifier  

¶ Tools ï Wastewater Outfall  

Note: In GPS-X Lite only specific unit objects are available to the user. All items that are greyed-out 

are disabled and have only been included to demonstrate what is available in the fully functional version 

of GPS-X. In addition, users have access to only one instance of each available object. 

4. Select the Locator button and zoom-in on the model layout so there is less white space showing on 

the drawing board and the icons are enlarged.  
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5. Create the following connection paths: 

a) Wastewater Influent Ÿ PFR Influent (upper reactor connection point) 

b) PFR Effluent Ÿ Secondary Clarifier Influent 

c) Secondary Clarifier Effluent Ÿ Wastewater Outfall  

d) Secondary Clarifier Underflow (the bottom connection point from the reactor) Ÿ PFR 

Recycle Influent (lower reactor connection point) 
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Note: The stream connections must be exactly as specified in the image above.  

6. Click on the Labels button located on the toolbar to display the stream and object names. Make the 

following adjustments to the names of the model objects by right-clicking on the object and 

selecting Labelsé from the dropdown menu.  

¶ Wastewater Influent: 

o Label: Influent  

o influent: wwinf 

 

¶ Plug-Flow Tank: 

o Label: Bioreactor 

o input: wwinf 

o recycle: RAS 

o overflow: mlss 

 

¶ Circular Secondary Clarifier: 

o Label: Secondary Clarifier 

o influent: mlss 

o overflow: effluent 

o pump: WAS 

o underflow: RAS 

(a) (b) 
(c) 

(d) 
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¶ Wastewater Outfall: 

o Label: Outfall 

o input: effluent 

 

 

Note:  

¶ Once you have specified the name of a stream in one location, the name will automatically 

appear at the other end of the connection.  

¶ After specifying labels, they will not appear in a reloaded layout unless View > Display 

Labels > Stream/Objects has been selected. 

 

7. Right-click on the Bioreactor and go to Input Parameters > Physical and set the number of 

reactors to 1. This change allows the PFR model object to be modelled as a complete mixed (CM) 

reactor.  
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8. Right-click on the Bioreactor and navigate to Input Parameters > Operational and change the 

specify oxygen transfer byé to Entering airflow , and set the total air flow into aeration tank  

to 30,000 m3/d. 

 

9. A useful feature in GPS-X Lite is the ability to quickly review the changes the user has made to the 

default model settings. Right-click on the Bioreactor and navigate to Summary of changes. In the 

form that appears you should see a list of all input changes.  

 

10. Click on the arrow button to the right of the total air flow into aeration tank  variable in the form. 

The same form in Step 8 should appear. Close this window. 

11. Save the model layout under an appropriate name (i.e. startingpoint). 
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To become familiar with how to navigate to various parts of the interface, recreate and fill out the 

table below through completion of the following steps. Make note of the units indicated in the table.  

(Exercise 1 ï Question 1) 

 

 Model Object Parameter Unit  Value 

Modelling Mode Wastewater Influent Influent Flow m3/d  

 Bioreactor Maximum Volume m3  

 Secondary Clarifier Surface m2  

Simulation Mode  Influent Ammonia mgN/L  

 Bioreactor  Temperature C  

 Bioreactor Hydraulic Residence Time hr  

 Secondary Clarifier TSS Removal Efficiency %  

12. Right-click on the Wastewater Influent object and navigate to Flow > Flow Data and report the 

value of the influent flow  rate.   

13. Right-click on the Bioreactor and navigate to Input Parameters > Physical and report the value of 

the maximum volume.  

14. Right-click on the Secondary Clarifier and navigate to Input Parameters > Physical and report the 

value of the surface area.  

15.  Switch into simulation mode. The ñModel Builderò will activate if this is the first simulation to 

be conducted with the layout and its parameters. Once the model is built, run the simulation by 

pressing the Start button located in the bottom-left corner of the interface, on the simulation toolbar.  
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Note: Values will appear in the locations specified in the images below once the simulation has 

been run. 

Below the Outputs menu ribbon, output tabs have been automatically created for the four model 

objects on the drawing board: Influent, Bioreactor, Secondary Clarifier, and Outfall. 

16. Select the Influent output tab and report the ammonia concentration under the Simulation Results 

header. 

 

17. Select the Bioreactor output tab and report the temperature in the top section of the panel.  

 

18. Right-click on the mlss stream of the Bioreactor (ensure that the mouse changes to a connecting 

arrow before clicking) and navigate to Output Variables > Hydraulic Variables and report the 

hydraulic residence time in the table.  
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19. Right-click on the effluent stream of the Secondary Clarifier (ensure that the mouse changes to a 

connecting arrow before clicking) and navigate to Output Variables > Performance Variables and 

report the TSS removal efficiency in the table.  

 

20. Select the Bioreactor output tab, and in the top-right corner of the panel, choose from the Display 

dropdown, Ammonia N. Notice that the values of the streams on the bioreactor image will become 

updated. Report a screenshot of these results. (Exercise 1 ï Question 2) 
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Exercise 2 ï Influent Advisor  

This exercise will  explore two concepts related to wastewater influent characterization.  

a) Relationship between state and composite variables using the GPS-X influent advisor tool 

b) Effect of influent characterization on plant performance 

 

1. Open the Starting Point model layout developed in Exercise 1 and save it under a different name.  

Note: If you ran into any trouble with configuring the layout in Exercise 1, it can be accessed from 

the main toolbar by going to File > Sample Layoutsé 

 

2. Switch into Modelling Mode.  

3. Right-click on the Influent Wastewater object and navigate to Composition > Influent 

Characterization to open the Influent Advisor  tool.  
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The Influent Advisor is divided into 3 sections: User Inputs, State Variables, and Composite 

Variables. The following segment provides some background into how these variables are related 

in the carbon, nitrogen library (cnlib) in GPS-X.  

User Inputs ï these values are editable by the user (Note: access is limited to Influent Fractions  

in GPS-X Lite)  

State Variables ï these are the basic variables that are continuously integrated in the model over 

time. In practical applications the state variables are typically not easily measurable or interpretable.  

Composite Variables ï these are variables that are calculated (composed of) the state variables. 

Unlike the state variables, the composite variables can be combined into forms that are typically 

measured, such as TSS, BOD, COD, and TKN.  

The box-and-arrow diagrams below demonstrate the relationships that exist between the user inputs 

and state and composite variables. The notation is as follows: 

¶ Variables in BOLD CAPITALS  are the composite variables 

¶ Connection line shows the direction of the calculation 

¶ Multiple lines converging indicate summation  

¶ Stoichiometric parameters above a connection line indicate multiplication of the parameter 

with the previous boxed variable 

¶ A broken line indicates that the stoichiometric parameters are model dependent 

Note: GPS-X uses the usual assumption that 1 mg ultimate BOD equals 1 mg of degradable COD. 
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The definitions of the state and composite variables used in diagrams are summarized in the table 

below. 

 

a) Relationship between the CNLIB state variables and the TSS, BOD, and COD composite 

variables 

 

State Variables Composite Variables 

si Soluble inert material BOD5 5-day Biological Oxygen Demand 

ss Readily biodegradable soluble substrate SBOD5 Soluble BOD5 

xs Slowly biodegradable substrate XBOD5 Particulate BOD5 

xbh Heterotrophic biomass BODU Ultimate Biological Oxygen Demand 

xba Autotrophic biomass SBODU Soluble BODU 

xsto Internal cell storage products XBODU Particulate BODU 

xu Unbiodegradable cell products COD Chemical Oxygen Demand 

xi Particulate inert material SCOD Soluble COD 

xii Inorganic inert particulate XCOD Particulate COD 

sno Nitrite and nitrate X Total Suspended Solids 

snh Ammonia nitrogen VSS Volatile Suspended Solids  

snd Soluble organic nitrogen XISS Total Inorganic Suspended Solids 

xnd Particulate biodegradable organic 
nitrogen 

TN Total Nitrogen 

  TKN Total Kjeldahl Nitrogen 

  STKN Soluble TKN 

  XTKN Particulate TKN 
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b) Relationship between the CNLIB state variables and the TN and TKN composite variables  

 

 

Visualization of the relationships outlined above can be explored using the GPS-X Influent Advisor 

tool. 

4. Select the total suspended solids (x) variable within the 3rd panel in the window under the 

Composite Variables header.  

Selection of this variable should highlight the volatile suspended solids variable (vss) under the 

Composite Variables panel and the VSS/TSS ratio (ivt) under the User Inputs column.  

This relationship is also presented at the bottom of the window in the form of an equation: 

ὼ
ὺίί

Ὥὺὸ
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5.  Select the volatile suspended solids variable to determine how this composite variable is 

calculated.  
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Substitute the equation for vss into the previous equation for x. 

ὼ
ὺίί

Ὥὺὸ
 

ὼ

ὼὧέὨ
Ὥὧὺ
Ὥὺὸ

 

Now find the equation for x in terms of cod, scod, icv, and ivt by selecting the appropriate item to 

reveal the corresponding equation and substituting it into the above equation.  In a similar manner 

determine the equation for x in terms of cod, frss, frsi, icv, and ivt. (Note: these variables define x 

solely in terms of user input variables.) (Exercise 2 ï Question 1) 

6. Select the total carbonaceous BOD5 (bod) variable within the Composite Variables panel under the 

Composite Variables header.  

 

7. Repeat the same process as in steps 4-5, to determine the equation relating total BOD5 (bod) to total 

COD (cod) using the appropriate Influent Fractionsò and Organic Fractionsò parameters., (Exercise 

2 ï Question 2). Please note that xsto is not a state variable in ASM1 and it is not included in the 

calculations.  

8. Close the Influent Advisor.  

9. Right-click on the Bioreactor and navigate to Input Parameters > Operational and change the total 

air flow into aeration tank  to 20,000 m3/d.   



Exercise 2 ï Influent Advisor 

19 

 

 

10. Right-click on the Secondary Clarifier and navigate to Input Parameters > Operational and change 

the pumped flow to 100 m3/d. 

 

11. Switch into Simulation Mode. Rebuild the model when prompted.  

12. From the Simulation Toolbar navigate to Scenario > New and create a new scenario called 

ñInfluent.ò 
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In the following scenarios you will explore the effect of changes in the influent characterization on 

the plant performance.  

 

Scenario 1 ï XCOD/VSS Ratio 

 

In a word processor, create the table below to record your answers for the following steps. 

 

 Influent  Bioreactor Secondary Clarifier  

XCOD/VSS 

Ratio = 1.8 

TSS (mg/L)  MLSS (mg/L)  RAS TSS (mg/L)  

VSS (mg/L)  MLVSS (mg/L)  Effluent TSS (mg/L)  

XCOD/VSS 

Ratio = 1.4 

TSS (mg/L)  MLSS (mg/L)  RAS TSS (mg/L)  

VSS (mg/L)  MLVSS (mg/L)  Effluent TSS (mg/L)  

 

13. Run the simulation at steady-state. By default, the XCOD/VSS Ratio (icv) is set to 1.8, fbod= 0.66, 

and ivt = 0.75. Check the Influent Advisor (Step 3 above). 

14. Through navigation to the various output tabs, record your observations in the table. In addition, 

report a screenshot of the simulation results on the Outfall output tab. (Exercise 2 ï Question 3)  
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15. Right-click on the Influent Wastewater object and navigate to Composition > Influent 

Characterization. In the User Inputs panel, under the Influent Fractions header adjust the 

XCOD/VSS ratio (icv) to 1.4. (Note: In Simulation mode, you can edit the Influent Characterization 

ONLY in new scenarios, not the Default Scenario.) 

 

16. Rerun the simulation. Complete the table and report a screenshot of the results shown in the Outfall 

output tab. (Exercise 2 ï Question 4) 

Scenario 2 ï BOD5/BODultimate ratio (Exercise 2 ï Question 5) 
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17. Right-click on the Influent object and navigate to Composition > Influent Characterization. Set all 

user inputs to the default values (icv = 1.8, fbod = 0.66, ivt = 0.75).  

 

18. With all user inputs at the default values complete the first row of the table below with values from 

the Influent Advisor.   

 

Location 

Total 

Carbonaceous 

BOD5 (bod) 

Filtered 

Carbonaceous 

BOD5 (sbod) 

Particulate 

Carbonaceous BOD5 

(xbod) 

BOD5/BODultimate 

ratio = 0.66 

Influent 

(wwinf) 

   

Bioreactor 

Effluent (mlss) 

   

BOD5/BODultimate 

= 0.4 

Influent 

(wwinf) 

   

Bioreactor 

Effluent (mlss) 
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19. Close the Influent Advisor and run the simulation.  

20. Right-click on the mlss steam and navigate to Output Variables > Composite Variables and 

complete the second row within the table. The value for mlss total carbonaceous BOD5 is provided 

in the first screen. Select the Moreé button to find another screen with filtered carbonaceous BOD5 

and particulate carbonaceous BOD5 values. 

21. Repeat steps 17-20 after adjusting the BOD5/BODultimate ratio  in the Influent Advisor to 0.4. 

Report the values in final two rows of the above table. Discuss the results.  

 

  


































































































































































































































