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Introduction

Welcome to GPS-X Version 8.0

WHAT IS GPS-X?

GPS-X is a software tool that allows for the mathematical modeling, simulation, optimization, and
management of wastewater treatment plants. It uses a simple drag and drop interface and comprehensive
selection of unit processes to allow for users to simply develop a plant model, enter in characterization
data, and run simulations.

WHY CREATE MODELS OF WASTEWATER TREATMENT PLANTS?

Models are most commonly implemented to “stand-in” for a real plant process, when testing and analysis
on the actual plant is not available or feasible. The five primary reasons are as follows:

1. Allow for the comparison of various designs, process retrofits or operating strategies

Here users can simply adjust a plant design through the adjustment and/or addition of unit
processes. For instance, modelling could be used to determine the sizing of the anoxic, and
aerobic zones in an IFAS bioreactor to achieve a particular level of effluent quality.

2. Verify the capacity of the existing plant

For a plant experiencing higher influent flows due to surrounding population growth, a model of
the plant could be run at increasing flow rates to determine the flow rate at which the plants
effluent quality or design capacity would be theoretically exceeded.

3. Determine process bottlenecks

A plant model could allow for identification of which operational units are causing overall plant
performance. For instance, it could help identify if the secondary clarifier wastage rate was too
low, resulting in sludge buildup in the clarifier and higher TSS concentrations in the effluent.

4. ldentify strategies to allow for enhanced cost savings

Many plants are operated in a conservative manner to limit the potential for poor effluent quality.
While it is extremely important to maintain good treatment of wastewater, some practises can
lead to an excessive use of energy. For example, through the use of modelling, it could be
determined that a plant could be operated at a DO setpoint of 1.4 mg/L rather than 2 mg/L
allowing for huge energy savings and negligible change in the effluent water quality.

GPS-X Tutorial Manual
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Wastewater treatment plants are responsible for reporting to regulatory bodies. In cases where an
effluent limit was exceeded they may need to provide a reasonable explanation for the cause of
the exceedance. For instance, using a simulation model could help determine that consistently
low winter temperatures were responsible for TAN breakthrough in the effluent.

OBJECTIVES

Before moving forward with the tutorials, take a moment to familiarize yourself with the GPS-X Version
8.0 interface. This introduction will provide a basic tour of the interface, allowing new users to become
more comfortable with the layout, prior to building and running plant model simulations.

MODELLING ENVIRONMENT

Tltle Bal’\> () GPS-X 8.0 - Comprehensive - Carbon, Nitrogen, Phosphorus, pH (mantis2li) # o x
Menu Bar—} File Edit View Layout Tools Library Help
Toolba EEH X MG P A L] e - @Mudeumg Simulation
8 Influent N 9 [
i
G Batch Influent
P voer e Drawing Board
By stomwater runott
), @pEmr Influent Aeration Clarifier Effluent
1 Acid Dosage I
Process & Alkali Dosage \ ]
Model [ vventociage _
Objects
[« In:
Mode: Edit

Modelling/Simulation
Toggle Button

Once GPS-X is opened, observe the basic elements of the GPS-X interface. Make note that you are in
Modelling Mode and the button at the top-right of the window can be used to switch between Modelling

Mode and Simulation Mode.
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Title Bar

Located here is information regarding the version of GPS-X being used, the name of the model
layout being edited, and the library that the layout is using.

Menu Bar

Here there are several menus available:

1. File: Contains items for file handling and manipulation. Additionally, users can
access sample layouts, including those for the tutorials, create a zip folder of all
files associated with the model layout, and view historical model layouts.

2. Edit: allows users to manipulate objects on the drawing board such as cutting
and pasting an object or rotating it.

3. View: allows users to adjust the look of the drawing board and how model
objects are being displayed.

4. Layout: allows the user to specify global simulation properties, customized user-
code and common plant-wide properties.

5. Tools: allows access to items relating to the setup and use of a plant model.

6. Library: provides access to a list of available libraries in GPS-X. Please access
the Technical Reference Manual for more information.

7. Help: Under Help>Manuals, users can reference 5 documents relating to GPS-
X. These should be referred to first when troubleshooting or learning how to use
the software. By selecting

Tool Bar

The buttons in this section allow for quick access to particular functions in GPS-X. All of
these functions are found in the menus presented in the menu bar.

Process Model Objects

These are the available model objects that can be used to construct the plant models.
These are divided into subsections based on their function. For example, under the
Suspended Growth Processes header, users can locate objects for a CSTR, plug-flow
tank, and a membrane bioreactor.

Drawing Board

This large white space is where the model objects are arranged to construct a plant model.

Using the button at the top-right of the screen you can switch into Simulation Mode.
Observe the basic elements of the interface.

GPS-X Tutorial Manual
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SIMULATION ENVIRONMENT

i

- B Moseting (D) Smtion
~ loutpus

Input Controllers =2 ‘@

Output

Drawing Board

Simulation Toolbar

Input Controllers

Here users can create controllers for specific plant properties. For example, shown above
are controllers for the influent total carbonaceous BOD, total TKN and influent flow, as
well as some process control variables. These allows users to have quick access to
variables to be adjusted during a model simulation.

Drawing Board

This space contains a copy of the plant model. Here users can access all of the same
menus that are available in Modelling Mode.

Output

This area contains the output graphic displays. Automatically tabs are created for each
model object, and users have the opportunity to develop their own custom tables and
graphs to display key characteristics of interest.

Once a simulation is run, users have access to buttons to export results, display mass and
flow rates on the plant schematic (Sankey and Mass Balance Diagrams), and observe
the Energy Usage Summary and Operating Cost Summary information.

Simulation Toolbar

Here users can run the plant simulations. There are Play, Continue, and Pause buttons,
and the bar allows for users to see the extent of convergence when the simulation is
running. Additionally, within this toolbar, users can create customized scenarios that
allow for adjustment of specific model properties.

GPS-X Tutorial Manual
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The subsequent tutorials contained within this manual will provide an in-depth exploration of the
GPS-X interface and features available in this software. Tutorials 1 — 8 should be completed if
you are new to using GPS-X, while the remaining tutorials cover specific topics that may not be
applicable for every user.
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Tutorial 1

Building a Plant Model

INTRODUCTION

Dynamic process models have great potential for assisting operators, engineers and managers.
However, in the past dynamic models were not used very often because the cost of building
models, running simulations and interpreting the results were too expensive. In order to simplify
the modelling process and therefore reduce costs, you need tools to aid you with the steps in any
modelling exercise.

A tool like GPS-X is invaluable as its easy-to-use interface connected to a powerful library of
simulation models will greatly reduce the expense of carrying out simulation studies.

There are five major steps in any modelling study:

1. Model construction

2 Model calibration

3 Scenario development
4. Simulation

5 Interpretation of results

In this tutorial, you will develop and simulate a simple steady state model of an activated sludge
system.

OBJECTIVES

This tutorial covers the following topics:

1. Gaining familiarity with the GPS-X interface and the tools available
2. Building a simple plant layout
3. Running a simple simulation

When you have finished this tutorial, you will be able to build a process layout in the modelling
environment and then simulate it in the simulation environment. This provides a supporting basis
for the subsequent tutorials where you will learn how to create interactive controls and output
graphics

GPS-X Tutorial Manual
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BUILDING A SIMPLE PLANT LAYOUT

After opening a new file in GPS-X:

Select the Comprehensive — Carbon, Nitrogen, Phosphorus, pH (mantis2lib) from the
Library menu (if it isn’t already selected).

- Comprehensive - Carbon, Nitrogen, Phosphorus, pH (mantis2lib)

Selenium and Sulphur {mantis2slib)
Carben Footprint - Carbon, Mitregen, Phosphorus, pH (mantis3lib)
Process Water Treatment Library (procwaterlib)

Petrochemical Wastewater Library (mantisiwlib)

Legacy 4

Figure 1-1 - Select Library

1. Locate the Process Table on the left-hand side of the GPS-X window. These icons are
used to build a plant layout. Icons represent the unit processes and control points in a
layout. The icons are separated into groups of like objects, such as Preliminary
Treatment, Suspended Growth Processes, and Biosolids Treatment.

Influent
Flow Combiners and Splitters
Py

Open Basin High Purity
Oxygen HPO]

Membrane Boreactor (MER)

n Comp!
s

Figure 1-2 — Process Table

The Process Table contains the unit process icons used to construct a treatment plant
model. Each icon is identified by process name. The process name is also displayed in a
tooltip if you hold the cursor over any object in your drawing board.

GPS-X Tutorial Manual
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Tutorial 1 - Building a Plant Model

We will start by building a simple wastewater treatment plant consisting of 4 objects:

e An influent

e An aeration tank

o A secondary clarifier
o A Wastewater Outfall

Place the Wastewater Influent object on the drawing board. If the Influent group is
not selected in the process table, click on the Influent process group to display the
influent process objects. Place the cursor over the brown arrow influent object. Click
on the left mouse button and with the button pressed, drag the cursor to the center of
the drawing board and drop the object by releasing the mouse button. The influent
object now appears in the drawing board. You can drop as many of these objects as
desired by repeating this procedure. For now, drop only one influent object.

Select the Plug-Flow Tank icon (Suspended Growth processes group) and drop it on
the drawing board to the right of the influent object.

Select the Circular Secondary Clarifier icon (Secondary Clarifiers processes group)
and it to the right of the plug flow reactor.

Select the Wastewater Outfall icon (Effluent group) and drop it to the right of the
circular secondary clarifier.

(Optional) Close the Process Table by clicking on the left-pointing arrow at the top-
right corner of the Process Table or by going to View > Toolbars > Process Table
from the main menu.

The drawing board should now look similar to the Figure 1-3.

8
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(G GPS-X 20 - Comprehensive - Carbon, Nitrogen, Phosphorus, pH (mantis2lib) - o x

File Edit View Llayout Tools Library Help

BEBR X RO LA ||| wme o @Mgaeumg Smulation

i) e

O

Mode: Edit

Figure 1-3 — Drawing Board with 4 Unit Processes

Zoom in by using the Locator. This is a simple plant with a large amount of white
space on the drawing board, and zooming will allow us to see the objects on the drawing
board more clearly. The Locator can be used to zoom in on an area of interest while
leaving white space for additional objects. The Locator can be accessed by going to
View > Zoom. The Locator window will be displayed as shown in Figure 1-4.

2 Locator *

Figure 1-4 — Locator Window

Zoom in or out by selecting a region in the Locator window (left-click, drag and
release). Try selecting an area much larger than the rectangle currently displayed in the
Locator window. When you release the mouse button the drawing board is refreshed
and the icons on the drawing board appear smaller. Try dragging-out a smaller rectangle
around the process units and note the effect in the main drawing board area. You should
see an enlarged view like that shown in Figure 1-5.
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NOTE: The area in the Locator window represents the total available drawing area.
When you drag out a region in the Locator window and release the mouse button the
region within the drag rectangle is displayed in the drawing board area, scaled as

necessary.

Alternatively, the mouse wheel can also be used to zoom in and out on the layout.

;;;;;;

J

o

BWP XPRD ¢ PA w |z weidl e € vt () senivion ‘

Figure 1-5 — Enlarged Drawing Board Area

Zoom in by using the Zoom to selection/plant. The Zoom to selection/plant
button located on the main toolbar will automatically adjust the current level of
zoom to fit all objects on the drawing board.

This functionality can also be used to automatically zoom in on a specific region
of the plant. This can be done by clicking and dragging the blue box around the
area of interest. Pressing the Zoom to selection/plant button will zoom in on the
highlighted area to fill the drawing board.

GPS-X Tutorial Manual
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Mo+ | - | s d | 09 s | ) s
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e can

Figure 1-6 - Using Zoom to Selection/Plant to Zoom on a Region of Interest

10.

Press the Zoom to selection/plant button to obtain the enlarged view of the entire plant
again.

Specify the connectivity between the objects. This is critical in the specification of a
flow sheet as all material balances, and therefore the equations which result, are based on
the connectivity in the layout. When you specify these connections, remember that the
flow lines are directional, i.e., materials flow from the initial point to the terminal point
of the flow connection.

To specify the connectivity between objects, in the drawing board, move the pointer
over the influent object connection point. You will know that you are over the
connection point when the mouse pointer changes from the default "Windows' arrow to
a connecting arrow. When the connecting arrow appears, click to anchor the flow line at
this initial point.

Next, drag the pointer from the influent object to the influent connection point of the plug
flow tank (top left hand corner of the icon, NOT the return flow connection point just
below on the left-hand side of the icon). When the connecting arrow re-appears, release
the mouse button. A connecting pipe will be drawn between the influent object and the
plug-flow tank.

In a similar manner, connect the effluent point from the plug-flow tank (top right hand
corner of the icon) to the secondary clarifier.

GPS-X Tutorial Manual
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Connect the underflow from the secondary clarifier (bottom of the secondary clarifier
icon) to the return flow point of the aeration tank (lower left hand corner of the plug-flow
tank icon).

Finally, connect the effluent overflow in the secondary clarifier (top right hand corner of
the icon) to the Wastewater Outfall connection point.

In this example, excess sludge will be wasted from the bottom of the secondary clarifier
(lower right hand corner of the clarifier icon). As this model does not consider any
downstream processing of the excess sludge, it is not necessary to specify a flow
connection from this point (see Figure 1-7).

@G} GPS-X 8.0 - Comprehensive - Carbon, Nitrogen, Phosphorus, pH (mantis2lib) - o x

File Edit View Layout Toels Library Help

‘ [ B K ii ﬁ ‘i’ pel A' f(x) - IL' Units: wl @Mudelhng Simulation

9

[+]

LI i I
Mode: Edit

Figure 1-7 — Specifying Connectivity

NOTE: GPS-X does not allow invalid flow connections. For example, flows
which initiate at the influent of an object and terminate at the influent of a
second object are not allowed. GPS-X will disallow an incorrect connection by
displaying an invalid sign.

If you experience some difficulty in specifying flow connections, you can delete
the flow lines by right-clicking on the flow line and selecting Delete Connection

11. Rearrange the Connections. The path that a flow line takes from the initiation to
termination point can be moved by placing the cursor over the flow line until the mouse
icon changes from the default “Windows’ arrow to a double ended arrow icon and the
connection turns red. Selecting a horizontal segment of the connection will allow you to
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adjust its path up and down while selecting a vertical segment will allow you to move
the flow left and right.

If you would like to specify a corner point on a flow line, right-click the flow line at the
point of interest and select Create Breakpoint from the menu. This will separate the line
into two independently moving segments. The break point will stay in place while you
modify the other segments.

Try adjusting the flow paths until you are happy with the design of the drawing board. If
you would like to revert a connection line back to the GPS-X default path, right-click the
connection and select Reset to Auto-Draw from the menu.

Show or re-name the labels. There are two types of labels. The unit processes
themselves have optional labels and the streams (ie. the flow lines) each have labels. The
stream labels are initialized to incremental numbers when a unit process is dropped onto

the drawing board.

In the completed layout shown in Figure 1-7 there are numbers associated with each of
the flow streams. To show/hide these labels on the drawing board, press on the Labels
button on the main toolbar to open a dropdown menu where you can specify if you
would like to display the Stream and Object labels.

A

[,
l/\gtreams

Objects

Figure 1-8 — Labels Submenu

Note that the processes that you currently have on the board do not yet have labels, so
showing/hiding the Objects label will have no effect at this time.

To change the labels, right-click on an object icon and the process data menu will be
displayed. Select the Labels... item from this menu as shown in Figure 1-9.
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Models ]

Composition »

Flow ]

Output Variables »
ce Data 4

. Note...
Summary of Changes
Labels... *

Figure 1-9 - Process Menu showing Labels item

New label names can be entered to the form that is displayed in Figure 1-10. Save these
changes by choosing Accept.

If there is a conflict between your label assignments and existing labels, a Labels Error
message will be displayed.

Since GPS-X uses label names to construct variable names in the model, it is important to
type label names exactly as shown below in, Figure 1-10, Figure 1-11, Figure 1-12, and
Figure 1-13. for the purposes of this tutorial.

Wastewater Influent |

Unit Process

Label: |Influent | Image: |defau|t "l

Stream Labels

Accept ‘ Cancel ‘

Figure 1-10 - Influent Labels
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Plug-Flow Tank E

Unit Process

Label: |Aeration Tank | Image: |de‘fault =

Stream Labels

overflow [mlss

purnp |4

Accept ‘ Cancel ‘

Figure 1-11 - Plug Flow Tank Labels

Circular Secondary Clarifier £

Unit Process

Label: |Fina| Clarifier | Image: |default =

Stream Labels

Accept ‘ Cancel ‘

Figure 1-12 - Clarifier Labels

Wastewater Outfall E

Unit Process

Stream Labels

Accept ‘ Cancel |

Figure 1-13 - Wastewater Outfall Labels
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NOTE: Variable names in GPS-X models use the connection labels to
identify a particular stream (e.g. gwwinf for the influent flowrate, and
grfel for effluent flowrate in this case). These variable names are
displayed on some of the forms you will see as you progress through the
tutorial chapters.

The plant layout is now ready! If you experienced some difficulty in selecting or placing the
objects in this layout, you can delete objects from the drawing table by selecting the object (a

‘ light blue box will appear around the object) and then pressing Delete on your keyboard.
Alternatively, you can always discard the current drawing board and click on the New button to
start over again.

SELECTING OBJECT MODELS

In the previous section, we selected the basic objects to be modeled in our plant. These objects
are the major unit processes and control points only. No mathematical models were assigned to
the various objects in the layout.

Each object in the layout has a number of attributes or properties, and each attribute has a certain
value. One of the most important attributes for GPS-X objects is the set of equations (or model)
that defines the dynamic behavior of that object. Remember to distinguish between an object
type and the model for that object as some objects have more than one possible model. Each
object is given a default model when it is dropped on the drawing board, but these model choices
should be verified and changed if required before proceeding.

13. Verify the influent model. Right-click on the influent icon. The process data menu
appears as shown in Figure 1-14. Verify that the codstates item is selected under the
Models menu.
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codbased
Composition 4
®  codstates A
Flow »
sludge
Output Variables 4
states
>
tssfrac
. Note...

Summary of Changes

Labels...

Figure 1-14 - Selecting Models

14. Verify the plug flow tank model by repeating this procedure on the plug flow tank
object. In this case, the only model available should be mantis2.

15. Verify the secondary clarifier object model by making sure that the simpleld (non-
reactive 1-dimensional clarification model) item? is selected.

16. Verify the wastewater outfall object model by making sure that the default model is
selected. This is the only model available for the wastewater outfall.

17. Save the layout. Go to the File menu, and select the Save As... menu item. Use the file
browser to save the layout to an appropriate directory and with an appropriate name (eg.
tutorial-1).

You may have noticed that a process unit object's process menu contains a number of items for
specifying other attributes of an object, such as the Input Parameters, Initial Conditions, and
Output Variables dropdown menus which are available when right-clicking on a process unit on
the drawing board.

In this tutorial, we will use the default properties for the objects you have selected with four
exceptions:

e The Influent Total COD Concentration
e The Influent Total TKN Concentration
e The Excess Sludge Wastage Rate

1 See GPS-X Technical Reference for more information on these Models
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18. Change the influent composition by right clicking on the influent object, move to the
Composition sub-menu and select Influent Characterization. A data entry form called

Influent Advisor will be displayed.

Models »

Flow »

Output Variables »

S »
. Note...

Summary of Changes

Labels...

Composition » Influent Characterization S

Additional States
Environmental Setting
Load Type Options
Operating Cost

Figure 1-15 - Accessing Influent Characterization

Change the total COD entry from 430 to 380 gCOD/m?3, and the total TKN entry from

40 to 35 gN/m2as shown in Figure 1-16.

Note that the values are now highlighted in blue, to indicate that they have been changed
from the GPS-X defaults. For more information about the Influent Advisor see Tutorial
5 and Chapter 3 in the GPS-X User’s Guide.

Influent Advisor - Library: mantis2lib - Influent Model: codstates - Biological Model: mai

User Inputs

= Influent Composition

cod total COD

tkn total TKN

tp total phosphorus
= Nitrogen Compounds

snh ammonia nitrogen
snoi nitrite

gCOD/m3
gN/m3
gP/m3

gN/m3
gN/m3

Figure 1-16 - Change Influent Characteristics

After making the changes, press the Accept button.

380.0

35.0
10.0

25.0
0.0

19. Change the secondary clarifier wastage rate by right-clicking on the clarifier object,
move to the Input Parameters sub-menu and select Operational. A data entry form

will appear be displayed.
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Models

Input Parameters

Initial Conditions
Output Variables
Source Data

Note...

Summary of Changes

Labels...

Physical
Settling
Consistency
Operating Cost

Figure 1-17 - Accessing Operational Parameters

Change the pumped flow entry from 40 m? /d to 60 m*/d.

Operational [=
Underflow =
[9] proportional recycle : f OFF .
stream label to which recycle is proportiona [blank B
[9] underflow rate 2000.0[ m3/d -~ B
[9] underflow from layer ()] | = = .
[blank] controller :_ﬂ: B
[blank] setpoint for control variable I:l .
More...
Pumped Flow
[8] pumped flow m3/d - .
[8] pump from layer ()] | = — .
[blank] controller ) OFF B
[blank] setpoint for control variable \:’ R
Accept | Cancel |

Figure 1-18 - Change Clarifier Pumped Flow

Once you have changed this flow, press the Accept button.

19
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20. Once you’ve completed the layout, you’ll usually want to edit some of the plant
wide properties. You can access these properties by pressing the Site Properties
button on in the upper left corner of the drawing board. A window will be displayed
in which you can specify additional details for the plant and make notes about the

9 model. To modify plant wide properties, selecting the Plant Wide Properties tab.

Alternatively, you can access these by going to Layout > Plant Wide Properties.

For this example, specify the liquid temperature to 22°C.

Site Properties =
| Plant Information | Simulation Setup | Plant Wide Properties | Influent Characterization | Biological Model Settings | Energy Cost
Plant Wide Properties
liquid temperature 220/ C = .
blower inlet air temperature 200 C - .
elevation above sea level 00| m = .
barometric pressure at sea level . 1.0/ atm - .
Accept ‘ Cancel |

Figure 1-19 - Plant Wide Properties Window

Press Accept to save the changes.

21. To see all the variables in an object that have been modified from the GPS-X default
settings, right-clicking on the object and select the Summary of Changes from the
Default option. Verify the changes made to the influent object.

Models 4

Composition ’

Flow »

Output Variables »
»

. Note...
Summary of Changes A
Labels...

Figure 1-20 - Accessing Summary of Change
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The new form will reflect any changes made specifically to the influent object. Currently
it shows the changes made to total COD concentration and total TKN concentration.

3} Summary of Changes from the Default >
View: [Influent (wwinf)  v|
Influent
[wwin] total COD ' 330.0 | gcon/m3 [
[wwinf] total TKN 30| gvm3 [

Close

Figure 1-21 - Summary of Changes made to the Influent Object

By using the drop-down View menu, you can select other objects on the drawing board to
see a summary of the changes made to that object. Selecting the System option will
display any changes to the models operating conditions, as well as the plant wide
properties. Currently this menu shows the changes made to the liquid temperature.

The Go to location button can be used to be taken directly to that variable’s entry field
K to make any desired changes. For both variables on the influent object window, this will
take you to the influent advisor window.

22. Save the layout again by clicking the Save button on the toolbar.
BUILDING A MODEL

Now that you have built a plant layout, the next step is to translate the ‘definition” of the plant layout and
the model parameters, into a model that can run a simulation.

23. Switch from Modelling Mode into Simulation Mode by pressing the Simulation button
(Figure 1-22) in the upper-right corner of the main window.

@ Madelling Simulation

Figure 1-22 — Modelling/Simulation Mode Buttons

This starts the process of compilation and linking, resulting in the creation of an
executable model. The time required to complete this process depends on the speed of
your workstation, and the complexity of the model.
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Building Model

Converting layout to code
Building data structures

Building dynamic code
Preparing executable

Building initial and discrete sections

g E

Cancel

Figure 1-23 — Building Model Dialog

Upon completion of the build step, the Building Model window will automatically
disappear, and you will be left in the Simulation Environment.

SIMULATION ENVIRONMENT

Once the model has been compiled, GPS-X will present a simulation environment, as shown in

Figure 1-24.

The layout is shown in the lower left-hand corner, the blank area in the upper left-hand corner is
for input controllers, and the output area is on the right-hand side.

6 GPS-X 80 - Compr Carbon, Nitrogen, Phosphorus, pH (mantis2ib)

Ble ot View layout ook Libway Help

BB DA G-l wid B
Controts | ¥ = | D LX | 5 Ta

Drag input vaviables here to create a controller
9

Aeration Tank

Final Clarifier

v loutputs | ¥ & =

( Influent | Aeraion Tank | Final Clrfier | Effent |

Influent

N

™
Alkalinity

pH

Soluble COD
Amemonia N

ko/d

ko/d
kg/d

+ Simulation Parameters

- Simulation Resuits

m3/d
my/L
mg/L
mg/L
mg/L
mgiL
mgNL
mgNAL

™ mgh/L
Soluble PO4  mgP/L

mgP/L
mgCaCt

Total Alksliny  mgCaCOIL

- o x

3’:,! Modelling @smuum

F I .

Display : [Flow

olmya <

— wwinf

oL

wwinf Total In I Total Out

Mode: Simulate

Figure 1-24 — Simulation Environment

22
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Notice that a standard unit process output tab for each unit in the layout (Influent, Aeration Tank,
Final Clarifier, and Effluent) is automatically generated in the output section (Figure 1-25).
These are Quick Display summary tables, which will display output results after simulations are
carried out.

r Influent rAeration Tank rFl'mJi' Clarifier r Effluent |

Final Clarifier Display : [Flow = [ma/d -
mlss
fel
was]
ras]
+ Simulation Parameters
= Simulation Results
mlss fel was] ras]
Flow m3/d - - - - |
TS5 magy/L - - - - |
V55 mg/L ||
cBOD3 ma/L b
fel ras] was]
HRT h el
Surf, Overflow Rate  m3/(m2.d) B
Solids Loading Rate kg/(m2.d)
‘Water Level m =
= Mass Flows
mlss | fel was] ras] Total In Total Out
Tss kg/d - - -
CoD ka/d
™ kg/d
TP kg/d

Figure 1-25 - Quick Display Panels

You can quickly bring a desired Quick Display panel to the front by double-clicking on the unit
process on the drawing board as an alternative to clicking on each individual process tab in the
panel.

There are three subdivisions in the Quick Display panel:

1) Simulation Parameters. This sub-heading is used to display important information
about the object’s operational parameters specified in Modelling Mode.

2) Simulation Results. This sub-heading provides a summary of the simulation results,
highlighting some key characteristics of the influents, effluents and internal
conditions

3) Mass Flows. This sub-heading provides a summary of the mass of TSS, COD, TN
and TP that can be found in each stream entering and exiting an object.

The Quick Display is not able to have both the Simulation Parameters and the Simulation Results
sub-sections open at the same time. To open or close a subsection, click on the sub-section’s
header. If you open one of these subsections the other will automatically be closed. for example,
opening the Simulation Parameters subsection will close the Simulation Results subsection.
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RUNNING A SIMULATION

Your model is now ready to run a simulation. The controls that you will need to run a simulation are
located on the Simulation Toolbar found at the bottom of the screen.

@ l\_) l\_) Steady State [v] I:l Scenario ~ Stop Time - % c © 5
Figure 1-26 - Simulation Toolbar

@ 24. Start the Simulation by pressing the Start button on the Simulation Toolbar.

Pressing the start button will run a steady state simulation. Once the simulation is complete
the tables in the output area will be populated with values.

r Influent rAeration Tank rFl'm]'f Clarifier r Effluent |

Final Clarifier Display : [Flow ~|[m3/d -

miss : 4000 m3/d

fel: 1940 m3/d
was]1: 60.0 m3/d

ras1: 2000 m3/d

Temperature: 20.0 C

+ Simulation Parameters

= Simulation Results

mlss fel was]| ras]
Flow m3/d 4000 1940 60.0 2000
TSS mg/L 2239 11.68 4336 4336
VSS mg/L 1392 7.26 2696 2696
cBOD5 mg/L 650.0 4.091 1258 1258
CcoD mg/L 221 N4 4264 4264
fel ras| was]
HRT h 1.8 - - =
Surf. Qverflow Rate m3/(m2.d) 194 - - ke
Solids Loading Rate kg/(m2.d} 89550 - =
= Mass Flows

mlss | fel was] ras| Total In Total Qut |
TSS kg/d 8955 22,65 260.2 8672 8955 8955
coD kg/d 8845 60.94 255.9 8529 8845 8845
TN kg/d 616.7 38.77 16.83 561.1 616.7 616.7
TP kg/d 170.7 15.48 4.521 150.7 170.7 170.7

Figure 1-27 — Clarifier Quick Display Simulation Results

25. Switch between the various Quick Display windows to view the simulation results for each
unit process in the layout.

26. Save the Layout. Press the Save button on the main toolbar.
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Tutorial 2

Running Dynamic Simulations

While steady state simulations provide the foundation of a model, the value comes from the
ability to run dynamic simulations.

OBJECTIVES

This tutorial covers the following topics:
1. Setting up graphics and interactive controllers

2. Running interactive simulations

When you have finished this tutorial, you will be able to run full-scale dynamic treatment process
models. You will learn the procedures for creating time series graphics and interactive controls.
These essentials provide a foundation on which other advanced features are built; therefore, it is
important to understand the material in this tutorial first before going on to more complicated
tasks.

CREATING INPUT CONTROLS

GPS-X is an interactive simulation program, or simulator, which can run both pre-defined
simulations and interactive sessions. We will now set up an interactive session that allows us to
investigate the effects of changes in the influent flow rate on the plant effluent quality.

Our first task is to create a new Input Control. An input control is an interactive tool, which can
be used to change the value of model variables during the course of a simulation run. You can
create as many input controls as desired.

Here, we will create a single control for the plant influent flow so that this variable can be
changed during a simulation.

1. Open the layout built in Tutorial 1 and save itas " tutorial-2' using File > Save
As...

2. Access the parameter by right-clicking on the influent object and select the Flow Data
item from the Flow sub-menu as shown below.
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Output Variables

Source Data

. Note...

Labels...
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oo, |

Figure 2-1 - Accessing Flow Parameter
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3. From the Flow Data entry form, drag the influent flow variable to the blank input control

area above the layout, as shown below.

Drag input variables here to create a controller

[wwinf int flow
w{4]

Figure 2-2 — Dragging Variable to Control Tab

Flow Data --SIMULATION IS LOADED-- =
Flow Type
[wwinf] flow type Data "| .
m3/d - B

Note that a new tab (labeled “Input: 1) has been created for the input control. Multiple
controls can be placed on a single tab, or on as many tabs as required.

Edit the input control properties by clicking on the Input Control Properties...
button on the Controls toolbar. An entry form window will be displayed.
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You can use this form to set minimum (Min), maximum (Max), and control increment
(Delta) values (if applicable) for a particular variable.

Select 0 for Min and 12000 for Max. It is not necessary to enter a value in the Delta
column, as we will use a slider-type control, which does not require a value for this

attribute.
Control Properties: Input: 1 [
Variable Properties
Control ltem Unit Min Max Delta Type
R [wwinf] influent flow |m3/d -] |00 | [120000

Accept ‘ Cancel ‘

Figure 2-3 — Control Properties Window

Note that you have the choice of a variety of controller types (under the Type heading).
Make sure that Slider is selected for the influent flow item.

Remember to save your changes by pressing the Accept button.

5. Rename the control tab by double-clicking on the tab name “Input: 1”. Type “Flow
Control” and press Enter.

| Flow Control
[wwinf] influent flow 2000.0{ m3/d a0 c 120000 2

Figure 2-4 — Finalized Input Control

An input control for the plant influent flow has now been created.

The tab shown in Figure 2-4 contains a slider that allows you to change the influent flow
from 0 to 12000 m®/d.

You can test the slider control by dragging the small slider knob. Note that the influent flow
value will change to the value displayed on the control.

Before proceeding, use the Reset button at the far right of the slider to move the slider back
D to the default position of 2000 m 3/d (alternatively, you may enter the value into the control
box with the keyboard).
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CREATING OUTPUT GRAPHS

In addition to the summaries available on the Quick Display panels, you can create new custom-
designed output graphs for numerous variables located in the Output Variables menu of each
object that can be seen when right-clicking on an object.

These variables cover a wider range of model outputs and can be used to supplement the standard
output in the Quick Displays.

4 6. Createanew, blank output tab by clicking on the New Graph Tab button on the
— Outputs toolbar. A new, blank output tab will be created.

7. Create a graph of the influent flow by right-clicking on the influent object and select
Output Variables > Flow as shown below.

Models »

Composition b

Flow b

: o g Temperature

- MNote... Concentrations

pH and Alkalinity

Labels... Operating Cost
Composition b
Flow )

Figure 2-5 - Accessing Output Variable Windows

8. From the Flow window, drag the influent flow variable to a blank area on the new tab that
you created, as shown below. This will create an X-Y Graph with that variable on the y-
axis. Select Accept or Cancel to close the Flow window.
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| Influent = Aeration Tank | Final Clarifier | Effluent | Plot:5

i

WA

o ™) "ER0" axo

ad

o]

iTi) [¥] [ a8
/ Teme [days)

aa

Flow

Flow

[wwinf] flow Er
Se B

m‘ m3/d -

Accept | Cancel ‘

Figure 2-6 — Dragging Variable to Create a Graph

9. Next, right click on the wastewater outfall unit and select Output Variables >
Concentrations from the pop-up menu.

—
e

Models ]

Input Parameters ]

Initial Conditions b

Output Variables ]

Source Data »
. Mote...

Labels...

Flow

Concentrations S

Maodel Stoichiometry
pH and Alkalinity

Effluent Assessment Criteria

Figure 2-7 - Accessing the Concentrations Menu from the Wastewater Outfall
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Alternatively, if a Wastewater Outfall object were not used, this menu could be accessed by
right clicking on the clarifier’s effluent overflow stream. When you place your cursor over
the effluent overflow stream, the cursor will change from the default Microsoft cursor to the
connecting arrow, that is seen in Figure 2-8. Right click and select Output Variables >
Concentrations from the pop-up menu. Note: Ensure the connection arrow is present
because clicking on the center of the object will open a different menu than the connection
point 2,

Figure 2-8 - Connection Point Cursor Change

10. Drag the total suspended solids variable to the same graph as the influent flow. This will
add another y-axis to the graph for this variable.

NOTE: There is a difference between data entry forms and output variable
forms even though both have a similar appearance and may contain the same
variable name entries.

Data entry forms contain a field on the right-hand side for entering data. In
output variable forms this field displays model results and cannot be edited.

Variables dragged from a data entry form can be placed on input control tabs
whereas variables dragged from an output variable form can be placed on graphs
in the output field.

— 11. Resize and arrange the graph by clicking on the Auto Arrange button on the Outputs
= toolbar. Your simulation environment should appear as shown below.

2 Qutput variables are defined within each object and at each of the object's connection points
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& GPS-X8.0 - Comprehensive - Carbon, Nitrogen, Phosphorus, pH (mantis2iib) - a X

file Edt View Layout Took Library Help

AREB PA-IZ-|- (wbd] BT €3 Moseing ) settion
conrots | & 7 D LW T v jowps HE 2 o B NS >
(“input: 1 | influent | Aeration Tank | Final Clacfier | Effivent | Plot: 5
Output: 1
ovwind] nfluent flow 20000| mya — e D =
s = Output: 1
z
Influent g
iIE
! 2
I
A
o580
Aeration Tank Final Clarfier Effiuent E
el b
A sl e
(s g
@ D Tt T g 70
Time [days]
QOO sessuem [[ scenwio~ | sopme v o0sla < | £¥- ¥
Scenario: Base Model Mode: Simulate

Figure 2-9 - Simulation Environment with Output Graph

12. Access the output graph properties window by right-clicking on the output graph and
selecting the Output Graph Properties... item from popup menu. Alternatively, you can
press the settings button on the Output toolbar.

Qutput: 1 &

= = Output: 1

= =2

= =

=] =

=} [=]
=231 S
Do @
£
w —_ Output Graph Properties...
2.0 e P k‘
%S{ES Output Graph Type »
=0 =
= | B Rename Output Graph...
5 |=
zalEe Delete Qutput Graph
= o4 =0
W = g =
5|27 Statisti ’
£ atistics
] =]
22 =] Copy Image to Clipboard

o4 o

Copy Data to Clipboard
=} [=]
= =
0.0 0.2 0.4 0.6 0.8 1.0

Time [days]

Figure 2-10 — Accessing Output Graph Properties
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The Output Graph Properties window is used to specify plotting attributes including
the min and max y-axis values, the color of the variable’s line and the units that the data
will be displayed in.

The Autoscale feature can be used to allow the y-axis to automatically set an appropriate
max value depending on the data being displayed (it will adjust during the simulation).
By selecting this you will not have the option to adjust the values under the Variable
Properties section of the Output Graph Properties window.

The Output Graph Type item is also available here. By default, the graph type is X-Y
(time series) but this can be changed to several different options. For this tutorial, we
will be leaving it as X-Y.

Enter a minimum and maximum value for each variable. Use 0 and 10,000 m3/d for
flow, and 0 and 150 mg/L for total suspended solids.

NOTE: You must ‘unlock’ the max fields to be able to edit them individually otherwise
the change in one field will be copied to the others. This is because quite often people
will plot variables of similar characteristics on a graph and they’ll want the y-axis to
have the same scale.

Output Graph Properties... [

Display Properties

[] Autoscale

Variable Properties
Display ltem Unit Min & Ma Color Save Data Points
% [wwinf] flow [m3/a ~| [oo | [10000.0 m O

% [fel] total suspended solids |ma/L ~| |00 | [1500 om0

Accept | Cancel |

Figure 2-11 — Output Properties showing Unlocked Max Field

Keeping the max fields unlocked, Accept the changes when you are finished.

Rename the output graph. This can be done in the properties window described above,
but several of the properties can also be accessed from the popup menu by right-clicking
on the graph. Do this and select Rename Output Graph.... Enter an appropriate title
for the output graph and click OK.
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Rename Output Graph...

|Inf|uent Flow and Effluent TS5 |

| QK || Cancel |

Figure 2-12 — Rename Output Graph
RUNNING A DYNAMIC SIMULATION

You are now ready to run the model. All of the controls that you will need to run a dynamic
simulation are located on the Simulation Toolbar at the bottom of the screen.

G \_/.' \_/,' Steady State [+ | | Scenario ~ Step Time e % c @ 5

Figure 2-13 — Simulation Toolbar

15. Specify a simulation duration time of 20 days by either entering the value directly into
the Stop Time field or by repeatedly clicking on the up arrow adjacent to field to
increment the value by 1 day for each click.

G 16. Start the simulation by clicking on the Start button.

While the simulation is running you can now change the flow with the input control slider bar and
assess the effect of changes in influent flow on the effluent suspended solids of the plant.

If the flow is high enough (say 7,000 m®/d) you will see a significant increase in the effluent
suspended solids due to clarifier overload.

An example run is depicted in Figure 2-14, where the flow was increased with the input control
slider bar during the simulation run. Note that your output graph will look different than the one
presented below depending on how you adjust the slider control during the simulation run.
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Influent Flow and Effluent TS5 ﬂ'

Influent Flow and Effluent TSS

150.0

=
=

120.0
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i
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Time [days]
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60.0
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2

300

0.0
0.0

Figure 2-14 — Example Run with Flow Increase

17. Run the simulation again, but this time, adjust the influent flow by dragging the
influent flow slider away from 2,000 m3/d.

If the simulation proceeds too quickly, you can artificially slow down the simulation by
inserting a delay. Add a delay by putting 0.5 (or any other number, the magnitude of the
number dictates the degree of delay) into the Delay entry field using the Stop
Time/Communication/Delay drop-down menu on the Simulation Toolbar.

NOTE: If the simulation time exceeds the stop time (Stop) the model will halt. At
that time, you have two choices:

e Restart the simulation by clicking on the Start button in the Simulation
Control window; or

e Increase the length of the simulation by increasing the value of Stop and
clicking Resume to continue the simulation.

ANALYZING THE PLANT

We will now take a more detailed look at our plant's performance by investigating the effect of
increased flow on the secondary clarifier. We will first set-up an output graph displaying the
solids profile inside the final clarifier. We will then simulate steady-state conditions with the
design flow of 2,000 m®d and investigate the change in the solids profile inside the final clarifier
by running the model at a higher flow rate (i.e. simulating a storm condition).

To investigate the effect of increased flow on final effluent quality, you will first set up a graph to
view the output of the solids profile inside the final clarifier.

GPS-X Tutorial Manual



Tutorial 2 - Running Dynamic Simulations 35

18. Access the Concentrations of the clarifier by right-clicking on the object and selecting
from the Output Variables > Concentrations.

Models »

Input Parameters b

Initial Conditions ]

Output Variables 4 State Point Analysis
Source Data 4

. Note... State Vanable Derivatives

Volume, Dilution and Hydr. Loading
Labels...

Clarifier Variables

Initial Conditions »

Figure 2-15 - Accessing Concentrations

19. Drag the total suspended solids in layers (see Figure 2-16) item to the blank area to the
right of the existing output tabs. By dropping it there, a new tab is automatically created,
and the desired graph is created on the new tab.

Inflstnt | Aeration Tank | Final Clarfer | Effluent | Pioe: s

Influent Flow and Effluent T55
e o lmo%ow and Effluent TSS
T Contentrations B
Soluble Gases [
[¥ie1] dissobed coygen in layers [ | mgldL =
= hore...
a Solids Varlables
[f1] totad suspended solids in Liyers )| mon ~ I
:g [t wfatlewsptndedwlldslnhvn%m [ |  mgn =
ga [fe1] totad imorganic suspended sclids in layers [ _I mgl =
3 | e VSSTSS ratioin tayess [ | gvssiglss v
E Organk: Varisbles
aa [fe1] soluble COD in layers L8] _I mglOlL =
;E [fe] totsd COD in layers £ | mgtoon -
E | 1t sotubte cBODS in ayers “ |  mgo2n -
[fe1] totsd cBODS in layers {d | mgo2a -
H 11 coluble cnBODS in layers ) |  mgo21 -
| et totat enBODS in tayers £ | mgoan -
[fe] volatibe Fatty acids in Leyers fud | mgn -
— -
k= |
o ﬂ"u ﬁ Accept J Cancel ]

Figure 2-16 - Dragging Variable to New Table

Since this variable is actually an array of values (denoted by the fact that it has an ellipsis
(...) button next to it which can be used to access the individual values) then the graph
that is created is by default a Bar Chart with the array elements along the x-axis.
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Change the graph type. In this case, instead of the default vertical bar chart, we’d like to
view the clarifier profile as a horizontal bar chart. This gives you a better intuitive feel of
the different layers within the clarifier. The bar representing the bottom of the clarifier
(index 10) will be at the bottom of the graph.

If you right-click on the output graph and select the Output Graph Type item, you will
notice that the Bar Chart type has already been selected. Select the Bar Chart
(Horizontal) type for this graph.

Change the axis max. Go into the graph properties and change the max value to 5000
mg/L.

Rename the graph. Right-click on the graph and select the Rename Output Graph...
item from the drop-down menu and enter an appropriate title.

Note that you can also change the name of any tab by double-clicking on the tab hame
and entering a new one.

Resize the graph. Press the Auto Arrange button or drag the edge of the graph window
to your desired size.

Select the Steady-State option and Start the simulation setting Stop to 10 days. Make
sure that the influent flow is set to 2,000 m3/d on the input control. Below is a figure that
shows a bar chart profiling the solids distribution inside the final clarifier.

Final Clarifier Solids Profile &

Final Clarifier Solids Profile

Index

10

= /‘
0.0 1000.0 2000.0 30000 4000.0 A000.0
[fe1] total suspended solids in layers [mgiL]

Figure 2-17 — Clarifier Profile Graph
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O 25. Increase the influent flowrate to a higher value (i.e. 5,000 m3/d) with the controller.
Adjust Stop Time to 20 days and Resume the simulation.

The bar chart profiling the solids distribution inside the final clarifier will change to reflect
the build-up of solids due to higher flows. You can adjust the max axis value to see the
entire graph, if you’d like. The values will become greater than the existing scale.

26. Save the layout. Press the Save button on the main toolbar.
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Tutorial 3

Editing Layouts and Using Scenarios

PROBLEM STATEMENT

For this tutorial, consider a situation where the plant you developed in the first tutorial is expected
to treat increased flow due, for example, to extra sewer connections. Assume that the plant has
adequate aeration capacity but requires an extra clarifier.

OBJECTIVES

GPS-X makes it easy to build models to help you examine changes in plant design and operation.
This tutorial will show you how to use the layout editing tools such as Copy and Paste to make
additions to the layout. Once the new model is built, the scenario features of GPS-X will be
introduced. Using scenarios, you can set up specialized data sets for comparing the performance
of the clarifiers in the event of uneven flow distribution under both steady state and dynamic
conditions.

When you are finished with this tutorial, you will have developed the ability to create and edit
plant layouts and will have developed a better understanding of static® data input and output in
GPS-X. You will be able to prepare simulation scenarios to test different hypothetical situations
and be able to run the scenarios to test alternative plant designs or examine operational changes.

3 The term static is used to describe the process of data input and output in this case in order to differentiate it from
the case of input and output involving time series data which is described in Tutorial 4
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EXPANDING THE PLANT

1. Recreate the layout used in Tutorial 1 or open the layout that you previously created.

2. Save the layout under a different name (eg. tutorial-3).

3. Switch to Modelling Mode (if not already there) using the button on the top right-hand

side of the screen.

Display the grid on the drawing board. Select View > Display Grid from the main
menu.

View
Preferences
Toolbars »
Zoom »
Display Grid )

A Display Labels »
Window Selection »

Figure 3-1 - Selecting Display Grid

Display a larger drawing area. In order to expand on the layout, more space is required
on the drawing board. Open the Locator window under View > Zoom > Locator and
outline a larger working area. Alternatively, the mouse wheel can be used to scroll out
and the desired work area can be highlighted and then zoomed in on by using the Zoom
to selection/plant button. This will allow you to place more objects on the drawing
board. More details regarding use of the Locator are presented in Tutorial 1.

Move the influent and plug-flow tank objects by clicking and dragging out a box
around the influent and plug-flow objects. Then, with the mouse button pressed on one
of the selected objects, drag the selected area to its new location on the drawing board
(see Figure 3-2).

7. Move the wastewater outfall object by clicking and dragging the object to the right.
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L

Figure 3-2 — Moving Multiple Unit Processes

8. Copy the final clarifier. First, select the existing secondary clarifier located on the
drawing board. The clarifier grid cell will show a light blue background.

Click on the Copy button and then select a destination cell by dragging out a small box
inside the destination cell. The destination cell will show a light blue background.

Next, click on the Paste button. This will paste a copy of the clarifier and all its
attributes to the new location.

Your layout should now look like Figure 3-3.

Figure 3-3 - Copy/Pasted Clarifier
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We will now complete the layout by adding the following:

9.

10.

o Atwo-way splitter to divide the mixed liquor from the aeration tank to the two
clarifiers

e A two-way combiner to join the recycled sludge from the two clarifiers with the
raw sewage as feed to the aeration tank.

e A two-way combiner to mix the effluent overflow from the two final clarifier tanks

Delete unneeded connections. You can delete a connection by right clicking on the
connection and selecting Delete Connection.

Alternatively, you can delete the flow lines by placing the cursor at the initiation or
terminal point of a flow line and dragging the flow line to an empty space on the drawing
board. As soon as the mouse button is released you will be prompted to confirm the
deletion of the flow line.

Delete the connection from the plug flow reactor to the final tank, the connection between
the clarifier underflow and the plug flow reactor and finally the connection between the
clarifier effluent and the wastewater outfall.

Add processes to the drawing board. From the Flow Combiners and Splitters group in
the Process Table we will need one 2-Flow Splitter and two 2-Flow Combiners.
Position the objects so that your layout now resembles Figure 3-4.

Figure 3-4 - Add Splitter and Combiners
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11. Flip the combiner below the Aeration Tank. To do this, select the combiner and

‘:’ press the Mirror button on the main toolbar.
12. Connect all objects and label all units and streams. The last step of the plant
expansion is to connect all the objects and label them appropriately as seen in Figure 3-5
and described in Table 3-1.
Influent

RAS Combiner ;

Figure 3-5 - Processes and Streams Labelled Properly

NOTE: The colors of the flow lines each convey a specific meaning about the
properties of the stream.

Brown lines are used to represent the flows of wastewater. An example of this is
your wastewater influent or the sludge leaving a clarifier

Black lines are used to represent any streams where you are unable to tell what
the outputs will be when the object is selected. An example of this is a combiner
or splitter objects

Blue lines are used to represent any flows of treated water. An example of this is
the effluent stream leaving a clarifier overflow
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Table 3-1 - Process and Stream Labels

Unit Label

Wastewater Influent Label: Influent
influent; wwinf

Plug-Flow Tank Label: Aeration Tank

overflow: mlss

recycle: ras

Label: MLSS Splitter
output#l: mlss1l

2-Flow Splitter

output#2: m1ss?2

Label: Final Clarifier 1
overflow; fel

Circular Secondary Clarifier 1

pump: wasl

underflow: ras1l

Label: Final Clarifier 2
overflow; fe2

Circular Secondary Clarifier 2

pump: was?2

underflow: ras?2

2-Flow Combiner for Recycled Sludge = -20€l- RAS Combinexr

output: ras

2-Flow Combiner for Final Effluent Label: FE Combiner

output: fe

Wastewater Outfall Label: Effluent

13. Add a note to a process. Sometimes it is useful to make a note to remind yourself about
certain details or reasons for changing something. These notes are just for your own
reference and do not affect the simulation in any way.

Here, we will add a note to the Final Clarifier 2 unit. Right-click on it and choose
Note... from the popup menu. A blank window will appear in which description of the
unit can be typed. Click Accept to close the Note window.
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I} Note *

Models » Final Clarifier 2" is a duplicate of "Final Clarifier 1

Input Parameters
Initial Conditions

Output Variables

v v w 2w

Source Data

Summary of Changes

Labels... Accept ‘ Cancel |

Figure 3-6 — Add Note to a Process

14. Save the layout. Press the Save button on the main toolbar.

USING SCENARIOS

When organizing simulation runs it is useful to start with a base set of data, and then create one or
more separate cases, which are modifications to the base data set. These cases are referred to as
scenarios in GPS-X.

You can create any number of scenarios and in each scenario, you can specify the changes to the
model parameter(s) which define that scenario. Those changes are saved so that they can be
restored at any point in the future.

Creating and using scenarios is done in Simulation Mode.

In this section of the tutorial, we are going to use scenarios to investigate the effects of changing
the following model parameters:

e Influent flow, to simulate the additional sewer connections
e Influent type, to simulate a dynamic fluctuation of the influent wastewater
15. Switch to Simulation Mode using the button at the top-right of the screen.

16. Create a new scenario by selecting New from the Scenario menu on the Simulation
Toolbar (at the bottom of the main window).
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Scenario *

Select Scenario »

Configuration / Data Files...

New... Alt-N
- L

Delete

Rename...

Show...

. Mote...

Transfer controls to scenario

Figure 3-7 - Create New Scenario

17. Type in a name for your new scenario (eg. “Expansion”) and Accept the form.

&} New Scenario X

What is a Scenario?

When organizing simulation runs it is useful to start with a base set of data,
and then create one or more separate cases, which are modifications to the
base data set. These cases are referred to as scenarios in GPS-X. GPS-X allows
you to create your own scenarios. In each scenario you can specify the
changes to the model parameter(s), which define the scenario and then save
the scenario so that it can be restored at some point in the future.

For more information, refer to the User's Guide.

New Scenario

Derive new scenario from :

@ Base Model

Name :

Expansion |

Accept | Cancel |

Figure 3-8 — Name the Scenario

You will notice that the name of the active scenario is displayed under the Start button
on the Simulation Toolbar.
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@ '.\-__/l' I'\\_ _-/Il

Scenario: Expansion

Figure 3-9 - Scenario Name Display

NOTE: You can change the active scenario by selecting it from the Scenario > Select
Scenario list. The “Default Scenario” is the base case where all of the model
parameters are set to the values defined when the model was built. If you return to
modelling mode and make changes to the Default Scenario Parameters, these changes
will be applied to all scenarios where that parameter has not already been specified.

18.

19.

20.

Add some parameter changes to the scenario. In this case, we will change the influent
flow type and rate.

While remaining in Simulation Mode, access Flow > Flow Data from influent objects
process data menu (ie. right-click on the object).

Change the flow type to Sinusoidal and change the influent flow to 5000 m?/d.

Flow Data --SIMULATION IS LOADED-- [
Flow Type
[wwinf] flow type | Sinusoidal 'l .
Data
[wwinf] influent flow 5000.0| m3/d - .
Other Flow Options
More...
Accept ‘ Cancel |

Figure 3-10 - Changing Parameters in a Scenario

You will notice that changes made in a scenario are highlighted in green.
Accept the form.

If you do not already have an input controller (slider type) for the influent flow create
one as described in the Creating Input Controls section of Tutorial 2. Set the minimum
and maximum values to 0 and 12,000 m3/d respectively.

Verify the parameter changes made in the scenario. Any changes made in a given
scenario from the base scenario can be viewed by selecting Show on the Scenario menu
on the Simulation Toolbar.
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Scenario -

Select Scenario »

Configuration / Data Files...

New... AN
Delete

Rename...

Show... r
. Note...

Transfer controls to scenario

Figure 3-11 - Show Changes Made to the Active Scenario

This window will show a summary of any variables that have been changed in the current
scenario. The value that the variable was assigned when the model was built is shown in
the grayed-out box. If any of the variables changed in this scenario appear on an input
controller, an icon will appear next to the variable name to indicate the input controller.

2} Scenario Show : Expansion *

ns N =z
m =m x b Ty ﬂi
Influent{wwinf)
[ ] [wwinf] flow type Data ‘Sinusoidal "‘

[ ] [wwinf] influent flow =E>, 2000.0 5000.0| m3/d

Variable is on a contmllerk

Accept ‘ Cancel

Figure 3-12 - Summary of the Changes made in the Active Scenario.

Parameter changes in a given scenario can be directly edited in this menu by adjusting

x the setting of the box that is not grayed out. Additionally, any unwanted changes can be
returned to their default value by checking the box next to the parameter name and
pressing the Remove button in the toolbar.

Accept the form.

21. Create an input control (slider type) for the split fraction (in the "MLSS Splitter").
Access this variable by going to Input Parameters > Splitter Setup. Set the minimum
and maximum values to 0 and 1, respectively.
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Create a horizontal bar chart for the solids profile in the new (copied) clarifier as
described in the Analyzing the Plant section of Tutorial 2.

Create a X-Y graph for the effluent SS for each clarifier, and the combined effluent.
In each case, the total suspended solids variable can be found in Output Variables >
Concentrations of each object's outflow stream (ie. right-click on the connection point,
not the process itself). Display all three concentrations on one graph and rename the
graphs appropriately.

With the steady state box checked, run a 1-day dynamic simulation.

Change the split fraction to 0.3 using the interactive controller and increase the stop
time to 2 days.

Resume the simulation using the Resume button (ie. don’t restart it) and let the
simulation proceed until it stops.

Increase the flow to the plant to 8,500 m®d, and increase the stop time to 3 days.

. Resume the simulation.

A set of typical results are shown in Figure 3-13. These graphs show the effect of the

im

balanced flow split on final clarifier performance and combined final effluent SS.
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Figure 3-13 - Typical Results
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Tutorial 4

Generating Records of Model Dependent and
Independent Variables

PROBLEM STATEMENT

For this tutorial, consider that your supervisor needs you run the plant model on a monthly basis
and present them with various reports and information regarding the plant performance, flow
through the plant, energy usage, and operating cost.

OBJECTIVES

GPS-X makes it simple to create customized tables, and reports, and export the data contained
within them to a format that can be easily analyzed understood.

CREATING A NEW OUTPUT TABLE TAB

1. Open the layout built in Tutorial 3 and save itas " tutorial-4’ using File > Save
As...

2. Switch into Simulation Mode if not already there.

In addition to the viewing model results and summaries on the Quick Display and
various Graph outputs discussed in Tutorial 2 and Tutorial 3, you can also create
custom-designed tables. These tables can be populated with a wide range of model
outputs and present the data as a summary of stream or process variables across the
layout.

4 3. Create a Table Tab. Press the New Table Tab button on the Outputs toolbar. This will
— open the Table Properties setup wizard.

4. Populate the table. By default, all options are selected. We are only interested in a few
streams and a few variables, so begin by pressing the Select None buttons at the top of
each choice panel. This will deselect all options.

Then make the following selections on the Stream Choice panel:
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e Influent (wwinf) > wwinf

o Aeration Tank (mlss) > mlss
o Final Clarifier 1 (fel) > fel
e Final Clarifier 2 (fe2) > fe2
e FE Combiner (fe) > fe

On the Variable Choice panel, select the following:

e Solids >TSS & VSS
¢ Organic Variables > COD

e Nitrogen Variables > Ammonia Nitrogen & Nitrate & Nitrite

G
Table Type : |Stream Variables ~

include concentrations
include mass flows

Stream Choices Variable Choices
" u " =
u.s N0 u.S B
Include: Include:
E| Influent (wwinf)
w4 - Organic Variables
2] RAS Combiner(ras) | [ i ] Soluble cBODS
el lpas e [ cBODS
E||:| MLSS Splitter (mlss1)y || 0 {1 Soluble COD
eOmisst | e cop
] mlss2 E-# Nitrogen Variables
- Final Clarifier 1(Fe1) | | Ammenia Nitrogen
""" [ Internal Stream(s) ] Mitrite
""" fel -] Nitrate
----- [ wast ] Soluble TKN
..... D rasi D TKM
= Final Clarifier 2 (Fe2) | | i e ImR
----- [ Internal Stream(s) E-{] Phosphorus Variables
""" fed D Ortho-Phosphate
..... 1 was2 k]
""" [ ras2 =[] Other Variables
=-{v] FE Combiner (fe) ] Dissolved Oxygen

e fe [ Acetate
] Propionate
] Methanol

] Total Soluble Inorganic Carban

Accept ‘ Cancel ‘

Figure 4-1 — Table Display Setup Wizard

5. Press Accept to create the table.
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6. Run a Steady State simulation of the “Default Scenario” located in the Simulation
toolbar under Scenario > Select Scenario and observe the new table tab. From the table
we can observe the reduction in the TSS and COD concentrations across both secondary
clarifiers (mlss and fel/fe2 streams); and the nitrification occurring across the aeration
tank (wwinf and mlss streams).

' Influent [-Aeration'l'ank I Final Clarifier 1 | Final Clarifier 2 I Effluent | Graphs rTabIe

TSS

VSS

coD

Ammonia Nitrogen
Nitrite

Mitrate

mg/L |ﬂ.
kg/d [
mg/L [Tl
kg/d [
mgCOD/L |l
kg/d [
mgN/L |Q.
kg/d [
mgN/L |ﬂ.
kg/d [
mgN/L |ﬂ.
kg/d [N

wwinf

192.6
385.3
144.5
2889
380.0
760.0
25.0
50.0
0.0
0.0
0.0
0.0

milss

1676
10050
1071
6427
1700
10200
D.1298
0.7789
0.1457
0.8743
16.84
101.1

fel _
5.998

5.639
3.835
3.605
26.12
24.55
0.1298
0.122
0.1457
0.1369
16.84
15.83

Figure 4-2 - New Table Tab Output

fe2

5.998

5.639
3.835
3.605
26.12
24.55
0.1298
0.122
0.1457
0.1369
16.84
15.83

fe

5.998
11.28
3.835
7.209
26.12
49.1
0.1298
0.2441
0.1457
0.2739
16.84
31.67

7. Export the table. Save a copy of the data in this table by selecting the table tab (if it’s
not already shown) and press the Export button on the Outputs toolbar. This will open
-§| a drop-down menu with the options to export as a Microsoft Word or Microsoft Excel
file. Selecting either option will open a file browser where you can select an appropriate
location and name for the file.

8. View the data as a Bar Chart. If you would like to visualize the data in a particular

el row, click the bar chart icon next to the unit. This will create a new tab with the

appropriate bar chart.
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3,000

mlss

COD [mgCOD/L]
500

0

l wwinf
fel
fe2
fe

Figure 4-3 — Bar Charts from Table Display for COD

9. Save the layout.

ADDITIONAL OUTPUT DISPLAYS

. 10 After running a simulation, options in GPS-X, it will unlock to analyze the results of the
5!} simulation. On the Outputs toolbar, the Additional Output Displays option will become
enabled.

11. Selecting the Additional Output Displays option will open a drop down menu with
various useful tools for visualizing the outputs of the simulation. We will now explore
each option available in this menu.

-
P -
= Sankey Diagram

ﬁ Energy Usage Summary
. Operating Cost Summary

El‘y Mass Balance Diagram

Figure 4-4 - Additional Output Displays Menu
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CREATING A SANKEY DIAGRAM

GPS-X can create a Sankey diagram of five variables (Flow, TSS, COD, TN, and TP). Sankey
diagrams are flow diagrams that display variable quantities in terms of arrow width. This allows
users to look at the plant's performance visually and display the results effectively.

12. Open the Sankey Diagram window. Once a simulation run has been completed, select
ﬁ' the Sankey Diagram option from the Additional Output Diagrams drop down menu.
This will open the Sankey Diagram window.

&} Sankey Diagram
Size Display Variable Sankey Export

Width pixels Sankey Graph myd v | Colens ] A S
Height : pixels [] Hide Mixed Liquor Streams Title Width: ————— N
Maintain aspect ratia Values  Font size: Ebfect (> width: l:l 0

Figure 4-5 - Sankey Diagram Example

Figure 4-5 shows a Sankey Diagram of the system flow rates. The diagram displays the Sankey
graph and the values for each stream.

Notice that a stream with a higher flow rate displays a wider arrow. In this example, the flows
out of the clarifiers illustrate this. The effluent stream (940 m?d) has a much bigger arrow than
the tiny arrow exiting the pumped flow (60 m?d).

You can change settings and output variables using the Display, Variable, and Sankey features
on top of the Sankey diagram window.

The Sankey diagram can be exported using the Export features.
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CREATING A MASS BALANCE DIAGRAM

The values represented visually by the thickness and color of the lines in a Sankey Diagram can
also be represented numerically in a Mass Balance Diagram.

13. Open the Mass Balance window. Once a simulation run has been completed, select the
" Mass Balance Diagram option from the Additional Output Diagrams drop down menu.
This will open the Mass Balance Diagram Wizard menu

This menu will allow you to select what information you would like to be displayed on
the diagram. The Columns options can be used toggle the display of concentration and/or
mass flow rates while the Rows options can be used to select the variables of interest.

Press Next.
2} Mass Balance Diagram Wizard X
Steps 1. Table Contents
1. Table Contents Col
2. Stream Selection [v! Label [vl Concentration [v| Mass Flow
Rows
[l Flow
[wl TS5
[vl COD
[wl TN
v TP
Description
Columns

The label column in each individual table is optional, since the legend will
always contain that column.
You can choose to display the concentrations and/or mass flows.

Rows
Select the variables that interest you.

? Mext > ‘ Cancel

Figure 4-6 - Mass Balance Setup Wizard Table Contents

14. Select the Streams. The Mass Balance Wizard will initially select all of the streams on
- the drawing board, but we are only interested in a few of the streams. Press the Select
None button to deselect all options.
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Select the following options from the menu:
o Influent (wwinf) > wwinf

o Aeration Tank (mlss) > mlss
o Final Clarifier 1 (fel) > fel
o Final Clarifier 2 (fe2) > fe2
e FE Combiner (fe) > fe

2 Mass Balance Diagram Wizard *
Steps 2. Stream Selection
1. Table Contents S N
s 0

2. Stream Selection

Include:

#-{v| Influent (wwinf)
+-[vl Aeration Tank (mlss)
{] RAS Combiner (ras)
"] MLSS Splitter (mlss1)
{v| Final Clarifier 1 (fe1)
(¥l Final Clarifier 2 (fe2)
{v| FE Combiner (fe)

(£ R 3 R R T

Description

Choose which streams you would like to create tables for,

Once the display is shown, you can right-dick on a process to choose to hide/show
a stream's table.

? < Back ‘ ‘ Finish Cancel

Figure 4-7 - Mass Balance Setup Wizard Stream Selection

15. Press Finish to confirm the streams you would like to be shown in the diagram.

16. Auto Arrange. After selecting finish, you will be prompted to auto arrange the table
locations. By selecting this option, GPS-X will align all of the tables along the top and
bottom of the diagram close to the stream it is creating a table for. Choosing not to auto
arrange the tables will use a previous table layout if available. In this case, it will produce
the same layout as auto arrange.

After accepting auto arrange, the Mass Balance Diagram will open. You can click and
drag the tables anywhere you would like in the diagram window. Figure 4-8 shows a
Mass Balance Diagram of the system after the user has manually arranged the tables. The
diagram displays the mass and concentration flow rates of the variables in each stream of
interest.
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The Mass Balance Diagram can be exported using the Export features.
3 Mass Balance Diagram X
Size Display Location Lines Content Export
Width : pixels Snap to tables Show lines Header: Show stream labels B ﬁ
Height : 778 pixels | Fontsize ® to stream midpoint | Columns: Label Concentration Mass Flow
Maintain aspect ratio Auto arrange tables ) to stream start Rows : Variable(s)
Setup Wizard Sig. digits : 4| Round to zero (<) : 0.0001
Legend
Flow m3/d -
T55 mg/L kg/d
COD  mglOD/A  kgd
™ mghy/L kg/d
TP mgP/L kg/d
miss fel
Flow 6000 - Flow 940.0 -
TS5 1674 10050 TS5 5.998 5.638
cop 1698 10190 coo 2812 2435 fe x|
™ 1225 7348 ™ 18.96 17.82 Flow 1880 -
TP 34.58 207.5 TP 7.648 7.189 TS 5.998 1128
cop 26.12 49.1
= ™ 18.96 3564
vowinf ™ 7848 1438
Flow 2000
T55 1926 3853
cop 380.0 760.0
™ 35.0 70.0
TP 10.0 20.0 .—I_i\
)
rasl [ fe2
Flow 2000 - Flow 940.0 -
TSS 2436 4871 TsS 5.998 5.638
oD 2461 4823 cop 26.12 24.55
™ 169.7 3204 ™ 18.96 17.82
TP 46.87 93.73 TP 7.648 7.188
ras2
_‘ Flow 2000
TS 2436
CoD 2461
™ 169.7
TP 46.87

Figure 4-8 - Mass Balance Diagram Example

VIEWING AN ENERGY USAGE SUMMARY

After a simulation has been run, you can choose to view a plant schematic output summary of
either the Energy Usage or Operating Costs. First let’s explore the Energy Usage Summary.

17. Open the Energy Usage Summary window. Once a simulation run has been
ﬁ completed, select the Energy Usage Summary option from the Additional Output
Diagrams drop down menu. This will display the Energy Usage summary window

In the window, an image of the layout is shown with ‘hot spots’ around the unit processes

that represent the value of the variable that is being displayed. The intensity of the color
of the ‘hot spot’ increases as the value gets larger.
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By selecting a different type of power usage from the “Variable” pull-down menu, you
can view a summary of the different types of power used in the plant (aeration,
pumping, mixing, etc.).

& Energy Usage Summary X

r Layout View r Table/Pie View

Size Display Variable Export
Width 1011] pixels Color Indicator W o~ @ B ﬁ
Height : 630 pixels Values  Font size: Title

Maintain aspect ratio

Aeration Power (kW)
Layout Total: 13.69

e
-

ey

Figure 4-9 - Energy Usage Summary Window

18. Click on the Aeration Tank. This will take you to the “Table/Pie View” and select the
row that corresponds to the aeration tank. Changing the selected row/column will change
the pie chart to display the appropriate data.
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) Energy Usage Summary

Layout View | Table/Pie View

Export View ' Export
h B I 1=K
Aeration Tank (mlss)
Aeration Tank (mlss) [E1:
Final Clarifier 1 (fel)  0.00 067 0.00 0.00 1.00 167
Final Clarifier 2 (fe2)  0.00 0.67 0.00 0.00 1.00 1.67
Layout Total 13.60 134 3.00 0.00 2,00 20,02

Mixing Power
3.00 kW
18.0%

Aeration Power
13.69 kW
82.0%

el

Figure 4-10 - Table/Pie View of Aeration Tank

19. Press OK to close the window.

VIEWING AN OPERATING COST SUMMARY

We will now explore the Operating Cost Summary.

20. Open the Operating Cost Summary window. Once a simulation run has been

completed, select the Operating Cost Summary option from the Additional Output

Diagrams drop down menu. Selecting it will display the Operating Cost summary

window.

You will notice that this window is arranged in a similar manner to that of the Energy
Cost Summary window. An image of the layout is shown with ‘hot spots’ around the unit
processes that represent the value of the variable that is being displayed. The intensity of
the color of the ‘hot spot’ increases as the value gets larger.

By selecting a different type of costing from the “Variable” pull-down menu, you can
view a summary of the different types of operating cost that exist in a plant (aeration,

chemical dosing, sludge disposal).
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3} Operating Cost Summary *

Layout View r Table/Pie View

Size Display Variable Export
Width : 1010| pixels Color Indicator Sd > H B ﬁ
Height : 630( pixels Values  Font size: Title

Maintain aspect ratio

Aeration Cost ($/d)

e a
-

il

Figure 4-11 - Energy Cost Summary Window

21. Click on the Aeration Tank. This will take you to the “Table/Pie View” and select the
row that corresponds to the aeration tank. Changing the selected row/column will change
the pie chart to display the appropriate data.

GENERATING A REPORT

You may wish to create a report with a list of all the parameter values, as well as the model
results for a particular simulation. The reports are generated in Microsoft Excel or Microsoft
Word format.

22. Click on the Report button in the main toolbar (NOT the button with a similar icon on

3
-3 the Output toolbar. That one will just export the selected output display).

This will open a window where you can create a Standard Word Report, or create a
Standard or Custom Spreadsheet Report.
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Click on the Report button in the main toolbar (NOT the button with a similar icon on
the Output toolbar. That one will just export the selected output display).

This will open a window where you can create a Standard Word Report, or create a
Standard or Custom Spreadsheet Report.

Select Standard Spreadsheet Report. The Options button beside it allows you
include/exclude certain data from the report.

Press the Generate button. A file browser will be displayed where you can choose an
appropriate directory and file name.

View the Report. After it’s created, you will be asked if you want to open the file.
Click Yes, and the report will be opened in Excel. Browse through the various
worksheets to see the model layout, details of each object, and output graph data
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Tutorial 5

Influent Data & Influent Advisor

PROBLEM STATEMENT

You have some historical data related to the influent wastewater for your plant and it does not
resemble the default data presented in the GPS-X influent object forms. Unfortunately, a full
characterization of your influent wastewater has not been performed. Nevertheless, you need to
estimate the influent wastewater characterization so that the model can be used with an influent
that approximates your influent data.

OBJECTIVES

In this tutorial, you will investigate the influent models, the impact of the local biological model
on the influent calculations and the use of Influent Advisor as a tool to help characterize influent
data.

INFLUENT DATA

The following historical data have been gathered at your plant and represent average values for
your influent.

Table 5-1 — Average Historical Data

Measured Parameter Value Units
total COD 365 gCoD/m®
ammonia nitrogen 26 gN/m?3
total TKN 36 gN/m?®
total carbonaceous BOD5 190 gO,/m?®
filtered COD 68 gCOD/m?®
total suspended solids 210 g/m?3
volatile suspended solids 168 g/m?
filtered TKN 31 gN/m?
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Create a New Layout. Press the New button on the main toolbar.

Select a library. In this tutorial, we will be using the Comprehensive — Carbon,
Nitrogen, Phosphorus, pH (mantis2lib) library. Ifit isn’t already selected, choose it from
the Library menu.

Place an influent object on the drawing board. From the Influent group in the Process
Table, drag a Wastewater Influent object on the drawing board.

Save the layout as " tutorial-5".

Switch to Simulation Mode. We will be using a scenario to demonstrate the changes for
this case study.

Create a new scenario named Influent. This process is described in Tutorial 3 in the
Using Scenarios section.

Open the Influent Advisor tool. To do this, right-click on the influent object and select
Composition > Influent Characterization.

Models » |
Composition » Influent Characterization p
Flow »

Additional States
Output Variables »

Environmental Setting

-
Load Type Options
. Note... Operating Cost

Summary of Changes 7
Labels...

Figure 5-1 - Accessing Influent Advisor Tool

Adjust values under “User Inputs”. You’ll notice that under the “User Inputs” section
of the Influent Advisor tool are various values that you can change. From our list of data
in Table 5-1, only the first three values are immediately accessible.

Enter the values for total COD, total TKN and ammonia nitrogen.
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Influent Advisor - Library: mantis2lib - Influent Model: codstates - Biological Model: mantis2

User Inputs

Influent Composition

cod total COD gCoD/m3 365.0
tkn total TKMN gN/m3 36.0
tp total phosphorus gP/m3 10,0
Mitrogen Compounds

snh ammonia nitrogen gM/m3 26.0
snoi nitrite gM/m3 0.0
snoa nitrate gN/m3 0.0

Figure 5-2 — Adjusted Values

The entries are shown in green, indicating that these changes are part of the Influent
scenario you created earlier.

9. Check the remaining data in the table against their corresponding values in the
Influent Advisor. You will find the remaining variables in the right-most column
(Composite Variables).

The values reflect the new COD, TKN and ammonia input, but use the default influent
fractionation.

Note that the plant data differs from the calculated values displayed in the Influent
Advisor tool.

Table 5-2 - Plant Data vs Calculated Data

Parameter Plant Value Displayed Value
total COD 365 - gCoD/m?
ammonia nitrogen 26 - gN/m?3
total TKN 36 - gN/m®
total carbonaceous BOD5 190 188.2 gO2/m3
filtered COD 68 125.2 gCoD/m?
total suspended solids 210 185.3 g/m3
volatile suspended solids 168 139.0 g/md
filtered TKN 31 28.9 gN/m?3
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Clearly, the influent model calculations are inconsistent with the data for your plant indicating
that one or more of the default settings (i.e. composition data or stoichiometric fraction) are
inconsistent with your wastewater.

In the next section, we will investigate the steps required to reconcile these discrepancies.

USING INFLUENT ADVISOR

The Influent Advisor tool has been designed to make the characterization of the influent waste
stream as straightforward as possible. It would be possible to run a series of simulations (while
adjusting influent parameters on sliders and observing plotted outputs) to find the correct settings,
however this method would require setting up input controllers and output tables/graphs and
could be potentially time-consuming.

The Influent Advisor tool shows all input and output in an interactive way, allowing users to
determine which inputs affect each output, and to trace all dependencies. The window contains
three columns:

e User Inputs
e State Variables
e Composite Variables

We will now browse the various calculations and variables that make up our desired data.

10. Find the VSS variable in the Composite Variables column and click on the value. The
VSS row will be highlighted and if you scroll up and down the page, you will also notice
that several other rows have been highlighted in a lighter blue color. These are the
variables that are used to calculate the VSS value.

Right at the bottom of the tool (scroll down), the actual formula is displayed (see Figure
5-4). This formula corresponds to the formula used in GPS-X to calculate the value
clicked on, in this case vss.
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State Variables Composite Variables

= Soluble Gases Selected Varlable = Solids Variables

50 dissolved oxygen x total suspended solids g/m3 224.5
Vss

= Other Soluble Gases volatile suspended solids g/m3 1684
sh2 dissolved hydrogen gas gCOD/m3 0.0 xiss total inorganic suspended solids g/m3
sn2 dissolved dinitrogen gas gN/m3 18.0 ivt VSS/TSS ratio gV55/gTss 0.75
schd dissolved methane gCOD/m3 0.0 = Organic Variables
= Other Soluble Organic Variables scod soluble COD gCOD/m3 147.5
55 readily degradable soluble sybstrate al 00 m 88, cod total COD gCOD/m3 430.0
sac aceta_'fe USEd in Eauation sbod soluble cBOD3 g02/m3 90.3
spro propicnate bod total cBOD5 g02/m3 2218
smet methanol gCoD/m3 0.0 stbod soluble cnBODS g02/m3 2124
scol colloidal substrate gCOD/m3 40.0 ttbod total cnBODS g02/m3 386.9
si soluble inert material gCoD/m3 215 svfa volatile fatty acids g/m3 0.0
= Other Particulate Organic Compounds = Other Organic Variables
x5 slowly biodegradable substrate gCOD/m3 2266  xcod particulate COD gCOD/m3 2825
xbt poly-hydroxy alkanoates in PAQ gCoD/m3 00  xbod particulate cBODS g02/m3 1314
xu unbiodegradable cell products gCOD/m3 00  xtbod particulate cnBODS g02/m3 174.5
xi particulate inert material gCoD/m3 359  sbodu soluble ultimate cBOD g02/m3 108.7
= Nitrogen Variables xbodu particulate ultimate cBOD g02/m3 195.5
snh ammonia nitrogen gN/m3 250 bodu total ultimate cBOD g02/m3 304.2
Figure 5-3 — Influent Advisor showing Variable Relationships
Equation for: vss vss = xi/ (0.0+icodtovssxi)+xbh/ (0.0+icodtovssibh) +xbai/ (0.0+icodtovssxbai)+xbaa/ (0.0+icodtovsscbaa) +xbp/ (0.0+icodtovssxb| = Change selection by :

xbvss = xbh/(0.0+icodtovsscbh)+xbai/ (0.0+icodtovssxbai)+xbaa/ (0.0+icodtovssxbaa)+xbp/ (0.0+icodtovssxbp)+xbpro/ (0.0+ico
vss = xbvss+xi/ (0.0+icodtovssxi)+xu/ (0.0+icodtovssku)+xs/ (0.0+icodtovsss)+xbt/ (0.0+icodtovssxbt)+xns* 17.0,/14.0

4] | [+]

@ clicking on variable

] moving over variable

Figure 5-4 — Equation for VSS

Let’s proceed to adjust the influent parameters (fractions and/or concentrations) to reconcile the
model predictions with the measured values.

11. Note that the particulate VSS to TSS ratio is used in the calculation of TSS. Select
total suspended solids (x) from the Composite Variables table. This is one of several
important relationships that can be calculated from the existing data. For instance:

VSS:TSS ratio (ivt) = 168/210=0.8

12. Enter this value into the User Inputs column under the Influent Fractions sub-heading.
Note that doing this seemingly results in values further away from what you are looking
for. Further changes will be required.

13. Click on VSS to display the calculation formula. By continuing to click on the cells in
the formula, you should be able to determine that vss is a function of the Particulate
Organic Compounds, such as xi (particulate inert material), xu (unbiodegradable cell
products), and xs (slowly biodegradable substrate). The VSS is lower than our target,
meaning that we must distribute more of the influent COD to the particulate forms (and
less to the soluble forms).

14. Adjust the stoichiometric ratios in the Organic Fractions sub-heading to increase the
particulate COD concentrations. Try the following changes:
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o set readily biodegradable fraction of total COD to 0.15, and

e set colloidal fraction of slowly biodegradable COD to 0.05.

These changes force more of the COD into the xs (slowly biodegradable substrate) state

variable, which therefore increases VSS and TSS.

15. Lastly, adjust the soluble TKN (stkn) value under the Composite Variables >
Nitrogen Concentrations Headings. Click on the equation to determine the appropriate
input parameter(s) to adjust and make the necessary change(s). You may find that
adjusting the nitrogen variables causes the TSS to change. Make further adjustments to

the influent COD fractions to bring the TSS back to the target.

NOTE: In reality, you will characterize your influent and adjust these unknown
parameters based on the model behavior and how that model behavior relates to what
has been observed or measured at the plant. Each wastewater is different, and each will
require some adjustment of these parameters to get a characterization that results in
model behavior that is consistent with your plant behavior.

An example of one possible solution to the influent characterization is shown in Figure 5-5 and

Table 5-3 below.

User Inputs

= Influent Composition

cod
tkn

tp

total COD gCoD/m3
total TKN ghN/m3
total phosp... gP/m3

= Nitrogen Compounds

snh
snoi

snoa

ammonia n... gh/m3
nitrite gh/m3
nitrate gh/m3

= Phosphorus Compounds

sp
xpp

ortho-phos... gP/m3
stored poly.. gP/m3

= Influent Fractions

ivsstotss

VSS/TSS ratio  gVS5/gTsS

= Organic Fractions

frsi
frss
frxi

frscol

soluble iner.., -
readily biod... -
particulate i... -

colloidal fra... -

= Nitrogen Fractions

frsnh
insi

ini

ammonium... -
gN/gCoD
gN/gCoD

N content o...
N content o...

Figure 5-5 - User Inputs

365.0

36.0
10.0

26.0
0.0
0.0

8.0
0.0

0.8

0.02
0.15
0.13
0.03

0.85
0.05
0.05

GPS-X Tutorial Manual



Tutorial 5 - Influent Data & Influent Advisor 67

Table 5-3 - Plant Data vs Entered Data with Calculated Results

total COD 365 365 - gCOD/m?
ammonia nitrogen 26 26 - gN/m?
total TKN 36 36 - gN/m?
total carbonaceous BOD5 190 - 188.5 gO/m?®
filtered COD 68 - 69.7 gCOD/m?®
total suspended solids 210 - 209.7 g/m?
volatile suspended solids 168 - 167.7 g/m?3
filtered TKN 31 - 30.6 gN/m?
VSS/TSS ratio - 0.8 - gVSS/gTSS
soluble inert fraction of total COD - 0.02 - -
readily biodegradable fraction of total COD - 0.15 = =
colloidal fraction of slowly biodegradable COD - 0.03 - -
ammonium fraction of soluble TKN - 0.85 = =

INFLUENT ADVISOR WARNINGS

Strictly as an exercise to demonstrate a point, you will now change the influent characterization
so that a warning message is generated due to an improperly characterized influent.

16. Change the total TKN value (tkn) to 15 mgN/L and hit ‘Enter’.

State Variables Composite Variables

+ Soluble Gases + Solids Variables

+ Other Soluble Gases + Organic Variables

+ Other Soluble Organic Variables + Other Organic Variables

+ Other Particulate Organic Compounds = Nitrogen Variables

+ Nitrogen Variables snox nitrite and nitrate gN/m3 0.0
= Other Nitrogen Variables tkn total TKN gN/m3 15.0
snd soluble organic nitrogen gN/m3 1.98 tn total nitrogen gN/m3 15.0
xns nitrogen in slowly biodegradable substr... gN/m3 -16.3 tninert total inert organic nitrogen gN/m3 3.29
= Phosphorus Variables + Other Nitrogen Variables

sp ortho-phosphate gP/m3 80 - Phosphorus Variables

Figure 5-6 - An Example of an Error in the Influent Advisor
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You will notice that some state and composite variables have been highlighted in red. If a
value in a collapsed menu is highlighted, that menu’s title will be highlighted red. This
indicates a negative value. These negative values can sometimes be the result of unusual
or poor characterization data. Negative influent concentrations can cause mass balance
errors and convergence problems, so these values must be addressed before proceeding
with a simulation.

Note that if you attempt to Accept an improperly characterized influent, a pop up will be
generated to warn you that the input values have resulted in negative state or composite
variables and you will be unable to accept the characterization until this value has be
addressed.

DYNAMIC DATA VALIDATION

The Dynamic Data Validation tool is used to validate a dynamic input data set prior to
using it to run a dynamic simulation. The tool will take the input data and preform influent
characterization calculations at each time step in the data set, identifying any negative
values.

17. Access the Dynamic Data Validation Tool. The Dynamic Data Validation tool can be
LV found in the toolbar at the bottom of the Influent Advisor tool window.

Q B Yy ﬁg Setvaluesto:| Raw F‘rimar}r.

Figure 5-7 - Influent Advisor Toolbar

18. The Dynamic Data Validation Tool window will open and you will be required to add a
pathway to both an input and an output data file.

There are two methods in which you can prepare the input file:

A. Manually prepare the spreadsheet outside of GPS-X and adding it directly to the
Dynamic Data Validation Tool using the Browse button (Best used for multiple
variables). Refer to Tutorial 6 for instructions on manually preparing
spreadsheets.

B. Use the Create Template tool in GPS-X to automatically prepare the file (best for
single variables).

This tutorial will focus on Method B.
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‘E} Dynamic Data Validation prd

What is this?

This tool allows you to validate dynamic input data prior to running
a dynamic simulation.

It will read your dynamic input (time series) data file and perform
the influent characterization calculations at each timestep.

The output is an Excel file with the resultant state and composite
variables that are calculated from the inputs at each timestep.
Negative values (which would show up as red in the influent
characterization tool) will be highlighted with a red background in
the output Excel spreadsheet.

For more information, refer to the User's Guide.

Dynamic Data Validation

Input File: Browse ‘ Create Template

Output File: Browse

Close |

Figure 5-8 - Dynamic Data Validation Window

19. Press the Create Template button.

69

20. Select the Parameters. GPS-X will prompt you to select the parameters you would like to
include in the dynamic data validation.

Select the following parameters:

cod / total COD
tkn / total TKN

snh / Ammonia Nitrogen
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! Create Template x

Selection

Select the parameters to include in the template

[v| cod / total COD I~
[w! tkn / total TKN —
[] tp / total phosphorus
[v| snh / ammonia nitrogen
L] snoi / nitrite

[] snoa / nitrate

[ sp / ortho-phosphate ||

Accept Cancel

Figure 5-9 - Dynamic Data Validation Parameter Selection

21. Save the file by pressing Accept. You will be prompted to save the Excel spreadsheet in
the active directory using the same name as the layout. Press Save.

22. Open the file. GPS-X will prompt you to open the newly created spreadsheet. Press Yes.

A B C D
10t codcon? [tkncon1  |snhcont
2 |d gCOD/m3 |gh/m3 gh/m3
3
4
5
6
7
8
9
10
"

Figure 5-10 - Excel Spreadsheet Generated by GPS-X

23. Enter the data found in Table 5-4 into the Input File. The bold red values in the table

correspond to the poorly characterized values that will cause influent advisor to calculate a
negative value.
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Table 5-4 - Data for Dynamic Data Validation

t codconl tkncodl snhcodl
d gCOD/m3 gN/m3 gN/m3

0 370 36 25

1 375 36 40

2 374 37 25

3 376 38 26

4 373 40 29

5 378 42 28

6 380 15 28

24. Save the changes made to the Excel Spreadsheet.

25. Create an Output File. Press the Browse button next to the Output File entry field. You
will be prompted to create an output file in the current working directory. Press Save.

26. Press Validate Data.

27. The results of the data validation will be recorded in the output file. After validating the
data, GPS-X will prompt you to open the output file. Press Yes.

28. The Output File of the Dynamic Data Validation can be seen in Figure 5-11.

C D E F G H | J K L M N (9] P Q R S T u v

W

S0 sh2. sn2 sch4 S sac spro smet scol si xs xbt xu xi snh snoi 'snoa snd xns sp Xps. Xpp

g02/m3  |gCOD/m3 |gN/m3 .gCOD/m3 |gCOD/m3 |gCOD/m3 |gCOD/m3 |gCOD/m3 | gCOD/m3 |gCOD/m3 |gCOD/m3 |gCOD/m3 |gCOD/m3 |gCOD/m3 |gN/m3 gN/m3 gN/m3 gN/m3 gleS gP/m3 gP/m3
0| 0 0| 18 0| 74 0 0| 0| 34 41 185 194.99 0 0| 481 25 0| 0] 1.852778| 5817222 8| 1.334 0|
1 0 0| 18 0| 75| 0 0| 0| 34875 18.75| 197.625 0 (] 48.75| 40 (] 0] 3.506944 8| 1.325 0|
2 0 0| 18 0| 748 0 0| 0] 34782 18.7| 197.098 0 ] 48.62 25 ] 0| 1.842778| 6.791222 8| 1.3268| 0|
3 0 0| 18 0| 752 0 0| 0| 34968 18.8| 198.152 0 ] 4888 26 ] 0] 1.948889| 6667111 8| 1.3232 0|
4 0 0| 18 0| 746 0 0| 0| 34689 18.65| 196.571 0 ] 48.49 29 ] 0| 2.289722| 5353278 8| 1.3286 0|
5 0 0| 18 0| 756 0 0| 0] 35154 189| 199206 0 ] 4914 28 ] 0] 2.166111) 8.431889 8| 1.3196 0|
6 0 0 18] 0 76 0 0 o 3534 19] 200 26| 0 0 494 28 0 0 2 161111 | NGISEEN 8| 1316 0

Figure 5-11 - Output of the Dynamic Data Validation

Notice that row(s) 4 and 9 are highlighted yellow and contain cells that have been
highlighted with a red background. The yellow rows indicate that the influent conditions
used at this time step results in a negative value being calculated in the influent
characterization. The red cells indicate the negative values calculated in the influent
characterization
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Tutorial 6

Data Input & Output

PROBLEM STATEMENT

You are interested in testing your plant under more dynamic or stressful conditions such as a
storm. Unfortunately, you do not have access to real storm flow data. Therefore, you will
generate a simulated storm loading to your plant and then input this data as a driving function for
the model. You will investigate the effect of step feed during the storm.

Interactive controllers provide an easy-to-use method for exploring the dynamic response of the
model. However, in most modeling projects, it is desirable if not essential to input real forcing
functions to examine how the model behaves under real conditions. The forcing functions can be
flows or influent concentrations, or any other model parameter, but are always in the form of time
dynamic data; that is, variable values over time. A typical set of time dynamic data would be the
influent flow rate to the plant over a period of time. GPS-X facilitates the input of this data so that
the model will be tested against real conditions.

OBJECTIVES

This chapter covers an important and useful feature of GPS-X:

e Using a data file as an input to control simulations
SETTING UP DYNAMIC INPUT

1. Open the layout built in Tutorial 2 and save itas " tutorial-6’ using File > Save
As...

2. Switch to Simulation Mode.

3. Create Input Controllers. More information regarding input controllers is presented in
Tutorial 2. Right-click on the influent and select Composition > Influent
Characterization to bring up the Influent Advisor tool.

The Influent Advisor will take up most, if not all, of the room on the main window.
Click the little right arrow (see Figure 6-1) between the “User Inputs” column and “State
Variables” column to shrink the window and hide everything except the “User Inputs”
column.
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Influent Advisor - Library: mantis2lib - Influent Model: codstates - Biological Model: mantis2

User Inputs ; State Variables
= Influent Composition ‘ M I‘ Soluble Gases
cod total COD gCOD/m3 s0

tkn total TKN gN/m3 + Other Soluble

Figure 6-1 — Shrink Influent Advisor

Now that you have room, drag total COD, total TKN and ammonia nitrogen to the
controls section to create interactive sliders.

( Flow Control |
[wwinf] influent flow m3/d UD_| oo 2
[wwinf] total COD gcon/mz == o 9
[wwinf] total TKN gN/m3 Dﬂ—| e
[wwinf] ammenia nitrogen gh/m3 Uuq ]25'0 5

Figure 6-2 — New Input Controllers

The next step is setting up the data in files to be read by GPS-X during a simulation. There are
two different ways that data files can be prepared for the file input controllers:

A. Manually preparing spreadsheets outside of GPS-X (best used for preparing data for

multiple variables) and adding the data file to the layout in Scenario > Configuration.
or

Using the Data File... tool in the GPS-X to automatically prepare the file (best used for
preparing data for a single variable).

This tutorial will use both methods to illustrate their use.

Method A: Manually Preparing a Spreadsheet Input File

%4.

To open the Data File organizer window, press the Data File button on the main toolbar
in GPS-X.

Press the New button to open the Data File Creation Wizard.

Ensure Input Variable is selected in the ‘Input or Output’ pane of the Data File Creation
Wizard. Press Next.
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Steps

2} New Data File Creation X

1. Input or Qutput
2. Variable Choice

3. File Selection

1. Input or Qutput
Data File Content Type

@ Input Variables
i} Qutput Variables

Description

Input data will be used to change the input controllers during the simulation.
Cutput data will be displayed on the graphs so that a comparizon can be made
between real and simulated data.

| Mext > ‘ Finich ‘ Cancel

Figure 6-3 — Data File Creation Wizard

6. Select the Variables. All of the input variables that are currently used to make an input
controller will be available to add to a data file.

From the Flow control tab, select [wwinf] influent flow, [wwinf] total COD, [wwinf]
total TKN and [wwinf] ammonia nitrogen. Press Next.

=} New Data File Creation
Steps
1. Input or Qutput
2. Variable Choice

3. File Selection

X
2. Variable Choice
Input Variables Options Current Selection
Include: [wwinf] influent flow
E-Flow Control [wwinf] total COD
; [wwinf] influent flow [Wwf”f] total TKN )
[wwinf] total COD [wwinf] ammania nitrogen
[wwinf] total TKN
[wwinf] ammonia nitrogen
Description
Choose the variables that you would like to indude in the data file.
< Back ‘ Mext » ‘ Finish ‘ Cancel

Figure 6-4 - Input Variable Selection

7. Save the File. By default, GPS-X will save the excel sheet in the active directory with the
same name as the layout. Press Finish.
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3} Mew Data File Creation *
Steps 3. File Selection
1. Input or Qutput
2. Variable Choice
3. File Selection
File name: |\ TutorialLayouts\ Tutorial B\tutorial6xls
Description
Choose a file location and name for the data file.
? < Back ‘ ‘ Finish ‘ Cancel

Figure 6-5 - Save New Data File

8. Open the file. You will be prompted to open the new file after saving it. Press Yes.

A B g D E
t geconwwinf codconwwinf tknconwwinf snhconwwinf
d m3/d gCOD/m3 gN/m3 gh/m3

o= W b =

Figure 6-6 - Input Data File Generated by GPS-X

We have created a version of this data file that has already been populated with data to use for
this portion of the tutorial. Locate and open the tutorial-6-example-data.xls spreadsheet file in
the following subdirectory of the GPS-X installation:

\layouts\08tutorials\

GPS-X Tutorial Manual



[= N

M S IS = =% | =2 | =% | =% | =% | =% | =% | =% | =
R S D oo B o e G R

Figure 6-7 — Contents of “tutorial-4-example-data.xls”

0
0.25
045
0.75
1
1.26
1.5
1.75
2
2.25
246
276
3
3.25
35
3.75
4
426
4.5
475
5

B C
gconwwinf codconwwinf
ma/d gCOD/m3

2000 370
2000 375
2000 374
2000 376
2000 380
2000 378
2000 380
2180 390
2470 400
2920 415
3090 424
3290 421
3370 403
3700 397
3910 387
4120 Ja4
4320 3T
4650 370
4380 JG8
2020 370
5050 372
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D
tknconwwinf
ghlfm3

36
36
36
36
38
40
42
38
38
34
3
29
25
24
23
21
23
25
26
29
33

E

snhconwwinf

ghlim3

25
25
25
26
29
28
28
30
29
26
24
20
19
18
17
16
17.5
18
21
22
24

We will use the data found in this file as our dynamic dataset. It is a typical set of influent input
data that you might use to simulate a change in influent loading over time.

The first column is labeled “t” for time, and is in the units of days “d.”

The remaining columns contain data for each of the parameters being read from the file. The
names at the head of each column are the “cryptic variable name” (which is the internal “short
form” variable name within GPS-X calculations) for each variable. These names are specific to
the layout you have created and are different for each variable and object within the layout.

9. Verify that the cryptic names in the data file are the same as the variables for the input
controllers. The simplest way to do this is to look at the tooltip that pops up when you
hover the mouse cursor over the controller’s label as shown in Figure 6-8.

I Flow Control

[wwinf] influent flow

[wwinf] total C%J

[wwinf] ammonia nitrogen

gCOD/m3

[wwinf] total Tk.total COD / codconwwinf gN/m3

q

[]]

120000

[+]+]

19000

[]]

g O 00O

[]]

Figure 6-8 — Viewing the Cryptic Name via Tooltip

The cryptic variable names for the four variables used in this tutorial are:
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gconwwinf — influent flow
codconwwinf —total COD
tknconwwinf —total TKN
snhconwwinf —ammonia nitrogen

If the variables you are interested in are not currently on an input controller, you can
quickly find the cryptic variable name by using the GPS-X find functionality. You can
access the find function by going to Edit > Find on the main tool bar or using CTRL-F.

This will open the Find pop-up window. In the ‘Find Input/Output Variable’ pane of the
find window there is an input box with a toggle for Keyword and Cryptic beneath it.

If you need to find a cryptic variable name and you know part of its plain English
variable name, type it in the entry field and select, for example ‘total COD’. Ensure the
keyword option is selected and press find. This will find and display every variable in the
model that contains the keywords ‘total COD’. The matching variables will be grouped
by the object they are associated with. The stream associated with the variable will be
given in front of the variable name.

& Find x
Find Stream Label

Select label to highlight the process: H

Find Input/Qutput Variable

Find: |total COD | | Find |
® Keyword () Cryptic

Filter : |AII v| Input Output

Influent —]

Input Variables
[wwinf] tatal COD 3
&

[wwinf] soluble inert fraction of total COD

-

Close

Figure 6-9 - Finding all Instances of total COD in the Model

If a variable is related to a stream number/name that you do not recognize, use the ‘Select
label to highlight the process’ drop down menu in the ‘Find Stream Label” pane to select
the stream. This will highlight the object that the stream initiates from on the layout. For
example, selecting the stream ‘mlss’ from the drop down menu will highlight the
Aeration tank.
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Influent

Agration Tank Final Clarifier Effluent

Figure 6-10 - Using the Find Stream Label Functionality to Identify where the miss Stream

&

10.

Originates

After identifying the variable of interest under the influent > Input Variables
headings you can click on the Go to location button to the right of the variable to be
taken to the window where this variable is defined. Hovering the cursor over the
variable name will cause a tooltip containing the cryptic variable name to appear.

Alternatively, if you are given a cryptic variable name by a GPS-X output, the
corresponding plain English variable name can be identified using the find functionality.
For example, after opening the find window, select the cryptic option and enter the
cryptic variable name codconwwinf in the find field. Pressing the Find button will

present you with input and output variable which have a cryptic name containing
codconwwinf.

Note that “wwinf” in the cryptic variable name above comes from the label for the
influent stream (eg. if you had labeled the influent stream as “1”, the cryptic name for
influent flow will show up as “qconl1”).

Access the Configuration window. Click on the Scenario menu on the Simulation
Toolbar and select Scenario > Configuration/Data Files... > Data Files.

Scenario ~

Select Scenario »
Configuration / Data Files... [
New... Alt-N

Figure 6-11 - Accessing Scenario > Configuration/ Data Files...

Access the list of current data files. The configuration window will show all the
scenarios available (in this case it should just be the Base Model). Data files can be added
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to a specific scenario if desired by selecting it before pressing the Data Files button.
Make sure Base Model is selected and press the Data Files button.

| q-:— ’: gu - Z':—:-.'- := x

How to Configure Scenarios
You can view and organize various details with the features in this window.

"Data Files" allows you to easily browse, manage, and edit the files that are used to
input and display data for the selected scenaric.

“Compare" allows you to view the differences between scenarios. Use 'Ctrl+Click'
| or 'Alt+Click’ to select multiple scenarios.

"Delete” allows you to remove unwanted scenarios.

"Up/Down" allows you to reorder the scenarios.

| For more information, refer to the User's Guide.

| Configuration
Base Model Data Files

a | Up
IZ] Down

Close |

Figure 6-12 — Scenario Configuration showing Data Files button

11. Add the data file. The Data Files window shows all of the files that this scenario is
currently using. At this point, there won’t be any files displayed. To add the Excel file
prepared above, press the Add button and browse to the appropriate location and select
the tutorial-6-example-data.xls file.

3} Data Files X

Data File Organization

Below is a listing of all of the files that are used in this scenario as either input data or
data to be displayed on the output graphs. You can add or remove these files from
this scenario. You are also able to edit the file, but be aware that if it is a file that is
used in multiple scenarios it will change the information for all of them.

To create a new file for this scenario, go to the appropriate control or cutput graphs
settings to access the file creation tool there,

For more information, refer to the User's Guide.
Data Files

Scenario : Base Model

[= Dtutorials

----- 0 tutorial-G-example-data.xls

d

-
a = =
<] o 2
H

Accept ‘ Cancel ‘
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Figure 6-13 — Adding File to Scenario

12. Accept the changes and close the Scenario Configuration window. Notice that the
interactive slider for the inputs have automatically changed to file input controls that
cannot be directly edited. The values are now being read in from the file.

| Flow Control
[wwinf] influent flow 2000.0 | m3/d m— lzcmﬂl
[wwinf] total COD 380.0| gCOD/m3 D.D_ 1g;UDI
[wwinf] total TKN 35.0| gN/ms3 - —
[wwinf] ammaonia nitrogen 25.0| gN/m3 |j_0_ 12513|

Figure 6-14 — Controllers Changed to File Input

13. Run a 5-day simulation with Steady-State click ON. As the simulation proceeds, the
values of the influent flow and concentration will change in the input controller. The
model responds dynamically to the changing input, as shown in the increasing effluent
solids.

Method B: Using the GPS-X Data File Tool

The above methodology is useful for simulations where data for many parameters are being read
in simultaneously, and it is easy to assemble that data externally in a spreadsheet.

There is another option that is useful for simple simulations where just one or two parameters are
being read from a file, and you want to input those values directly into GPS-X. For this situation,
you can use the Data File Tool.

14. Create another Input Controller. Right-click on an open spot in the layout
background, and select System > Input Parameters > Physical Environment Settings.
Drag liquid temperature to a new input tab (i.e. drop it in a blank area beside the current
tab’s label). This will create a new slider controller on a new tab.

15. Rename the tab to “Temperature”.

16. Access the Data File tool for this input. Right-click on controller’s label (liquid
temperature) and select the Data File... option. A new window will be displayed.
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liquid temperature 220l

Remove Input Control

Copy Cryptic Name to Clipboard

1100

Figure 6-15 — Accessing Data File Tool

17. Enter the data from Table 6-1. Select a cell in the table and type the value. Using the

tab key, you can move to the next cell.

Table 6-1 - Data for Liquid Temperature Controller

t[d] temp [C]

1 17
2 18
3 20
4 22
5 24
3} Data File X
File:|——newdataﬁle—— |
BE EE
tid] | temp [C] |
1 17 =
2 18 E
3 20
4 22
3 24
Accept Cancel

Figure 6-16 — Data File Tool with Values

18. Save the data by pressing Accept. You will be prompted to save the file. The default
location is the same directory as the layout file and the default name is the layout’s name
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with the cryptic name of the variable concatenated to it. These defaults are usually
appropriate, so click Save to save the file.

Notice that the interactive slider for the liquid temperature input has automatically
changed into a file input control bar and is no longer able to be manually adjusted.

19. Run a 5-day simulation with Steady-State clicked ON. As the model is simulated, the
value of influent flow, concentrations and temperature will change in the input controller.

PLOTTING MEASURED DATA ALONG WITH SIMULATED RESULTS

The previous section described the method for importing input data to the simulation file. In this
section, the method for importing and displaying the measured output data onto a graph alongside
simulated results will be introduced. This is convenient for comparing the measured value from a
plant with the simulated results given in GPS-X. It also makes it easier to calibrate and optimize
the process (see Tutorial 10 for details regarding optimization).

20. Create a spreadsheet file with example measured data. The table below is an example
of the observed total suspended solids data for the final effluent from our example plant.
Create a data file with this information and save it in the same directory as the layout file.

Table 6-2 — Measured Data

d mg/L
0 12
1 11.8
2 13.7
3 18
4 25
5 28
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Figure 6-17 - Excel Spreadsheet with Values

The cryptic variable name for the total suspended solids in the final effluent (xfel) can be
found by right-clicking on the output graph created in Tutorial 2 and selecting Output
Graph Properties... from the drop-down menu. Hold the mouse cursor over the variable
label and a tooltip will appear with the label/cryptic information as shown in Figure
6-18. This should correspond to the name on the first row of the spreadsheet file.

Output Graph Properties...
Display Properties

Title [influent Flow and Effluent T5S

Qutput Graph Type ‘X—Y -

[] Autoscale

Variable Properties

Display Item Unit Min @ Max T Color Save Data Points
% [wwinf] flow Im3/d ~| |00 0000 | W [
® [fel] total suspende&solids |mgIL " |0-0 | (500 | | ] |N0ne "|

[total suspended solids / xfel .|

Accept ‘ Cancel ‘

Figure 6-18 — Tooltip showing Cryptic Variable Name

21. Add the data file. Following the same procedure as the last section where we added an
input data file to the layout, access Scenario > Configuration/Data Files... > Data Files
and add this new file to the layout.

22. Run a 5-day simulation with Steady-State clicked ON. The data points from the
measured data is shown as diamond-shaped points on the graph, as shown in Figure
6-19.
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Influent Flow and Effluent TSS =

Influent Flow and Effluent TSS

\_\}f\f

0.0 10 20 30 40 50
Time [days]

o =]
=] o
o -

40.0
8.0

6.0

30.0

al suspended solids [mgl]

0.0

4.0

[wwinf] flow [m3id] *104 3

Ife “t

10.0
2.0

0.0
0.0

Figure 6-19 — Graph showing Measured Data Points
STATISTICAL ANALYSIS OF THE MODELS PERFORMANCE

A statistical analysis can then be conducted within GPS-X to test the model’s ability to reproduce
the observed data. Statistical Analysis can only be preformed on X-Y timeseries output plots that
have data points displayed on the plot.

23. Run a 5 Day Simulation.

24. Open the Statistics Menu. Right click anywhere on the graph and select the statistics >
[fel] total suspended solids option.
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Influent Flow and Effluent TSS ¥
s o Influent Flow and Effluent TSS
[=1 [=]
o —
= =
= =
=
=
E |m
wold
% 2 ? = Output Graph Properties...
= 1
i: ﬁ Output Graph Type ]
2 E
E g Rename Cutput Graph...
& = Delete Output Graph
no ED
IR
g g Statistics [wwinf] flow
E" [fel] total suspended solids
= Copy Image to Clipboard :
Copy Data to Clipboard
= =} yi
= [
L=} o
=1 [=1
0.0 1.0 2.0 30 40 5.0
Time [days]

Figure 6-20 — Accessing the Statistics Menu for Total Suspended Solids

25. Select the Statistical Analysis. The statistics option will provide you with a variety of
Model Fit and Residual Analysis that can be conducted.

From the Model Fit Evaluation section of the menu, select:
e Plot of simulated vs measured
e Table of goodness-of-fit residuals

From the Residuals Analysis section under the plot against measured values heading,
select:

e Residuals

Note: The measured data section of the statistical analysis allows you to specify the
method in which the data has been collected. The Grab Data option assumes that the data
represented on the plot was collected at that specific point in time. For more details on
the measured data types available, refer to the Technical Reference manual.
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Statistics: [fe1] total suspended solids xfel

Maodel Fit Evaluation
plot of simulated vs measured
table of goodness-of-fit statistics

[[] histogram of standardized residuals

Residual Analysis

plot against measured values
residuals

[[] absolute residuals
[[] square residuals
[ relative residuals
[[] absolute relative residuals
[ square relative residuals

[] standardized residuals

Measured Data Type

plot against time

[] residuals

[] absolute residuals

[[] square residuals

[] relative residuals

[[] absolute relative residuals
[ square relative residuals

[] standardized residuals

sample type |grab sample

Accept ‘ Cancel ‘

Figure 6-21 — Selecting the Statistical Analysis to be Preformed on the Model

Note: For full details on the calculation of all the statistical analysis available in GPS-X, refer

to the Technical Reference manual.

26. Press Accept. GPS-X will automatically produce the selected plots on the current output
tab. Press the Auto Arrange button on the Output toolbar to view all of the plots.

Using the data presented in the output plots, you can judge the ability of your model to
represent data collected from your plant. If you are not satisfied with the statistical
analysis, further manipulation to influent advisor and your object settings may be
required. You can use input controllers to fine tune your model within Simulation Mode.
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Influent Flow and Effluent TSS ﬂ' Predicted vs. M I: [fe1] total suspended solids xfel ﬂ'

Influent Flow and Effluent TSS 32

=]
o

50.0

o
o

40.0

P
w
[

o
o

30.0
Predicted

183

3 T
) —ﬁ_’_ 144

a
[=]

200
pawinf] flow [m3/d] *10* 3

ffe1] total suspended salids [mgil]

10.0

n 15 19 23 27 3

0.0

0.0 1.0 2.0 a0 40 5.0 Measured [mg/L]
Time [days]
Error Calculations: [fe1] total suspended solids xfe1l ﬂ' Residual vs. Data: [fe1] total suspended solids xfel d‘
Statistical Measures Value 15

Mean of Residuals 0.20132 °
Mean of Absolute Residuals 0.78604 0.02 =
Mean of Squared Residuals 0.79001
Mean of Relative Residuals 0.016359 é o4 o
Mean of Absolute Relative Residuals 0.042486 % °
Mean of Squared Relative Residuals 0.0022239 m e
Absolute Maximum Residual 13713 oss
Root of Mean Squared Residuals 0.88883 o
Sum of Relative Residuals 0.011133 14 °
Sum of Absolute Relative Residuals 0.043468 1 15 18 23 27 3
Theil's Inequality Coefficient 0.0021507 Measured [mg/L]

Figure 6-22 — Results of the Total Suspended Solids Statistical Analysis

CREATING A BAR CHART FOR STEADY-STATE CONDITION

The measured data of distributions within a unit can also be plotted along with the simulated
result as a bar chart. The methodology for doing so is similar to the previous section.

27. Create a new blank output tab by clicking on the New Graph Tab button on the output
toolbar.

28. Create a new graph. For this example, we will use the variable for readily degradable
soluble substrate in reactors within the plug-flow tank. Right-click on the plug-flow
tank and select Output Variables > Concentrations in Reactors form and within the sub-
heading Organic Variables select the More... form. Drag the “readily degradable
soluble substrate in reactors” variable under the Soluble Organic Compounds sub-
heading to the new tab area. Since it is an array of values, the default graph type is a bar
chart.
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29. To open the Data File organizer window, press the Data File button on the main toolbar
in GPS-X.

30. Press the New button to open the Data File Creation Wizard.

31. Select Output Variables in the ‘Input or Output’ pane of the Data File Creation Wizard.
Press Next.

5 New Data File Creation X
Steps 1. Input or Qutput
1. Input or Qutput Data File Content Type

2. Variable Choice ) Input Variables

3. File Selection @ Output Variables

Description

Input data will be used to change the input controllers during the simulation.
Output data will be displayed on the graphs so that a comparison can be
made between real and simulated data.

’? ‘ Mext > ‘ ‘ Cancel

.

Figure 6-23 - Select Output Variables in the Data File Creation Wizard

32. Select the Variables. All of the output variables that are currently on an output graph
will be available to add to a data file.

Select the following variables:

e [miss(1)] readily degradable soluble substrate in reactors

e [miss(2)] readily degradable soluble substrate in reactors

e [miss(3)] readily degradable soluble substrate in reactors

e [miss(4)] readily degradable soluble substrate in reactors
Or simply select:

e [mlss] readily degradable soluble substrate in reactors

Note the brackets containing numbers beside the cryptic variable name. This represents
the reactor number within the aeration tank. The default number of reactors is four.

Press Next.
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&} New Data File Creation *
Steps 2. Variable Choice
1. Input or Qutput Qutput Variables Options Current Selection
2. Variable Choice Include: [mlss(1]] readily degradable soluble substrate in
[miss(2)] readily degradable soluble substrate in
3. File Selection
[wwinf] flow [miss(3)] readily degradable soluble substrate in
[fe1] total suspended solids [mlss(4)] readily degradable soluble substrate in
[fel] total suspended solids in layers
B [mlss] readily degradable soluble substrate in reactors
v [mlss(1)] readily degradable soluble substrate in reactors
[mlss(2)] readily degradable soluble substrate in reactors
- [mlss(3)] readily degradable soluble substrate in reactors
o] [mlss(4)] readily degradable soluble substrate in reactors
1 S I »
Description
Choose the variables that you would like to indude in the data file.
? < Back | Next > ‘ Finish | Cancel ‘

Figure 6-24 - Select the Output Variables to be Included in the Data File

33. Press Finish to save the File. When prompted to open the new Excel sheet press Yes.

A B C D E

ssimiss(1) ssimlss(2) ssimlss(3) ssimiss(4)
mgCOD/L mgCOD/L mgCOD/L mgCOD/L

ok W R =
o —

Figure 6-25 - Output Variable Data File Created by Data File Creation Wizard

34. Use the data in the table below to populate the Data File. Save the Excel Sheet.

Table 6-3 — Measured Data for Aeration Tank

t sslmlss (1) sslmlss (2) sslmlss (3) sslmlss (4)
d mgCOD/L mgCOD/L mgCOD/L mgCOD/L

0 2.8 1.68 1.21 0.88

35. Add the data file. Following the same procedure as the previous section where we
added an input data file to the layout, access Scenario > Configuration / Data Files and
add this new file to the layout.

36. Autoscale the Bar Chart. Press the ‘Output Properties’ button on the Outputs toolbar
and select the Autoscale feature for the Bar Chart.
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Output Graph Properties...

Display Properties

Qutput: 3

Title

Output Graph Type,

Autoscale

Variable Properties

[m]

Color Save Data Points

mgCOD/L

[miss] readily degradable soluble substrate in reactors

Display Item

Cancel

Accept

Autoscale the Bar Chart
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38. Save the layout.
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Tutorial 7

Using Automatic Controllers

PROBLEM STATEMENT

Automatic process control is well established in many applications ranging from large refineries
using multivariate model-based control to climate control of buildings using simple on/off
control. Wastewater treatment plants are no exception. The implementation of even basic
automatic control should improve performance and save money. In GPS-X, the user can simulate
the effects of automatic process control.

To improve and stabilize operation, as well as realize energy savings, you decide to implement
MLSS and dissolved oxygen control. You will do this by incorporating MLSS and DO
controllers into your system.

OBJECTIVES

This tutorial will show you how to set up a dissolved oxygen controller that automatically
changes the aeration rate to meet the dissolved oxygen set point.

This tutorial also will show you how to set up an MLSS controller to automatically adjust the
biosolids wastage rate to meet the specified MLSS set point.

USING AN AUTOMATIC DO CONTROLLER

1. Open the layout completed in Tutorial 2 and save itas " tutorial-7".

2. Check that the DO Controller is activated. By default, the aeration tank is set up to
use a DO controller, but we will just confirm that it is selected. Within the Simulation
mode for the Aeration Tank go to Input Parameters > Operational and in the Aeration
Setup section, the specify oxygen transfer by... variable should be set to Using a DO
Controller. Ifitisn’t, switch to modelling mode, change the value and come back to
simulation mode.
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Operational --SIMULATION IS LOADED-- B4
Aeration Setup q
[mlss] aeration method _ = v .
[miss] specify oxygen transfer by... t v ‘
More...
Diffused Aeration
[miss] distribution of air flow to aeration tank (. = - .
More...
Mechanical (Surface Aeration) | |
- = =
Accept Cancel

Figure 7-1 — Check that DO Controller is On

3. Create new input controls. On a new input tab, you will create sliders for two of the
DO setpoints. The setpoints can be accessed from the aeration tank’s Input Parameters
> Operational form under the Aeration Control section.

Click the ellipsis button (...) beside the DO setpoint label to access the individual array
elements.

Drag the first and last DO setpoint array elements to the input control tab to create the

sliders.

Flow Control I DO Setpoints |

[miss(1)] DO setpaint —a = D
[miss(4)] DO setpaint —a = D

Figure 7-2 — DO Setpoint Input Controllers

4. Create a new output graph. You will be adding the dissolved oxygen concentration in
the first and fourth reactors of the plug-flow tank and the effluent ammonia nitrogen.

Right-click on the aeration tank and select the Output Variables > Concentrations.
Beside the dissolved oxygen in reactors label click the ellipsis button (...) to access the
individual array elements. Drag the first and last elements to a new graph (both elements
are to be contained in the same graph).
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Right-click on the aeration tank’s effluent stream (not the tank itself). Select Output
Variables > Concentrations and drag ammonia nitrogen (under the Nitrogen
Compounds section) to the graph.

5. Edit the graph settings. Change the max value of the y-axis to 10 (the same as the DO
setpoint slider limit) and give the graph a proper title.

6. Auto Arrange the graphs.
7. Save the layout.

8. Run some 20 day simulations, varying the influent flowrate and the DO setpoints.

USING AN AUTOMATIC MLSS CONTROLLER

Now we are going to add an MLSS controller to the layout to automatically adjust the biosolids
wastage rate to meet the specified MLSS set point.

Setting up an Automatic MLSS Controller

9. Switch to Modelling Mode.

10. Locate the control variable. This will be the MLSS in the aeration tanks’s effluent
stream. We will need to discover the cryptic name (ie. the internal “short form” variable
name within GPS-X calculations) of this variable so that we can identify this variable
later.

Right-click on the aeration tank’s effluent stream (not the tank itself) and select Output
Variables > Concentrations. You should see a form like Figure 7-3.

Hover the mouse pointer over the label for mixed liquor suspended solids and a tooltip
should appear. The tooltip has the form label/cryptic. From this, we can see that the
cryptic name of the variable is xmlss. Remember this value for later.

Alternatively, you can right-click on the label for mixed liquor suspended solids and
select “Copy Cryptic Name to Clipboard”. This will store Xmlss on your computer’s
clipboard so that you can paste it into a field later.
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Concentrations 'ZI

Soluble Gases —

[miss] dissolved oxygen mgO2/L =
More... |

Solids Variables

[mlss] mixed liquor suspended 5%id5 mg/L v

[miss] volatile suspended solids | mixed liquor suspended solids / xmlss|  ~

[miss] total inorganic suspended solids mg/L v

[mlss] VSS/TSS ratio gvss/glss -

Organic Variables

[mlss] soluble COD mgCOD/L v
[miss] total COD mgCOD/L v
[milss] soluble ¢BODS mgO2/L = ||
hd
Accept Cancel

Figure 7-3 — Viewing Cryptic Variable Name

11. ldentify the manipulated variable. The most logical variable for this is the wastage
flowrate, which in this case, is the pumped flow from the clarifier.

12. Turn on the controller. Access the clarifier's Input Parameters > Operational data
entry form. You will be changing a couple of values in this dialog.

Under the Pumped Flow section, turn on the controller and set the setpoint for control
variable to 2000.
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Operational =
Underflow =
[ras1] proportional recycle OFF .
[ras1] underflow rate 20000 m3/d v .
[ras1] underflow from layer (o) = = .
[blank] controller OFF ]
More...
Pumped Flow
[was1] pump from layer (] - - .
[blank] controller ON .
[blank] setpoint for control variable 2000.0 .
More...
Model Parameters
[fe1] sludge blanket threshold concentration 2000.D| mgT55/L v .
[fel] critical sludge blanket |evel 01 m v .
Accept ‘ Cancel ‘

Figure 7-4 — Clarifier’s Operational Dialog (Pumped Flow)

13. Define the control variable. At the bottom of the Pumped Flow section (see figure
above), click the More... button to access the controller’s settings (Figure 7-5).

replace blank with xmlss in the control variable field (use Ctrl-V to paste the
cryptic name if you had previously saved it to the clipboard)

enter 0.05 days as the controller sampling time (this represents the frequency
with which the controller samples the control variable, or MLSS in this case)

turn OFF the controller effect on control variable - direct. This means that the
manipulated variable, the wastage flow rate, is increased to reduce the control
variable, MLSS. (A different control loop such as air flow and DO concentration
would require the controller effect on control variable - direct switch to be
turned ON as an increase in the manipulated variable, air, would result in an
increase in the control variable, DO). (ie. Turn OFF for an inverse relationship
and turn ON for a proportional relationship)
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e enter 200 m¥d as the maximum pumped flow

Pumped Flow ...More...

Controller Setup

[xmlss] controller form

[xmiss] controller type

control variable

[was1] controller sampling time
[xmlss] proportional gain
[xmiss] integral time

[xmlss] derivative time

[xmlss] controller effect on control var - direct
[xmiss] derivative kick protection
[xmiss] derivative filtering
[xmilss] cutoff frequency

[was1] minimum pumped flow
[was1] maximum pumped flow

Pumped Flow Control Tuning

[xmlss] tuning

| E

|Velocity

[PiD

|xm|ss

1/d
m3/d

m3/d

Accept

4
rPrPPPPPPPPPPPP

e [

| Cancel

Figure 7-5 — MLSS Controller Settings

14. Accept the forms.

15. Save the Layout.

16. Switch to Simulation Mode.

Tuning the Automatic MLSS Controller

17. Create a new input tab. You’ll be adding 5 input controllers to the tab.

These settings can be found by going to the clarifier’s Input Parameters > Operational >
Pumped Flow main form and within the Pumped Flow More... form.

e controller on/off

¢ setpoint for control variable (set limits from 0 to 4000)

e proportional gain (set limits from 0 to 50)

e integral time (set limits from O to 10)

e derivative time (set limits from 0 to 10)
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[xmlss] setpoint for contrel variable
[xmnlss] proportional gain
[xmlss] integral time d
[xmlzs] derivative time d

oM

0o

oo

0o

[#]4]

g oo uv o

Figure 7-6 — MLSS Input Controls

18. Create a new graph. Add the following three variables to the same graph:

o the mixed liquor suspended solids (from the aeration tank’s effluent stream
Output Variables > Concentrations form)

e the influent flow (from the influent’s Output Variables > Flow form)

o the wastage flow (from the clarifier’s pump stream Output Variables > Flow

form)

19. Edit the graph properties. Change the max values of the y-axis to 5000 (influent flow),
5000 (mlss), and 600 (wastage flow).

Note that you may have to “‘unlock’ the max fields so that you can edit the values
individually (click the lock icon beside the Max label).

Give the graph an appropriate title.

Qutput Graph Properties...

Display Properties

Title |\nf|uant Flow, MLSS, and Wastage F\nw”

Output Graph Type |)(-‘(

4 ‘

[] Autoscale
Variable Properties
Display ltem Unit Min a Max ﬁn Color Save Data Points
% [wwinf] flow [m3vd = [oo | [s0000 | m O
% [miss] mixed liquor suspended solids |ma/L - [oo | [s0000 |'m O
R [wasl] flow [mad = [oo | [e000 |'m O
Accept Cancel

Figure 7-7 — Graph Properties

20. Create a scenario. Call it “Sinusoidal” and change the influent flow type to sinusoidal
and keeping the influent flow as the default 2000.0 m*/d (Tutorial 3 - Using Scenarios

for instructions if needed).
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21. Save the layout.

22. Run a 10-day dynamic simulation with sinusoidal scenario and the controller turned
ON.

Initially, you will find that the manipulated variable, the wastage flow rate, oscillates wildly
between its minimum and maximum values. This is a controller tuning problem. It is usually
possible to obtain reasonable controller performance by trial and error. In this example, one may
conclude that the controller gain is too large. One option for tuning this controller by trial-and-
error is as follows:

e Start with a low proportional gain (0.001), high integral time (10 days), and low
derivative time (0 days). This creates a sluggish but stable controller.

e Watch how the wastage rate changes to counteract the effect of a disturbance (e.g.
influent flow rate). If it does not react quickly enough, try increasing the proportional
gain. Continue to increase the proportional gain until you get a reasonably responsive
control effect, but still a stable response.

o If the wastage rate becomes unstable (wild oscillations) decrease the proportion gain.

o With the proportional effect stable, try decreasing the integral time to increase the
performance of your controller.

e If there is too much overshoot, try increasing the derivative time

A simplified understanding of the three elements of a PID controller is: fast, persistent and
predictive for the P, I and D terms respectively. Remember that automatic process control is not
a simple subject and it may not be possible to achieve the level of control that you desire.
Consider the process time constant of the MLSS in the aeration basin. It takes several days for a
plant to reach a new steady-state given a change in wastage rate, while the plant upsets (changes
in the influent flow rate) that can have a dramatic effect on the MLSS can occur in a matter of
hours or even minutes.

There are several published approaches for finding good initial tuning constants for PID
controllers. One approach is to use the Ciancone correlations (Marlin, 1995") which are included
in GPS-X's PID tuning tool. The Ciancone correlations provide the tuning constants given the
gain, time constant, and dead time of the process, under the assumption that the process dynamics
may be represented with reasonable accuracy by a first-order plus dead time model. In GPS-X's
PID tuning tool, the process response to a step change in the manipulated variable is fit to a first-
order plus dead time model using least squares (in tuning mode). The Ciancone correlations are
then used to determine the appropriate values for the tuning constants.

23. Create another scenario. Base it on the Sinusoidal scenario (so that it has the influent
flow type from that scenario) and call it “Tuning”.
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24. Activate the pumped flow control tuning mode.

25.

Browse to the clarifier’s Input Parameters > Operational form. Click the Pumped Flow
section’s More button and find the Pumped Flow Control Tuning section.

Turn the tuning switch ON. Also drag this variable to the input control tab so that it can
be easily turned OFF in the future.

The fractional step size can be specified on that form and can be a positive or negative
value. In this case, set the fractional step size to 0.5.

Accept the More dialog to return to the Operational form.

Now (under the Pumped Flow section) turn the controller OFF and set the pumped flow
value to 100 m?/d.

This fractional step size corresponds to a step in pumped flow rate from 100 m 3 /d to 150
m 3/d.

Accept the Operational form.

Double-check that you have the right settings. Select Scenario > Show from the
Simulation Toolbar to see all of the variables that you have changed for this scenario.
You should see a dialog similar to Figure 7-8.

3 Scenario Show Tuning x

Influent(wwinf)

Final Clarifier(fe1)

[] [was1] pumped flow 60.0 _ 100.0| m3/d
[l [xmiss] controller = ON OFF
[] [xmlss] tuning = QOFF ON
[} [xmilss] fractional step size 0.1 . 0'5. -
Accept Cancel

a (RSP

[wwinf] flow type Data | Sinusoidal v

Figure 7-8 — Scenario Show Dialog

26. From the input controls tab, turn the MLSS controller ON and run a 0-day steady

state simulation with the newly created scenario.
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27. Now, turn the MLSS controller OFF using the ON-OFF control switch* and run a 10-
day dynamic simulation.

r Flow Control r DO Setpoints rMLSS Controls |

[xmlss] controller OFF D
[xrnlss] tuning OM 5
[xmlss] setpeint for control variable 2000.0 i Tl 5
[xmlss] proportienal gain aF . D
[xmilss] integral time d o 100 D
[xmlzss] derivative time d 00 100 D
Flow Control I DO Setpoints r MLSS Controls |

[milss(1)] DO setpoint mg02/L i 100 5
[miss(4)] DO setpoint mgO2L = 0 2
Flow Control | DO Setpoints | MLSS Controls |

[wwinf] influent flow m3/d o0 2 120000 2

Figure 7-9 - Input Controller Setting

The simulation performed in tuning mode is shown in Figure 7-10. The essential characteristics
of a successful tuning mode simulation are:

e It must be started under steady-state, with values of the manipulated (pumped flow) and
controlled (MLSS) variables representative of normal operating conditions.

e The simulation should last long enough to capture most of the process dynamics (i.e. the
simulation should end at steady-state, or be approaching steady-state), and

e The step in the manipulated variable should be large enough to dominate other "noise"
that affects the controlled variable (in this case the sinusoidal influent flow pattern).

4 For the tuning mode to operate properly, the controller sampling time must be set to a reasonable value, e.g. the
execution time of the controller to be implemented. This is why the controller sampling time was left as 0.05 days
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Influent Flow, MLSS, and Wastage Flow &
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Figure 7-10 — Tuning Mode Simulation

At the end of the simulation, PID tuning constants will be calculated (this may take several
seconds), and will appear in the Command Window (see Figure 7-11).

The Command Window can be opened by selecting this option from the Simulation Control
Q button on the Simulation Toolbar. Scroll to the bottom of the Command Window for the xmlss
settings displayed in Figure 7-11.

Computing tuning constants.

Suggested PID tuning constants for

xmlsas
Proportional gain 01 _0E-01
Integral time 03 _.TE+00 4
Derivative time -00_0E+00 4
Controller effect... — direct: OFF

Figure 7-11 — Calculated PID Tuning Constants

28. Create another scenario. Base it on the Tuning scenario (so that it starts with all the
variables from that scenario) and call it “MLSS Control”.

29. Change the input controller values. In the input control tab, set the proportional gain,
integral time, and derivative time to the values shown in the Command Window. Also
turn ON the MLSS controller and turn OFF the tuning mode.

30. Transfer the controller values to the scenario. Press the “Transfer controls to
scenario” button on the Controls toolbar and add the controller tuning constants to the
scenario to store these settings.

i
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Transfer to Scenario

5]

Select the itermns to transfer to the scenario:

|
n.

Control ltems

K & O [

<]

[xmlss] controller

[xrmlss] tuning

[xrmlss] setpoint for control variable
[xxrnlss] proportional gain

[xrmlss] integral time

[xmlss] derivative time

Accept |

On

Off
2000.0

0.1

3.7 d

00 d

Cancel |

Figure 7-12 — Transfer to Scenario

31. Save the layout.

32. Run a 10-day simulation. The results shown in Figure 7-13 were performed using

102

these tuning parameters for the MLSS controller. The MLSS setpoint was 2000 mg/l and

the average influent flow rate was decreased to test the performance of the controller

under dynamic conditions.

Influent Flow, MLSS, and Wastage Flow =
= o o Influent Flow, MLSS, and Wastage Flow
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Figure 7-13 — Simulation with MLSS Controller
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Tutorial &

The Define Function

PROBLEM STATEMENT

Some important operational variables in a wastewater treatment plant are site specific and
difficult to generalize. These variables include sludge residence time (SRT) and food-to-
microorganism ratio (F/M). In addition, other calculations, such as daily averages, moving
averages, and mass flows are applied to most water quality parameters throughout the plant.
Consequently, it is desirable for any wastewater treatment plant model to contain these traditional
process variables, and GPS-X provides you with this capability

OBJECTIVES

This tutorial will show you how to define operational variables such as SRT.

In addition, mathematical operations such as averaging and flux calculations will be
demonstrated.

These operations are centered around the Define function (Tools > Define menu or the Define
button located on the main toolbar).

SETTING UP THE LAYOUT

1. Create a new layout consisting of:

e A wastewater influent object,

e acontrol splitter,

o aplug-flow tank,

e arectangular secondary clarifier

e a 2-flow combiner
e a wastewater outfall

Use the mantis2lib library and the default model selections (codstates influent model, the
mantis2 plug flow tank model and the simpleld rectangular clarifier model).
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Connect the unit processes and add the labels as displayed in Figure 8-1. The control-
splitter unit process will be used to simulate a bypass weir.

Raw Influent

Aeration Final Clarifier

Figure 8-1 — Tutorial 8 Layout

2. Modify the clarifier underflow parameters. Access the Input Parameters >
Operational data entry form and change the following settings:

e Turn ON the proportional recycle.

o Beside stream label to which recycle is proportional change “blank” to
“wwinf” (ie. the influent stream to the aeration tank).

e The recycle fraction is already 0.8 which is acceptable for this example.

Operational £

Underflow =

[ras] proportional recycle ON

stream label to which recycle is proportional wwinf

[ras] recycle fraction . 08 - =

[ras] underflow from layer (. = =

[blank] controller OFF

More...

v|

Accept | Cancel
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Figure 8-2 — Modify Underflow Settings

3. Modify the clarifier pumped flow. In the same data entry form (scroll down if
necessary) change the pumped flow (which will be used as the wastage rate) from 40
m3/d to 100 m¥/d.

Operational =
Pumped Flow =
[was] pumped flow m3/d v

[was] pump from layer

[blank] controller OFF

blank] setpoint for control vaniable
More... |

Model Parameters

«
rPrPPP

[fe] sludge blanket threshold concentration 2000.0f, mgTS5/L v

!
=l
4

[fe] critical sludge blanket level 1

.

Accept | Cancel |

Figure 8-3 — Modify Pumped Flow

4. Accept these changes and save the layout.

DEFINING MASS FLOWS

Now that the layout has been set up, we will define a mass flow variable of the effluent solids.
This mass flow is defined as the effluent suspended solids multiplied by the effluent flow rate.

5. Access the Define Wizard. Click on Define button on the main toolbar and select Mass
Flow from the options.

f(x) -

Daily Average

Moving Average

Totalizer
Food/Microorganism Ratio

Solids Retention Time
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Figure 8-4 — Mass Flow in the Define Wizard Submenu

6. Select the streams (as shown in Figure 8-5):
e Control Splitter > bypass
o Final Clarifier > fe

e 2-flow Combiner > finaleff

7. Select the variable. As shown in Figure 8-5, select Composite Variables > total
suspended solids.

3} Define Mode: Mass Flow *
Vanable Type: |Stream Vanables =
Stream Choices Variable Choices

Include: #-[_] Other Soluble Organic Substrates -

7] Particulate Organic Compounds

E|D raw influent (raw)
P 7] Mitrogen Compounds

""" ] raw
Control Splitter (bypass)

£
&
£
#-{"] Phosphorus Compounds
-] Active Bacterial Biomass
#-{] Soluble Inorganic Compounds
&[] Particulate Inorganic Compounds
#-[] Additional Soluble States
&[] Volatile Fraction
= Composite Variables

- [w| total suspended solids
-] volatile suspended solids
-] total inorganic suspended solids

=-{w] 2-flow Combiner (finaleff) --[] total carbonaceous BODS
L finaleff -] total COD B
-] total TKM

-] total nitrogen
-] total phosphorus
~[] total carbon -

4 | SN n ] |_

Accept | Cancel |

Figure 8-5 — Define Mass Flow Wizard

8. Press Accept and then save the layout.

Now that the variable has been defined, we will set up a graph and run a simulation to view the results.
9. Switch to Simulation Mode.
10. Create a new graph. You will be adding three mass flow variables to this graph.

Right-click on the clarifier fe connection point and select the Output Variables > Defined
Variables > Mass Flow.
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Qutput Vanables 4 Flow

Source Data 4 Temperature
Concentrations
. Note...
Model Stoichiometry
Labels... pH and Alkalinity

Clarifier Variables
Hydraulic Variables
Clarifier Variables
Operating Cost

Input Parameters »

Defined Variables 4 Mass Flow A

Figure 8-6 - Accessing the Defined Variables

Drag the Mass Flow.total suspended solids variable to an output graph.

Repeat this procedure for the bypass and the finaleff streams so that all three mass flows

are displayed on the same output graph.

11. Modify the graph settings. Set the max axis values on that graph to 1,000 kg/d and set

the title to “Mass Flows”.

Output Graph Properties... [Ed]
Display Properties
Title |Mass Flows |
Output Graph Type |X-Y '|
[[] Autoscale
Variable Properties
Display ltem Unit Min & Max @ Color Save Data Points
#®  [bypass] Mass Flow.total suspended solids |kgfd '| |0.0 | |1000 | ] O
% [finaleff] Mass Flow.total suspended solids |kg/d = o0 | [1000 | m O
M [fe] Mass Flow.total suspended solids |kgfd '| |0.0 | |1000 | m O
Accept | Cancel |

Figure 8-7 - Mass Flow Graph Settings
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12. Create an input controller for the influent flow rate. As described in Tutorial 2 set up
the controller and set the maximum flow to 10,000 mé/d.

13. Auto Arrange the graph and run a 20-day dynamic simulation.

14. Increase the influent flow rate and notice that when the influent flow rate is above 2000
m?3/d (the default pump flow rate for the Control Splitter object), some flow will begin
to bypass the plant and show up in the bypass stream. An example is displayed in Figure
8-8. Note that your output graph will look different when compared to the figure below
depending on the adjustments you make to the slider during the simulation run.

Mass Flows

1000.0
1000.0
1000.0

F’:

300.0
800.0
300.0

G00.0
B00.0
600.0

400.0
[hypass] Mass Flow.total suspended solids [kg/d]
400.0

400.0
[fe] Mass Flow.total suspended solids [kgid]

[finaleff] Mass Flow.total suspended solids [ko/d]

200.0
200.0
200.0

0.0
0.0
0.0

T
0.0 4.0 8.0 12.0 16.0 200
Time [days]

Figure 8-8 — Mass Flow Output Graph

15. Try changing the bypass flow limit by increasing the pumped flow rate in the Control
Splitter object. To prevent having to recompile the model, this must be done either by
defining a scenario or by placing the bypass pump flow on an input controller. For
instance, to create an input controller, right-click on the control splitter and go to Input
Parameters > Pumped Flow and add pumped flow as an input controller.

16. Re-run the simulation and try to reduce the total mass flow of solids discharged to the
receiving water.

17. Save the layout.
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DEFINING AN SRT

In this section, you will learn how to calculate and display SRT, the solids residence time in the
system.

18. Switch to Modelling Mode.

; 19. Access the SRT Manager window. Click on Define button on the main toolbar and
) select Solids Retention Time from the options.

20. Create a new SRT Variable. Click the green ‘+’ button and enter ‘tank’ as the name
e for the variable (Note: the full name will be ‘srttank’ because ‘srt’ is automatically
prepended to all variable names).

21. Access the SRT Manager window. Click on Define button on the main toolbar and
select Solids Retention Time from the options.

22. Create a new SRT Variable. Click the green ‘+’ button and enter ‘tank’ as the name for
the variable (Note: the full name will be ‘srttank’ because ‘srt’ is automatically
prepended to all variable names).

o

Defining SRT

Click "+" to create a new SRT variable.

Define the SRT by clicking on the unit processes for total mass in the selected units and pumped/overflow
connection points for total mass flowing in the selected streams.

SRT=(solids in the systemn)/(solids in the stream flowing out of the systemn)

For more information, refer to the User's Guide.

SRT Variables
1} New SRT Variable X
Enter a unique name for the SRT wvariable.
Note : 'srt'will be automatically prepended to it.
srdtankl |
Accept | Cancel |
T CoCmTiore v O S T
=f x &+

Close

Figure 8-9 — Create a New SRT Variable
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23. Accept the name. A new blank SRT equation will be shown on the right side of the
window.

24. Define the equation. This process involves clicking on the appropriate locations on the
drawing board while keeping the SRT Manager window open. You may have to move
the SRT Manager window in order to access everywhere that you need.

There are two parts to the SRT equation: Mass()/Mass Flow()

I.  The numerator is the mass section of the equation, and it includes the mass of
solids held in each tank. Typically, SRT calculations only include the mass of
solids held in the aeration basin, but it is also possible to calculate SRT by
summing the mass in the aeration basin and the final clarifier. While the SRT
equation is shown, every time you click on a tank the mass of solids in that unit
process will be included in the SRT calculation.

Click the following processes to add them to the numerator:

e Aeration Tank (since this process represents several reactors, you will
.h be prompted for which ones you’d like to include. Include all of them.)

e Clarifier

Il.  The denominator part of the equation is the excess solids mass flow lines that are
used to calculate SRT. This is done by pointing to the flow lines which convey
solids out of the system. Typically, this will only include the waste flow.

Click the following connection points to add them to the denominator:

e Was

o fe

The equation should now look like the following:

Mass (mlss, fe) /Mass Flow (was, fe)

However, for this example, we will not be including the clarifier’s mass in the
calculation.

25. Remove the clarifier’s mass. Click on the clarifier again to remove it from the equation.
Mass (mlss) /Mass Flow(was, fe)
26. Close the SRT Manager window to accept the equation.

27. Save the layout.
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28. Switch to Simulation Mode.

29. Create a graph with the SRT variable. In Simulation Mode, when you open the SRT
Manager from the Define menu, you can only view the SRT variables and their
equations. You can also drag the variable’s label from this window to a new or existing
graph. Drag the ‘srttank’ variable to a new graph.

Note: This will add two variables to the graph. The instantaneous and dynamic SRT.
Depending on the need, one or the other can be removed. In our case, we’ll just leave
both.

( Raw Influent r Control Splitter rAeration r Final Clarifier r Effluet r Plot: & rP!'ot: 7 |

3} Solids Retention Time Manager *

Creating SRT Outputs

Drag the variable to the graph area to create an cutput display for the SRT variable.
If the set point is used, you can drag the label to a control tab to create a controller.

SRT Variables

sritank

Mass(mlss)/Mass Flow(was,fe)

-]

Close #

Figure 8-10 — Dragging SRT Variable to a Graph

30. Modify the graph properties. Change the y-axis max value to 30 days and change the
graph title to “SRT”.

31. Save the layout.

32. Try running a few simulations, observing the SRT as you change the amount of solids
being wasted out of the system. Do this by adding an input controller for the [was]
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pumped flow from the secondary clarifier through right-clicking on the was output and
going to Input Parameters > Operational.

Controls L'“" ol o a RN v
[raw] influent flow m3/d Dﬂq 1mlﬂ D’
[wwinf] pumped flow m3/d DD‘ zmlﬂ 5
[was] pumped flow m3/d Uﬂﬁ:i‘ﬂ'ﬂ 5

Figure 8-11 — Update Set of Input Controllers

DEFINING AVERAGES

The procedure for defining averages is similar to setting up mass flow calculations. In addition,
averaging calculations can also be applied to a defined mass flow, SRT, or F/M ratio. Here, you
will apply averaging calculations to the Mass Flow in the discharge stream defined above.

33. Switch to Modelling Mode.

; 34. Access the Define Wizard. Click on Define button on the main toolbar and select
) Daily Average from the options.

35. Change the Variable type to “Define Variables.”

Select the desired variable(s). In this case, we will only select 2-flow Combiner > finaleff >
Mass Flow > Mass Flow.total suspended solids as shown in Figure 8-12.
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3 Define Mode: Daily Average x
Variable Type: |Define Variables -

El-Control Splitter(bypass)
E=H-bypass
#-Mass Flow
[=1-Final Clarifier(fe)
=-fe
[-Mass Flow
E-was
[#Mass Flow
[=H-2-flow Combiner(finaeff)
=1 finaeff
EH-Mass Flow
[l Mass Flow.total suspended solids
EH-User
#-Solids Retention Time

Accept Cancel

Figure 8-12 — Define Daily Average Wizard

36. Press Accept and then save the layout.

You have now set up a daily average calculation for the mass flow of suspended solids in the
“finaleff” stream.

37. Define a moving average for the Mass Flow.total suspended solids in the “finaleff”
stream. Use the same procedure as above except select Moving Average instead of Daily
Average from the Define menu.

38. Press Accept and then save the layout.
39. Switch to Simulation Mode.

40. Create a new graph. You will be adding the new daily and moving averages variables to
this graph.

Right-click on the combiner’s finaleff connection point and select the Output Variables >
Defined Variables > Daily Average and drag the variable to a blank area to create the
graph. Do the same with the Moving Average variable and add it to the same graph.

NOTE: You will notice in the display form for the Moving Average variable that a
number will appear to the right of the variable name. This number represents the number
of days that are used in each moving average calculation.

You must be in Modelling mode to edit this # of Days value.
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Defined Variables : Moving Average =
Defined Variables
# of Days
[finaleff] Moving Average.Mass Flow total suspended s... g/d 7
Accept ‘ Cancel ‘

Figure 8-13 — Moving Average # of Days

41. Change the graph properties. Set a maximum limit of 1,000 kg/d for both variables.

42. Run the model and change the influent flow rate to observe the moving and daily averages.
For example, running the model with the following controller settings provides the graph
displayed in Figure 8-14. Note that your output graph will look different depending on
how the control slider for the influent flow is adjusted during the simulation.

Daily and Moving Average Flows

1000.0
1000.0

il

800.0
800.0

§00.0
600.0

400.0
400.0

[finalefi] Daily Average.Mass Flow.total suspended solids [kg/d]

[finaleff] Moving Average.Mass Flow.total suspended solids [kg/d]
2000

200.0

0
0

0.0 4.0 8.0 12.0 16.0 200
Time [days]

Figure 8-14 — Moving and Daily Averages Output Graph
CONTROLLING SRT wWiITH WASTE PUMP RATE

When defining a SRT equation, you have the option to create a process controller for SRT. This
controller will adjust the waste flow rate to achieve a given SRT set point.

43. Switch to Modelling Mode.
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Set the SRT controller. Bring up the SRT Manager window. Select an SRT to control
(for this example select srttank), and click on the Estimate WAS using set SRT
option, as shown below.

G} Solids Retention Time Manager >

Defining SRT

Click "+" to create a new 5RT variable,

Define the SRT by clicking on the unit processes for total mass in the selected units and pumped/overflow
connectien points for total mass flowing in the selected streams.

SRT=(solids in the systemn)/(solids in the stream flowing out of the systemn)

For more information, refer to the User's Guide.

SRT Variables

EESP O ioss(rls)/Meass Flow(was fe)

Estimate WAS using set SRT

Controlled Flow

SRT set point days

minimum SRT controller pump flow m3/d -
EI ® + maximum SRT controller pump flow m3/d -

Close

Figure 8-15 — Estimating WAS using set SRT

Edit the settings. In this situation, we are just going to leave the values at their defaults,
but in the settings section, you can choose the appropriate wastage flow to control and
enter the desired SRT (in days) into the SRT set point field, as well as specify the
min/max of the flow.

Only one SRT can be controlled at a time via this method. If multiple SRT controllers
are required (e.g. for plants in parallel) then a PID control loop can be used in the pump
control section of the secondary clarifier or a toolbox object. More information regarding
PID controllers is presented in Tutorial 7.

Switch to Simulation Mode.

Create another input controller. Open the SRT Manager again (in Simulation Mode)
and drag the SRT set point to the input controller tab to create a slider for that variable.
Edit the settings and change the max value to 30 days.

At the same time, within the SRT Manager window drag the Estimate WAS using set
SRT selection to the input controller tab to create an ON/OFF switch. If desired, this
allows you to easily adjust this setting without having to open the SRT Manager in the
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Modelling mode. For the next steps, keep the use set point SRT to estimate waste flow
to ON.

Create an output graph. To observe the required WAS flow rate while changing the
SRT set point, we will create another graph (on the same tab as the SRT graph) that
contains the WAS flow rate. It is accessed by clicking on the clarifier’s WAS connection
point and selecting Output Variables > Flow. Edit the graph settings, give the graph an
appropriate name and change the max value of the y-axis to 500 m?/d.

Try running simulations at various SRT point values to observe required WAS
flowrate to achieve the desired SRT. An example is shown below in Figure 8-16. Note
that your output will look different depending on how the SRT set point controller is
adjusted during the simulation.

SRT
= [=]
o o
—_— ]
0,
T
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Te
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] 4.0 20 120 168.0 0.0
Time [days]

Figure 8-16 — SRT and WAS Flow Output Graph
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Tutorial 9

Sensitivity Analysis

PROBLEM STATEMENT

With any model, one of the first exercises to carry out is a sensitivity analysis of the model
parameters. There are two reasons for doing so: 1) to validate the model results and 2) to
identify parameters to be adjusted during calibration. The former reason should allow the
modeler to develop some confidence in the model so that it behaves in an expected manner. For
example, lowering the air flow rate to the aeration basin should result in a lower dissolved oxygen
concentration. The latter reason for performing a sensitivity analysis, parameter identification, is
useful because it helps determine the parameters that have the most impact on the model
response. We do not want to adjust parameters during a calibration run that have little effect on
the model behavior.

After the model is calibrated and verified, sensitivity analyses are useful for other reasons.
Mathematical models can be revealing, sometimes allowing us to explore operational strategies
that might never have been contemplated otherwise.

In this chapter, you will explore the steady-state and dynamic sensitivity of a basic model.
OBJECTIVES

The purpose of this tutorial is to see how we can extract as much information as possible from a
GPS-X model. By the end of this tutorial you should have developed a working knowledge of the
Analyze functions. This includes setting up and running steady state, phase dynamic, and time
dynamic sensitivity analyses. By completing this tutorial, you will also learn how to interpret the
results from these simulations.

SETTING UP THE LAYOUT

The Analyze module is an optional feature of GPS-X. If you have not purchased this module,
contact us for pricing information.

Because this feature requires multiple simulations, for demonstration purposes the work will be
carried out on a simple model consisting of an influent, a completely-mixed tank, and a
rectangular final clarifier.

1. Create a new layout.

GPS-X Tutorial Manual



Tutorial 9 - Sensitivity Analysis 118

2. Select the Comprehensive (mantis2lib) from the Library menu (if it isn’t already
selected) (see Figure 9-1)

L Comprehensive - Carbon, Mitrogen, Phosphorus, pH (mantis2lib)

Selenium and Sulphur (mantisZslib)
Carbon Footprint - Carbon, Nitrogen, Phosphorus, pH (mantis3lib)
Process Water Treatment Library (procwaterlib)

Petrochemical Wastewater Library (mantisiwlib)

Legacy b

Figure 9-1 — Select Library

3. Create the layout as shown in Figure 9-2 with a codstates Wastewater influent model,
mantis2 Completely-Mixed Tank (CSTR) model and simpleld Rectangular
Secondary Clarifier model. These should be the default model settings.

4. Save the layout with the name ‘tutorial-9’.

Influent

CSTR Final Clarifier

Figure 9-2 — Tutorial 9 Layout
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SETTING UP THE ANALYSIS PARAMETERS

5. Switch to Simulation Mode.

6. Create a new scenario. Call it ‘Sinusoidal’.

7. Change influent parameters. Access the influent’s process menu and change:

e Flow > Flow Data > flow type parameter to Sinusoidal.
e Flow > Flow Data > influent flow parameter to 5,000 m3/d.

e Composition > Load Type Options > loadtype parameter to Sinusoidal.

Change CSTR parameters.

e Set Input Parameters > Operational > specify oxygen transfer by to Entering
Airflow.

e Set the air flow into aeration tank to 15,000 m3/d.

Create input controls. Place the influent flow and the air flow into aeration tank on an
input control tab. They can be found in the following locations:

o the influent flow variable can be found in the influent object Flow >Flow Data

o the air flow into aeration tank can be found in the CSTR object Input
Parameters > Operational

Put both parameters on the same input control tab, with limits of 2,000-10,000 m?/d for
the influent flow and 10,000-40,000 m?3/d for the air flow.

10. Create output graphs. You will create four different graphs. One for each of:

e ammonia nitrogen (from the clarifier’s effluent stream’s (fe) Output Variables >
Concentrations form)

o total carbonaceous BOD:s (from the clarifier’s effluent stream’s Output
Variables > Concentrations form)

o total nitrogen with soluble dintrogen gas (from the clarifier’s effluent stream’s
Output Variables > Concentrations under the Nitrogen Variables heading
select the More... form)

e dissolved oxygen (from the CSTR’s Output Variables > Concentrations form)

Use limits of 0-30 mgN/L for NH3-N, 0-200 mgO./L for cBODs, 0-100 mgN/L for total
nitrogen and 0-5 mgO-/L for DO.

11. Auto arrange the graphs.
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12. Save the layout.

STEADY-STATE ANALYSIS

You will now carry out a steady state sensitivity analysis of the air flow into the aeration tank on
the dependent variables that you have selected for display (NH3s-N, cBOD:s, total nitrogen, DO).

13. Set up the independent variable. Open the settings window for the input controls and

change:
the Type of controller for the air flow into aeration tank to “Analyze-Step”.

[}
the Delta value to 500. This is the increment that the analyzer will step through
from the min to max values.

Control Properties: Input: 1 ]
Variable Properties
Control Item Unit Min Max Delta Type
% [wwinf] influent flow |m3/d ~| 20000 | [looooo | | | [stider -
M [miss] air flow into aeration tank |m3fd '| |1ﬁDDD.'D | |4C'DDD.'D | |5‘00.C| | |Ana|yze— Step '|
Accept ‘ Cancel ‘

Figure 9-3 — Setting up the Independent Variable

14, Confirm the analysis type. Click the little arrow beside the Analyze button on the main
Q toolbar (or access it through the main menu’s Tools > Analyze) and confirm that
“Steady State” is selected.

2N

Analyze Mode

®  Steady State
Phase Dynamic

Time Dynamic

Monte Carlo

Figure 9-4 - Selecting Analysis Type
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15. Switch to Analyze Mode. Click the Analyze button on the main toolbar (or access the

16.

Analyze Mode checkbox through the main menu’s Tools > Analyze) to turn on the
analyzer.

The status bar at the bottom of the main window will indicate that you are in Analyze
Mode and the graphs will change so that the independent variable is the x-axis instead of
time.

0.0 16.0 220 280 340
air flow into aeration tank [m3sd] *10* 3

Mode: Analyze - Steady State

Figure 9-5 — Status Bar showing “Analyze — Steady State” Mode

Run a steady state 0-day simulation.

Observe the effect of an increase in the air flow on DO and the effluent BODs, NHzand
total nitrogen. Typical results are shown in Figure 9-6.

Note that an air flow of 40,000 m®¥d results in a DO level over 2.0 gO./m®,

Try the analysis using different influent flows.

5.0

4.0

3.0

[a]e]

2.0

/

[miss] dissolved oxygen [mgO2iL]

1.0

0.0

—————

10.0 16.0 220 28.0 34.0 40.0
air flow into aeration tank [m3/d] *10* 3

Figure 9-6 — Steady State Analysis Results
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TIME DYNAMIC ANALYSIS

You will now carry out a time dynamic sensitivity analysis of the air flow into the aeration tank
on the dependent variables that you have selected for display (NH3-N, cBOD:s, total nitrogen,
DO).

~17. Change the analysis type. Click the little arrow beside the Analyze button on the main
lz toolbar (or access it through the main menu’s Tools > Analyze) and change the type to
“Time Dynamic”.

v Analyze Mode

Steady State

Phase Dynamic

Monte Carlo

Figure 9-7 — Selecting Analysis Type

18. Switch to Analyze Mode. If you aren’t already in analyze mode (check on the status
bar), click the Analyze button on the main toolbar (or access the Analyze Mode checkbox
through the main menu’s Tools > Analyze) to turn on the analyzer.

The status bar at the bottom of the main window will indicate that you are in Analyze —
Time Dynamic mode. The graphs will have time as the x-axis, just like in the regular
simulation mode.

[fe]

]
=
Q

az a4 08 Y] 10
Timea [days]

Mode: Analyze - Time Dynamic

Figure 9-8 — Status Bar showing “Analyze — Time Dynamic” Mode

19. Set the simulation time to 1-day (with Steady State checked so that the initial
conditions are at steady state) and Start the simulation. The results of this simulation are
shown in Figure 9-9.
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DO

5.0

4.0

30

[miss] dissolved oxygen [mg0O21]
2.0

1.0

0.0

0.0 0.2 0.4 0.6 0.8 1.0
Time [days]

Figure 9-9 — Example of Time Dynamic Analysis Results

Each successive curve on the various graphs is the result of a dynamic simulation using a specific
air flow into the aeration tank. Notice in Figure 9-9 that for increasing values of air flow, the DO
concentration in the aeration tank increases - it also fluctuates over time because of the sinusoidal
influent flow and load patterns. You can change the number of run curves on the graph by going
to View > Preferences > Input/Output > Number of runs displayed (analyze/optimize).

PHASE DYNAMIC ANALYSIS

You will now carry out a phase dynamic sensitivity analysis of the air flow into the aeration tank
on the dependent variables that you have selected for display (NH3-N, cBODS5, total nitrogen,
DO).

20. Select Phase Dynamic from the Analyze drop-down menu.

21. Set the Simulation time to 1-day (with Steady State checked so that the initial
conditions are at steady state) and Start the simulation.
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DO

5.0

4.0

30

/

2.0

[miss] dissolved oxygen [mg02i]

1.0

10.0 16.0 220 28.0 34.0 40.0
air flow into aeration tank [m3/d] *10* 3

0.0

Figure 9-10 — Example of Phase Dynamic Analysis

This type of analysis allows you to run the same dynamic simulation as in the previous step. The
only difference is in the graphical display. Here the results will be plotted against the analyze
variable and not against time. The length of the simulations will set the phase. Typical results
are shown in Figure 9-10 for a sinusoidal influent.

In this case, the results are very similar to the Steady State analysis type since the simulation was
not very dynamic.

The graph shows the DO concentration after 1.0 day for an air flow of 10,000 to 40,000 m®d (as
opposed to showing the steady-state value at time t=0 when carrying out the Steady State
analysis.)
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Tutorial 10

Parameter Optimization

PROBLEM STATEMENT

Model calibration and verification is one of the most important components of any modeling
project. Model calibration, also known as parameter estimation, is defined as the process of
adjusting model parameters such that the difference between observed and simulated results is
minimized. For example, if the difference between observed and simulated effluent suspended
solids is too large, it is likely that you will want to adjust some of the model parameters.

GPS-X provides a very convenient way of adjusting the model parameters, based on a non-linear
dynamic multi-parameter optimization algorithm (Nelder-Mead simplex method).

In this example, the estimation of two kinetic parameters (heterotrophic growth rate and half
saturation constant) is carried out in order to fit the model-predicted soluble substrate
concentration with the measured data. Although this is a simple example, using only a CSTR unit
process, the procedure outlined below is the important subject.

OBJECTIVES

The purpose of this tutorial is to develop a basic understanding of parameter estimation using
GPS-X. After this tutorial, you will be able to target variables that you are interested in fitting to
the data, select the model variables to be adjusted and specify the form of the objective function.
Other optimizer variables such as termination criteria and number of data points will be explained
in this tutorial.

INITIAL MANUAL CALIBRATION

1. Starta new layout.

2. Switch to the Carbon, Nitrogen (cnlib) library.
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L] Comprehensive - Carbon, Nitrogen, Phosphorus, pH (mantis2lib)

Selenium and Sulphur (mantis2slib)
Carbon Footprint - Carbon, Mitrogen, Phosphorus, pH (mantis3lib)
Process Water Treatrment Library (procwaterlib)

Petrochemical Wastewater Library (mantisiwlib)

Carbon, Nitrogen (cnlib)

Carbon, Nitregen, Custern Components (cniplib)
Carbon, Mitrogen, Phospharus (cnplib)
Carbon, Nitregen, Phosphorus, Custom Components (cnpiplib)

Figure 10-1 — Switch Library to cnlib

3. Drop asingle Completely-Mixed Tank on the drawing board. Confirm that the
process model is mantis. The stream labels will be left at their defaults (should be the
numbers 1 to 4).

Figure 10-2 — Simple Layout for Optimization

4. Set the tank’s initial conditions. For this example, we will just access Initial
Conditions > Initial Concentrations and change initial readily degradable substrate to
200 mgCOD/L.

5. Change the tank’s parameters.

e Set Input Parameters > Operational > specify oxygen transfer by to Entering
Airflow.

e Set the air flow into aeration tank to 40,000 m3/d.

6. Change the simulation setup parameters. Open the Site Properties window by
9 clicking on the button in the upper left corner of the drawing board. Open the Simulation
Setup tab.

Change the stopping time to 0.25 days, and the communication interval to 0.01 days.
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Site Properties [

Plant Infermaticn I Simulation Setup r Plant Wide Properties r Influent Characterization r Biclogical Model Settings r Energy Cost |

Simulation Setup

communication interval d e .
date and time at t=0 (] yr,m,d,h,mi.. ¥ .
Accept ‘ Cancel ‘

Figure 10-3 — Changing Simulation Setup
7. Save the layout with the name ‘tutorial-10"'.
8. Switch to Simulation Mode.

9. Create a graph. Add readily degradable soluble substrate (from Output Variables >
Concentrations > Organic Variables > More...) on a graph and change the limits to 0-
300 mgCOD/L.

10. Run a 0.25-day simulation (make sure Steady State is NOT checked). Your output
should match that of the graph in Figure 10-4.

Readily Biodegradable Substrate

300.0

241

181

[2] readily biodegradable substrate [mgCODAL]
121

Time [days]

Figure 10-4 — Readily Biodegradable Substrate Output Graph

You will now optimize two kinetic parameters in order to obtain the best fit between effluent
soluble substrate data and simulation results.

11. Create input controls. Place the following parameters (found in the tank’s
Input Parameters > Kinetic) on an input control tab:
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e heterotrophic maximum specific growth rate

o readily biodegradable substrate half saturation coefficient

Set limits of 0.5-5 d™* for the growth rate, and 0.5-10 mg COD/L for the half saturation
coefficient.

12. Add observed data file. Create a spreadsheet file with the example data listed in Table
10-1. Save it in the same directory as your layout file, then add it to that layout. If you
need a reminder of the process, see Tutorial 6.
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Table 10-1 — Example Data for Optimization

t ss2 ‘

d mgCOD/L
0.00 213.5401
0.01 209.4151
0.02 197.8075
0.03 187.389
0.04 172.1104
0.05 185.44
0.06 178.8617
0.07 148.0012
0.08 152.297
0.09 142.1657
0.10 120.4514
0.11 117.4068
0.12 120.551
0.13 95.89756
0.14 84.38476
0.15 79.90364
0.16 73.47583
0.17 47.58231
0.18 39.27833
0.19 28.0756
0.20 16.67731
0.21 4.3656
0.22 0.624523
0.23 1.157525
0.24 0.985331
0.25 1.235542

13. Save the layout.

14. Re-run the simulation. Manually change the growth rate and half saturation parameters
with the goal of minimizing the difference between the simulated and measured data.
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Figure 10-5 displays the initial graphical output prior to making manual changes to the
growth rate and half saturation parameters.

Readily Biodegradable Substrate

300.0

180.0
<

0

12

[2] readily hiodegradable substrate [mgCODAL]

0.0
-

Time [days]

Figure 10-5 — Readily Biodegradable Substrate Output Graph with Example Data
AUTOMATIC CALIBRATION USING THE OPTIMIZER

After manually calibrating the model in the previous section (i.e. adjusting the heterotrophic
maximum specific growth rate and readily biodegradable substrate half saturation
coefficient parameters using the sliders and re-running the simulation), you will now set up the
automatic parameter optimization tool to perform a search routine to find the best set of
parameter values to fit the prediction to the measured data.

NOTE: It is always advisable to carry out a manual calibration first to determine the
effects of parameters on the simulated response before carrying out an optimization.

15. Switch to Modelling Mode.

|L 16. Click on the Optimize button on the top toolbar and select Optimize Setup. This will
= display the Optimizer Setup Wizard.
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& Optimizer Setup

>
Steps 1. Choose Target
1. Choose Target Target Options Current Selection
2. Specify Variables Include: |~ |[2] readily bicdegradable substrate
El-Completely-Mixed Tank(2)
3. Select Settings =)

131

El-Model Information
B-Flow I
El-Compasite Variables

[=-State Variables

---Inorganic Suspended Solids
= rganic Variables

~{] soluble inert organic material
v| readily biodegradable substrate
H [ particulate inert organic material

[

Description

Select one or more target variables for the optimization. The target variables are the model prediction outputs that you would like to
minimize, maximize, or fit to measured data.

Browse through the menus in the left window to find the variable(s) of interest, and select them. The list of currently selected
parameters is shown in the right window.

When complete, please dick on "Next” below.

‘ Mext > ‘ ‘ Cancel

Figure 10-6 — Optimize Setup Wizard (Target Variables)

17. Select the Target Variable. In this case, it is the readily biodegradable substrate in the
reactor. It can be found under:

Completely-Mixed Tank(2) > 2 > State Variables > Organic Variables

18. Click Next to proceed to the next stage.

19. Select the Optimize Variables. These are the input parameters being adjusted during
the fitting exercise. Select the following variables:

e heterotrophic maximum specific growth rate

o readily biodegradable substrate half saturation coefficient

These can be found under:

Completely-Mixed Tank(2) > Kinetic > Active Heterotrophic Biomass

GPS-X Tutorial Manual



Tutorial 11 - Parameter Optimization

&} Optimizer Setup
Steps
1. Choose Target
2. Specify Variables

3. Select Settings

X
2. Specify Variables
Variable Options Current Selection
Include: |~ |[2] heterotrophic maximum specific growth rate
- Completely-Mixed Tank(2) .| |[2] readily biedegradable substrate half saturatio)
---Physl(al 3

Operational

Composite Variable Stoichiometry

Model Stoichiometry

Kinetic

Active Heterotrophic Biomass

| heterotrophic maximum specific growth rate
i{w| readily biodegradable substrate half saturation coefficient ~| |4 ‘ BRI | | »

Description

Select one more input parameters that GPS-X will adjust during the optimization process. The multi-dimensional search routine will control these
parameters and change their values during each iteration of the optimization.

Browse through the menus in the left window to find the parameter(s) of interest, and select them. The list of currently selected parameters is
shawn in the right window.

‘When complete, please dick on ™ext™ below.

< Back | Mext » | Finish ‘ Cancel

Figure 10-7 — Optimize Setup Wizard (Optimize Variables)

20. Click Next to proceed to the next stage.

21. Specify Optimizer Settings. The last step in the process is to specify which kind of
optimization we are doing. We will use Fit to Data, Time Series, and Maximum

Likelihood.

} Optimizer Setup

Steps 3. Select Settings
1. Choose Target

2. Specify Variables

Target Cormparison : |Fitt0 Data '| Add Data File...
3. Select Settings

Type: |T|me Series '|

Objective Function : |Maximum Likelihood '|

Simulation Stop Time : d

Drescription

Select the appropriate settings for your optimization. Options indude minimizing or
maximizing a target variable, or fitting a target variable to time-series data. If
fitting to data, make sure the simulation stopping time is at least as long as the
time-series dataset.

When complete, please dick on "Finish™

9 < Back ‘ lext > ‘ Finish ‘ Cancel ‘

Figure 10-8 — Optimize Setup Wizard (Optimizer Settings)

We can also use the “Add Data File...” button here to add data if needed, but we have
already specified our data file earlier (step 12) so we don’t need to do it again here.

22. Click Finish to complete the set up. Switch to Simulation mode.

132
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23.

24.

25.
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Note that a new Input panel has been created with our two Optimize parameters already
set to optimize mode. The target variable is also now plotted on a new graph. (These
two actions may leave you with tabs with nothing in them. Feel free to delete them).

Enter Optimization Mode. Press the Optimize button on the main toolbar and select
Optimize Mode. When optimize mode is active, the optimize icon on the main toolbar
will change to display a green checkmark.

Save the layout.

Start the simulation. GPS-X will automatically perform a number of simulations in a
row, adjusting the values of the two optimize parameters each time to get a better fit to
the observed data. Once the simulator has determined that no better fit can be achieved,
it will stop. This should only take a few seconds.

At each optimization iteration, GPS-X plots the simulation results (i.e. predicted values) that
correspond to the current parameter values. It retains the 7 most recent simulations on the graph.
You can change the number of run curves on the graph by going to View > Preferences >
Input/Output > Number of runs displayed (analyze/optimize). The simulation results are
shown by a black line and the data are shown by red markers.

Note that the initial parameter values used in the optimization are the default values found in
GPS-X. The Solution Report, accessed in the Command Window, includes the final parameter
values and the results of the statistical tests.

A plot of the fitted model and the measured data is shown below.

Readily Biodegradable Substrate &

Readily Biodegradable Substrate

300.0

2400

180.0

1200

[2] readily biodegradable substrate [mgCODL]

0.0 G0.0
/
;
3

0.0 0.05 01 015 0z 0.25
Time [days]

Figure 10-9 — Results of Optimization
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Tutorial 11

Basic Customization

PROBLEM STATEMENT

No wastewater treatment plant modeling/simulation tool can be general enough to automatically
handle ALL conceivable plant layouts or desired variables. So, GPS-X facilitates model layout
customization. This is an advanced feature of GPS- X and requires a basic understanding of
ACSL, the simulation language upon which GPS-X is based. The potential of the tool will be
demonstrated using the following simple example.

In this tutorial, you will add two equations to calculate the specific oxygen uptake rate (SOUR)
for the first stage of a plug-flow tank. One of the equations will assume an ideal oxygen uptake
rate (OUR) measurement and the second will simulate measurement noise on the oxygen uptake
rate measurement. This variable is often used for toxicity detection and in process control
strategies.

OBJECTIVES

This tutorial is designed to introduce you to the steps required to input your own code for a
specific plant layout. You will learn how to set up the GPS-X interface, allowing you to input
and output these customized variables as if they were part of the original layout.
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SETTING UP THE LAYOUT

1. Open the layout completed in Tutorial 1 and save itas " tutorial-11'

Influent

Aeration Tank Final Clarifier Effluent

Figure 11-1 — Tutorial 11 Layout

2. Switch to Modelling Mode.

3. Change the influent’s parameters.

e Set Flow > Flow Data > flow type to Sinusoidal.

4. Change the tank’s parameters.

e Set Input Parameters > Operational > specify oxygen transfer by... to
Entering Airflow.

e Set the total air flow into aeration tank to 30,000 m%/d.
5. Save the layout.
6. Switch to Simulation Mode.

7. Create a new graph. You will add the flow and a variable from the first reactor of
the plug flow tank to the same graph.

e add flow from the influent’s Output Variables > Flow form

e add actual oxygen uptake rate from the first reactor. This is accessed
through Output Variables > Internal Variables. Click the ellipsis button
beside the variable to access the individual elements and drag the first
element to the graph.
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Internal Variables

Actual Oxygen Uptake Rate (OUR)

=

[milss] actual oxygen uptake rate mgOZ/Ld) = |
Maximal Oxygen Uptake Rate
[mlss] maximal oxygen uptake rate (at DO saturation) mgQ2/(L.d] =
Actual Nitrification Rate

actual oxygen uptake rate ¥ [

[mlss(1]] actual oxygen uptake rate]

[mlss(2]] actual oxygen uptake rate

[mlss(3]] actual oxygen uptake rate

[mlss(4]] actual oxygen uptake rate

7204| mg02/(L.d)
7204| mg02/(L.d)

7204| mgO2/(L.d)

7204| mgO2/(L.d)

%’E ﬁ Accept | Cancel
T - — ey
[mlss] nitrate saturation for biclogical growth (..} = g
E’E ..ﬁ Accept | Cancel

-

Figure 11-2 — Accessing Individual Reactor Variables

8. Set the graph properties. In the Output Graph Properties window, set:

e the flow limits to 0-10,000 m3/d

e the OUR limits to 250-1,500 mgO-/L/d

Note: You may have to ‘unlock’ the min/max fields to edit them separately.

9. Save the layout.

10. Run a 10-day dynamic simulation (with the steady-state box checked) to ensure

136

that the model is correctly set up. You should be able to produce a graph similar to

Figure 11-3.
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Influent Flow and OUR &

Influent Flow and OUR

=
o
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1250.0
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[wwinf] flow [m3id] *104 3
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250.0
0.0

0.0 20 4.0 6.0 6.0 100
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Figure 11-3 — Example Graph from Dynamic Simulation

11. Switch to Modelling Mode.
ADDING CUSTOM MACROS

12. Open the macros user file. This is done by choosing Layout > General Data >
User Files > Macros from the main menu.

General Data System »

Site Properties User 3

Constants...
Initial Conditions...

Output Variables...

Figure 11-4 - Accessing the Macro User File

In this file, which is generated when you save the layout for the first time, there are
several sections separated by asterisks. They correspond to the different sections of
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the ACSL program structure. In this example, you will add new code to the
DERIVATIVE SECTION as shown below.

3 Macros >

| F

macro userderivativesection

IDERIVATIVE SECTION

IMacros called here will be executed in the derivative section
IDen't put macre definitions here

000 = conversion of V55 from mg/L to g/L units
GAUSS(noise=mean,stdey)

ourwithnoise = ourlmlss(1) + noise —
sourone = ourlmlss(1)vsslmlss(1*1000
sourtwo = ourwithnoise/vsslmlss(1)7=1000

macra end

Accept ‘ Cancel ‘

Figure 11-5 — Adding Code to Derivative Section

13. Add the following code to the DERIVATIVE SECTION:

11000 = conversion of VSS from mg/L to g/L units
GAUSS (noise=mean, stdev)

ourwithnoise = ourlmlss(l) + noise

sourone = ourlmlss(l)/vsslmlss(1l)*1000

sourtwo = ourwithnoise/vsslmlss (1)*1000

The line starting with an exclamation mark is just a comment.

The other four lines create new variables (noise, ourwithnoise, sourone, sourtwo) and
calculate values for them.

The variable noise makes use of an ACSL command, GAUSS to simulate
measurement noise.

There are two existing variables used in the calculation (ourlmlss(1), vssimlss(1)).
These are the cryptic names of actual oxygen uptake rate and mixed liquor volatile
suspended solids in reactor, respectively, from the first reactor in the plug flow
tank. Remember that you can view these cryptic names by hovering over the
variables label and viewing the tooltip (see Figure 11-6).
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Concentrations

v E

Soluble Gases

[rlss] dissolved oxygen in reactors () mgQO2/L -
More...

Solids Variables

[rlss] mixed liquor suspended solids in reactors =) mg/L -

[mlss] volatile suspended solids in reactors (] mg/L -
[r] volatile suspended solids in reactors B L v
[ [mlss(1)] volatile suspended sclg:is in reactors mg/L p/gTs5 h
0
[mlss(2)] volatile 5u5pendévolatile suspended solids in reactors / vsslmlss(1) i
[ COD/L hd
[ [mlss(3)] volatile suspended solids in reactors mg/L FoD/L -
[ [mlss(4)] volatile suspended solids in reactors mg/L D2/L -
[ D2/L hd
Accept ‘ Cancel ‘ |
[ 2/L > |l
Accept ‘ Cancel ‘

14

Figure 11-6 — Viewing Cryptic Names

. Click Accept in the Macros dialog to save the changes.

NOTE:
same di

You can open and edit that file in an external text editor if you would prefer instead
of using the GPS-X code editor.

This custom code is saved in a file called *tutorial-11.usr’ inthe
rectory as the layouts folder of your GPS-X V8.0 installation file directory.

ADDING CUSTOM INPUT VARIABLES

15

16.

. Add user-defined input variables. This is done by choosing Layout > General

Data > User Files > Constants... from the main menu. This file allows you to set up
the input variables on the same type of input forms as the other GPS-X variables.

Modify the code to read:

IMENU ITEM: !Noise Variables
HEADER: !Noise Variables

constant mean = 0.0 !average measurement noise !g02/ (m3.d)
constant stdev = 50.0 !measurement noise standard deviation !g02/ (m3.d)

The MENU ITEM and HEADER lines set up the menus and groupings of the
variables.

The lines that start with the keyword constant signify that this variable is an ACSL
constant. This keyword is followed by the cryptic name, value, label and unit (with
the appropriate delimiters shown above).
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3 Constants *

'Follow syntax of library .con files!
IMENU ITEM:!Moise Wariables
'HEADER:!Moise Variables

constant mean = 0.0 laverage measurement neise !g02/(m3.d)
constant stdev = 50.0 Imeasurement noise standard deviation !g02/(m3.d)

Accept | Cancel |

Figure 11-7 — Adding User-Defined Inputs

17. Click Accept in the Constants dialog to save the changes. You will be prompted to
reload your GPS-X layout.

NOTE: This custom code is saved in a file called *tutorial-11.con’ in
the same directory as your layout. You can open and edit that file in an
external text editor if you would prefer instead of using the GPS-X code editor.

18. Save the layout and reload (close and reopen the file). This will cause GPS-X to
read in your user-defined constants and create the menus associated with them. You

will notice that there is now a menu item Layout > General Data > User > Input
Parameters > Noise Variables.

General Data System
Site Properties MNoise Variables & ‘
User Files ’ Initial Conditions

Qutput Variables ]

Figure 11-8 - New User-Defined Input Parameters

ADDING CUSTOM OUTPUT VARIABLES

19. Add user-defined output variables. This is done by choosing Layout > General
Data > User Files > Output Variables from the main menu. This file allows you to

set up the output variables on the same type of output forms as the other GPS-X
variables.

20. Modify the code to read:

!MENU ITEM: !Uptake Variables
'HEADER: !Uptake Variables
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display ourwithnoise !OUR with noise !g02/ (m3.d)
display sourone !SOUR without noise !mg02/ (gVSS.d)
display sourtwo !SOUR with noise !mg02/ (gVSS.d)

IMENU ITEM: !Noise Variables
'HEADER: !Noise Variables

display noise !measurement noise !g02/ (m3.d)
display mean !average measurement noise !g02/ (m3.d)
display stdev !measurement noise standard deviation !g02/ (m3.d)

The difference between the input variable file and this output variable file is that the
keyword is ‘display’ instead of ‘constant’ and a value is not given for the output
variables (because it will be calculated by the model).

! Qutput Variables e

Follow syntax of library wvar files!
IMEMNU ITEM:!IUptake Variables
'HEADER:!Uptake Variables

display curwithnoise !OUR with noise !g02/(m3.d)
display sourcne !50UR without noise 'mgQ2/(gVs5.d)
display sourtwe !S0UR with noise ImgQ2/(gV55.d)

IMEMU ITEM: !Moise Variables
\HEADER: 'Moise Variables

display neise !measurement noise !g02/(m3.d)
display mean !average measurement noise !g02/(m3.d)
display stdev lmeasuremnent noise standard deviation !g02/(m3.d)

Accept | Cancel |

Figure 11-9 — Adding User-Defined Outputs

21. Click Accept in the Outputs dialog to save the changes. You will be prompted to
reload your GPS-X layout.

NOTE: This custom code is saved in a file called ‘tutorial-11.var’ in
the same directory as your layout. You can open and edit that file in an external
text editor if you would prefer instead of using the GPS-X code editor.

22. Save the layout and reload. This will cause GPS-X to read in your user-defined
constants and create the menus associated with them. You will notice that there are
now two new menu items under Layout > General Data > User > Output Variables
as displayed in Figure 11-10.
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General Data System 4 ]

Site Properties Input Parameters 4 ’

User Files Initial Conditions

Output Variables Uptake Variables ‘

’ Noise Variables

Nose vt |

Figure 11-10 — New User-Defined Output Parameters

SETTING UP SIMULATIONS WITH CUSTOM VARIABLES

23. Switch to Simulation Mode.

24. Create input controllers. Place the 2 new input variables on sliders on the controls
tab. These variables can be found in Layout > General Data > User > Input
Parameters > Noise Variables.

25. Change the controllers’ settings.
e For the average measurement noise, set the limits from 0 to 100.
e For the measurement noise standard deviation, set the limits from 0 to
100.

26. Create a new graph. Place the 2 new SOUR variables (SOUR without noise and
Sour with noise) on a graph. These variables can be found in Layout > General
Data > User > Output Variables > Uptake Variables. Set the limits from 0 to 1000.

27. Add variable to existing graph. Place the OUR with noise variable on the existing
graph that we created earlier in this tutorial (i.e. with flow and actual OUR). Set the
limits from 250 to 1,500.

RUNNING SIMULATIONS

28. Auto arrange the graphs and run a 10-day dynamic simulation with the steady-
state box checked. You should produce a graph similar to Figure 11-11.

29. Vary the noise parameters with the Input Control windows and observe the
impact on the output. Try running several simulations using different settings.
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Figure 11-11 — Simulation Results with Noise
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Tutorial 12

Dynamic Parameter Estimator (DPE)

PROBLEM STATEMENT

With many of the dynamic models used in GPS-X most of the model parameters are assumed to
be constant over the entire calibration period. For example, the clarifier's flocculent zone settling
parameter is normally set to one specific value for the entire simulation. One reason for doing so
is that it is difficult to determine or identify the changes in this parameter over time since it is
difficult to measure on-line. The best the modeler can do is assume that the parameter doesn't
change over the simulation period, and therefore use only one value to fit the target or measured
data.

A more rigorous approach, however, might be to try to fit the measured data by varying the
parameter over the simulation period. This has two advantages: a better agreement between the
model and data, and an indicator of the dynamic response of the parameter. Of course, this
technique assumes that the measured data is relatively free of error.

OBJECTIVES

After completing this tutorial, you should be able to set up and run the dynamic parameter
estimator (DPE). The GPS-X Advanced Tools module is required to complete this tutorial.
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SETTING UP THE LAYOUT

1. Load the starting point layout. We’ve already set up a layout with the appropriate data
files, controllers, and output graphs. You can find it by going to File > Sample Layouts
> Tutorials> Tutorial 12 (Starting Point).

INFLUENT

RETURN

Figure 12-1 - Layout used in Tutorial 12

2. Save the layout as a different name in your own directory. We are going to be making
some changes and we’d like to leave the starting point layout as is.

3. Switch to Simulation Mode.
4. Run a 4-day dynamic simulation with the steady-state box checked.

The graph of the primary effluent TSS shows a reasonable fit with the real measured data but
there is considerable room for improvement. These results are shown in Figure 12-2.

Primary Eff. - TSS &

Primary Eff. - TSS

500.0

400.0

300.0

200.0

[pe] total suspended solids [mg/L]

100.0

00

o
o

08 16 24 32 40
Time [days]

Figure 12-2 — Primary Effluent TSS
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At this point, it is desirable to improve the fit between the primary effluent TSS and the data by
optimizing the flocculent zone settling parameter as it varies with time.

5. Switch to Modelling Mode.

=

display the Optimizer Setup Wizard.

6. Open the Optimize menu on the top toolbar and select Optimize Setup. This will

& Optimizer Setup
Steps
1. Choose Target
2. Specify Variables

3. Select Settings

1. Choose Target
Target Options

Current Selection

Include:

B IMFLUENT(pi)
=-PRIMARY (pe)
""Internal Stream(s)
E!----pe
""Mndel Information
""Flnw
E""Compnsite Variables
""‘u'culatile Fractien
= Compaosite Variables

-[v] total suspended solids
] volatile suspended solids

I»

[pe] total suspended solids|

Description

Select one or more target variables for the optimization. The target variables are the model
prediction outputs that you would like to minimize, maximize, or fit to measured data.

Browse through the menus in the left window to find the variable(s) of interest, and select them.
The list of currently selected parameters is shown in the right window.

When complete, please didk on Mext”™ below.

‘ Mext = | ‘

Cancel

Figure 12-3 - Optimize Setup Wizard (Target Variables)

It can be found und

er:

PRIMARY (pe) > pe > Composite Variables > Composite Variables

Click Next to proceed to the next stage.

in the reactor. It can be found under:

PRIMARY (pe) > Settling > Double Exponential Parameters

Select the Target Variable. In this case, it is the total suspended solids in the reactor.

Select the Optimize Variable. In this case, it is the flocculant zone settling parameter
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& Optimizer Setup
Steps
1. Choose Target
2. Specify Variables

3. Select Settings

2. Specify Variables
Variable Options

Current Selection

Include:

B IMFLUENT(pi)
=-PRIMARY (pe)
-"-Ph}riical
""Operatinnal
E-Settling

=-Double Exponential Parameters

] maximum settling velocity

] hindered zone settling parameter
[ flocculant zone settling parameter

{1 maximurm Vesilind settling velocity

[pe] flocculant zone settling parameter

G

Description

Select one more input parameters that GPS-X will adjust during the optimization process. The multi-dimensional
search routine will control these parameters and change their values during each iteration of the optimization.

Browse through the menus in the left window to find the parameter(s) of interest, and select them. The list of

currently selected parameters is shown in the right window.

When complete, please dick on Mext” below.

Cancel

10. Click Next to proceed to the next stage.

Figure 12-4 - Optimize Setup Wizard (Optimize Variables)

11. Specify Optimizer Settings. The last step in the process is to specify which kind of
optimization we are doing. We will use Fit to Data, DPE, and Absolute Difference.
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M2 Optimizer Setup >

Steps 3. Select Settings
1. Choose Target

2. Specify Variables

Target Comparisen : |Fit to Data v| Add Data File...
3. Select Settings

Type: |DPE "|

Objective Function : |Absn|ute Difference v|

Simulation Stop Time : d

Description

Select the appropriate settings for your optimization. Options include minimizing or
maximizing a target variable, or fitting a target variable to time-series data. If fitting
to data, make sure the simulation stopping time is at least as long as the time-series
datazet.

When complete, please dick on "Finish™,

'? < Back ‘ lext = | Finish ‘ Cancel

Figure 12-5 - Optimize Setup Wizard (Optimizer Settings)

We can also use the “Add Data File...” button here to add data if needed, but we have
already specified our data file so we don’t need to do it again here.

12. Click Finish to complete the set up.
13. Switch to Simulation Mode.

Note that a new input panel has been created with our optimize variable already set to the
optimize type. The target variable has also been plotted on a new graph.

14. Enter Optimization Mode. Open the Optimize menu on the top toolbar and select
Optimize.

15. Change the limits of the optimize variable. Edit the settings and change the min/max
to 0.0001 and 0.005 respectively.

Control Properties: Optimization Parameters [

Variable Properties

Control Item Unit Min Max Delta Type

¥  [pe]flocculant zone settling parameter |m3/gT55 '| |D.DDD‘I | |D.DDS | |: | |Optimize '|

Accept ‘ Cancel ‘
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Figure 12-6 — Optimize Parameter Limits

16. Save the layout.

17. Run the simulation. The results are shown in Figure 12-7 and Figure 12-8.
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Figure 12-7 — DPE Results
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PE - Settling Parameter =8

PE - Settling Parameter
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Figure 12-8 — Flocculent Parameter

Try repeating the simulation with a shorter time window or tighter convergence criteria. These
settings have been set up as input control sliders on the “DPE Settings” tab.
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Tutorial 13

Monte Carlo Analysis

PROBLEM STATEMENT

When developing a plant model, we may wish to not only explore what loads a plant will fail
under, but the frequency with which these failures might occur. While linear analysis can tell us
at which points the plant will fail, Monte Carlo analysis allows us to determine the frequency
with which the plant will fail.

Monte Carlo analysis is also useful in exploring plant performance under different design
assumptions. For example, when designing a plant, you need to choose a value for the autotrophic
maximum specific growth rate and the alpha factors for your reactors. Neither of these values can
be fully known in advance, however we can approximate the range in which these values will fall.
We may know that the alpha factor for the waste water will fall somewhere between 0.4 and 0.7
and that the probability of it being any particular number inside this range is uniform. By
assigning probabilities to the range of values we can use Monte Carlo analyses to not only
investigate the plant’s performance over the range but the probability of the observed
performance characteristics.

OBJECTIVES

The purpose of this tutorial is to develop a basic understanding of Monte Carlo analysis in GPS-
X. Upon completion of this tutorial you will be able to carry out Monte Carlo analysis of model
variables. In this tutorial, we will be looking into how the dissolved oxygen in the tank reactor
and free and ionized ammonia in the plant effluent are affected by various alpha factors and
autotrophic maximum specific growth rates.

The GPS-X Advanced Tools module is required to complete this tutorial.
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SETTING UP THE LAYOUT

The Analyze module is an optional feature of GPS-X. If you have not purchased this module,
contact us for pricing information.

1. Because this feature requires multiple simulations, for demonstration purposes the work
will be carried out on a simple model consisting of a Wastewater Influent, a
Completely-Mixed Tank, and a Rectangular Secondary Clarifier. Start a new
layout.

2. Select the Comprehensive (mantis2lib) from the Library menu (if it isn’t already
selected) (see Figure 13-1)

L Comprehensive - Carbon, Mitrogen, Phosphorus, pH (mantis2lib)

Selenium and Sulphur (mantisZslib)
Carbon Footprint - Carbon, Nitrogen, Phosphorus, pH (mantis3lib)
Process Water Treatment Library (procwaterlib)

Petrochemnical Wastewater Library (mantisiwlib)

Legacy b

Figure 13-1 - Select Library

3. Create the layout as shown in Figure 13-2 with a codstates influent model, mantis2
CSTR model and simpleld clarifier model.

4. Save the layout with the name ‘tutorial-13.

Influent

CSTR Final Clarifier

Figure 13-2 - Tutorial 13 Layout
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Simulate cold winter conditions. Access the Plant Wide Properties by pressing the
button in the upper left corner of the drawing board. Change the liquid temperature to
10°C.

Change CSTR parameters.

e Set Input Parameters > Operational > specify oxygen transfer by to Entering
Airflow.

o Set the air flow into aeration tank to 15,000 m3/d.

Change the clarifier parameters.

e Set Input Parameters > Operational > pumped flow to 70 m¥d.
Save the layout.
Switch to Simulation Mode.

Create input controls. From the CSTR object, drag the following parameter to a new
input control tab:

e maximum growth rate for ammonia oxidizer from Input Parameters >
Kinetic (Ammonia-Oxidizing Biomass section)

e maximum growth rate for nitrite oxidizer from Input Parameters > Kinetic
(Nitrite-Oxidizing Biomass section)

e alpha factor (fine bubble) from Input Parameters > Operational (Diffused
Aeration section’s ‘More’ button)

Edit the controller settings. Open the properties window and change the maximum
growth rate for ammonia oxidizer settings to:

e amin/max of 0.5 and 1.2, respectively
e the controller type to “Analyze — Monte Carlo”. Notice that a button icon
appeared beside the Type box. This allows you access to the Distribution

settings.

e edit the Distribution settings and change the Type to Normal, the mean to 0.9,
and the standard deviation to 0.1.
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Control Properties: Input: 1 [
Variable Properties
Control [tem Unit Min Max Delta Type
)
#®  [mlss] maximum growth rate for ammonia oxidizer |Ud '| |D.5 | |1.2 | Analyze - Monte Carlo E| y 9
— —
¥ [mlss] maximum growth rate for nitrite oxidizer |T.f'd '| |D.5 | |1.2 | Analyze - Mente Carlg» y %
% [mlss] alpha factor (fine bubble) | '| |D.4 | |D.? | Anahge® Monte Carlo | g
= X
Distribution Properties
. i o Accept Cancel
[mlss] maximum grewth rate for ammonia oxidizer
Standard Deviation
Accept ‘ Cancel ‘

Figure 13-3 — Monte Carlo Controller Settings

Similarly, for the maximum growth rate for nitrite oxidizer, change the min/max to
0.5 and 1.2 and change the type to “Analyze — Monte Carlo”. Also change the
distribution to Normal but, in this case, change the mean to 1.0 and the standard
deviation to 0.1.

This allows the two parameters to vary about the default model settings.

For the alpha factor, set the min/max to 0.4 and 0.7 and the controller type to “Analyze —
Monte Carlo”. Leave the distribution as Uniform.

12. Create another input control. We will also want to vary the number of Monte Carlo
runs, so we’ll create another input controller for the number of runs. That variable can
be found from the main menu in:

Layout > General Data > System > Input Parameters > Simulation Tool
Settings

We will now set up separate output graphs of our input (to see the input distributions that were
generated) and output (which will tell us how well the plant performed).

13. Create graphs of our input variables. Note that these are the output variables
representing the input parameters. You can’t drag the input parameter itself to a graph.

Create an output tab labeled “Input Distributions” and add the following parameters
to their own separate graphs:

e maximum growth rate for ammonia oxidizer from the CSTR’s Output
Variables > Input Parameters > Kinetic (Ammonia-Oxidizing Biomass header)
menu.
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e maximum growth rate for nitrite oxidizer from the CSTR’s Output Variables
> Input Parameters > Kinetic (Nitrite-Oxidizing Biomass header) menu.

e alpha factor (fine bubble) from Output Variables > Input Parameters >
Operational (Diffused Aeration section’s ‘More’ button, Diffused Air header)

menu

14. Create graphs of our output variables.

Create an output tab labeled “Output Distribution” and add the following parameters to
their own separate graphs (from the CSTR’s Output Variables > Concentrations form):

o dissolved oxygen,
e ammonia nitrogen,
e nitrite

e nitrate

15. Edit the graphs’ settings.
For all of the graphs on both tabs, change:
e the graph type to Probabilistic (Monte Carlo)

e select Autoscale for both the x and y axes

This graph type will plot a histogram of our Monte Carlo results.

Qutput Graph Properties...

Display Properties

Title |AOE Growth Rate |

Output Graph Type |F‘robabi|istic (Monte Carlo) v|

Mumber of Bins
[[] Set Target l:l

[[] Cumulative Probability Line

¥-axis : Autoscale JAin | 0 :| ax |

X-axis: Autoscale

Variable Properties

Display Item Unit Color Save Data Points

¥ [mlss] maximum growth rate for ammenia oxidizer a O

Accept | Cancel |

Figure 13-4 — Monte Carlo Graph Properties
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In addition, for the dissolved oxygen and ammonia nitrogen graphs, set:
o the number of bins to 20 (to see the distribution at a higher resolution)

o the target values to < 3.0 for ammonia nitrogen and >2.0 for dissolved oxygen
(you can change the sign of the <, > symbol by left-clicking on the icon)

16. Save the layout.

SELECTING ANALYZE MODE

~17. Select the Monte Carlo analysis type. Click the little arrow beside the Analyze button
Iﬁ on the main toolbar (or access it through the main menu’s Tools > Analyze) and select
“Monte Carlo”.

7N

Analyze Mode

®  Steady State
Phase Dynamic

Time Dynamic

Monte Carlo

Figure 13-5 - Selecting Analysis Type

Switch to Analyze Mode. Click the Analyze button on the main toolbar (or access the
Analyze Mode checkbox through the main menu’s Tools > Analyze) to turn on the
analyzer.

The status bar at the bottom right of the main window will indicate that you are in
Analyze Mode.

Mode: Analyze - Monte Carlo

Figure 13-6 - Status Bar showing “Analyze — Monte Carlo” Mode
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RUNNING SIMULATIONS

18. Run the simulation. The simulations will run one after another, while collecting the
output of the model for post-simulation analysis. You can follow the progress of the
simulations on the Input tab, as the red indicator on the three input parameters progresses
through the required simulations (1000 of them, by default). Note that it may take
several minutes for the simulations to complete, depending on the speed of your

computer.
: |
[rnlss] alpha factor (fine bubble) 0.57779819 | - 1 Run Fum bar 1|:|:|:||
i 7 |
[rnlss] maximum growth rate for a... (,78859263 | 1/d 1 Run Fum bar 1|:|:|:||
[rnlss] maximurm growth rate for nit... 1.0944384 [ 1/d 1 Run Fum bar 1|:|:|:||

Figure 13-7 - Tracking the Progression of the Simulations

When the simulations are completed you should see the distribution of input parameters
for the alpha constant and the two growth rates. The growth rates should follow a
normal distribution, whereas the alpha factor should have a uniform (flat) distribution.
Note that the distribution of actual values used may not quite fit the expected distribution
shape. This is due to only running 1000 simulations — it would be more representative of
the desired distribution with larger numbers of simulations.

Max Growth Rate for Ammonia Oxidizer &' | Max Growth Rate for Nitrite Oxidizer =i
- Max Growth Rate for Ammonia Oxidizer - Max Growth Rate for Nitrite Oxidizer
a a
o @
o 2
= ]
= =
=+ o
B f— &
o= e
H 3
28 2%
o= [
£s £s
=
= =
= =
= + = +
0.7 0778 0.gsz 0.088 1.004 12 0.76 0848 0.036 1.024 1112 12
[mlss] maximum growth rate for ammonia oxidizer [1/d] [mlss]) maximum growth rate for nitrite oxidizer [1id]

Figure 13-8 — Input Parameter Distributions

The graphs on the Output Distributions tab shows the performance of the plant under
the varying model input. The effluent ammonia graph illustrates that the plant is
nitrifying most of the time. The target line shows that the plant effluent ammonia is
equal to or less than the target 3.0 mgN/L in 88.6% of the simulations. Note that in the
Monte Carlo analysis you may receive slightly different solutions but the % value
recorded on the graph should be within the range of 85% to 90%.
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Ammeonia Nitrogen &
- Ammonia Hitrogen
. 230 = 88 6%
o
b
o L -
w
= L ]
_E.-\,EI_/
%
23
= |:|_/ é
E =]
=1
= _ e
0.84 1814 2888 4.062 8136 G.21 7.284
[mlss] ammonia nitrogen [mghiL]

Figure 13-9 — Output Distribution Results showing Target

19. Rerun the simulation. However, this time use a larger aeration capacity. Create a new
scenario, and try increasing the aeration tank volume and/or the airflow to the system.
How much larger does it have to be to have 95% of the simulations with effluent
ammonia at 3.0 mgN/L or less?
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Tutorial 14

GPS-X with Python - Introduction

PROBLEM STATEMENT

No software package can be created generally enough such that it can automatically handle every
user’s exact display and interfacing needs. To offer the user with the greatest degree of
customizability, Python has been fully integrated into GPS-X. Through integrating Python in
GPS-X, advanced users have the ability to customize how they use GPS-X, from creating unique
visuals to the automation of data collection. The use of this feature requires the user to be familiar
with the Python programming language. Some basics of the Python language will be highlighted
throughout the following tutorials, but they are not meant as a comprehensive guide for using
Python.

In this tutorial, you will begin by familiarizing yourself with how Python is implemented in GPS-
X and how Python can be customized. You will then learn how Python can be used to directly
manipulate variables in a GPS-X simulation.

The GPS-X Advanced Tools module is required to complete this tutorial.
OBJECTIVES

After completing this tutorial, you should be able to create Python scripts that can run and
manipulate GPS-X simulations.
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GPS-X AND PYTHON - BASICS

1. Open the Layout created in Tutorial 1 and save itas " tutorial-14" .

Influent

wwinf]

Aeration Tank Final Clarifier Effluent

Figure 14-1 — Tutorial 14 Layout
2. Switch to Simulation Mode, if it is not already selected.

3. Open Python Script Manager. Python’s functionality within GPS-X is managed
through the Python Script Manager.

Tools

f(x) Define »
Build

Model Developer

Scada Data To GPSX

Q Analyze 4
E Optimize 4

g? Python Script Manager

Figure 14-2 — Accessing the Python Script Manager

4. Create a New Script. Pressing the new button will prompt you to create a new Python
script. By default, the script will be saved in the same directory as the layout with the
same name as the layout. Save the script using the default settings.
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A

Scripts

Included files :

OO > o

Qutput ~

'? Close

Figure 14-3 - Creating a New Python Script in GPS-X

5. Edit the Script. With “tutorial-14.py” selected, which is indicated by the file name being
highlighted in a dark blue color, press the Edit button. By default, this will open the
Python script in Notepad using Python version 3.7.

These default settings can be changed by pressing the Python Settings button. GPS-X
Q comes with versions 2.7 and 3.7 of Python in the install and you can easily toggle
between these versions from this menu. You can also specify other versions of Python
on your machine that you would like GPS-X to use by selecting the other option in the
Python Settings menu and specifying both the version number and the pathway of the
Python instance. The default text editor can also be changed from this menu if desired.
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3 Preferences *

r Layout |/ Input/Cutput r Build rnyhon

Python
Distribution @ Python 3.7

) Python 2.7
) Other
H | | [Browse..]
Editor |notepad | | Browse... |
JAR Classpath | | | Edit. |

Remove all variables before running script

[] Include scripts in archive

Accept | Cancel ‘

Figure 14-4 - Python Settings Menu
Every Python script generated by GPS-X will be initially populated with 4 GPS-X
recognized functions. An unedited Python Script generated by GPS-X can be seen in
Figure 14-5. The functions that GPS-X predefines in the script are:
i. start— This function is called a single time at the start of a simulation.

ii. cint— This function is called at each communication interval that occurs in the
simulation.

iii. eor - This function is called a single time at the end of a GPS-X simulation.

iv. runSim — This function starts the GPS-X simulation within the Python script. A
simulation will begin each time this function is called within the script.
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| tutorial-14 - Notepad — 0 e

File Edit Format View Help

# Simple template for controlling GPS-X from a Python interpreter
# This script is launched from GPS-X

# GPS-X copyright 2019 Hydromantis

# start() function executed once at simulation start
#
def start():

pass

# cint() function executed at every communication interval
#
def cint():

pass

# eor() function executed once at end of simulation
# finished set True is required to terminate the runsim() function
#
def eor():
global finished
finished = True

# runsim() call starts simulation in GPS-X
try:

runsim()
except Exception:

pass

Figure 14-5 — Python Script Generated by GPS-X

7. Asameans to familiarize yourself with how the Python interfaces within GPS-X, we will
begin with a Hello World example:

In the start() function, replace the pass command with:
print(“Hello”)
In the cint() function, replace the pass command with:
print(* <)
Finally, in the eor() function, add the following line after the finished = True statement:
print(“World”)

The updated script can be seen in Figure 14-6.
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| tutorial-14 - Notepad — 0 %

File Edit Format View Help

# Simple template for controlling GPS-X from a Python interpreter
# This script is launched from GPS-X

# GPS-X copyright 2@19 Hydromantis

# start() function executed once at simulation start
#
def start():

print("Hello")

# cint() function executed at every communication interval
#
def cint():

print(™ ")

# eor() function executed once at end of simulation
# finished set True is required to terminate the runsim() function
#
def eor():
global finished
finished = True
print("wWorld")

# runsim() call starts simulation in GPS-X
try:

runsim()
except Exception:

pass

Figure 14-6 - Sample Python Script

8. Save the Script. After making changes to the script in Notepad, the file must be saved in
Notepad before it can be run in GPS-X. This is done by selecting File > Save from the
main toolbar in Notepad.

9. Run the Script. Return to the Python Script Manager. The “tutorial-14.py” script will
currently be the only script available in the Python Script Manager, so it will be selected
by default. Press the Run Script button to run the selected Python script within GPS-X.
The Python Script manager will then run your Python script.
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[ Python Script Manager X

Scripts

Included files :

Output *

? Close

Figure 14-7 - The Python Script Manager Running a Python Script

10. The results of the script appear in the Output pane of the Python Script Manager, which
can be accessed by pressing the Output button. The results of the simulation can be seen
in Figure 14-8. “Hello” is the first output in the output pane and it appears only a single
time. The output “Hello” appears first because the start function is called immediately
when a simulation begins. The start function is not called again during the simulation, so
“Hello” will only appears a single time. Likewise, “World” only appears a single time at
the end of the output due to the eor function only being called once at the end of the
simulation.

In the output, it can be seen that the cint function is called twice during the simulation,
creating the two blank lines between “Hello” and “World”. The cint function is called at
every communication interval in the simulation which includes both the initiation of the
simulation after the start function (t = 0.0) and when the simulation terminates prior to
calling the eor function. Due to the stop time in this simulation being set to 0.0 days, cint
will only be called at the initiation and termination of the Python script, causing two
instances of “ “ to appear in the output.
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o Python Script Manager

Scripts

Included files :

L= Tutorial 14 Real

-0

New |

Add |

Remnve_

| Edit

Output «
Hello

World!

=R

f?

Close

Figure 14-8 - Results of Running the Python Script

GPS-X AND PYTHON — BASIC SIMULATION

Now that a you have an understanding of how Python scripts are used to communicate with GPS-
X, we will move to an example that is more focused on how we can use Python to manipulate the

variables within GPS-X.

11. Save a New Script. We have created a Python script for you to use during this portion of
the tutorial. Locate and open the “tutorial-14-COD-Manipulation.py” Python script file
located in the following subdirectory of the GPS-X instillation directory:

\layouts\08tutorials\

Save the script in the directory where the GPS-X file is currently saved.

12. Open the Python Script Manager.
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13. Add the Script. When using an existing Python script, it must be added to the Python
Script Manager before you can run it in GPS-X. Press the Add button.

e Python Script Manager x

Scripts

Included files :
= tutorial-14 | New

Add 3
Remove

| Edit

OO PE-

? Close |

Figure 14-9 - Adding an Existing Script to the Python Script Manager

Pressing Add will open the current working directory and show all Python files currently
saved in the directory. Select the “tutorial-14-COD-Manipulation.py” file and Open it
to add it to the Python Script Manager.
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@ Open >

Look In: |D tutarial 14 '| @

[E] tutorial-14.py

B tutorial-14-COD-Manipulation. )

File Mame: |tut0ria|-'l4-COD-ManipuIatian.p}r |

Files of Type: |F'y't|*1|:|n Script (*.py) '|

Figure 14-10 - Adding the tutorial-14-COD-Manipulation File to the Python Script Manager

14. Edit the Script. Select the “tutorial-14-COD-Manipulation.py” script and press Edit.
This will open the script in Notepad. We will now examine the important components of
the Python script:

The start function can be seen in Figure 14-11. The start function in this script is used to
display the initial value of some GPS-X variables of interest. Python is then used to
directly change the value of these variables in GPS-X. This is done using predefined
commands that are recognized by GPS-X. The GPS-X recognized commands in the start
function include:

gpsx.getValue. This function is used to get the value currently assigned to a
variable in GPS-X for manipulation in Python. To use the getValue function, you
must enter the cryptic name of the of the GPS-X variable in the parenthesis as a
string.

gpsx.setValue. This function is used to assign new values to GPS-X variables
directly through Python. To use this function, you must first enter the cryptic
name of the GPS-X variable in the parenthesis as a string. The new value you
would like to assign to the variable is then entered. Ensure that the appropriate
Python variable type is used in this function.

Note: If you would like to toggle an ON/OFF switch in GPS-X, you must use the
gpsx.setValue and assign it a value of 0.0 for OFF and a value of 1.0 for ON.

gpsx.setTstop. This function is used to change the stop time of the current
simulation. To use this function, simply enter the new stop time you would like
in the parenthesis
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def start():

InfFlow = gpsx.getValue("gconwwinf")
InfCOD = gpsx.getValue("codconuwinf™)
print("The Initial Influent COD is "
print("")

EffFlow = gpsx.getValue("gfel")
EffCOD = gpsx.getValue("codfel")
print(“The Initial Effluent COD is "
print("")

gpsx.setValue("gcommwinf™, 2508)
gpsx.setValue("codconwwinf™, 435)

InfFlow = gpsx.getValue("qconwwinf")
InfCOD = gpsx.getValue("codconuwinf™)
print(“The Adjusted Influent COD is "
print{("")

EffFlow = gpsx.getValue("gfel™)

EffCOD = gpsx.getValue("codfel"™)

print(“The Adjusted Effluent COD is ™
print("")

gpsx.setTstop(5.8)

print(“The Initial Influent Flow Rate is "
+ str{round(InfCOD, 2)))

print(“The Initial Effluent Flow Rate is "
+ str(round(EffCOD, 2)))

print(“The Adjusted Influent Flow Rate is "
+ str(round(InfCOD, 2)))

print(“The Adjusted Effluent Flow Rate is "
+ str(round(EffCOD, 2)))

+ str(round(InfFlow, 1)))

+ str(round(EffFlow, 1)))

+ str(round(InfFlow, 1)))

+ str(round(EffFlow, 1)))

Figure 14-11 - The Start Function in the tutorial-14-COD-Manipulation Python Script

The cint function can be seen in Figure 14-12. Using the gpsx.getValue function, the

cint function obtains the final values of our variables of interest.

def cint():

InfFlow =

EffFlow =

global InfFlow, InfCOD, EffFlow, EffFlow, EffCOD

gpsx.getValue( "gconuuinf™)
InflOD = gpsx.getValue("codcomawint™)
gpsx.getValue("gfel™)
EffCOD = gpsx.getValue("codfel™)

Figure 14-12 - The cint Function in the tutorial-14-COD-Manipulation Python Script

169

The eor function can be seen in Figure 14-13. This function is simply used to format the

data collected in the cint function.
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def eor():
finished =

print("The
print("The
print("")

print("“The
print("The

global finished
True

Final Influent Flow Rate is "
Final Influent COD is "

Final Effluent Flow Rate is "
Final Effluent COD is "

+ str(round(InfFlow, 2)))
+ str{round(InfCOD, 2)))

+ str(round(EffFlow, 2)))
+ str{round(EFfCOD, 2)))

Figure 14-13 - The eor Function in the tutorial-14-COD-Manipulation Python Script

15. Save the Script.

16. Run the Script. The simulation output can be seen in Figure 14-14. From the output, it is
important to note that changing the value of a GPS-X variable with Python will not have
an immediate effect on the other variables in GPS-X. This is illustrated when looking at
the Adjusted influent and effluent variables in the output. Well Python changes the
influent variables, the effluent variables remain unchanged. The effluent variables will
not be calculated until the simulation resumes. You can use Python to access the newly
calculated effluent variable values at the next communication interval.

# Python Script Manager X
Scripts
Included files:
@ O8tutorials MNew
’ ----- [ tutorial-14.py
Ea Wit utorial- 14- COD-Manipulation.py Add
Edit
~
G L =4 n

Output

The Initial Influent Flow Rate is 2000.0
The Initial Influent COD is 380.0

The Initial Effluent Flow Rate is 1940.0
The Initial Effluent COD is 31.4

The Adjusted Influent Flow Rate is 2500.0
The Adjusted Influent COD is 435.0

The Adjusted Effluent Flow Rate is 1940.0
The Adjusted Effluent COD is 31.4

The Final Influent Flow Rate is 2500.0
The Final Influent COD is 435.0

The Final Effluent Flow Rate is 2440.0
The Final Effluent COD is 37.48

9

Close

Figure 14-14 - Output of the tutorial-14-COD-Manipulation Python Script
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INSTALLING PYTHON LIBRARIES

The power of using the Python programming language alongside GPS-X comes from Python’s
active community of users making open source libraries that preform a variety of functions in
Python. To use these libraries, you are required to install them in the directory where you are
running Python from. This tutorial will focus on the instillation of Python in a Windows
environment assuming an internet connection is available for your machine.

17.

18.

Open the Command Window. The command window can be opened by going to the
start menu and typing ‘cmd’. Hit the Enter key.

Access the Directory. You need to access the directory where GPS-X has been installed
on your computer. Once you have found the GPS-X directory, you will need to create a
path to it in the command window.

If you are using Python version 3.7, open the folder named python37 in the GPS-X
instillation directory. Copy the address of the directory by right clicking on the file
explorer address bar and selecting Copy address. The address will end in:

GPS-X80\python37

If you are using Python version 2.7, open the folder named python in the GPS-X
instillation directory. Copy the address of the directory by right clicking on the file
explorer address bar and selecting Copy address. The address will end in:

GPS-X80\python

In the command window, enter cd and paste the copied address. Hit Enter to make this
the active directory.
cd <Paste address here>

E¥ Command Prompt - O Pad

Figure 14-15 - Accessing the GPS-X Python directory
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19. Update pip. pip is a package installer included in the base Python instillation that is used
to install libraries in Python. First ensure pip is fully updated by typing:

python -m pip install --upgrade pip

Press the enter key. Using an Internet connection, pip will search to see if any updates are
available for the pip library. If updates are available, pip will update itself and any out of

date dependencies.

E¥ Command Prompt

python37

thon -m pip install --upgrade pip

32e3e7f48ccedbddSTble7

Figure 14-16 - Updating the Python pip Package Manager

20. Install matplotlib. We will now be installing matplotlib, a library that is used for plotting
data within Python. To install matplotlib, type the following into the command window

and hit Enter:
python -m pip install matplotlib

pip will automatically install matplotlib and its dependencies in the specified directory.
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B8 Command Prompt — O x

num

\lib\site-pa

».8.1 in ¢

d: kiwisolv

d: six in c

setuptools in «

Figure 14-17 - pip Installing matplotlib

21. Check the Install. Any libraries that you have installed to your version of Python can be
seen in your GPS-X download directory. If you are using Python 3.7 go to:

GPS-X80>python37=>Lib>site-packages
If you are using Python 2.7 go to:

GPS-X80>python>Lib>site-packages
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Tutorial 15

GPS-X with Python — Random Events

PROBLEM STATEMENT

When building a model, it is often easy to overlook that many variables in the system may exhibit
random behaviour. Additionally, if it is recognized that some variables, such as storm frequency
and severity, historic data may be unavailable and creating data for the simulation may introduce
an input bias to the system. By using Python, we can introduce truly unique data to the system
and visualize how it will react.

By using random inputs, you can see how your wastewater treatment plant will react under
unpredictable operating conditions. For example, when designing a plant, data may be available
that details the influent that the plant can expect, but this data often omits random and
unpredictable events such as storms that will impact your influent flow. Using Python’s random
number generator, we will create a simulation to visualize the effects of storm frequency and
severity on the influent flow rate to a plant and how this flow rate can be controlled.

The GPS-X Advanced Tools module is required to complete this tutorial.

OBJECTIVES

Upon completion of this tutorial, you will have an understanding of how Python’s random
number generator can be used to generate random events in GPS-X and visualize the impact they
on the operation of your plant.

SETTING UP THE LAYOUT

1. Create a new layout consisting of:

e A wastewater influent object,

e astormwater runoff (Influent tab)
e a2-flow combiner,

e aplug-flow tank,

e acircular secondary clarifier

e 3 wastewater outfall
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Use the mantis2lib library and the default model selections (the codstates influent
model, the mantis2 plug flow tank model and the simpleld circular clarifier model).
Connect the unit processes and add the labels displayed in Figure 15-1.

Influent Combiner
Rain Water

Aeration Tank Final Clarifier Effluent

Figure 15-1 - Tutorial 15 Layout
2. Save the layout as ‘tutorial-15’.
3. Enter Simulation Mode.
4. Create an output plot for the flow leaving the Influent Combiner as described in

Tutorial 2 (Right click the 2-flow combiner object Output Variables > Flow). Set
the plot to autoscale.

CREATING A RANDOM EVENT
5. Open the Existing Python Script. We have included a pre-written Python script for
creating a random event. Locate and open the tutorial-15-Random.py Python script

in the following subdirectory of the GPS-X installation:

\layouts\08tutorials\

6. Save the Python Script. Save the Python script in the same directory as the layout
file.

7. Add the Python Script to the Layout. In the Python Script Manager press the Add
button and select the script. Press Open.

8. Edit the Python Script. Press the Edit button to open the script in Notepad. The
script has been broken into 2 sections:
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The User Inputs section currently contains a list variable that corresponds
to the rain fall depths that the Stormwater Runoff object can generate in
mm/hr. It also contains a variable that will represent the user defined
communication interval and stop time.

HHFFHH AR EEHUSER  INPUT SH#### S A i

RainInflow = [0, 0.0025, 0.005, 0.0075, 0.01]
CommInt = ©.85
StopTime = 50.0

Count = @

HEEHEH AR RN RN RN RN

Figure 15-2 - The User Inputs Section of the Python Script

Functions:

The Functions section of the script contains the four functions that are
automatically generated by GPS-X when creating a new Python script. In
the Start function, a new pre-defined GPS-X recognized command,
gpsx.setCint is introduced. This command allows you to change the
communication interval used in the GPS-X simulation directly within
Python. To use the gpsx.setCint command, enter the desired
communication interval in the parenthesis.

The randomness in this script is introduced in the cint function. In the
cint function, Python’s random library is used to generate random integer
numbers. Using conditional formatting, these random integers are then
used to assign a value to the rainfall depths variable in the Stormwater
Runoff object, creating random behaviour in the simulation.
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def start():
global CommInt, StopTime
gpsx.setTstop(StopTime)
gpsx.setCint(CommInt)

def cint():

global RainInflow, Count
import random

if Count == 1.8:
Count = @

if RainProbability <= 85:

elif RainProbability »85 and

elif RainProbability >98 and

elif RainProbability »95 and

else:

def eor():
global finished
finished = True

try:
runSim()

except Exception:
pass

gpsx.setValue("rainfallrain®

gpsx.setValue("rainfallrain®

gpsx.setValue("rainfallrain®

gpsx.setValue("rainfallrain®

gpsx.setValue("rainfallrain®

RainProbability = random.randint(1l, 188)

, RainInflow[B])

RainProbability <= 98:
, RainInflow[1])

RainProbability <= 95:
, RainInflow[2])

RainProbability <= 98:
, RainInflow[3])

, RainInflow[4])

Count = round((Count + CommInt), 2)

Figure 15-3 - The Functions Section of the Python Script

9. Save the Python Script.

10. Run the Script. Press the Run button in the Python Script Manager. A sample
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output graph can be seen in Figure 15-4. Note: Your graph will appear different than

what is seen here due to the randomness introduced by the Python script.
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Figure 15-4 - Output Graph of the Random Rain Event

LIMITING MAXIMUM INFLUENT

With the introduction of a random rainfall event, the total influent to the plant may reach values
that exceed the maximum capacity of the treatment equipment. To accommaodate this, we will use
Python to simulate a bypass weir.

11. Enter Modelling Mode.

12. Add the following objects:

e A Control Splitter (This will act as our bypass weir),
e a2-flow Combiner

Adjust the unit connections and stream labels as seen in Figure 15-5.
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Rain Water

Influent

Aeration Tank  Final Clarifier

Effluent

¥

13.

14.

15.

16.

17.

18.

Figure 15-5 - Tutorial 15 Layout with a Bypass Introduced

Switch to Simulation Mode
Create an Output plot with the following variables:

Total Influent can be found in the Influent Combiner Output Variables > Flow
The Aerator flow can be found by by right clicking the wwinf connection point on
the Control Splitter Output Variables > Flow

The Bypass flow can be found by by right clicking the bypass connection point on
the Control Splitter Output Variables > Flow

Open the Python Script Manager

Edit the Python Script. Select the “tutorial-15-Random.py” Python script and hit the
Edit button on the Python Script Manager.

Save the Script. We will be modifying the “tutorial-15-Random.py” Python script
in our new scenario. To avoid changing the script used in the previous section, go to
File > Save As. In the Save As window change the Save as type to All Files and save
the script with a new name ending in .py extension (eg. “tutorial-15-Bypass.py”)

We will need to make following changes to the Python script:

Add the following to the User Input Section:

MaxAeratorFlow = 4000
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This value represents the maximum allowable flow rate that the Aerator can
handle.

SRR USER. TNPUT S SRR RERERRR

RainInflow = [@, ©.8825, 0.085, 0.8875, 0.01]
CommInt = ©8.85

StopTime = 5@.8

Count = @

MaxderatorFlow = 4880

Figure 15-6 - Changes to the User Inputs Section in the Bypass Python Script
e Add the following to the global variables defined at the start of the cint section:
MaxAeratorFlow
e Add the following to the end of the cint function:
Inflow = gpsx.getValue('gmixinf")
if Inflow > MaxAeratorFlow:

gpsx.setValue(‘gconbypass', (Inflow - MaxAeratorFlow))
else:

gpsx.setValue(‘gconbypass', 0.0)

180
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def start():

global CommInt, StopTime
gpsx.setTstop(StopTime)
gpsx.setCint(CommInt)
gpsx.setValue( 'gconbypass®, ©.8)

def cint():

global RainInflow, MaxfAeratorFlow, Count
import random

RainProbability = random.randint(l, 168)

if Count == 1.8:
Count = @

if RainProbability <= 85:
gpsx.setValue("rainfallrain™, RainInflow[8])

elif RainProbability »85 and RainProbability <= 98:
gpsx.setValue("rainfallrain™, RainInflow[1])

elif RainProbability »98 and RainProbability <= 95:
gpsx.setValue("rainfallrain™, RainInflow[2])

elif RainProbability »95 and RainProbability <= 98:
gpsx.setValue("rainfallrain™, RainInflow[3])

else:
gpsx.setValue("rainfallrain™, RainInflow[4])

Inflow = gpsx.getValue( gmixinf")

if Inflow > MaxAeratorFlow:

gpsx.setValue( 'gconbypass”™, (Inflow - MaxAeratorFlow))
else:

gpsx.setValue( 'gconbypass®, ©.8)

Count = round((Count + CommInt), 2)

def eor():
global finished
finished = True

try:

runSim()

except Exception:
pass

...................................................................
LA L L LR L L LR LR R R LR R RN

Figure 15-7 - Changes to the Functions Section in the Bypass Python Script

This block finds the total influent that is entering the plant from both influent
objects and determines if it is greater than what the Aerator can handle. If the
influent flow rate is greater than the maximum aerator flow rate, the excess is
bypassed.
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20. Run the Script. A sample output can be seen in Figure 15-8. Note: your output will
appear different due to the randomness in this script.

Notice that by controlling the bypass this way, any flow that would exceed the
maximum allowable aerator influent of 4,000 m3/d is instantaneously bypassed and
the influent limit is never exceeded.
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Figure 15-8 - Output of the "'tutorial-15-Bypass'* Python Script

CREATING AN INPUT DELAY

When running a GPS-X simulation, changes caused by control loops happen instantaneously, but
this assumption does not always translate directly to the real world as input delays and equipment
start up times may cause a discrepancy between the detection of an event and when it is corrected
for. We will now look at how we can use Python to delay the time it takes for the model to

address a deviation from setpoint.

21. Open the Existing Python Script. We have included a Python script that has already
been written to delay the bypasses ability to control the influent. Locate and open the
tutorial-15-Delay.py Python script in the following subdirectory of the GPS-X
installation directory:
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\layouts\08tutorials\
22. Save the Python Script in the active directory
23. Open the Python Script Manger
24. Add the Script to the Python Script Manager

25. Edit the Script. This Python script is built from the “tutorial-15-Bypass.py” Python
script. We will now discuss the changes made from that Python script:

o Influent: A list variable called Influent has been added to the start function. This
variable is used in the cint function to collect the total influent flow at every
communication interval.

e Count: A variable called count has been added to the start function. This variable is
used to track the number of communication intervals that have occurred. The
communication interval time has been reduced in this Python script, so the count
variable tracks the communication intervals to ensure the random event still occurs
on the communication interval that corresponds to 1 day being elapsed.

e Bypass Control: The bypass control from the previous Python script has been
modified and now compares the total influent flow that occurred 5 confidence
intervals prior to the maximum allowable flow rate to the aerator. This introduces a
delay of 5 communication intervals to the bypasses ability to control a deviation in
the influent flow rate.

R USER | INPUT SRR

RainInflow = [@, ©.8025, 8.805, 0.0875, 8.01]
CommInt = ©.85

StopTime = 58.8

Count = @

MaxAeratorFlow = 46886

Influent = []

Figure 15-9 - Changes to the User Inputs Section of the Delayed Bypass Python Script
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T B T R OR RN TORORTORTOR
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def start():

global CommInt, StopTime
gpsx.setTstop(StopTime)
gpsx.setCint({CommInt)
gpsx.setValue( 'qconbypass®, 8.8)

def cint():
global RainInflow, MaxAeratorFlow, Count, Influent
import random

if Count == 1.8:
Count = @

RainProbability = random.randint(1, 188)
if RainProbability <= 85:
gpsx.setValue("rainfallrain”, RainInflow[8])

elif RainProbability »85 and RainProbability <= 98:
gpsx.setValue("rainfallrain”, RainInflow[1])

elif RainProbability »98@ and RainProbability <= 95:
gpsx.setValue("rainfallrain”, RainInflow[2])

elif RainProbability »95 and RainProbability <= 98:
gpsx.setValue("rainfallrain”, RainInflow[3])

else:
gpsx.setValue("rainfallrain”, RainInflow[4])

if len(Influent) »= 5:
if Influent[-5] » MaxAeratorFlow:
gpsx.setValue( 'qconbypass®, (Influent[-5] - MaxheratorFlow))
else:
gpsx.setValue( 'qconbypass®, 8.8)
else:
gpsx.setValue( 'qconbypass®, 8.8)

Influent.append(gpsx.getValue( gmixinf'))
Count = round({Count + CommInt}), 2)

def eor():
global finished
finished = True

try:

runSim( )
except Exception:
pass
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Figure 15-10 - Changes to the Functions Section of the Delayed Bypass Python Script

26. Save the Script
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27. Run the Script. A sample output can be seen in Figure 15-11. Note: your output will
appear different due to the randomness in this script.

Notice that when the Aerator influent limit is exceeded, the bypass does not
immediately activate, and excess influent enters the Aerator. It can also be noted that
when the bypass is activated, that the amount bypassed exceeds what is actually
required to meet the maximum influent allowed to enter the aerator.
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Figure 15-11 - Output of the "tutorial-15-Delay" Python Script
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Tutorial 16

GPS-X with Python — Sensitivity Analysis

PROBLEM STATEMENT

When creating a new model, it is common to preform a sensitivity analysis to analyze the effects
that uncertainty in your parameters will have on the model. While visualizing the effects of
changing a single parameter may offer the user a way to test the validity of a given model, it is
often difficult to visualize the effects the effect that simultaneously changing multiple parameters
will have on the model.

By systematically altering the parameters used in a given system, you can develop a detailed
understanding of how the variables in your model interact with each other. Through the use of
Python, the analysis process in GPS-X can be simplified and you can create detailed sensitivity
maps to visualize the relationship between variables in your system.

In this tutorial, the sensitivity of a plant’s effluent ammonia will be examined using two different
methods. First, we will look at the sensitivity of effluent ammonia to simultaneous changes to
both liquid temperature and the secondary clarifier’s wastage flow rate by producing a 3-
Dimensional sensitivity map. We will then explore how various sets of operating conditions can
be compared to each other directly on a 2-Dimensional plot using scenarios in GPS-X.

The GPS-X Advanced Tools module is required to complete this tutorial.
OBJECTIVES

The purpose of this tutorial is to see how Python can be used to maximize the information you
extract from GPS-X. By the end of this tutorial, you can use Python to create detailed sensitivity
analysis in GPS-X.

Plots in this section will be created using the matplotlib library in Python which must first be
installed into Python, as described in Tutorial 14. The plots will be displayed using the Pillow
(referred to as PIL in python) library which also must be installed.
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TwO MANIPULATED VARIABLE SENSITIVITY ANALYSIS

We will now look at how Python can be used to model the sensitivity of an output variable to two
simultaneously manipulated inputs. Ensure matplotlib and Pillow have been install to the instance of
Python you are using as described in Tutorial 14 before proceeding with this Tutorial.

1. Open the layout created in Tutorial 1 and save it as ‘tutorial-16".

Influent

wwinf

Aeration Tank Final Clarifier Effluent

Figure 16-1 - Tutorial 16 Layout

2. Switch to Simulation Mode if not already there.
3. Open the Existing Python Script. We have included a Python script that has already been
written to perform the sensitivity analysis. Locate and open the ‘tutorial-16-3D.py’ Python script

found in the following subdirectory of the GPS-X installation:

\layouts\08tutorials\
4. Save the Python Script. Save the script in the current working directory.

5. Open the Python Script Manager. The Python Script Manager can be accessed by through
Tools > Python Script Manager on the main toolbar.

6. Add the Script to the Python Script Manager. Press the Add button and select tutorial-16-3D.py
from the menu. Press Open to add it to the Python Script Manager.

7. Edit the Script. Press the Edit button to open the Python script in Notepad.

The script is broken into 4 major sections:
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User Inputs:
The user inputs section is where the user can define the range of values they
would like to include in the sensitivity analysis. The user can specify upper and
lower bounds for both the liquid temperature and the Secondary Clarifier wastage
flowrate.
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The user can also specify the number of points they would like to use in the
sensitivity analysis. The range between the minimum and maximum values
assigned to each variable will be split into this many equally spaced points. A
simulation will be run at each of these conditions.

#Define upper and Lower range of temperature and wasteage flow
UpperTemp = 25

LowerTemp
Upperllaste
LowerWaste

#Define the number of equally spaced points between the min
#and max values you'd like each variable to have

NumPoint =

4

leee
5

Figure 16-2 - The User Inputs Section of the Python Script

Functions:

The functions defined by GPS-X when creating a new Python script are used to
manipulate variable values in GPS-X. An additional function, GpsxFn, has been
added to this section. This is a user defined function. It is used to set the values

for Temperature and Wastage Flow to be used in the current.

GPS-X Tutorial Manual



Tutorial 16 - GPS-X with Python — Sensitivity Analysis 189

### HFHHHY FHHHEHHHEFUNCT IONS#4#44
def start():

gpsx.setvalue('temp’, CurTemp)
gpsx.setvalue('qconwasl', Curllaste)

def cint():
global CurNH3
CurNH3 = gpsx.getvalue('snhfe1l’)

def eor():
global finished
finished = True

def GpsxFn(Currentlaste, CurrentTemp):
global curkaste, CurTemp

Curlaste = CurrentlWaste
CurTemp = CurrentTemp

R R S S s s s T s

Figure 16-3 - The Function Section of the Python Script

e Data Collection:
This section of the script creates the range of values to be looked at using
Python’s numpy library. Using numpy, a coordinate matrix is constructed for
each of the variables. The values in the matrices are equally spaced between the
minimum and maximum values defined in the user inputs section. Each of these
coordinates is then feed into the GPS-X simulation to determine the effluent
Ammonia concentration under these operating conditions. These effluent
concentrations are extracted from GPS-X and recorded in a results matrix.
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import numpy as np

#Create an vector of equally spaced values between the min and max
Temp = np.linspace(LowerTemp, UpperTemp, NumPoint)
WasteFlow = np.linspace(LowerWaste, UpperWaste, NumPoint)

#(reate coordinate matrices from the vectors
Temp, WasteFlow = np.meshgrid(Temp, WasteFlow)

Results = []
#Cycle through the values and record them
try:

for i in range(len(WasteFlow)):

CurrentWaste = WasteFlow [i][@]
Results.append([])

for j in range(len(Temp)):
CurrentTemp = Temp[@][7F]
GpsxFn(Currentlaste, CurrentTemp)
runSim()
Results[i].append(CurlH3)

Figure 16-4 - The Data Collection Section of the Python Script

Plotting:
This section uses Python’s matplotlib library to create a 3-D plot of the data
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collected in the previous section of the Python script. The plot will be saved as a
.png file in the same directory as the layout file at the end of the Python Script.

Pillow is then used to open this PNG file prior to terminating the script.
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import matplotlib

matplotlib.use( "Agg')

import matplotlib.pyplot as plt

from mpl_toolkits.mplot3d import Axes3D
from PIL import Image

#Plot the data

fig = plt.subplots(figsize = (20,15))

ax = plt.axes(projection="3d")

ax.plot_surface(X=Temp, Y=WasteFlow, Z=np.array(Results))

#label the plot

ax.set_xlabel('Temperature', fontsize = 24, labelpad =28)
ax.set_ylabel('Wastage Flow', fontsize = 24, labelpad =28)
ax.set_zlabel('Effluent Ammonia’, fontsize = 24, labelpad =20)
plt.xticks(fontsize = 17)

plt.yticks(fontsize = 17)

#Add z-axis ticks
for t in ax.zaxis.get major_ticks(): t.label.set fontsize(15)

#5ave the plot as a PNG image in the active directory
plt.savefig( ' Tutorial-16-3D-" + str(MumPoint) + 'points.png’)
Image.open( ' Tutorial-16-3D-' + str(NumPoint) + 'points.png').show()

except Exception:
pass

Figure 16-5 - The Plotting Section of the Python Script

8. Save the Python Script.
9. Run the Python Script. Press the Run Script button on the Python Script Manager window.

10. View the Results. The plot produced by the script is saved as a .png file in the directory where
the layout file is saved. Open the directory where you have saved the layout file and locate the
PNG file named “Tutorial-16-3D-4points.png”. Open the PNG file to view the results of the
sensitivity analysis
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Efﬂuent Ammonia

Figure 16-6 - Sensitivity of Effluent Ammonia to Liquid Temperature and Wastage Flow

11. Edit the Python Script. In the User Inputs section of the Python script, make the following

changes:
Increase the LowerTemp value to 10 °C (this will decrease the temperature range

[ ]
being looked at, as little change is observed between 5 °C and 10 °C).
Increase the NumPoint value to 10 (This will increase the resolution of the of the data

as more points are being sampled allowing you to better visualize trends). Note: The
increased number of points will require more simulations and will take longer to run

than the previous script.

12. Save the Python Script.

13. Run the Python Script.

14. View the Results. Open the new PNG figure found in the active directory called “Tutorial-16-
3D-10points.png”. Notice that the resolution of the plot has increased due to the increased

number of sample points being used.

Note: When deciding on the number of points to use in a sensitivity analysis, keep in mind that
the number of simulations required does not grow linearly with the number of points. A large
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number of points to be examined can lead to long wait times depending on the speed of your

computer and the complexity of your layout.

Effluent Ammonia

~—

T, 1
empera ture

Figure 16-7 - Sensitivity of Effluent Ammonia to Liquid Temperature and Wastage Flow with an
Increased Number of Sample Points

MULTI-VARIABLE SENSITIVITY ANALYSIS

We will now examine how we can visualize the effects of changing multiple variables in a simulation
at once by using both GPS-X’s Scenario functionality and the matplotlib Python Library

15. Create Two New Scenarios. Information on creating new scenarios can be found in Tutorial 3.

Create the two new scenarios with the following specifications:
e High Flow:

o Derived new scenario from: Base Model
o Change Influent Flow Rate, found under Influent > Flow > Flow Data, to 4,000

m3/day
o Change Aerator maximum volume, found under Aeration Tank > Input

Parameters > Physical, to 1,500 m3

e Low Flow:
o Derived new scenario from: Base Model

GPS-X Tutorial Manual




Tutorial 16 - GPS-X with Python — Sensitivity Analysis 194

o Change Influent Flow Rate, found under Influent > Flow > Data, to 500 m3/day
o Change Aerator volume, found under Aeration Tank > Input Parameters >
Physical, to 750 m3

16. Open the Existing Python Script. We have included a pre-written Python script that will
perform a 2-Dimensional sensitivity analysis. Locate and open the tutorial-16-2D.py Python
script found in the following subdirectory of the GPS-X installation directory:

\layouts\08tutorials\

17. Edit the Script. Press the Edit button to open the Python script in Notepad. The script is setup
using the same 4 sections as the previous script. We will now walkthrough what each section
does:

e User Inputs:

The user must define the temperature range they are interested in viewing and the
number of equally spaced points they would like this range to be broken into. You
can also specify the target effluent ammonia concentration, which will be
superimposed on our output graph.

#Define upper and Lower range of temperature and wasteage flow
UpperTemp = 35

LowerTemp = 18

WastageRate = 48

#Specify the concnetration of Ammonia you would like in the effluent
TargetEffluentNH3 = 8.15

#Define the number of equally spaced points between the min
#and max values you'd like each variable to have
NumPoint = 4

#5et the Wastage Rate
gpsx.setValue( qgconwasl', WastageRate)

Figure 16-8 - The User Input Section of the Python Script

e Functions:
The functions defined by GPS-X when creating a new Python script are used to
manipulate variable values in GPS-X. A user defined function GpsxFn is also
included to manage the scenario and temperature to be used in the current
simulation. In the GpsxFn function, a new GPS-X recognized command,
gpsx.setScenario, is introduced. This command allows you to select which
scenario will be active during the GPS-X simulation by including the name of the
scenario as a string in the parenthesis.
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HHEHEHERHEH R FUNCT TONS#HHRHERHER S R

def start():
pass

def cint():
global CurNH3, CurScenario
CurNH3 = gpsx.getvalue('snhfel')

def eor():
global finished
finished = True

def GpsxFn(CurrentScenario, CurrentTemp):

global CurScenario, CurTemp

CurScenario = CurrentScenario
CurTemp = CurrentTemp

gpsx.setScenario(CurScenario)
gpsx.setTstop(1.0)
gpsx.setvalue('temp', CurTemp)

HHEHEHERHE SRR S R S R R

Figure 16-9 - The Function Section of the Python Script

e Data Collection:

The temperature range to be examined is converted to a vector of equally spaced
points in this section. This vector is then cycled through and each temperature in
the vector is applied to each GPS-X scenario being analyzed. The effluent
ammonia in each scenario is extracted from GPS-X and recorded to a list of

results in Python.
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import numpy as np

#Create an vector of equally spaced values between the min and max
TempLevel = np.linspace(LowerTemp, UpperTemp, NumPoint)

Scenaricol
Scenario2
Scenario3
Goal = []

[
[
[

[ —

#Cycle through the Temperatures and record value for each scenario
try:

for i in range(len(Templevel)):

CurrentTemp = TemplLevel[i]

GpsxFn('High Flow', CurrentTemp)
runSim()
Scenariol.append(CurlH3)

GpsxFn('Low Flow', CurrentTemp)
runSim()
Scenario?.append(CurlH3)

GpsxFn('Base Model', CurrentTemp)
runSim()
Scenariod.append(CurlH3)

Goal.append(TargetEffluentNH3)

Figure 16-10 - The Data Collection Section of the Python Script

e Plotting:
The results of the simulations are plotted on a single axis. A line representing the
target effluent ammonia concentration is superimposed on the graph. The graph
is then saved as a PNG file in the same directory the layout file is saved in with
the name “Tutorial-16-2D-4points.png. Pillow will open this PNG at the end of
the simulation.
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AR EHREERERERP LOT T TN G # R R

import matplotlib
matplotlib.use( 'Agg’)

import matplotlib.pyplot as plt
from PIL import Image

fig, ax = plt.subplots(figsize = (20,15))

#Plot the data

ax.plot(TemplLevel, Scenariol, ‘k', label = 'High Flow")
ax.plot(Templevel, Scenario?, 'b', label = 'Low Flow')

ax.plot(Templevel, Scenario3, 'r', label 'Base Model®)
ax.plot(Templevel, Goal, "g--', label = 'Goal Value')

#Label the plot

ax.set_xlabel('Temperature', fontsize = 32)

ax.set_ylabel('Effluent Ammonia', fontsize = 32)

ax.set_title('Effects of Temperature on Effluent Ammonia’, fontsize = 32)
ax.legend(loc = 'best”, fontsize = 24)

plt.xticks(fontsize = 24)

plt.yticks(fontsize = 24)

#save the plot as a PNG
plt.savefig('Tutorial-16-2D-" + str(NumPoint) + points.png’)
Image.open( Tutorial-16-2D-" + str(NumPoint) + ‘"points.png').show()

except Exception:

Figure 16-11 - The Plotting Section of the Python Script

18. Save the Script.
19. Run the Python Script. Press the Run Script button on the Python Script Manager window.

20. View the Results. The plot produced by the script is saved as a .png file in the directory where
the layout file is saved. Open the directory where you have saved the layout file and locate the
file named “Tutorial-16-2D-4points.png”. Open the image file to view the results of the script.

From the results, we can see how the three different scenarios compare to each other. The Low
Flow and Base Model scenarios are similar for all temperatures, but they both have a lower
effluent ammonia concentration than the High Flow scenario at low temperatures. Using the
superimposed goal line, we can also determine that the Low Flow and Base Model scenarios have
an acceptable effluent ammonia concentration at a liquid temperature of ~ 16 °C while the High
Flow scenario has an acceptable effluent ammonia concentration at a liquid temperature of ~ 19
°C.
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Effects of Temperature on Effluent Ammonia

—— High Flow
—— Low Flow
Base Model
0.25 - Goal Value
R
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Figure 16-12 - Effects of Liquid Temperature on Effluent Ammonia

21. Rerun the Script with new conditions. Increase the number of the number of points to be
analyzed in the temperature range to 10. Increase the influent flow rate in the High Flow scenario

to 5,000 m3/d.
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Tutorial 17

GPS-X with Python — Java Classes

PROBLEM STATEMENT

The integration of Python in GPS-X allows you to customize how you use GPS-X and well there is a
wealth of open source libraries available for Python, there may not always be a library available that
meets your needs. To offer additional functionality to Python in GPS-X, the ability to add Java JAR files
has been included. This will allow you to easily access JAR files to offer additional tools to customize
your GPS-X experience.

The GPS-X Advanced Tools module is required to complete this tutorial.

OBJECTIVES

The purpose of this tutorial is to develop an understanding of how Python can be used to access Java JAR
files within GPS-X. In this tutorial, we will look at how JAR files can be added to GPS-X and then we
will use these JAR files with the Java Virtual Machine to dynamically visualize how steady state
operating conditions affect a simulation.

ADDING JAR CLASS PATHS

To use Java with Python in GPS-X, you must first provide GPS-X with a pathway to the JAR files that
you would like to use. In this tutorial we will be using JAR files from JFreeChart, an open-source Java
framework that is used for generating a variety of interactive charts.

1. Open a blank GPS-X layout.

2. Access the JAR files. We have included a folder containing the JAR files that you will need for
this tutorial. Locate the folder “tutorial-17-JARS” in the following subdirectory of the GPS-X
installation:

\layouts\08tutorials\

3. Copy the folder and paste it into your current working directory.

4. Open the Python Preferences. The Python preference menu can be opened by going View >
Preferences on the main toolbar. Open the Python tab.
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T} Preferences *
[ Layout | Input/Output | Build | Python
Python
Distribution @ Python 3.7
(i Python 2.7
() Other
Version I:l
Home | | | BI'C.'.EE...|
Editor |r'|otepad | | Browse... |
JAR Classpath | | | Edit. |
Remaove all variables before running script
[[] Include scripts in archive
Accept ‘ Cancel ‘

Figure 17-1 - The Python Preferences Menu

5. Edit the JAR Classpath. Press the Edit... button next the JAR Classpath entry field to open the

JAR Classpath Manager.

ﬂ- Preferences
JAR Classpath

Accept ‘ Cancel ‘

el

Add JAR/Folder...

Remove

Mowe Up

Move Down

Figure 17-2 - JAR Classpath Manager
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6. Add the JAR Classpath. Press the Add JAR/Folder... button to open directory. Locate the
tutorial-17-JARS folder you had previously copied and open it. Press the Add JAR/Folder
button to add the entire folder to the JAR Classpath. Note that you can add single JARs using this
method as well by selecting the desired JAR and then pressing the Add JAR/Folder button.

7. Accept the JAR Classpath. Press the Accept button on the JAR Classpath Manager to return to
the Python preferences manager.

8. Accept the new Python Settings. Press Accept on the Python preferences screen and you will be
prompted to restart GPS-X for the new changes to take effect. Press OK to accept the changes to
the Python preferences and close GPS-X.

Python *

{;‘ Python settings have changed, Restart GP5-X for the change to take effect

Figure 17-3 - GPS-X Prompt to restart Python for the New Preferences to take Effect

USING JARS TO CREATE REAL TIME PLOTS

9. Reopen GPS-X and open the layout created in Tutorial 1. Save the layout as ‘tutorial-17".

Influent

wwinf]

Aeration Tank Final Clarifier Effluent

Figure 17-4 - Layout used in Tutorial 17

10. Make the following changes to the layout:
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14.

15.

16.
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o Change the Influent Flow Type, which can be found under Influent > Flow > Flow Type
to Sinusoidal

e Change the Influent Flow Rate which can be found under Influent > Flow > Data, to
3,000 m3/day

Switch to Simulation Mode.
Save the Layout.

A Python script has already been created for use in this tutorial. Locate and open the Python
script called ‘tutorial-17.py’. The Python script can be found in the following directory:

\layouts\08tutorials\

Save the Python Script. Save the script in the current working directory.

Add the Script to GPS-X. Open the Python Script Manager in GPS-X and add the Python script
to GPS-X.

Edit the Script. Press the Edit button to open the script in Notepad. This script is broken into
two primary sections Functions and Plotting. We will now discuss what the script is doing:

The Function section contains the standard GPS-X functions that are included when GPS-X
creates a new script. The cint() function is used to collect data at every communication interval.
An additional user defined function, createDialPlot, has also been added to this section. This
function is used to create and format a Dial plot in the Java Virtual Machine.

FHHHHHHEHEHEREHRREHREEHREHERE R UNCT TONS##HH AR
def start():
pass

def cint():
t=gpsx.getValue("t")
g=gpsx.getValue("xrasl™)
series.add(t, q)
dataset.setValue(t)

def eor():
global finished
finished = True

def createDialPlot(min, max, incr, dataset):
plot = jvm.DialPlot(dataset)
plot.setDialFrame(jvm.StandardDialFrame())
plot.addLayer(jwm.DialValueIndicator(8))
plot.addLayer(jwm.DialPointer.Pointer())

scale = jvm.StandardDialScale(min, max, -120.8, -308.8, incr, 1)
scale.setTickRadius(0.88)

scale.setTicklabelOffset(8.28)

plot.addScale(B, scale)

return plot

Figure 17-5 - Functions Section of the Non-Steady State Test Python Script
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The Plotting section of the script runs the simulation and creates a JPanel that the Dial plot and a
XY line chart will be added to. The Dial Plot is used to track the time that has been elapsed in the

simulation well the XY Line Chart tracks changes in the value of the output variable.

SRR LOTT ING## R

try:
gpsx.resetAllValues()
gpsx.setSteady(False)
gpsx.setTstop(48.8)

dataset = jvm.DefaultValueDataset(0.8)

series = jvm.XYSeries("Total Suspended Solids™)
datasetl = jum.XYSeriesCollection(series)
if jframe == None:

jpanel = jum.JPanel()
jpanel.setlayout(jvm.FlowlLayout())

plot = createDialPlot(8.8, 40.8, 5.8, dataset)
chart = jvm.JFreeChart(plot)
chart.setTitle("Time(d)")

panel = jvm.ChartPanel{chart)
panel.setPreferredSize(jvm.Dimension(28@, 216))
jpanel.add(panel)

Suspended Solids(mg/L)", datasetl, jwm.PlotOrientation.VERTICAL, True, True, False)
plotl = chartl.getPlot()
domainAxis = plotl.getDomainAxis()
rangefxis = plotl.getRangeAxis()
domainAxis.setRange(@.8, 40.8)
rangelxis.setRange(5006.08, 11666.08)
panell = jvm.ChartPanel(chartl)
jpanel.add(panell)

jframe = jvm.JFrame("Plots")
jframe.setContentPane(jpanel)
jframe.addWindowlistener(None)
jframe.setlocationByPlatform(True)
jframe.setAlwaysOnTop(True)
jframe.setDefaultCloseOperation({jvm.JFrame.DISPOSE_ON_CLOSE)
jframe.pack()

jframe.show()

else:

plot.setDataset(dataset)
plotl.setDataset(datasetl)

sys.stdout. flush()
runSim()

except Exception:
pass

chartl = jvm.ChartFactory.createXYLineChart( 'Total Suspended Solids®, "Time(d)", “Total

Figure 17-6 - Plotting Section of the Non-Steady State Test Python Script

Two new GPS-X recognized Python commands are introduced in this section:
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o gpsx.resetAllvValues. This command is used to reset the value of all the variables back to
their value when initially entering Simulation Mode. No input is required for this
command

e gpsx.setSteady. This function allows you to toggle the steady state setting in GPS-X
through Python. To set steady state on, type True in the parenthesis. To turn steady state
off, type False in the parenthesis

17. Save the Script.
18. Run the Script. Press the Run Script button with the script highlighted.

19. By viewing the plot produced at the end of the simulation, as seen in Figure 17-7, it can be noted
that the total suspended solids in the secondary clarifiers recycle stream is initially very high and
unpredictable. As the simulation continues to run, the level of total suspended solids reflects the
sinusoidal influent pattern. After approximately 30 days, the output exhibits a constant upper and
lower limit of total suspended solids in the recycle stream as a function of the influent flow. This
is representative of the system reaching steady state.

| £ Plots

Total Suspended Solids

11,000
10,500 S

_____

Time(d)

Total Suspended Solids(mg/|

_____

_____

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
Time(d)

Total Suspended Solids

Figure 17-7 — Non-Steady-State Python Script Output

20. Update the Python Script. We will now update the script so that it starts the simulation at steady
state. Change the value fed to the gpsx.setSteady to True. Additionally, change the y-axis limits
on the chart, defined by the rangeAxis.setRange(5000.0, 11000.0) command, such that the upper
limit is 8,000 mg/L of total suspended solids.

21. Save the Python script.
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22. Run the Python Script. Open the Python Script Manager. Run the script by pressing the Run
Script button.

The results of the script can be seen in Figure 17-8. The total suspended solids in the secondary
clarifier recycle stream exhibits a sinusoidal pattern with constant maximum and minimum
bounds. When this output is compared to the results of the previous Python script, it can be seen
that the non-steady state simulations converges to the same output pattern as presented in the
steady state simulation.

Plots - O *

Total Suspended Solids
8,000 : : _
7,800 ||
7,600
. = 7,400
Time(d) g 7,200
& 7,000 ||
=
3 6800 |[§
T 6600 ([§
< 6,400 |||
c
ga,zac
8 5,000 |
[¥3]
= 5,800
B 5,600
05
5,400
5,200 ||
5,000

0 2 4 6 8 10 12 14 16 18 20 22 24 26 25 30 32 34 36 38 40
Time(d)

|— Total Suspended Solids|

Figure 17-8 - Steady State Test Python Script Output
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Tutorial 18

GPSX With Python — DDO Optimization

PROBLEM STATEMENT

Once a model has been calibrated, mathematical optimization can be employed to find the best operating
conditions to achieve certain objectives such as minimizing net energy usage, total chemical usage or the
overall operating costs. These objectives are directly impacted by numerous variables in the model which
the user can set independently of the other variables in the model.

The Nelder-Mead Simplex method available in GPS-X is ideal when solving optimization problems with
a small number of target and manipulated variables, but can be slow as the size of the problem increases.
A Data Driven Optimization (DDO) Method has been included in the GPS-X install that is ideal for
optimization with multiple parameters. The computational time of this method is largely independent of
the number of manipulated parameters in the optimization problem but rather depends on the complexity
of the model and the number of iterations desired.

In this tutorial, we will find the optimal operating conditions to minimize a plants net energy consumption
under different operating conditions. We will be manipulating variables that have direct impact on the
plants energy consumption well ensuring that the plant effluent quality is maintained within emission
limits.

OBJECTIVE
The purpose of this tutorial is to see how Python can be used to optimize the operating conditions used in

GPS-X. By the end of this tutorial, you can use Python to solve complex optimization problems in a GPS-
X layout.

OPERATIONAL CONSTRAINTS

The following emission limits and operational constraints have been imposed on our treatment plant and
must be observed:
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Effluent Constraint Lower Bound Upper Bound Units
Total Suspended Solids 0.0 20.0 mg/L
Total Carbonaceous BOD5 0.0 10.0 mgO./L

Total Nitrogen 0.0 7.5 mgN/L
Ammonia Nitrogen 0.0 0.2 mgN/L
Ortho-Phoshate 0.0 0.02 mgP/L

Table 18-2 - Plant Operational Constraints

Operational Constraint

Mixed Liquor Suspended Solids

Lower Bound

1500.0

Upper Bound

5000.0

Units

mg/L

CREATING AN OBJECTIVE FUNCTION

We will now look at how custom GPS-X code can be used to create an objective function. Alternatively,
this could be obtained directly in Python by collecting each variable in the objective function and directly

calculating the objective function.

1. Load the starting point layout. We’ve already set up a layout to be used for this tutorial. The
layout can be found at File > Sample Layouts > Tutorials> Tutorial 18 (Starting Point).
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Influent

L

Influent Combiner

Pri Clarifier Anoxic 1 Aerobic 1 Anoxic 2 Aerabic 2 Ferric Dosage Final Clarifier Effluent

Dewatering

Thickener Digester Sludge

2.

4.

Figure 18-1 - Tutorial 18 Layout

Save the Layout with a new name. We will be making changes to the layout and do not want to
change the starting point layout.

Open the Macros User File. This can be opened by going to Layout > General Data > User
Files > Macros...

System k
Site Properties User k
- | Gsefie b [ e )

| Constants...

Initial Conditions...

Output Variables...

Figure 18-2 - Accessing the Macro File

You will be adding code to the Derivative section of the Macro file.

Add Macro Code. You will be creating a single GPS-X variable to represent our objective
function. Add the following code to the DERIVATIVE SECTION of the macro file to allow
GPS-X to automatically calculate this variable.

netenergylayout = totalpowerkw - electricitySavedwdig/24.0
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3} Macros >

macro userderivativesection

IDERIVATIVE SECTION

IMacros called here will be executed in the derivative section
Den't put macre definitions here

netenergylayout = totalpowerkw - electricitySavedwdig/24.0

macra end
I

macro userdynarnicsection
IDYMNAMIC AMD DISCRETE SECTIOMS
Macros called here will be executed in the dynamic section. =

Accept ‘ Cancel |

Figure 18-3 - Updated Macro Code

The netenergylayout variable will be our optimization objective function. The calculation
examines the difference between the instantaneous energy consumption (kW) in the plant and the
estimated electricity that can be generated by the digester unit (kwh).

Click Accept in the Macros window to save the changes.

Create an Output Variable for the objective function. The custom Output Variables entry form
can be found by going to Layout > General Data > User Files > Output Variables...

Add the following code to the output variable entry form:
display netenergylayout !Net Energy Used in the Layout !kW
Click Accept in the Output Variables window to save the changes.
Save the Layout and reload. This will cause GPS-X to read in the output variable and create a

menu for it under Layout > General Data > User > Output Variables > User Defined Output
Variables as displayed in Figure 18-4.
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User Defined Output Variables

=

Met Energy used in the Layout

kW =

Accept ‘ Cancel ‘

Figure 18-4 - User Defined Output Variables Menu

10. Open Simulation Mode.

11. Create a Digital Type Output Graph containing the following variables:
e Layout > General Data > User > Output Variables > User Defined Output
Variables > Net Energy used in the Layout
o Aerobic 2 effluent > Concentrations > Mixed Liquor Suspended Solids
e Effluent > Concentrations > Total Suspended Solids

e Effluent > Concentrations > total cBOD5

e Effluent > Concentrations > Ammonia Nitrogen
e Effluent > Concentrations > Total Nitrogen
e Effluent > Concentrations > Ortho-Phosphate

12. Run a 0-Day Steady State Simulation. This will allow you to see the baseline operation of the

plant prior to preforming any optimization.

Notice in Figure 18-5 how the plant is currently has a net energy usage of 15.26 kW well
exceeding the limits for both Mixed Liquor suspended Solids and Ortho-Phosphate.

Output: 1

&

Met Energy used in the Layout

[mlss] miced liquor suspended solids
[fe] total suspended solids

[fe] total cBODS

[fe] ammonia nitrogen

[fe] total nitrogen

[fe] ortho-phosphate

15.26 kW
5128.2 mg/L
12,246 mg/L
3.0878 mgO2/L

0.13436 mgM/L

4.084 mghl/L

1.5424 mgP/L

Figure 18-5 — Unoptimized Outputs of a 0-Day Steady State Simulation

PREFORM DDO ON 0-DAY SIMULATION

13. A Python script has already been created for use in this tutorial. Locate and open the Python
script called ‘tutorial-18-0ODay.py’. The Python script can be found in the following directory:
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\layouts\08tutorials\

14. Save the Python Script. Save the script in the current working directory.

15. Add the Script to GPS-X. Open the Python Script Manager in GPS-X and add the Python script
to GPS-X.

16. Edit the Script. Press the Edit button to open the script in Notepad. We will now discuss what
the script is doing:

The ctypes Python library is used to interface the DDO and sobol_sampling functions found in a
Dynamic Link Library (DLL) within the GPS-X instillation. Using the ctypes library, the input
types of the ddo function have been defined using the data types available in the ctypes library.

#Import the DDO dynamic link library(DLL)

dll = CDLL{GPSXDIR + */bin/ddo.d11")

ddo = dll.ddo_

ddo.argtypes=[c_wvoid_p, c_void_p, c_void_p, c_void_p, c_void_p, c_void_p, c_void_p,
c¢_void p, c_wvoid_p, c_void p, ¢ _void p, c_woid_p, c_void_p, c_wvoid p,
c void p, ¢ void p, ¢ void p, c_void p, ¢ void p]

sobol sampling = dll.sobol sampling

sobol_sampling.argtypes=[c_void_p, c¢_wvoid_p, c_void_p, c_void_p, c_void_p]

Figure 18-6 - Adding the Dynamic Link Library Functions to the Python Script

Next, we define the optimization conditions to be used in the optimization:

#Define the characteristics of the DDO optimization

nvars = 9 #number of design variables

nineq = 6 #number of inequalities

ng = 168 #number of data points in training set

maxiter = 20 #maximum number of iterations before termination
mpoint = 25 #new set of points

1b = np.array([e.8, 5.0, l@e8.®, 1.5, 1.5, 1.5, 1.8, 0.0, 1800.0]) #lower bound on design variables

ub = np.array([108.8, 200.8, 6B06.8, 3.8, 3.8, 3.8, 2.0, 10.8, 2000.8]) #upper bound on design variables

%8 = np.array([10.0, 48.8, 4008.8, 2.0, 2.8, 2.8, 2.8, 5.8, 2000.8]) #initial guess for design variables

xbest = np.zeros(nvars) #design variables at best operating conditions
fbest = ¢_double(B8.8) #best objective function value

ig = np.array([2, 2, 2, 2, 2, 3]) #constraint (B=ignore,1=1b,2=ub, 3=bound, S=equal)
gl = np.array([0.8, 0.0, 8.0, 0.8, 0.8, 1500.0]) #lower bound on constraint

gu = np.array([20.8, 18.8, 5.8, 8.2, 8.1, 5800.8]) #upper bound on constraint

g = np.empty(nineq) #array to store constarint values

gbest = np.empty(nineq) #constraint value at best operating conditions
PTOL = @.81 #0ptimization tolerance

data_dvars = np.empty((nvars, n® + mpoint*maxiter), order='F")
data_resp = np.empty((1 + nineq, n@+mpoint*maxiter), order='F")
points_of_interest = np.empty((nvars,mpoint), order="F')
iconverge = c_int(@)

opt_errorcode = c_int(@)

Figure 18-7 — Optimization Problem Definition

e nvars — represents the number of target variables to be manipulated in the optimization.
This is the number of inputs we will be changing in GPS-X

e nineq — represents the number of constraints in the optimization problem

e N0 — This is the number of points that will be used in the training set
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maxiter — This is the maximum number of optimizer iterations that can occur before the
optimization is terminated

Ib — These are the lower bounds of the design variables

ub — These are the upper bounds of the design variables

X0 — These are the initial guesses to be used for the design variables

xbest — This is a list that contains the design variable values that resulted in the best
objective function value

fbest — This variable contains the best objective function value

gl — This is the lower bound of the constraints

gu — This is the upper bound of the constraints

ig — This represents the type of constraint that is being used. 0 indicates that the
constraint can be ignored, 1 indicates that the constraint is a one-sided greater than or
equal to constraint, 2 indicates that the constraint is a one-sided less than or equal to
constraint, 3 indicates that it is a two-sided constraint, 5 represents that it is an equality
constraint

g — This is a list where the current value of the constrained variables are stored

gbest — This is a list that contains the value of the constrained variables when using the
design variables that resulted in the best objective function value

data_dvars — A matrix that is used to contain the manipulated points to be tested
data_resp — A matrix that contains the results of the tested conditions
points_of_interest — Is a matrix of points that the ddo optimizer would like to investigate
PTOL —Is the optimizer tolerance to be used for termination prior to reaching the
maximum number of iterations
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#Function that is used to determine the objective value under given conditions

def userfunc(nvars, x):
global AllResults
gpsx.setValue( gconwpri®, x[8]);
gpsx.setValue('qconwas ', x[1]);
gpsx.setValue( 'qconrecycle’, x[2]);
gpsx.setValueAtIndex( ' setpsolmlss’, 1, x[3]);
gpsx.setValueAtIndex( setpsolmlss’, 2, x H
gpsx.setValueAtIndex( setpsolmlss’, 3, x
gpsx.setValueAtIndex('setpsolmlss', 4, x[5]);
gpsx.setValue( chemldosageqdl', x[6]);
gpsx.setValue( 'qconras’, x[7]);
gpsx.setTstop(8.8)

runSim()

#Get our user defined variable
netenergylayout = gpsx.getValue( netenergylayout')
return netenergylayout

#Function that is used to collect the constraint values under given conditions
def userg(nvars, nineg, x, g):

xeff=gpsx.getValue( 'xfe")

bodeff=gpsx.getValue('bodfe")

tneff=gpsx.getValue( tnfe")

snheff=gpsx.getValue( snhfe")

speff=gpsx.getValue( 'spfe’)

xmlss=gpsx.getValue( xmlss")

g[B] = xeff
g[1] = bodeff
g[2] = tneff
g[3] = snheff
g[4] = speff
g[5] = xmlss

Figure 18-8 - Functions to Set Input Values and Collect Outputs

The userfunc to set the current value of the design variables in GPS-X and start a simulation in
GPS-X. The value of the objective function is collected at the end of the simulation and returned
from the function.

The userg function collects the value of the constrained variables at the end of the 0-Day
simulation.

Run the Script. Press the Run Script button with the script highlighted. The time required to run
the script is affected by the speed of your workstation and the complexity of the model.

The best objective function value, the design variable values used to obtain it and the value of the
constrained variables will be displayed in the output section of the Python Script Manager. The
results of the 0-Day DDO optimization can be seen in Figure 18-9.

Note: When using the DDO optimizer, ensure that you verify that a solution has been achieved
that satisfies all of the constraints. The optimizer will not tell you if some constraints have not
been met.
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T
Training Set Point -> 75

Training Set Point -> 80

Training Set Point -> 85

Training Set Point -> 90

Training Set Point -> 95

Optimizer iteration-> 1

Optimizer iteration-> 2

Optimizer iteration-> 3

Optimizer: Termination due to small change in parameters

fbest -> 2.9982
gbest -> [10.1086, 3.1294, 6.6091, 0.1392, 0.0614, 2135.4075]

xbest -> [86.4634, 42,5902, 5368.2842, 1.049, 2.7358, 6.0523, 1906.3911]

é Python Script Manager X
Scripts
Included files :
[= tutorial 18 | New
Wt utorial-13-0Day.py
Add
Remove
| Edit
00 7 B

4

?

Close |

Figure 18-9 - Results of the 0-Day DDO Optimization

18. Modify the Python Script. Change the value of n0 to 25, the value of maxiter to 5 and the value

of mpoint to 7.

19. Save the Python Script.

20. Run the Script. This will illustrate the tradeoff between computational speed and optimizer
performance that is faced when choosing the number of iterations that the optimizer will use. By
decreasing the number of iterations used, a fesiable solution is obtain in less computational time
but our objective function has increased by 2.12 kW. It is important to consider this tradeoff when

constructing an optimization problem
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(o Python Script Manager X

Scripts

Included files :
= tutorial 18 | New

0
Add

Remnve_

| Edit

OO >

Output ~

Training Set Point -> 0

Training Set Point -> 5

Training Set Point -> 10

Training Set Point -> 15

Training Set Point -> 20

Optimizer iteration-> 1

Optimizer iteration-> 2

Optimizer: Termination due to small change in parameters
xbest -> [62.5, 29.375, 4375.0, 2.125, 1.375, 6.25, 1875.0]
fbest -> 3.8728

gbest -> [10.6473, 2.681, 7.4575, 0.1003, 0.0424, 2890.8632)

? Close

Figure 18-10 - Results of the Modified 0-Day DDO Optimization

PREFORM DDO ON DYNAMIC SIMULATIONS

Well optimizing plant operation in a 0-Day simulation can help identify possible operational
improvements, it only provides a snapshot of the actual plant operation. By preforming a dynamic
simulation, you can determine parameter settings that are optimal over long periods of standard operating
conditions or during extreme weather conditions. Python and GPS-X both allow you to insert real plant
data into the simulation, allowing you to perform an optimization on real operating conditions
experienced at your plant.

Note: When preforming DDO on Dynamic Data, the process can be very lengthy. The simulations in this
section may take multiple hours to converge to a solution depending on the speed of your workstation.

21. A Python script has already been created for use with this section of the tutorial. Locate and open
the Python script titled ‘tutorial-18-Dynamic.py’. The Python script can be found in the
following directory:

\layouts\08tutorials\
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Save the Python Script. Save the script in the current working directory

Add the Script to GPS-X. Open the Python Script Manager in GPS-X and add the Python script
to GPS-X.

Edit the Script. Press the Edit button to open the script in Notepad. We will now discuss what
has been changed from the ‘tutorial-18-0Day.py’ script:

The script has been modified to run a 1.0 day dynamic simulation. Due to the simulation being
changed to a dynamic simulation, a communication interval will now occur in the simulation. A
function, as seen in Figure 18-11, will be called at each communication interval to collect the
current value of the objection function variable and the constraints and add it to the cumulative
sum. We will be minimizing the total net energy usage over the simulation period in this example.

#lollect data at each communication interwval
def cint():
global netenergylayout, g, interwvals
xeff=gpsx.getValue( 'xfe")
bodeff=gpsx.getValue( bodfe")
tneff=gpsx.getValue( tnfe")
snheff=gpsx.getValue( ' 'snhfe")
speff=gpsx.getValue( 'spfe’)
xmlss=gpsx.getValue( xmlss")

g[@] = g[@] + xeff
g[1] = g[1] + bodeff
g[2] = g[2] + tneff
g[3] = g[3] + snheff
g[4] = g[4] + speff
g[5] = g[5] + xmlss

intervals = intervals + 1

Figure 18-11 - Function called at each Communication Interval in the Simulation

In this example, all of the collect constraint values are expected to exceed the bounds set in the 0-
Day simulation as cumulative sums are now being collected rather than an instantaneous value.
To accommodate this, we will constrain the average value of each constraint experienced across
the communication interval. This is done by creating a variable which will track the number of
communication intervals experienced during the simulation and dividing each element in array ¢
by it. The code used to perform this average can be seen in Figure 18-12.
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gpsx.setValue(
gpsx.setValue(
gpsx.setValue(
gpsx.setValue(
gpsx.setValue(
gpsx.setValue(
gpsx.setValue(
gpsx.setValue(

gpsx.setTstop(1.8)

gpsx.setSteady(True)
netenergylayout = @

g = np.empty{nineq)
intervals = @
runSim()

g = gfintervals

return netenergylayout, g

#Function that is used to determine the objective wvalue under given conditions
def userfunc(nvars, x):

‘gqeonwpri’, x[8]);
‘geonwas”, x[1]);
'geonrecycle’, x[2]);
‘setpsolmlss(1)", x[3]);
‘setpsolmlss(2)", x[4]);
‘setpsolmlss(3)", x[5]);
‘chemldosageqdl®, x[6]);
‘gqeonras”, x[7]);

Figure 18-12 - Updated userfunc Function that Averages the Constraint Values Collected in g

25. Create an Input controller for the Influent Flow type. This variable is accessed by right clicking
on the Influent Object and going to Flow > FlowData.

[wwinf] flow type

‘Data

26. Using the input controller, set the influent flow type to Diurnal.

27. Run the Optimization Script.

Figure 18-13 - Influent Flow Type Controller
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# Python Script Manager X
Scripts
Included files :
[ tutorial 18 New
~[ tutorial-18-0Day.py
=0 Add
| Edit |

Q
Q
~

Lo

...... S —

Training Set Point -> 8

Training Set Point -> 90

Training Set Point -> 95

Optimizer iteration-> 1

Optimizer iteration-» 2

Optimizer iteration-> 3

Optimizer: Termination due to small change in parameters

xbest -> [ 45.05004883 51.19110107 6220.15380859 1.25286865 1.50793457
7.5567627 1538.45214844]

fbest -> 72.3877

gbest -> [ 9.864253618 3.31924291 6.80998484 0.19986751 0.05956857

1866.0051245 ]

l

? Close |

Figure 18-14 - DDO Optimizer Output for a 1-Day Dynamic Simulation with Diurnal Influent Flow

28. After the simulation has finished, change the influent flow type to Sinusoidal and run the Script
again. This will allow you to see the effects it has on the optimization results.
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a Python Script Manager

Scripts
Included files :
[ tutorial 18
#-[ tutorial-18-0Day.py

-0

Remove

J 1R

dit

00

Qutput ~

Q
o

D

Optimizer iteration-> 1

Optimizer iteration-> 2

Optimizer iteration-> 3

Optimizer iteration-> 4

Optimizer iteration-> 5

Optimizer iteration-> 6

Optimizer: Termination due to small change in parameters

xbest -> [ 16.75525177 45.60899629 5610.1335641 1.51013077 1.34993588
7.15969048 1216.68049134]

fbest -> 50.4567

gbest -> [ 9.62175953 3.39715503 7.27242646 0.1886861 0.09291469

1622.44903513]

9 Close

.

1l

Figure 18-15 - DDO Optimizer Output for a 1-Day Dynamic Simulation with Sinusoidal Influent Flow
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