Continuously Stirred Reactor Example

Objective:

This exercise will expose the user to the WASP graphical user interface, the steps needed
to create an input file and how to examine WASP results. This example will be using a
simple continuously stirred reactor. Once the batch reactor is set up, we will run a
conservative tracer and then tracer with a first order decay. A continuously stirred reactor
is a single WASP model segment that will have a single inflow and outflow into a controlled
volume. Everything is considered completely mixed in the CSTR (Figure 1).

Figure 1 CSTR

Building a WASP Input File:

The following steps will take you through the process of creating a WASP input file for
the CSTR. Anywhere you see an icon next to the heading you click on this icon on the
interface to enter the form. Users may also use the WASP menus as well.

Load WASP Graphical User Interface:

To load the WASP model, you will need to go to your Systems Start Menu and Select:
USEPA WASP8—WASP.

This process may differ depending upon your operating system. The user is encouraged
to create a User Shortcut for easier access to WASP. This is not done automatically by
the installer because depending upon computer configuration administration privileges
would be required. If you create a short cut just click on the WASP Icon.

Create New File:

Click on the ™ icon to start the development of WASP Input file. It should be noted
clicking the New file icon will cause the interface to re-initialize all data forms potentially
losing data.

Save File:
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| 4]
Clicking the Save File ™ jcon will save the currently active WASP Input File (*.WIF) to
disk. If it is the first time saving the file you will be presented with a standard file dialog
box that allows you to select path and define filename. It is very important to make sure
that you manage filenames and locations on your computer.

Save the file to the WASP Course installation folder under WASP_Course/Examples/CSTR
as: CSTR_Example

Dataset Parameterization:

The dataset parameterization “+ form is where the user selects the model type, time
domain and out interval for simulation results (Figure 2). The user must enter information
in this form before any of the other input dialogs will become available. Interface needs
to know the time domain and the model type so that other forms can be configured
appropriately.

Description:

One-line description of your project to help you keep scenarios and model runs organized.
Enter: CSTR Example

Comments:

Text dialog box where you can enter comments or task to be done building and/or
calibrating the model

Enter: WASP Workshop Hands-On Example 1
Model Type:

This drop-down menu allows you to select the WASP model module you would like to
build an input file. The choices are Advanced Eutrophication or Advanced Toxicant Model.
The selected model type will cause the graphical user interface to display information
specific to that model type.

Using the drop-down menu select: Advanced Toxicant

Model Type

[Advanced Toxicant v

Advanced Eutrophication
Advanced Toxicant

Start Date/Start Time:
Sets the Gregorian date for the start of the simulation (mm/dd/yyyy). 01/01/2024
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Sets the start time for the simulation (hh:mm) 12:00 AM

End Date/End Time:

Sets the Gregorian date for the end of the simulation (mm/dd/yyyy). 01/07/2024
Sets the end time for the simulation (hh:mm) 12:00 AM

Model Output Interval:

Defines the output interval for the simulation (days). An example would be if you want
output 4 times a day you would enter 0.25

a

Description Model Type Restart Option
CSTR Example Advanced Toxicant
Comments O No Restart File

WASP Workshop Hands-On Example
O Create Restart File

[0 Load Restart File

Browse

Time Range () Hydrodynamics Bed Volumes

Hydrodynamic Linkage File O Static
Start Date O Dynamic

Browse Bed Compaction Time Step
1/1/2024 v Update StartEnd Time Initiate Input File 0.00
Timestep Optimization

Start Time Tims Step

WASP Utility Files
12:00 AM B Sensitivity/Uncertainity Config File Fraction of Max DT Calculated

| Browse
End Date Post Run Command File 0.9000 S

I Browse
1/7/2024 v Solution Technique Raxiliowableflimestep(cays)

Euler
End Time ([ Enable Output Summaries CSV/BMD2 for Boundary Info 1.00000 .
12:00 DM B Min Allowable Timestep (days)
Skip Ahead in HYD File 0.00010 -

Model Output Interval (days)
1/1/2024 v
/LS 0.250000 .
Skip Ahead to Time Solution Options
[J) Negative Solution Allowed

12:00 aM o

OK Cancel

Figure 2 Dataset Parameterization
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State Variables:

This is where WASP is very different than other water quality models. WASP does not
assume what state variables the user would like to simulate. WASP has been carefully
programmed to allow the user to select the level of complexity to perform simulations.
Unlike other models where the user must specify information for all state variables
whether they are being considered for the model to execute, WASP allows the user to

determine which state variables will interact & (Figure 3).

& Model State Variable Activation = (m] X

System Type System Name Particulate Transport  Mass Balance Density Dispersion Bypass  Flow Bypass
1 CHEMI Tracer Solids 1 1

OK

Delete Copy Paste Fill/Calc

Cancel

Figure 3 WASP State Variable Options

For our example here, we are using the Advanced Toxicant model to simulate a tracer
and eventually a simple decay. We will not be using all the complexities of the Advanced
Toxicant model. Click the Insert Button once on the bottom of the form. From the drop-
down menu select (Figure 4): CHEMI

&' Model State Variable Activation

System Type

1 [CHEMI v

NANOC
DOCSY
SOLID

{BACTE
| WTEMP
SALIN
HG_0_
HGIIL
| HGMEL

Figure 4 State Variables

Segment Definition:

n
This data entry form is where you define model segments " Segments represent

computational compartments for your waterbody. In the case of the CSTR we have only
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one segment representing our waterbody. Click the Insert Button once on the bottom
of the form to insert a segment (Figure 5).

-

% Segments = (m} X

Segment Definition Initial Conditions Fraction Dissolved

Segment Name Segment Type Transport Mode Segment Below

1 Surface Water Flow Routing None

Insert Delete

OK Cancel

Figure 5 Segment Definition & Transport Mode

Segment Name:

This specifies the name of the segment being defined. This name is carried throughout
the graphical user interface as well as the model output file. Please enter CSTR

Segment Type: This specifies the select type.

Segment Type
Surface Water v
Subsurface Water

Surface Benthic
Subsurface Benthic
Discharge Pipe

Figure 6 WASP Segment Types

From the drop-down menu select Surface Water

Transport Mode:

This specifies the transport mode that will be used for this segment. From the drop-down
menu select Flow Routing
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Transport Mode

Flow Routing v

Stream Routing

Ponded Weir

Hydrodynamic Linkage
| Kinematic Wave

Lake (1D-Vertical)

%namic Flow
.

Sediment

Figure 7 WASP Transport Modes

Segment Below:

If this were a multi-dimensional network, you would use the drop-down menu to select
the WASP segment that would be located below the segment currently being defined. In
the CSTR example we will leave set to None

Segment Geometry/Flows:

This is a multi-tab screen that allows the user define segment geometry, flow paths and

flows - y . For the CSTR example we will be entering data on the Channel Geometry and
Surface Water tabs. For the Channel geometry tab, the available fields that are editable
are a function of the selected segment Transport Mode (as defined on Segment Definition
Screen). Greyed out columns means that data is not needed for the selected transport
mode (Figure 8). For our CSTR example complete the information as described below.

Segment Name:

This field is not editable here, segment name is specified on Segment Definition form.

Volume:

This represents the volume of our CSTR in meters3. 1000.00

Average Depth:

This is the average depth of the CSTR in meters. 3

Average Velocity:

This is the average water velocity in the CSTR meters/second 0.1
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& Flows = 8] X
Channel Geometry Surface Water Pore Water Solids 1 Solids 2 Solids 3 Evapora tion/Preipitation

Average Width Bottom Minimum Depth

sl Average Depth  Initial Surface
(m) Elevation (m) e

Roughness

Segment Name ~ Volume (m3) Length (m) ™ gh! (m) Elevation (m)

Depth Multiplier Depth Exponent ~ Average Velocity

1 CSIR 1000 3 0.1

oK
Copy Paste Fil/Calc

Figure 8 WASP Segment Geometry Information

Surface Water:

This form allows the user to define all the various surface water flow paths for the model
network

In the case of this example there will be only one flow path that will be defined. Figure
9 depicts our CSTR example, we will have a single inflow.

Boundary

Boundary

Flow In Flow Out

Figure 9 CSTR Flow Schematic

The form is broken down into 3 components. The top data entry box allows the user to
define multiple flow functions which consists of flow pathways (segment pairs) and time
series of flows (Moment Value Pairs) (Figure 10). To activate the input to the flow
pathway and flow time series click on the Flow Function in the upper box (arrow
designated the active flow function).

At the top of the data entry form the user could set a global scale and conversion factor.
The scale and conversion factor will be multiplied by the flow values in the moment/pairs
table. An example for the use of the conversion factor is to convert flows from cubic feet
per second (entered in the moment/pairs table) to WASP flow units of cubic meters per
second. An example of the scale factor would be to see changes if flows were scaled
up/down or set to zero.

You will see the Used checkbox throughout the WASP interface. If this box is left
unchecked when the model is executed the information in this form will not be passed to
the model. Essentially it is the same as deleting the information. This checkbox can be
very helpful in diagnosing issues when running WASP.
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Plot Window

The plot window displays a graph of the information that the user enters in the moment
value pairs. This graph is very useful for determining if information was not entered
correctly or pasted in correctly. When dealing with large data sets that contain a lot of
time series data you should always be looking at this graph after you complete the data
entry procedure.

% Flows = O X

Plot (-]
Channel Geometry ~ Surface Water  Pore Water  Solids1  Soids2  Solids3  Evaporation/Precipitation
Moment/value pairs for Surface Water, Flow

Flow Field Parameters Function

Corversion 1.0000 2] Scale 1.0000 3] used @ 0.16

Flow Function

Segment Pairs Moment Value Pairs

From To Fraction Datetime Value

1 Boundary 1: CSTR 1 1 1/1/2024 12:00 AM 0.1

2 {1: CSTR Boundary 1 2 1/7/2024 12:00 PM 0.1

Insert Delets Insert Delete Delete Al 0.04 -

[PARs PR AR RARS AR AR
Jan 01 Jan 02 Jan 03 Jan 04 Jan 05 Jan 06 Jan 07
Date
OK

Copy Paste Fil/Calc BaL <> D»XAK

Cancel

Figure 10 WASP Surface Water Flow Definition

Flow Function Table:

WASP allows you to have as many flow functions as needed to define the waterbody that
you are modeling. For each row that you insert a Segment Pairs and Moment Value Pairs
table will be created. By selecting the row in the Flow Function table this will cause the
display of the Segment Pair for Moment Pair information for that flow path being defined.

Function

The function column allows you to name the flow path being defined. In large scale
modeling projects, there can be hundreds of flow paths, nhaming allows the user to know
which flow contribution is being defined. Selecting a row in the Flow Function table will
activate the Segment Pairs and Moment Value Pairs table associated with the flow
function.

Interpolation:

WASP provides two methods for interpolating the flows that are defined in the Moment
Value Pairs table. WASP can utilize moment value pairs at any time interval (day, month,
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year, irregular). As WASP simulates through time it uses either a linear interpolation or
step function to determine flow to use at the model simulation time. In our example
select: Linear

Interpolation

Linear v

Step

Figure 11 WASP Time Series Interpolation

Scale Factor

The scale factor column works much like the global scale factor described above, but only
works on the flow time series associated with the selected flow function. 1.0

Boundary Type

WASP supports several boundary types; each has a specified purpose, and the user must
understand implications of implementation.

Bound

Flow v

Water Surface Elevation
Internal Flow
Water Withdrawal

|Weir (Downstream Seg)

Figure 12 WASP Boundary Types

e Flow — user will describe the flow at the boundary (cubic meters per second). This
flow will be propagated downstream and combined with other defined flows as a
function of the transport model selected for a given segment. This is the most
common boundary type.

e Water Surface Elevation — user will describe changes in water surface elevation
over time at the boundary. An example of this would be a tide. The units for
water surface elevation are meters.

e Internal Flow — allows the user to specify a flow time series from one model
segment to another in the model network.

e Water Withdrawal — allows the user to specify a water withdrawal time series which
will remove water and associated constituents from the model network.

e Weir — allows the user to set a downstream weir elevation in which the model
transport algorithms will calculate if and how much water will flow over the weir.
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Segment Pairs

For each of the flow functions you must provide the flow path through the segments in
your model in which the flows are being defined. For this example, we have 2 segment
pairs to define. We have a flow coming from outside the model network (which is called
a boundary) into our only segment (CSTR) and then a second pair from CSTR to Boundary
(Figure 13). The fraction value is typically always 1.0 unless your have diverging flow
into different segment. WASP will determine the flow for “From” and “To"” segment by
multiplying the “Fraction” value time the interpolated flow value from the Moment Value
Pair inputs for the flow function (Figure 14).

Segment Pairs

From To Fraction

1 Boundary 1: CSTR 1

2 1:CSTR Boundary 1

Insert

Figure 13 Segment Flow Continuity

Moment Value Pairs/Flow Time Series

This timeseries dialog box is very consistent with all the timeseries data entry forms used
in the interface. For any timeseries in WASP you will have to enter at least 2 lines of data.
For our CSTR example click the Insert Button to add 2 lines of flow data. The interface
automatically adds the start and end time. We are going to set the inflow to a constant
0.1 meter3/second. Under the value column enter 0. 1.
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Moment Value Pairs

Datetime Value

1 1/1/2024 12:00 AM 0.1

2 1/7/2024 12:00 PM 0.1

Insert Delete Delete All
Figure 14 Timeseries of Flows
Boundary Concentrations

The boundary screen <~ allows the user to assign a concentration timeseries for each
state variable that is being simulated associated with the inflows from outside the model
network (everywhere you have Boundary in Flow Functions). In the case of the CSTR
example we only have 1 inflow and 1 State variable (Figure 15). The WASP interface
determines which segments have boundaries based upon information provided in the
flow pathway definition.

To assign a concentration associated with a boundary for a state variable the upper box
(grid) is used. Click on the combination of state variable (column) and boundary segment
(row), once highlighted the lower box is used to set concentration. Highlight CHEMI-CSTR
and go down to the bottom dialog box and set the value to 1.0 mg/L.
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% Boundaries and Loads

Plot 8
Boundaries Loads Scale Factors

Tracer Segment 1 (CSTR), Tracer

CSTR None

CSTR / Tracer

Datetime Value

1 1/1/2024 12:00 AM 1

Value

2 1/7/202412:00 PM h

0.6

Time series scale factor 1.00 < -

Interpolation Linear

0.4 -

LA e e e e o e
Insert 0 = Jan 01 Jan 02 Jan 03 Jan 04 Jan 05 Jan 06 Jan 07
O Date

e P <D>D»XaQQ@

Paste

Delete All

Figure 15 Boundary Concentration Definition

Output Control

The last step in setting up the CSTR input file is select output from the simulation 5.
Because WASP makes no assumptions on what you are simulating the user must select
meaningful output. In our case we are going to select some output that is used to provide
information about the transport (Figure 16) and chemical concentration (Figure 17). The
selected output will be saved to binary output file for post processing. The file will be
called the same as the input file with the exception that file extension will be BMD2
(CSTR_Example.BMD2).

The user can navigate to the various functional output groups by using the drop-down
menu option. The case below shows that we are activating output for: Volume and Flow
out, this is done by checking the radio box in the output column.
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%' Output Control = O X
Output Control Group
Transport v
Description System Units Output
1 Mass Check (Should = 1) None mg/L
2 Salinity None PSU
3 Segment Depth None meters
4 Water Temperature None EC
5 Segment Width None m
6 Water Velocity None m/sec
7 Volume None cubic meters
8 Total Water Column Depth None m
9 Segment Surface Elevation None m
10 Bottom Shear Stress None N/m2
11 Flow Into Segment None m3/sec
12 Flow Out of Segment None m3/sec
13 Advective Flow None m3/sec
14 Dispersive Flow None m3/sec
15 Residence Time None days
16 Maximum Timestep (Sec) None sec
17 Calculational Time Step Used  None sec

( oK

Figure 16 Output Selection Transport

Cancel
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L

Output Control

Output Control Group

Chemical

10

"

12

13

Description

Total Chemical Conc (All ...
Chemical i Conc

Dissolved Chemi
DOC-Complexed Chem i
Total Cationic Chem i
Total Anionic Chemi
Sorbed Chem i
Biodegradation rate constant
Oxidation rate constant
Reduction rate constant
Photolysis rate constant
Volatilization rate constant

2nd Order rate constant

None

Tracer

Tracer

Tracer

Tracer

Tracer

Tracer

Tracer

Tracer

Tracer

Tracer

Tracer

Tracer

System
mg/L
mg/L
mg/L
mg/L
meq/L
megq/L
mg/kg
1/day
1/day
1/day
1/day
1/day

1/day

oK

Executing Model

Figure 17 Output Selection Chemical

Units

Cancel

= (] X

Output

We are now ready to execute the model. Make sure you SAVE the file before you execute

the model. To execute click the icon ¥. Once the model starts to run you will see Figure
18. The grid on the top shows intermediate model results as the model is simulating. The
dialog window below provides informative information as the model is running as well as
diagnostic information if the model does not run.
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A USEPA WASP - C\Useny\twood Desito P _Courte 2019 Bxarrples\ CSTR\Dats\CSTR_Example. nef -

Fle Project proces cdel e1ee  Help  Admin -
., A W e T WS . e A o~ . .
“~ vy m . © = -y *° 0 focl &
Mass Oh Velocty Depth Wadth Volume Oueflow Tot Solds Teotal DOC Total Nano Total Cherr
574
Bult on: lwe, 20 Mar JULY 11118 04 ~

‘Model branch: develop
Gui sha: of79def dirty
(Gui branch: develop
Platform: wisdows
[Architectare: 64

‘Build type: release

* Getting Model Parameterization Data

* Getting Dispersion Iaformation

* Getting Segment Volume Iaformation

* Getting Flow Iaformation

* Gettiag Time Variable Boundary Iaformation
¢ Getting Time Variable Loadings

* Getting Initial Conditions

* Esler Solution Technique

* Getting Segment Specific Enviroamental Coaditions
* Getting Kinetic Constants

* Gettiag Eaviroameatal Time Functions

¢ Getting Temperature Coastants

[ o mornonne coce

Figure 18 WASP Runtime Screen

Create a Project

To aid in the post processing of model results we are going to create a project which will
provide the graphical post processor with appropriate information associated with the
CSTR input file. WASP uses a component of the Water Resources Database (WRDB) to
create plots of model results. The component is called WRDBGraph which is a separate
executable that can be found in the Water Resources Database installation directory. Prior
to post processing you should execute WRDB as it sets an environmental variable to tells
WASP where WRDBGraph is located.

To create a project, you will have to use the file menu, click on Edit Project it will present
Figure 11. Click insert and browse to WASP_Course/Example/CSTR and select
CSTR_Example.BMD2. WSAP will use this information when loading the post processor to
pass the correct file for processing.
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& Related project files = o X

Project Component ‘
C:/Users/tim/OneDrive/Philly/Examples/Segmentation/CSTR/CSTR_Example.BMD2

Insert Delete Browse OK Cancel

Figure 19 WASP Project File

With project file set you are now ready to load the post processor.

Post Processing

There are 2 icons for loading a post processor 22 22, The first post processor icon (on
left) will load BMDULil which is another utility that is part of the Water Resource Database.
We will be using the second icon (on right) will execute WRDBGraph and pass the
CSTR_Example.BMD?2 file for processing. Figure 20 illustrates the graph configuration
screen where the user can select a table or model output file, a table station or model
segment and table parameter or WASP output variable. WRDBGraph allows the user to
add as many plot lines as needed. User must select a data table, a station and parameter
and then click the Add to Left Axis button.
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%) WRDB Graph 7.1.0.65

File View Draw Graph Tools Help
a U &4 d @ @ =@ B . X B ® @ @ |9 & E.B @5 0

& L @ @ | 32 2 € . .
New Open Save SvAs Last | Data Close ExtData | Copy Paste Refresh ~ Excel | Stats Prev Limits All | Series Options | Draw ~ Table | Type ~ Time ~ Time = Agg ~ | Help What?
(il Graph1 %3 New...

Tiemam Cmnimm Cumeale

Manage Data Series ? X
Available Data for New Series
Open Tables: Parameters:
25 Open.. ~ X Close )ji| piten=saeced
CSTR_Example.BMD2 Volume -
Flow Out of Segment - -
Total Chemical Conc (All Chemicals) - Addto
Left Axis
=
Addto  ~
Right Axis
Branch: Al Branches v
Series Currently in Graph
| Station ID | PCode | Crit | AggPer | Table Name | Show? | XAxis | YAxis | Axis# | Color Line | x
»
-
-
© Help Bl SelA T Remove @ T Build... Graph Type:  Time Series v Close

Tabs

Figure 20 WRDBGraph Graph Parameterization

Figure 21 illustrates a completed plot for the CSTR segment and Total Chemical which

was defined in the output control screen.

B3] WRDB Graph 7.1.0.65
File View Draw Graph Tools Help

a U d @ d e @ F L@ 3 X A& 8 @ 9 F E. B @€, 0.0, 0 b

New Open Save SvAs Last Data Close ExtData =Copy Paste Refresh ~ Excel | Stats Prev Limits All | Series Options Draw = Teble = Type = Time ~Time = Agg ~ Help What?
b8l Graph 1 T3 New...

Time Series Graph

1.2 T T T T

1.0 +

0.6 +

04 +

0.2 +

0.0 t t t t

Total Chemical Conc (All Chemicals) (mg/L)

12/31/2023 01/02/2024 01/04/2024 01/06/2024 01/08/2024

Date
—— Total Chemical Conc (All Chemicals) at CSTR

Date = 01/04/2024 19:27; Total Chemical Conc (All Chemicals) (mg/L) = 0.7293

Figure 21 WRDBGraph Plot
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