WASP Hands-On Example

Objective

The objective of this hands-on example is to provide you with the steps you would need to take to
create a real-world WASP input file. We will be using a simple WASP network which will allow us to
complete all our objectives in the time we have for this workshop. While this network is simple the
process for developing a WASP network is the same whether you have 20 segments or 500 segments.

This example will take you step by step in setting up our example WASP input file. We will be
accessing data from an Excel spreadsheet which was used to help organize data prior to
pasting/importing into our model setup. While the WASP interface has capabilities of processing
input data (units’ conversion, scaling and plotting) it is better to organize your data in a spreadsheet
or database. We will be using several components of the Water Resources Database (WRDB):

1. Database management application will be used to manage all the time series data that will
be used by WASP for the simulation period. This includes boundary concentration time
series, meteorological data, and monitoring data used for calibration.

2. WRDBGraph application will be used for plotting WASP output and comparing to measured
data. WRDBGraph has several tools to aid in the calibration of WASP and providing
publication quality graphics that can be used in reports.

We will also expose the user to several R-Scripts that can be automated to process WASP output to
aid in calibration. The R-scripts provide comprehensive visual graphics as well as statistical analysis.

Model Network Overview

Throughout this exercise we will build an example WASP input file for the network depicted in Figure
1. The model network consists of a mainstem river that terminates in a lake. The mainstem will have
one tributary that has a wastewater treatment plant.
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Figure 1 Model Network Schematic

Your course materials contains an Excel spreadsheet where model network was preprocessed and
put into a form which is easily brought into the WASP interface.
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Initial Model Setup

When creating a new WASP input file, the first data form that needs to be completed prior to moving
to other data entry screens is the Dataset Parameterization screen (Figure 2). You must select which
model you would like to develop an input file (Eutrophication or Toxicant). Followed by setting the
time domain for the simulation period.

Parameterization
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% Dataset Parameters - 0O X
Description Model Type Restart Option
WASP Course Main Example Advanced Eutrophication -
Comments O No Restart File
O Create Restart File
([ Load Restart File
Browse
Time Range () Hydrodynamics Bed Volumes
Hydrodynamic Linkage File © Static
Start Date O Dynamic
Browse Bed Compaction Time Step
1/1/2021 Update Start/End Time Initiate Input File 0.00
Timestep Optimization S
Start Time lire Stop,
WASP Utility Files
12:00 AM Sensitivity/Uncertainity Config File Fraction of Max DT Calculated
Browse
End Date Post Run Command File 0.9000
Browse
12/31/2023 ~  Solution Technique MaxAllowableTimestep (days)
Euler .
End Time () Enable Output Summaries CSV/BMD2 for Boundary Info 1.00000 =]
12:00 PM 2 Min Allowable Timestep (days)
Skip Ahead in HYD File 0.00010
Model Output Interval (days)
1/1/2021
1/ 0.250000
Skip Ahead to Time Solution Options
() Negative Solution Allowed
12:00 aM

OK Cancel
Figure 2 Dataset Parameterization

o Description - this text field allows the user to enter a brief description of the model input.
This description will appear on the title bar of the WASP interface once the input file is loaded.

o Model Type - this drop down allows the user to select which of the water quality models they
would like to create an input file. WASP has two models available to the user: eutrophication
and toxicant model. Once the user selects a model type the WASP interface will configure
itself specifically for that selected model type.

o Time Range -WASP Is atime variable model that requires the user to set the time domain for
the simulation. It should be noted that the user must specify a time range for the
simulation period before being allowed to advance in other parts of the WASP interface.
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o Start Date —this field allows the user to specify the Gregorian date for the start of the
simulation. Users can either enter the month day and year by typing in the box or click
on the down caret to use a calendar interface.

o StartTime-thisfield allows the user to specify the time for the start of the simulation.
User has the option clicking in the dialogue box typing the time or use the spinners to
the right.

o End Date - this field allows the user to specify the Gregorian date for the end of the
simulation. Users can either enter the month day and year by typing in the box or click
on the down caret to use a calendar interface.

o EndTime -this field allows the user to specify the time for the end of the simulation.
User has the option clicking in the dialogue box typing the time or use the spinners to
the right.

o Skip Ahead Date in HYD File & Skip Ahead Time in HYD File -- these dialog boxes are
only used when the user has selected a hydrodynamic linkage option. By changing
the date and time from something other than the start time of the simulation will
cause WASP to read ahead in the hydrodynamic until the new specified start time.

e Hydrodynamics Check Box -- checking this box will allow the user to establish a link to a
previously created hydrodynamic linkage file. This file is typically created by running EFDC.

o Browse for Hydrodynamic Interface File -- the browse button brings up a traditional
file dialog box in which the user can browse and locate the desired hydrodynamic
linkage file.

o Update Start/End Time -- the user will select this item if they re-executed the
hydrodynamic model where the only thing changed in the hydrodynamic simulation
is that date range.

o Initialize WASP Input with Hydrodynamic Interface File -- this option is automatically
selected when the user selects a hydrodynamic linkage file. Once the user clicks OK
at the bottom of the screen, WASP will open the selected hydrodynamic linkage file
and read in information such as: start date and time, end date and time, number of
segments, segment names, transport mode, and flow paths.

o Timestep Optimization -

e Sensitivity/Uncertainty Config File — The ability to read script files that allows the user to
conduct sensitivity and uncertainty analysis. Use the browse button to select the script file.

e Post Run Command File - this option allows the user to create the command file that will be
executed upon the completion of the model simulation. This option can be useful: executing
calibration scripts, move/arrange model files and any other desired function.

e Solution Technique -- WASP has 3 solution techniques available for simulation. For most
simulations the user should be selecting Euler. The cosmic solution technique is
automatically enabled when linking to an EFDC hydrodynamic linkage file. The Runge-Kutta
solution technique should be enabled when you have very dynamic changes in such states
variables as pH.

e Enable Output Summaries CSV/BMD2 Boundary Information - checking this box will
enable WASP to create a CSV file that will summarize all the boundary time series data for
each state variable.
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o Restart Options -- the restart option allows the user to chain multiple model runs in series.
This option is typically used for simulations that take a long time to complete.

o NoRestartFile -- by default when executing the WASP model no restartfile is created.

o Create Restart File -- Checking restart file will enable WASP to create an external file
(filename will be the same as the input file, but with the extension *.rst) which will
contain the final segment volumes and concentrations at the end of the simulation.

o Load Restart File — this button will open a traditional file dialog box which will allow
the user to browse for a file with the extension *.rst. Once the user selects the
appropriate restart file, the interface will read the final volumes and concentrations
from the previous simulation replacing the values in the initial condition and segment
volumes for the loaded input file.

e Bed Volumes

o Static -- this option keeps WASP from recalculating sediment segment dynamics as
a function of resuspension and settling. This means sediment segment volumes will
not be recalculated and will remain unchanged.

o Dynamic --

= Bed Compaction or Sediment Diagenesis Module Timestep -- this specifies
time step (days) that WASP will use to recalculate sediment bed dynamics
(typically toxicant model). When using the sediment diagenesis module this
time step controls when the module, we'll calculate sediment oxygen
demand and nutrient fluxes.

e Time Step -- WASP automatically calculates the appropriate time step based upon flow
conditions, loads and kinetic transformations. Wasp makes this calculation at the end of
each timestep to be used for the next timestep.

o Fraction of Maximum DT -- this user specified fraction is used to attenuate the wasp
calculated time step. The default is 0.9 which is multiplied against the calculated
maximum time step.

o Maximum Allowable Time Step -- this value will constrain that time step calculation
so that it is no larger than this value. Typically, it is used to ensure a simulated value
for every simulation day.

o Minimum Allowable Time Step - this sets a minimum timestep that can be
calculated.

o Model Output Interval -- the model output interval defines how often simulation
results are saved to the model output file. The unit of this intervalis days. Example if
you wanted simulation results written four times a day the value would be 0.25.

o Negative Solution Checkbox -- checking this box will allow wasp to calculate a negative
concentration. By default, whenever WASP calculates a negative concentration, the value
gets reset to zero. A suggested use would be to allow a negative concentration calculated for
dissolved oxygen which would represent dissolved oxygen deficit.

Modeled State Variables
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The WASP Eutrophication model is a start-of-the-art water quality model. Figure 3 below is a
schematic that illustrates all the state variables in WASP and how they react. One of the largest
strengths of WASP is the user gets to select which state variables to consider in their study.

Variables and Processes

photosynthesis and respiration
atmosphere
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Figure 3 WASP State Variable Relationships
For our modeling example we will use the following state variables:

e Ammonia

e Nitrate

e Dissolved Organic Nitrogen

e Particulate Organic Nitrogen

e Dissolved Inorganic Phosphorus
e Dissolved Organic Phosphorus
e Particulate Organic Phosphorus
e Dissolved Oxygen

e Three CBOD State Variables (Watershed, Point Source and Biotic)
e Phytoplankton

e Particulate Organic Matter

e Particulate Organic Carbon

e |norganic Solids

o Water Temperature

o Water Age

nitrification

H,CO, — HCO, — CO.%

Figure 4 shows the system selection data form for our modeling example. There will be a total of 17

state variables simulated.
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%' Model State Variable Activation = (m] X
System Type System Name Particulate Transport ~ Mass Balance Density Dispersion Bypass  Flow Bypass ‘

1 NH-34 NH3 Solids 1 1

2 NO302 NO3 Solids 1 1

3 ORG-N DON Solids 1 1

4 DET-N PON Solids 1 1

5 D-DIP DIP Solids 1 1

6 ORG-P DoP Solids 1 1

7 DET-P POP Solids 1 1

8 DISOX DO Solids 1 1

9 CBODU CBOD-WS Solids 1 i)

10 CBODU CBOD-PS Solids 1 1

11 CBODU éCBOD-BlOTlC ‘ Solids 1 1

12 PHYTO ALGAE Solids 1 1

13 TOTDE POM Solids 1 i

14 DET-C POC Solids 1 1

15 SOLID SOLIDS Solids 1 1

16 WITEMP TEMP Solids 1 1

17 W-AGE WATER-AGE Solids 1 1

| oK

Cancel

Figure 4 WASP State Variable Selection

Definition of input columns are:

System Type —this is a drop-down selection of the available state variables that are available.
For several of the state variables you can have more than one, such as Phytoplankton and
CBOD you can have up to 5.

System Name - this is an editable field that allows you to give the state variable a descriptive
name that will be persistent throughout the interface data entry screens

Particulate Transport — this input has been deprecated and would only be used for very old
previously created input files.

Mass Balance —while the mass balance is calculated for all state variables in the model, you
can check 1 of the state variables to create an ASCII output file that will provide details on the
mass balance.

Density — the current version of WASP will calculate the density of water as a function of
temperature and salinity/total dissolved solids.

Dispersion Bypass — selecting this by-pass option would keep the model from transporting
the selected state variable by dispersion.

Advection Bypass -- selecting this by-pass option would keep the model from transporting
the selected state variable by advection.
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Segment Definition/Transport Mode
=0 m%OPEE~ALY s bRdd WK T

The user is responsible for defining the number of segments, segment type, transport model and the
segment located below the one being defined (Figure 5). The WASP model network is an
unstructured grid, which allows the user to define segmentation in 1-dimension, 2-dimension, 3-
dimension or a mixture of all dimensions.

% Segments = o X

Segment Definition Initial Conditions Fraction Dissolved

Segment Name Segment Type Transport Mode Segment Below
1 |Lake Surface Ponded Weir None
2 [|Main-2 Surface Kinematic Wave None
3 |Main-3 Surface Kinematic Wave None
4 |Main-4 Surface Kinematic Wave None
5 |Main-5 Surface Kinematic Wave None
6 |Main-6 Surface Kinematic Wave None
7 |Main_Station Surface Kinematic Wave None
8 [|Main-8 Surface Kinematic Wave None
9 |Confluence Surface Kinematic Wave None
10 |Main-10 Surface Kinematic Wave None
11 |Main-11 Surface Kinematic Wave None
12 |[Main-12 Surface Kinematic Wave None
13 |Main-13 Surface Kinematic Wave None
14 |Main-14 Surface Kinematic Wave None
15 |Main_Bound Surface Kinematic Wave None
16 |Trib_1 Surface Kinematic Wave None
17 |Trib_2 Surface Kinematic Wave None
18 |WWTP Surface Kinematic Wave None
19 |Trib_4 Surface Kinematic Wave None
20 |Trib_Bound Surface Kinematic Wave None
Insert [ Delete ]
OK Cancel

Figure 5 Network Segment and Transport Definition

e Segment Name - user can provide segment names that will be propagated throughout the
interface wherever segment information is needed. Segment names must be unique. If you
are going pasting information into this column there cannot be a space between words,
unless they are incapsulated by “Main Bound”.

e Segment Type -

o Surface -is a water segment that has an interface with the atmosphere.
o Sub-Surface - is a water segment that has a surface segment or sub-surface type
above it.
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o Surface Benthic (Sediment) - is sediment segment that has surface or sub-surface
segment above it.
o Sub-Surface Benthic (Sediment) -- is sediment segment that has surface benthic
segment above it.
o Discharge Pipe —is a segment that does not have an atmospheric interface (no light
penetration, no reaeration, no atmospheric deposition).
e Transport Mode -
Flow Routing -- steady specified flow reaches
Stream Routing -- unsteady specified flow reaches
Kinematic Wave - free flowing reaches
Ponded Weir -- weir overflow reaches
Lake (1D-Vertical) — stratified lake/pond reach
Dynamic Flow -- backwater/tidal impacted reaches
Hydrodynamic Linkage — reach volumes, depths, velocity and flows provided via
external linkage file.
o Sediment- mechanistic sediment transport
o Segment Below - indicates to WASP what segment is directly below the one being defined.
This to provide a pathway for light propagation through the water column

O O O O O O O

Flows & Flow Paths
=B R %OBEEA LS @it Y T

This section of the WASP interface is where you define flow conductivity between your segments,
segment geometry and provide time series of flows at the boundary for each the defined flow paths.
This is probably the most tedious input that must be entered for your data set.

%) Flows

® & o

Channel Geometry Surface Water Pore Water Solids 1 Solids 2 Solids 3 Evaporation/Precipitation

e Channel Geometry -- this data entry screen is where you define your segment geometry for
the transport mode.

e Surface Water -- this flow field is used to define surface water flow paths for all of your
boundary flows coming into your model network.

o Pore Water -- this flow field is used to define pore water flow through sediment segments
into the overlying water column. This field can be used for accounting for groundwater
influences. While pore water moves through the sediment pore spaces it will only transport
dissolved concentrations of the state variable.

e Solids 1 -3 - The entering of solids transport has been deprecated in this version of WASP.
These transport fields were used in the past to define settling and resuspension of inorganic
solids. This input requirement has been removed since the introduction of mechanistic
sediment transport.

o Evaporation/Precipitation — this flow field is used to provide rainfall and evaporation time
series for your model network. If you are simulating water temperature evaporation is part of
the calculation for predicting water temperature.
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Figure 6 depicts channel geometry data input that is required for the selected transport modes. The
wasp interface will Gray out columns where data is not required for the defined transport mode of
the segment. The segment names cannot be changed on this screen, they are defined on the
segment definition screen. When the defining geometry for kinematic wave or dynamic flow you
should be entering the average width, depth and velocity for the segment. This information can be
obtained from USGS studies and National Hydrography Dataset (NHDPlus).

% Flows == (m] X

Channel Geometry  Surface Water ~ Pore Water ~ Solids1  Solids2  Solids3  Evaporation/Precipitation

Segment Name Volume (m3) Length (m) Avera(gr:)width Elesjtti‘::zm) Slope Minimt;rr:) Depth Roughness Avera?r

1 Lake 2.25e+07 3000 1500 3 5

2 Main-2 111619 4567 8.029 0.0006 0.2 0.05 3.044
3 Main-3 139812 4000 11.57 0.0003 0.2 0.05 3.021
4 Main-4 94352.2 3987 7.92 0.0004 0.2 0.05 2.988
5 Main-5 637371 3507.5 6.336 0.0007 0.2 0.05 2.868
6 Main-6 63737.1 3507.5 6.336 0.0007 0.2 0.05 2.868
7 Main_Station 51596.8 3075 6.178 0.001 0.2 0.05 2716
8 Main-8 393774 3090 5.067 0.0005 0.2 0.05 2515
9 Confluence 334285 4356 3493 0.0011 0.2 0.05 2.197
10 Main-10 26037.7 3778 3.285 0.0009 0.2 0.05 2.098
11 Main-11 19211 3592 2.754 0.0012 0.2 0.05 1.942
12 Main-12 18825.8 3847 2.603 0.0012 0.2 0.05 1.88
13 Main-13 18801.3 4251 2.405 0.0014 0.2 0.05 1.839
14 Main-14 173105 4050 2.408 0.0009 0.2 0.05 1.775
15 Main_Bound 12286.5 4105 1.866 0.0015 0.2 0.05 1.604

OK
Copy Paste Fill/Calc
Cancel

Figure 6 Define Segment Geometry for Transport Options

o Segment Name -segment name appears here for convenience. To edit a segment name, you
must go back to the segment definition screen.

o Volume (m3) - this column is used to define segment volumes. If you do not enter a volume
WASP will calculate the initial volume: Length * Average Width * Average Depth.

e Length (m)-- this column is used to define the length of the segments.

e Average Width (m) - this column is used to define the average width of the segment under
average flow conditions.

e Bottom Elevation (m) -- this column is used to define the bottom elevation of the segment
that is used in the dynamic flow option. The bottom elevation column and the initial surface
elevation column are used to determine the initial surface water slope.

e Slope -- this column defines the average bottom slope of the segment reach. The segment
defined slopes are used in the kinematic wave transport mode.

e Minimum Depth (m) -- this column defines a minimum depth that will be retained when
flows become low or zero. This always ensures that there is volume of water for each
segment.
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¢ Roughness --this column represents the roughness coefficient (Manning’s n) for each of the
segments. This value is used in the calculation of flow with the kinematic wave transport
option.

e Initial Surface Elevation (m) -- this column represents the initial surface elevation of a
segment when the model first starts to run. This column is used with the dynamic flow
transport option.

o Depth Multiplier/Depth Exponent/Velocity Exponent -- these columns work in
conjunction with one another (hydraulic coefficients) to calculate varying segment widths,
depths and velocities as function of changing flows.

e Average Velocity - this column is used to provide the average velocity under average flow
conditions or in the case flow routing, represents the water velocity at that condition.

o Side Slope —not implemented

e Weir Height (m) —this column defines the height of the weir above the downstream receiving
water body.

o  Weir Type -- This column defines the weir type. Currently WASP one weir type.

Figure 7 illustrates the Flow Field Parameter section at the top of the Surface Water tab. You will that
the WASP interface allows the user to apply scale and conversion factors to the inputs. This is a
convenient way to convert user input data to the correct WASP internal units. These values are used
for all defined flow functions. An example of this if a user gets flow data from the USGS it will most
likely be reported a cubic feet per second, WASP requires the flows to be in cubic meters per second,
user will have to enter the appropriate conversion factor (0.02831) to convert to cubic meters per
second. The scale factor can be used for sensitivity analysis and/or testing management options
regarding flow. Be unchecking the Used box will keep the interface from passing the flow information
into the model at execution.

Flow Field Parameters

-

Conversion 1.0000 <1 Scale 1.0000 < Used

Figure 7 Scale & Conversion for Flow Fields

We are now going to define the flow paths and flow time series for our model example. In Figure 8 you
will see 3 colored arrows (green, pink, blue), for each of these arrows we will have to define a flow
function. A flow function is a path of where the water comes into our model network and where it
exits. For each of these flow functions we will have to provide a flow time series. This input takes the
same form if you are defining pore water flows.
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Figure 8 Model Network for Flow Paths

Figure 9illustrates the various input components for defining flows for your model network. 1 defines
individual flow functions and their options. For each flow function entered there will be an
associated segment pair (2) and moment value pairs (3) which will generate the time series plot (4).
To change to a flow function definition, click on the row in Flow Function table (1).

A Flows

- o X
Cwrnel Geometry  Surfoce Water  Fose Water Soids 1 Sokds2  Soids3  EvepomtonPrecpitaton L L
Flow Fed Parametess o Momentivelue peirsfor Surface Water, Melestem
Converson 1.0000 S scle 10000 due @
Flow Functon
Function Interpolation Scale Factor Bound Data Source PCOOE Station 0
19 Mainstem inear 10000 Flow Nore
bt Lines 1.0000 Flon No A
3 v Linear 1.0000 Fiow None
(i |
3
et Delete s
SegmentPars Mament Vakue Pars
From 13 Fraction Datetime Volue 2%
1 Boundary 1% Main_Bound 1 1120031200 AM 0941 ol }
2 15 Main_Bound 14 Main-14 1 2 V2231200 1603 s ¢ |
3 M Mans 1 313231200 AM
4 1:Man-13 1 4 VA0231200AM 1499
$ 12 Man-12 T 1 5 VS0231200AM 1537 3
6 1:Man-11 10: Main-10 1 6 17620231200 AM 213
710 Main-10 9 Confluence 1 7 V202312004 2563
tronrt e st cere Delete A1 0
320 01 208301 $0301 20231 262 01 M1 221 2024
- Date
o | e r e PEKL<KO>P»XAA[W

Figure 9 Flow Paths and Flow Timeseries

Figure 10 illustrates the required fields to define the options for a particular flow function.
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Flow Function

>

Function Interpolation Scale Factor Bound

Mainstem Linear 1.0000 Flow v

Tributary Linear 1.0000 Water Surface Elevation
Internal Flow

WWTP Linear 1.0000 Water Withdrawal
Weir (Downstream Seg)

Figure 10 Flow Function Definition

e Function -user can provide descriptive name for the flow function

e Interpolation —this drop down allows the user to define the interpolation option for the flow
time series data. The interpolation option determines how WASP will determine the inflow
as it iterates through time. Options are linear and step function.

e Scale Factor - this scale factor is specific to the individual flow function. When WASP
interpolates flows from the time series, the flows will be multiplied by this scale factor.

e Bound - because of the various transport modes and other ways to move water there are
several options for defining water movement. These boundary types expect the data entered
in the moment value pairs to be in the appropriate units.

O
O

Flow (cms) —the most prevalent is flow. You will enter a time series of flow.

Water Surface Elevation (m) - is used for the dynamic wave transport mode. For
example, if you have a tide at a downstream boundary, you will enter a time series of
water surface elevations.

Internal Flow (cms) — this bound type allows you to transfer water from any segment
to anotherinthe model network regardless of connectivity. You will enter a time series
of flow.

Water Withdrawal (cms) — this bound type allows you to define a water withdrawal
from a segment. This bound type differs in that WASP will not withdraw water if there
is not significant volume. This bound type was implemented because of uncertainty
in reported withdrawal flows.

Weir/Dam Discharge (cms) — this bound type allows you to define a weir or dam
discharge. Typically used for dam releases for power generation where the water is
not going over the top of the dam.

2 - Segment Pair Definition - this table defines the flow path of water from a boundary through your
model network. Here we are defining the flow path from the mainstem river in our model network). A
flow from outside the model network or from inside the model network to outside are called
boundaries. The important distinction here is wherever there is a boundary you will have to provide
time series of concentrations for each of the state variables being simulated. If you have a
downstream boundary (in this case segment 1 — Lake) does not reverse flow you do not need to
provide a boundary condition.

The From and To segments should be entered in the direction of positive flow. In our direction of flow
is from Segment 15 to Segment 1.

The fraction is used to divert flow around things such as islands (see transport PowerPoint).

Inflow Calculation at Segment 15 would be:
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Flow In (Boundary to Segment 15) = Flow Time Series Value * Fraction

3 & 4-Moment Value Pairs - this is a time series of flows (or whatever is required for the bound type)
that will enter the model network for the specific flow function. Once time series information is
entered a time series plot (4) will be populated.

Segment Pairs
From To Fraction
1 Boundary 15: Main_Bound 1
2 15:Main_Bound 14: Main-14 1
3 14 Main-14 13: Main-13 1
4 13: Main-13 12: Main-12 1
5 12 Main-12 11: Main-11 1
6 11:Main-11 10: Main-10 1
7 10: Main-10 9: Confluence 1
8 9 Confluence & Main-8 1
9 & Main-8 7: Main_Station 1
10 7: Main_Station 6: Main-6 1
11 6: Main-6 5: Main-5 1
12 5: Main-5 4: Main-4 1
13 4:Main-4 3: Main-3 1
14 3: Main-3 2: Main-2 1
15 2:Main-2 1: Lake 1
16 1: Lake Boundary 1
Insert Delete

Figure 11 Segment Pairs - Flow Continuity

Segment Parameter
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- S5m0 EZ AR AR A 4 & \Foy o8 o4 ~";b./‘

The segment parameters allow the user to define environmental conditions that can vary both in
space and time that are not directly simulated by the model. For segment parameters that do not link
with environmental time functions you would assign a value to individual segments. These values
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stay constant. Some segment parameters consist of two items in the case of the example below for
air temperature (Figure 12) there is Row 2 Air Temperature of Segment (°C or Multiplier) and Row 3
Pointer for Air Temperature Time Function, if you want the segment to have a steady air temperature
of 20°C you would enter 20 for the Lake segment on Row 2 and do not enter any information for Row
3 time function.

To use a segment parameter and time function together you typically enter a multiplier (row 2) of 1.0
and then point to 1 of the 4 air temperature time functions that are available.

| (& Parameter Data = o X

i
Envionmental

Parameter System Used Scale Factor
1 |1 | Temperature of Segment [*C o Multiplier] None
| |2 | Air Temperature of Segment [*C or Multiplier] None

! |3 | Pointer to Air Temperature Time Function None 1

&' Time Functions
Time Function Used
17 Air Temperature Function 1 ("C)

18 Air Temperature Function 2 ("C)

19 Air Temperature Function 3 (*C)

20 Air Temperature Function 4 (*C)

Figure 12 Segment Parameters Working with Time Functions
The calculated Air Temperature over the downstream Lake segment would be calculated as follows:

Air Temperature for Segment 1 = Air Temperature Multiplier (row 2) * Air Temperature value
interpolated from the Air Temperature time series 1.

Figure 13 illustrates the main segment parameter input form, note there is a dropdown that breaks
the parameters down by functional groups. While there are many segment parameters you need to
enter information for the ones of concern in your model.
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& Parameter Data = o X

Environmental
Parameter System Used ScaleFactor | Lake Main-2 Main-3 Main-4
1 [Temperature of Segment [°C or Multiplier] None 1 0.0000 0.0000 0.0000
2 | Air Temperature of Segment [*C or Multiplier] None 1 1.0000 1.0000 1.0000 1.0000
3| Pointerto Air Temperature Time Function None 1 1.0000 1.0000 1.0000 1.0000
4 | Solar Radiation Multiplier [unitless or watts/m2] None 1 0.0000 0.0000 0.0000 0.0000
5 | Solar Radiation Time Function [1-4] None 1 0.0000 0.0000 0.0000 0.0000
6 | Wind Speed Multiplier [unitless or m/sec] None 1 1.0000 1.0000 1.0000 1.0000
7 |Pointer to Wind Speed Time Function None 1 1.0000 1.0000 1.0000 1.0000
8 | Cloud Cover Multiplier [unitless or fraction] None 1 1.0000 1.0000 1.0000 1.0000
9 | Pointer to Cloud Cover Time Function None 1 1.0000 1.0000 1.0000 1.0000
10| Dew Point Temperature Multiplier [unitless or °C] TEMP 1 1.0000 1.0000 10000 1.0000
11 |Pointer to Dew Point Time Function TEMP 1 1.0000 1.0000 1.0000 1.0000
12| Wind Sheltering Coefficient Multiplier [unitless or fraction] TEMP 1 0.0000 0.0000 0.0000 0.0000
13 | Pointer to Wind Sheltering Time Function TEMP 1 0.0000 0.0000 0.0000 0.0000
14 Multiplier for Shading Coefficient [unitless or fraction] ~ None 1 0.0000 0.0000 0.0000 0.0000
15| Pointer to Shading Time Function None 1 0.0000 0.0000 0.0000 0.0000
16 |Light Extinction for Segment [per meter or multiplier]  None 1 0.0000 0.0000 0.0000 0.0000
17 | Light Extinction Time Function [1-4] None 1 0.0000 0.0000 0.0000 0.0000
12 |Zooplankton Population ALGAE 1 0.0000 0.0000 0.0000 0.0000
19 |Background Ke (1/m) None 1 0.0000 0.0000 0.0000 0.0000
20| Water Velocity [m/sec or Multiplier] None 1 0.0000 0.0000 0.0000 0.0000
21/ Ice Cover [Fraction Cover or Multiplier] None 1 0.0000 0.0000 0.0000 0.0000
22| Sediment Cobble Concentration [mg/L] None 1 0.0000 0.0000 0.0000 0.0000
Copy ) paste Filfcalc oK Cancel

Figure 13 WASP Environmental Segment Parameters
Available segment parameters that are available in the eutrophication model or defined below.

o Temperature of Segment [°C or Multiplier] —this parameter specifies either a constant water
temperature for the segment or a value that is multiplied by the Water Temperature time
function. While most environmental time functions have more than 1 time series available,
water temperature has only 1 time function. If you have spatial and temporal variations in
water temperature, you need to simulate water temperature as a state variable.

o Air Temperature of Segment [°C or Multiplier] -- this parameter specifies either a constant
air temperature for the segment or a value that is multiplied by the Air Temperature time
function that is selected.

e Pointer to Air Temperature Time Function [1-4] -- this parameter specifies which of the
available environmental time functions to use to provide temporal variation in air
temperature.

e Solar Radiation Multiplier [watts/m2 or multiplier] -- this parameter specifies either a
constant solar radiation for the segment or a value that is multiplied by the Solar Radiation
time function that is selected.

e Solar Radiation Time Function [1-4] -- this parameter specifies which of the available
environmental time functions to use to provide temporal variation in solar radiation.

e Wind Speed Multiplier [m/sec or multiplier] -- this parameter specifies either a constant
wind speed for the segment or a value that is multiplied by the Wind Speed time function that
is selected.

o Pointerto Wind Speed Time Function [1-4] -- this parameter specifies which of the available
environmental time functions to use to provide temporal variation in wind speed.
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Cloud Cover Multiplier [ fraction or multiplier] -- this parameter specifies either a constant
cloud cover for the segment or a value that is multiplied by the Cloud Cover time function
that is selected. Note: Cloud Cover fraction is O for clear sky & 1 for complete cloud cover.
Pointer to Cloud Cover Time Function [1-4] -- this parameter specifies which of the
available environmental time functions to use to provide temporal variation in cloud cover.
Dew Point Temperature Multiplier [ °C or multiplier] -- this parameter specifies either a
constant dew point for the segment or a value that is multiplied by the Dew Point time
function that is selected.

Pointer to Dew Point Time Function [1-4] -- this parameter specifies which of the available
environmental time functions to use to provide temporal variation in dew point temperature.
Wind Sheltering Coefficient Multiplier [unitless or fraction] -- this parameter specifies
either a constant wind sheltering coefficient for the segment or a value that is multiplied by
the Wind Sheltering Coefficient function that is selected. Note: Wind Sheltering Coefficient
fraction is 0 for no shelter & 1 for completely sheltered.

Pointer to Wind Sheltering Time Function [1-4] -- this parameter specifies which of the
available environmental time functions to use to provide temporal variation in wind
sheltering.

Multiplier for Shading Coefficient [unitless or fraction or multiplier] -- this parameter
specifies either a constant wind shading coefficient for the segment or a value that is
multiplied by the Shading Coefficient function that is selected. Note: Shading Coefficient
fraction is 0 for no shading & 1 for completely shaded.

Pointer to Shading Time Function [1-4] -- this parameter specifies which of the available
environmental time functions to use to provide temporal variation in light shading.

Light Extinction for Segment [per meter or multiplier] -- this parameter specifies either a
constant light extinction for the segment or a value that is multiplied by the Light Extinction
time function that is selected.

Light Extinction Time Function [1-4] -- this parameter specifies which of the available
environmental time functions to use to provide temporal variation in light extinction.
Background Ke (1/m) - this parameter allows the user to specify a segment specific
background light extinction

Zooplankton Population -- this parameter allows the user to specify a segment specific
zooplankton population that will graze on phytoplankton.

Water Velocity [m/sec or Multiplier] -- this parameter specifies either a constant water
velocity for the segment or a value that is multiplied by the Water Velocity time function.
While most environmental time functions have more than 1 time series available, water
velocity has only 1 time function. If you have spatialand temporalvariations in water velocity,
you need to use a transport mode that will calculate water velocity as a function of flow.

Ice Cover [Fraction Cover or Multiplier] -- this parameter specifies either a constantice cover
for the segment or a value that is multiplied by the Ice Cover time function. Note: if you are
simulating water temperature, ice formation can be simulated based upon environmental
conditions.
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Sediment Cobble Concentration [mg/L] -- this parameter allows the user to specify a
segment specific Sediment Cobble Concentration used in the mechanistic sediment
transport algorithms.

Solid Settling Velocity in Segment [m/day] -- this parameter allows the user to specify a
segment specific Solid Settling Velocity.

Phytoplankton Settling Velocity in Segment [m/day] -- this parameter allows the user to
specify a segment specific Phytoplankton Settling Velocity.

Settling Velocity of Segment Particulate Organic Matter [m/day] -- this parameter allows
the user to specify a segment specific Settling Velocity of POM (detritus).

Solid Resuspension Velocity in Segment [m/day] -- this parameter allows the user to
specify a segment specific Solid Resuspension Velocity.

Pathogen Settling Velocity in Segment [m/day] -- this parameter allows the user to specify
a segment specific Pathogen Settling Velocity.

Measured Segment Reaeration Rate [per day] -- this parameter allows the user to specify a
segment specific measure Reaeration Rate that will not change.

Segment elevation above sea level [m] -- this parameter allows the user to specify a
segment specific Elevation used in the Dissolved Oxygen Saturation calculation.

Dam Elevation [meters] -- this parameter allows the user to specify a segment specific Dam
Elevation (if one exists). Defined as the height of the dam. This is used to add dissolved
oxygen to the segment below caused by the falling water and mixing.

Dam Pool WQ Coefficient -- this parameter allows the user to specify a segment specific that
is needed for the oxygen addition due to the dam.

Dam Type Coefficient -- this parameter allows the user to specify a segment specific Dam
Type Coefficient used in calculating the oxygen due to the dam.

Tsvigolo Escape Coefficient -- this parameter allows the user to specify a segment specific
Tsvigolo Escape Coefficient that is used for calculating a segment specific reaeration rate
using the Tsvigolo formulation.

Minimum Reaeration Velocity for Segment [m/day] -- this parameter allows the user to
specify a segment specific

Fraction of Bottom of Segment Covered by Macro Algae - this parameter defines how
much the sediment area is suitable for the establishment of attached algae
(periphyton/macro algae). A fraction of 0 means there is no suitable area, 1 means the entire
bottom area is suitable for attachment.

Benthic Ammonia Flux [mg/m2-day] -- this parameter specifies either a constant benthic
ammonia flux for the segment or a value that is multiplied by the Benthic Ammonia time
function. While most environmental time functions have more than 1 time series available,
Benthic Ammonia Flux has only 1 time function. If you have spatial and temporal variations
in benthic ammonia flux, you should consider using the mechanistic sediment diagenesis
module which will predict this flux temporally and spatially as a function of water quality
conditions and what settles to the bottom.

Benthic Phosphate Flux [mg/m2-day] -- this parameter specifies either a constant benthic
phosphate flux for the segment or a value that is multiplied by the Benthic Phosphate time
function. While most environmental time functions have more than 1 time series available,
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Benthic Phosphate Flux has only 1 time function. If you have spatial and temporal variations
in benthic phosphate flux, you should consider using the mechanistic sediment diagenesis
module which will predict this flux temporally and spatially as a function of water quality
conditions and what settles to the bottom.

Benthic NO3 Flux [mg/m2-day] -- this parameter specifies either a constant benthic nitrate
flux for the segment or avalue thatis multiplied by the Benthic Ammonia time function. While
most environmental time functions have more than 1 time series available, Benthic Nitrate
Flux has only 1 time function. If you have spatial and temporal variations in benthic nitrate
flux, you should consider using the mechanistic sediment diagenesis module which will
predict this flux temporally and spatially as a function of water quality conditions and what
settles to the bottom.

Sediment Oxygen Demand [g/m2-day] -- this parameter specifies either a constant
sediment oxygen demand for the segment or a value that is multiplied by the Sediment
Oxygen Demand time function. While most environmental time functions have more than 1
time series available, Sediment Oxygen Demand has only 1 time function. If you have spatial
and temporal variations in sediment oxygen demand, you should consider using the
mechanistic sediment diagenesis module which will predict this flux temporally and spatially
as a function of water quality conditions and what settles to the bottom.

Sediment Diagenesis Segment Attached to this Segment - this parameter specifies which
sediment diagenesis module computational segment that settled materials and overly water
column conditions apply. The sedimentdiagenesis module allows the user to assign multiple
WASP segments to sediment diagenesis computational segments.

PON Initial Condition for Sediment Diagenesis Segment (mg/L) — specifies the initial
condition of particulate organic nitrogen for the sediment diagenesis module.

POP Initial Condition for Sediment Diagenesis Segment (mg/L) — specifies the initial
condition of particulate organic phosphorus for the sediment diagenesis module.

POC Initial Condition for Sediment Diagenesis Segment (mg/L) -- specifies the initial
condition of particulate organic carbon for the sediment diagenesis module.

POSi Initial Condition for Sediment Diagenesis Segment (mg/L) -- specifies the initial
condition of particulate organic silica for the sediment diagenesis module.

Fraction of [PO-N/P/C]in Class 1 (0 to 1) —fraction of settled particulate material to G Class
1 of sediment diagenesis module.

Fraction of [PO-N/P/C]in Class 2 (0 to 1) -- fraction of settled particulate materialto G Class
2 of sediment diagenesis module.

Fraction of [PO-N/P/C]in Class 3 (0 to 1) —fraction of settled particulate material to G Class
3 of sediment diagenesis module.

Atm Deposition of Nitrate (mg/m2-day or Multiplier) — this parameter specifies either a
constant atmospheric deposition rate for nitrate for the segment or a value that is multiplied
by the Atmospheric Deposition Nitrate time function that is selected.

Atm Deposition of Nitrate Function [1-4] -- this parameter specifies which of the available
environmental time functions to use to provide temporal variation in atmospheric deposition
rates.
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e Atm Deposition of Ammonia (mg/m2-day or Multiplier) -- this parameter specifies either a
constant atmospheric deposition rate for ammonia for the segment or a value that is
multiplied by the Atmospheric Deposition Ammonia time function that is selected.

e Atm Deposition of Ammonia Function [1-4] —this parameter specifies which of the available
environmental time functions to use to provide temporal variation in atmospheric deposition
rates.

e Atm Deposition of Orthophosphate (mg/m2-day or Multiplier) -- this parameter specifies
either a constant atmospheric deposition rate for orthophosphate for the segment or a value
that is multiplied by the Atmospheric Deposition Orthophosphate time function that is
selected.

e Atm Deposition of Orthophosphate Function [1-4] - this parameter specifies which of the
available environmental time functions to use to provide temporal variation in atmospheric
deposition rates.

e Atm Deposition of Org Nitrogen (mg/m2-day or Multiplier) -- this parameter specifies either
a constant atmospheric deposition rate for organic nitrogen for the segment or a value that is
multiplied by the Atmospheric Deposition Organic Nitrogen time function that is selected.

e Atm Deposition of Org Nitrogen Function [1-4] — this parameter specifies which of the
available environmental time functions to use to provide temporal variation in atmospheric
deposition rates.

e Atm Deposition of Org Phosphorus (mg/m2-day or Multiplier) -- this parameter specifies
either a constant atmospheric deposition rate for organic phosphorus for the segment or a
value that is multiplied by the Atmospheric Deposition Organic Phosphorus time function
that is selected.

e Atm Deposition of Org Phosphorus Function [1-4] — this parameter specifies which of the
available environmental time functions to use to provide temporal variation in atmospheric
deposition rates.

e Atm Deposition of CBOD (mg/m2-day or Multiplier) -- this parameter specifies either a
constant atmospheric deposition rate for CBOD for the segment or a value that is multiplied
by the Atmospheric Deposition CBOD time function that is selected.

e Atm Deposition of CBOD Function [1-4] — this parameter specifies which of the available
environmental time functions to use to provide temporal variation in atmospheric deposition
rates.

e Atm Deposition of POC (mg/m2-day or Multiplier) — this parameter specifies either a
constant atmospheric deposition rate for POC for the segment or a value that is multiplied by
the Atmospheric Deposition POC time function that is selected.

e Atm Deposition of POC Function [1-4] — this parameter specifies which of the available
environmental time functions to use to provide temporal variation in atmospheric deposition
rates.

Environmental Time Functions

e
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Figure 14 depicts the environmental time functions that are available in the eutrophication model.
Like flow path definitions the user can shut off a particular time functions by un-checking used. Like
flows there are two methods for interpolation: linear and step function. Time series data is entered
for each individual time function that is highlighted in the top table with the time function names.

& Time Functions - o X
Plot 8

Used Interpolation Data Source. PCODE Station D

Linear None Momentivalue pairs for Air Temperature
Function 1(°C)

16 Solar Radiation - 4 (W/m2) Linear
17 Air Tempe

18 Air Tempe

F 5788

19 AirTempentureFunction3('C) | Liner

A Termperature Functon 1(€)

2 12/31/2023 1200 PM 2

w0
ST Tl o Tl T ool
sert copy Jan 01 203801 2033 01 200801 262 01 20201 2023
= Date
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Figure 14 WASP User Defined Time Functions

Time Function Definition

e Water Temperature Function (°C) — provides a time series to provide temporal changes in
water temperature assigned to segments.

e Velocity Function (m/sec) — provides a time series to provide temporal changes in water
velocity assigned to segments.

e Zooplankton Population (count) — provides a time series to provide temporal changes in
zooplankton population assigned to segments.

e Atmospheric Pressure —provides a time series to provide temporal changes in atmospheric
pressure.

e CO2 Atmospheric Partial Pressure (Atmospheres) — provides a time series to provide
temporal changes in CO, atmospheric partial pressure.

o Reaeration Function (per day) — provides a time series to provide temporal changes in
reaeration function assigned to segments.

o Ice CoverFunction 1 (fraction covered) — provides a time series to provide temporal changes
in ice cover assigned to segments.

e Fraction Daily Light (fraction) — provides a time series to provide fraction of the day that is
light.

o Algal Settling Rate (m/day) — provides a time series to provide temporal changes in algal
settling rate assigned to segments.

e Light Extinction Coefficient Functions - 4 (1/m)

e Solar Radiation (W/m2) — provides 4 time series to provide temporal changes in solar

radiation.

o Air Temperature Function (°C) — provides 4 time series to provide temporal changes in air
temperature.

e Wind Speed Function (m/sec) — provides 4 time series to provide temporal changes in wind
speed.
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e Cloud Cover Function (fraction) — provides 4 time series to provide temporal changes in
cloud cover.

e Dew Point Function (°C) — provides 4 time series to provide temporal changes in dew point.

e Canopy Shading Function (fraction) — provides 4 time series to provide temporal changes in
canopy shading.

e Phosphorus Benthic Flux (mg/m2-day) — provides a time series of description (user
provided) sediment phosphorus flux. To have WASP calculate a sediment flux based upon
environmental conditions the user should invoke the sediment diagenesis module.

e Sediment Oxygen Demand Flux (mg/m2-day) — provides a time series of description (user
provided) sediment oxygen demand flux. To have WASP calculate a sediment oxygen
demand flux based upon environmental conditions the user should invoke the sediment
diagenesis module.

e Ammonia Benthic Flux (mg/m2-day) — provides a time series of description (user provided)
sediment ammonia flux. To have WASP calculate an ammonia sediment flux based upon
environmental conditions the user should invoke the sediment diagenesis module.

e Nitrate Benthic Flux (mg/m2-day) — provides a time series of description (user provided)
sediment nitrate flux. To have WASP calculate a nitrate flux based upon environmental
conditions the user should invoke the sediment diagenesis module.

e Atm. Dep. of Nitrate Function (mg/m2-day) — provides 4 time series to provide temporal
changes in atmospheric nitrate deposition.

e Atm. Dep. of Ammonia Function (mg/m2-day) — provides 4 time series to provide temporal
changes in atmospheric ammonia deposition.

e Atm. Dep. of Orthophosphate Function (mg/m2-day) — provides 4 time series to provide
temporal changes in atmospheric orthophosphate deposition.

e Atm. Dep. of Org Nitrogen Function (mg/m2-day) — provides 4 time series to provide
temporal changes in atmospheric organic nitrogen deposition.

e Atm. Dep. of Org Phosphorus Function (mg/m2-day) — provides 4 time series to provide
temporal changes in atmospheric organic phosphorus deposition.

e Atm. Dep. of CBOD Function (mg/m2-day) — provides 4 time series to provide temporal
changes in atmospheric CBOD deposition.

e Atm. Dep. of POC Function 4 (mg/m2-day) — provides 4 time series to provide temporal
changes in atmospheric particulate organic carbon deposition.

Boundary Conditions
=B R SOPEEC L@ R WY

Determining and defining model boundaries and providing time series of concentrations associated
with the defined flows (Flow Function definitions) can be a critical step. In the case of our example
there are a total of 4 boundaries (Figure 15). There is an inflow boundary at segment 15 (mainstem),
segment 20 (tributary), segment 18 (wastewater treatment plant) and a downstream boundary at
segment 1 (lake).
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Figure 15 Model Network Boundaries

Figure 16 shows the boundary data entry screen. The upper table (1) displays all the boundaries,
which is a row for each of the segments in the WASP network that has a flow coming in from outside
the model network or where a flow leaves the model network. In the case of the Lake segment if we
had a reversing flow here, we would need to provide a concentration associated with that flow. The
columns across the top of the table represent the state variables being simulated. Selecting a row
and column will allow the user to enter/edit or review the time series of concentrations entered in
table (2). Atime series graph will be displayed (3) for the data entered in table 2.

4 Boundaries and Loads

Boundaries  Loads  Scale Factors

NH3 NOX DON PON oIP oop POP Segment 1 (Lake), NH3

0.6 4
ne lone. lone b

Main_Bound None None None

No N
‘ 0.2+
Loke /NH3
0
) 4

Datetime

1 1/1/2023 1200 AM

2 12/31/2023 12:00 PM

Teme series scale factor 1.00

Interpolaton Unear

-0.64

(e P e A P

Jan 01 202801 203301 2021 262 01 202501 2023
Date
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Figure 16 Entering a Boundary Concentration for State Variable and Boundary Segment

Figure 17 illustrates the boundary concentration definition screen. On inspection we can see we
have three boundary locations as defined in our model network. If you see an extra boundary or a
missing one, you need to revisit the Flow Definition screen to see if they were entered correctly.
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& Boundaries and Loads = o X

-
Boundaries  Loads  Scale Factors L
NH3 NOX DON PON DIP pop POP
Lake None None None None None None None
Main_Bound |[None None None None None None None
WWTP INone None None None None None None
Trib_Bound |None None None None None None None
Boundary / System Parrs
«
e | BELK<CD>D»XAQW

Figure 17 Boundary Concentration Definition for State Variables

Figure 18 illustrates the boundary and load scale factoring input screen. You can specify a scale
factor to attenuate all boundary concentration time series. The scale factor defined here will be
multiplied by the specific boundary time series defined above.

Boundaries  Loads  Scale Factors

System Boundary Scale Factor Load Scale Factor
NH3 1 1
NOX 1 U
DON 1 1
PON 1 1
pip 1 1
DopP 1 1
POP 1 1
DO 1 1
CBOD-WS 1 1
CBOD-PS 1 1
CBOD-Biotic 1 1
Algae 1 1
POC 1 1
POM 1 1
Solids 1 1

Copy OK
Paste
Cancel
Fill/Calc

Figure 18 Global Boundary Scale Factors by State Variable
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Water Resources Database

To help us get organized we will be using the Water Resources Database (WRDB) to manage all our
time series data that we will be using to develop our WASP input file. WRDB was specifically
developed for managing time series water resource data as well as model inputs and outputs. WRDB
is not specific to wasp or to modeling in general, it can be used for retrieving, processing and
visualizing time series data. In our example here we will be creating a new WRDB project where we
will be importing all the data that we have collected and processed into a spreadsheet. WRDB has a
very sophisticated import routine which makes it easy to get time series data into the database from
many different forms.

Step 1:

Our first step is to create a WRDB project. We need to execute the main WRDB application, from the

IEF’ Water Resources Database 7.1

start menu start typing Water Resources Database, you should see
select. Next, we will go to the file menu and select New Project (Figure 19).

and

5 Water Resources Database - o x
File | Window Hel
W@ Select Project Workspace... E@ & 9 E RDP S s R & A3 B B BEBR| M EKEGE.
. Alt Supt ExtData | Back Rest Entry Del Impt Data Dwn WQI All Rng Adv SQL Show | RptSP RptS RptP | Time Dep Scat GIS
W New Project...
W Open Project... Ctr+P

% Preferences... Createa new Project
D) NewWorking Table..  Ctri+N
Open Working Table...  Ctrl+O
Open Master Table...  CtrleM
Open Support Tables

Page Setup...

Print Selected Data

v b NAVW

Recent Projects ,
#  Recent Tables

@  Exit WRDB

No Project Selected from WRDB Project Workspace

Figure 19 WRDB - Creating a Project

After you have selected create New Project you will be presented with the form where you can provide
information about the project you're about to create. WRDB allows the user to store metadata for
virtually every step that you take and adding data to the database. Figure 20 illustrates the form where
you specify a project name, this is what is displayed when you select Open Project.
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P Water Resources Database - (=] %

File Window Help

L ¥ B D@ . ZFZ @ | v« EBRRBE s EENEE BRBRE ML R,
Open Prefs Explr | New Work ~ Mstr ~ Alt Supt ExtData | Back Rest Entry Del Impt Data Dwn WQl All Rng Adv SQL Show | RptSP RptS RptP | Tme Dep Scat GIS

New Project

A new WRDB Project will be created having the specified name and description
entered below. The name must not be the same as an existing Project. After clicking
OK, the Project Preferences form will appear where you will configure your database
connection information on the first tab, and additional Project and Application
preferences on the second and third tabs.

Project Name:  WASP Course Exampe.

Description:  Database provides time series of boundary concenrations &
metereological data and monitoring data

No Project Selected from WRDB Project Workspace

Figure 20 WRDB - New Project Description

Figure 21 shows the project preference configuration form. For our project we will be setting the
Database Type to SQLite. We will set the database name and location to the WASP course materials
location:

your_desktop\WASP_Course\Examples\Main_Example\WRDB\wasp_course.sdb

-
5] WRDB 7.1.0.65 - WASP I3 Project Preferences: WASP Course Exampe ? 25 | 2
File Window Help

Project Database Project Options Security  Application Options

o = ]
Open Prefs Explr | New
Database Type: SQLite v
Database N [ i i ) C in_| X db Browse
Password:
Master Table Name: Master | [(create )

Command Timeout (sec): 30

Note: SQLite tables are all stored inside a single database file. The U entri ptional and will normally not be used for this
data provider.
Test Connection
Project Security

Supervisor Password (blank to disable security):

@Help | Plogin  [IRequest OK | Cancel

Figure 21 WRDB - New Project Preferences

Database formats supported by WRDB:

e Microsoft Access - this option will be depreciated in future versions.

e SQL Server - this is a client/server database that can be cloud based or server configured
locally on your computer.

e Oracle -this is a client/server database that can be cloud based

e MySQL -thisis a client/server database that can be cloud based or server configured locally
on your computer.

o PostgreSQL- this is a client/server database that can be cloud based or server configured
locally on your computer.
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e SQLite —thisis a lightweight database system that resides on your local computer

e Database Name -- provides the location and filename for the WRDB project file that you are
creating. If you are using one of the cloud-based database management systems you will
need to provide server name, username and password to connect.

e Password - we are leaving this field blank, but if a password is specified it would have to be
provided to access the project.

e Master Table Name: we will not be using a Master Table but will be required to create one. To
do this click the Create button, it will offer up the default name Master, click okay.

Once you click okay WRDB will initialize the database file. The file structure and database scheme
are controlled by WRDB. We will be creating 2 working tables, first one will contain our time series of
boundary flows and concentrations, second table will contain the meteorological data. Depending

upon your WRDB configuration you can create and access tables by clicking on Open Working table
(Figure 22).

File Window Help

Qo 5 B 2 ".28 J ' B ¢+ 285 ) B Mo )
Open Prefs Explr | NN Work “MMstr ~ Alt Supt ExtData | Back Rest Entry Del Impt Data Dwn WQI All Rng Adv SQL Show | RptSP RptS RptP | Time Dep Scat GIS

2]
F

B3] New Project Selected ? X

Common Tasks
pm—
Workspace Name:  WRDB Project Workspace

@& OpenWorking... ~| )i
Workspace File:  {MyDocs\WRDB\WRDB.ini |

Project Name: WASP Course Exampe & OpenMaster.. ~
Description: Database provides time series of boundary i i itoring data

Provider ype:  SQlite B Open support Tois
Stations: 0
Working Tables: 0
Data Records: 0

' Edit Preferences...
() Manage Projects  ~
@& Explore Database...
5 Other Project Tasks

o Help

8 Show this screen when selecting new Project.

WASP Course Exampe - Database provides time series of boundary i ical data and itoring data

Figure 22 WRDB - New Project Created Working Tables
Once in the Working Table dialog use the Create New (Figure 23) to create 2 working tables:

e Boundary_Data - Boundary time series data for flows and concentrations.
e Met_Data - Meteorological data for water temperature computation.

e Monitoring_Data — Measured water quality data that will be used during the calibration
process.
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E2) Open Working Table ¢ X

Tables to Display:  (All Tables) v 38 Build Groups... @ Edit Table Info... & Edit All Tbl Info...

Table Name & Description Source Table Group No. Records Last Updated
Boundary_Data 26,604 | 09/10/2024 17:02

Met_Data 105,120 | 09/10/2024 11:49

Monitoring_Data 666 | 09/10/2024 18:03

@Help £ Create New... date Record Counts Cancel

Figure 23 WRDB -- Working Table

It is recommended that you import all your support table data (station information, parameter code
data) before importing any time series data. You have the option to type the support table information
in by hand orimport from a spreadsheet. In your example we will be importing the support table meta
data by pasting from a spreadsheet. A counter intuitive step is you will need to have a Working Table
opento paste any information into WRDB. In our case, click on Boundary_Data and click onthe Open
button at the bottom right (Figure 23).

Using the Main_Example spreadsheet we will be copying and pasting information from the WRDB tab
in the spreadsheet to the WRDB working table (Figure 24).

27|Page



WASP Hands-On Example

5] WRDB 7.1.0.65 - WASP Course Exampe in WRDB Project Workspace = =] X
File Edit Select Reports Graphs Maps Save Scripts Window Help

L F B 02 . F =3 ¢y oE RS

+
Open Prefs Explr New Work Mstr  Alt Supt ExtData Back Rest Entry Del Impt Data Dwn WQ All Rng Adv SQL Show

' 1) Options  No records are available

0 records from Boundary_D)

File Home Insert je Layout Formulas Data

MAINSTEM Mainstem Boundary Data NH3 Ammonia mg/L
TRIBUTARY Tributary Boundary Data NOX Nitrate/Nitrite mg/L
WWTP Treatment Plant Data DON Dissolved Organic Nitrogen  mg/L
MET_DATA Meteorological Data PON Particulate Organic Nitrogen mg/L
DIP Dissolved Inorganic Phosphor mg/L
. . DOP Dissolved Organic Phosphoru mg/L
Copy Ta ble InClUd | ng POP Particulate Organic Phosphor mg/L
. DO Dissolved Oxygen mg/L
heading ceo5[cBoo mt
SOLIDS Inorganic Solids mg/L
TEMP Water Temperature c
FLOWCMS |Flow cms
AIRTEMP  |Air Temperature c
WIND SPEED|Wind Speed m/sec
CLOUD Cloud Cover Frac
DEW POINT |Dew Point Temperature c
CBOD-WS _ |CBOD Point Sources

Mainstem Trib

Segmentation

Count: 10

Select destination and press ENTER or choose Paste

Figure 24 WRDB - Pasting Support Table Information (meta data)

Once Ctr-Shift-V is pressed on the WRDB working table, the WRDB import utility will be loaded which
facilitates importing the data (Figure 25). Because the spreadsheet column headers use WRDB
recognized key fields we do not need to map any of the data we will just click continue.
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) Preview Import Data ? X
Import Options: Delimiters:
@ Use Column Headings for Field Names @ b () Spaces [J Comma
Row/Time Increment: 1 Rows + [J Daylight Saving Time () Other:
Header Information:

Title and Default Values: & Loadlast 25 Load.. ol Save..
Description: Month: QCode: W
Station ID: v | Day: Agency: v
PCode: v | Year: Station Grp: v
CCode: v | Time: PCode Grp: v
LCode: v | LEW: Multiplier: | 1
SCode: ~ | Depth:

Column Field Mapping: (0 Hide All Ignored Columns

PCode/Field | Station Id Station Name

CCode M

Multiplier

Conv
-~

Filter

() Backup Working table before performing import

@Help  “fOptions [ View... /'  Continue  Cancel

Figure 25 WRDB - Import Utility

Once you click continue, the import progress dialog window (Figure 26) will appear. You should
review this window to determine everything is aligned properly and then click continue.

5] WRDB Import Progress ? X

[Name of file imported:
C:\Users\tim\AppData\Local\Temp\WRDB\%ee40885-5095-45a8-a00b-1aec.

Will validate against Support tables.

[Adding to Stations Support table: 'MAINSTEM'
Adding to Stations Support table: 'TRIBUTARY'
Adding to Stations Support table: 'WWIP'

Adding to Stations Support table: 'MET_DATA'

There were NO warnings.

Conversion was successful.

0 data records were processed.

4 support records were added.

Elapsed time: 2.7 seconds (0.0 records per second).

Note: these status messages are being appended to:
<My Documents>\WRDB\Import.log

[CJ When done, automatically close form and import data into WRDB.

Percent Complete Cancel Copy
0% 50% 100%

|
Figure 26 WRDB -- Import Status

We will use the same process to import the PCode data into the support table.
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Once we have completed importing all the support data, we can now import the boundary and
meteorological time series data. Figure 27 illustrates the requirements for importing time series
data. Unlike the support table requirements, time series data needs information for 4 fields in the
working table. The Station_ID and PCode fields are mandatory fields that relate to information in the
support table. Date/Time and Results are the other 2 fields.

B Support Table Browser
5 Support Table Browser
Stations PCades Rranch

Growne Validation Criteria  Trackina lournal

Statione PCodes Rranches Grouns Validation Criteria Trackina levin

Station ID Name Station Type Data Freq Latitude Longitude Elevation
MAINSTEM | Mainstem Boundary Data - 0 o <nul> Pouce Bmaists M Unky |- Yest Heshod
MET_DATA Meteorological Data - 0 0 <Null> 2 "” Tamparsture ;
TRIBUTARY Tributary Boundary Data ¥ 0 0 <Null> SO0 00 ol
CBOD-PS CBOD Point Sources mg/L
wwip Treatment Plant Data = 0 0 <Null>
CBOD-WS CBOD Point Sources mg/L
Station Support Table QOUD | Cloud Cover Frac
DEW POINT  Dew Point Temperature c
When importing data into a working table there are 4 oP Dissolved Inorganic Phosphorus g/l
required fields: 0o Dissolved Oxygen mo/L
+ Station ID—related feldto Station.ID field n e e
Stations support table. If does not exist it will be added FLOWCMS | Flow
to the Stations support table. NH3 Ammonia ma/L
+ Date_Time - date/time stamp for the data being :‘:)’: :‘""““’ - "“”:
Particy rganic Nitrogen mg/|
ente red/lmportEd . POP Organic Phosphorus  mg/L
* Pcode -related field to Pcode field in the Pcode support Souos nic Solids malL
table. If does not exist it will be added to the Pcode hoad e
WIND SPEED Wind Speed m/sec
support table. P
- E ; . code Support Table
* Result-value associated with Station, Date/Time and i
PCode " "
Station_ID_| Date Time Pcode [Resutt
MAINSTEM  01/21/2022 12:00:00 DO 6.78
Working Table Example

Figure 27 WRDB - Importing Data Requirements

With the Boundary_Data working table open we will import the boundary concentration time series
for the Mainstem, Tributary and WWTP boundary. This will be done in 3 distinct steps. We will start
by copying the table in the Mainstem tab of the spreadsheet and paste it into the Boundary_Data
working table (Figure 28). Inspecting the Mainstem table in the spreadsheet, the required Date/Time
field will get the information from the Date and Time column. The remaining columns contain
parameter code data for the specific date and time. It should be noted that the column headers
match the PCode as entered in the support table and will be matched up in the import utility.
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'ﬂ WRDSB 7.1.0.65 - WASP Course Exampe in WRDE Project Workspace
File Edt Select Reports Graphs Maps Seve Scripts Window Help

Q 5 0 D@8 . F H Y @ RP T 2 & &
Open Prefs Expe New Work Mstr AR Supt ExtDsts Back Rest Entry Del Impt All Rng

Boundary_Data [Working Table] (All Records) <Selected>
Station ID Date/Time PCode LEW Depth (Code L S Q R Result Vol Owner TrkID

2] Opticns  No records are available
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Figure 28 WRDB - Importing Boundary Time Series Data

Once the copied table is pasted into the Boundary_Data working table the WRDB import utility will
be displayed. Unlike pasting the support data, we have a little more information needs to be provided
prior to importing. The spreadsheet table contained 3 of the 4 mandatory fields to define a time
series data point in a working table. The spreadsheet had the date/time, Pcode and Result required
fields, but the Station_ID field was not defined. Using the drop-down menu (Figure 29) option for
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Station_ID we will select the correct Station_ID for the boundary that is being imported. Once the
Station_ID is defined, click the Continue button this will import all the data.

B Preview Import Data ? X
Import Options: Delimiters:
Use Column Headings for Field Names @b (JSpaces [J) Comma
Row/Time Increment: 1 Rows v [ Daylight Saving Time (O Other:
H Information:

Title and Default Values: 5 Loadlast 25 Load... [dd Save..

Description: | Data Im) s33dcgeh.txt Month: QCode:

Station ID: ((MAINSTEM - Mainstem Boundary Data__) - | Day: Agency:

PCode: < | Year: Station Grp:

CCode: | v| Time: PCode Grp:

LCode: v | LEW: Multiplier: | 1

SCode: ~ | Depth:

Column Field Mapping: (0 Hide All Ignored Columns
PCode/Field |  Date Time Nh3 Nox Don Pon Dip Dop Pop Do Cbod Solids Temp Flowcms
Muttiplier 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Conv (None) ~ | (None) ~ | (None) ~|(None) ~|(None) ~ | (None) ~|(None) ~|(None) ~|(None) | (None) ~|(None) ~|(None) | (None) ~| (None) ~
Filter

() Backup Working table before performing import

@Help A Options [ View... 7 Continue  Cancel

Figure 29 WRDB - Import Boundary Data

Using the same process, we will import the tributary and WWTP boundary data, copying the data
from the tabs in the spreadsheet. Once all the boundary data is imported into WRDB, close the
Boundary_Data working table and open the Met_Data working table. Copy and paste the Met_Data
tab into the working table, remember to select MET_DATA Station_ID. Copy and paste the
Monitoring_Data tab into the working table Monitoring_data, we do not have to specify the Station_ID
asitisincluded in the table from the spreadsheet.

Linking WRDB to WASP

M m .- P & - N N 2o % -
. . .°¢l(:ﬁhmf APV nFnesiler WY Y

Now with the data processed into WRDB we are going to parameterize WASP to retrieve all the time
series into the various input tables in the WASP interface. When the WASP interface was developed,
it was designed to work with WRDB which allows the linking of a WRDB working table with WASP a
snap. While this was part of the design it is very easy to link to other database structures.

To start the linkage process you need to click on the External Data Source icon. This will display
Figure 30, click on Add to start the linkage process for a particular data source. In our example we
will be creating 2 external linkages to our WRDB project working tables: Boundary_Data and
Met_Data.

You would also use this dialog box to edit or delete external data connections.
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& External data sources - (] X

Use external data sources when connected

Name Status

o G

Figure 30 WASP -- Linking External Database

Once you click Add a dialog screen will appear (Figure 31). This dialog box allows you to create a
connection to external data. It is important to organize your data by types for WASP, in our case we
will have two types of data:

e Boundary Time Series Data for our boundary conditions (Mainstem, Tributary and WWTP)
e Meteorological Data for environmental influences (Air Temperature, Wind Speed, Dew Point,
Cloud Cover)

r

& Edit external data source ? X

Datasource name Bound_Data

Database engine SQLite v
Connection Connection #1 v [ Config ]
Database se/Examples/Main_Example/WRDB/wasp_course.sdb Browse
Table Boundary_data v
Station ID field Station_ID v
Data/time field Date_Time v
Parameter field  PCode v
Value field Result v
Parameters Stations
OK Cancel

Figure 31 WASP External Database Connection
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Data source Name: this is the name that you define for the external connection. This name
will appear in the sections of the WASP interface where you can connect to a database.
Database Engine: WASP supports the following database connections:

o SAQLite
MySQL
Oracle
Access
Excel

o Comma/Tab Delimited Data
Connection - is used to connect to a server/cloud-based database, it will prompt for server
name, username and password. For local databases you just need to create a single
connection with no information.
Database File: browse to the location of your WRDB project file on your computer hard drive.
Should be located at:
your_desktop\WASP_Course\Examples\Main_Example\WRDB\wasp_course.sdb
Table: thisis atable in the database. In our case our choice would be either Boundary_Data
or Met_Data
Station ID Field: if you are using a database structure different than WRDB, select the field
name that represents the Station. The defaultin WASP is for WRDB connections.
Date/Time Field: if you are using a database structure different than WRDB, select the field
name that represents the Date/Time field. The default in WASP is for WRDB connections.
Parameter Field: if you are using a database structure different than WRDB, select the field
name that represents the PCode/Parameter. The defaultin WASP is for WRDB connections.
Value Field: if you are using a database structure different than WRDB, select the field name
that represents the value. The default in WASP is for WRDB connections.
Parameters Button: this button will cause the interface to display the database parameter
to model state variable connection (Figure 32)
Stations Button: this button will cause the interface to display the database station to model
segment connection (Figure 34).

O O O O
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% Map Database Parameters to WASP State Variables [u] X

System Parameter Scale Multiplier

Do
CBOD-WS
10 CBOD-PS
11 CBOD-Biotic
12 ALGAE
13 POC
14 POM
15 SOLIDS

16 TEMP

17 Water Age

( oK | Cancel

Figure 32 WASP - Database Parameter to Model State Variable Connection

e System: this is a non-editable field that is determined by the System/State Variable input
form. Each row is a state variable where you have the option to link a database parameter.

e Parameter: this drop-down allows the user to select a database parameter code to be linked
to a WASP state variable.

e Scale Multiplier: the scale multiplier allows the user to scale up or down the values from the
database.

Figure 34 shows the completed Parameter Code linkage to WASP state variables.

% Map Database Parameters to WASP State Variables = o X

System Parameter Scale Multiplier
1 NH3 NH3 1
2 NOX NOX i1
3 DON DON 1
4 PON PON 1
5 DP DIP 1
6 DOP DOP 1
7 POP POP 1
8 DO Do 1
9 CBOD-WS CBOD 1
10 CBOD-PS CBOD-PS 1
11 CBOD-Biotic 1
12 ALGAE 1
13 POC 1
14 POM 1
15 SOLIDS SOLIDS 1
16 TEMP TEMP v
17 Water Age 1

( oK | Cancel

Figure 33 WASP Completed Database Parameter to Model State Variable Connection

Figure 34 illustrates the segment linkage to database Stations. The rows that are highlighted in yellow
are segments that have a boundary condition. If your segment name is the same as a Station ID in
the database, they are automatically linked. Otherwise, use the drop-down menu to select the
database Station ID that should be linked to the segment being defined.

35|Page



WASP Hands-On Example

% Map WASP Segment to External Data Station/Location o X ]
Segment Station ID

1 Lake

2 Main-2

3 Main-3

4 Main-4

5 Main-5

6 Main-6

7 Main_Station

8 Main-8

9 Confluence

10 Main-10

11 Main-11

12 Main-12

13 Main-13

14 Main-14

15 Main_Bound MAINSTEM v
16 Trib_1 A

17 Trib2 mARV

18 WWTP WWTP

19 Tib4

20 Trib_Bound TRIBUTARY
( ok )| Cancel

Figure 34 WASP Database Segment to Station Connection

Our next step is to create a link to the meteorological data that will be imported into the
environmental time function forms of WASP. Because this is just time function data that is not
directly connected to a WASP state variable or WASP segment, we just need to complete the external
data connection screen. Need to add a connection as shown in Figure 30.

A Edit external data source ? X

Datasource name Met_data

Database engine SQLite v
Connection Connection #1 v [ Config J
Database se/Examples/Main_Example/WRDB/wasp_course.sdb Browse
Table Met_data v
Station ID field  Station_ID v
Data/ time field Date_Time v
Parameter field  PCode v
Value field Result v
Parameters Stations
OK Cancel

Figure 35 WASP Database Linkage for Met_Data
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External Linkage for Time Function Data Time Series

o _ W - 1 ] DL
= Bml %O EFEL @-- e Lalradld Wi/ 2

Our next stepis to link our various external data sources to the portion of the WASP interface in which
they pertain. The figure below (Figure 36) shows the time function input screen. For air temperature,
wind speed, cloud cover and dew point we will be linking to the Met_Data connection that was
previously defined, which will retrieve the data from the WRDB Met_Data working table.

& Time Functions

Time Function Used Interpolation Data Source PCODE Station ID
18 Air Temperature Function 2 (*C) Linesr None
19 Air Temperature Function 3 (*C) Linear None
20 Air Temperature Function 4 (*C) Linear None
- Wedsptatn i e wese weem
22 Wind Speed Function 2 (m/sec) Linear None
23 Wind Speed Function 3 (m/sec) Linear None
24 Wind Speed Function 4 (m/sec) Linear None
PP — o
26 Cloud Cover Function 2 (unitless... Linear None
27 Cloud Cover Function 3 (unitless... Linear None
28 Cloud Cover Function 4 (unitless... Linear None
P —— o e wwew  wew
30 Dew Paint Function 2 {unitless.o.... Linear. None.

Ar Temperature Function 1 (°C)

Datetime Value

1 1/1/2021 12:00 AM 1222
2 1/1/2021 1:00 AM 222
3 1/1/2021 200 AM 1167
4 1/1/2021 3:00 AM nn
] 1/1/2021 4:00 AM 10.56
6 1/1/2021 5:00 AM 944
7 1/1/2021 6:00 AM 10

8 1/1/2021 7:00 AM 10

9 1/1/2021 8:00 AM 10

10 17172021 9:00 AM 10

n 1/1/2021 10:00 AM 10

2 1/1/2021 11:00 AM 10

1410001 12.00.008

Figure 36 WASP Linking Time Functions to External Data Connections

e Use: Toggle to determine if the information will be used by the model at run time.
e Interpolation: Linear or step function for interpolation through time.
e Data Source: thisis a drop-down selection of previously defined connections (see Figure 31)

e PCode: thisis a drop-down selection of available parameter codes available from the Data
Source.

e StationID: thisis adrop-down selection of available stations available from the Data Source.

External Linkage for Flow Time Series
-8

L E OB EEC Ly wOu b ¥ §

Next step we will link inflow time series data from our external data connection (Bound_Data) to the
WASP flow input screen (Figure 37). These external data connections work similarly wherever you
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see a column for data source. For flows we have 3 inflows (Mainstem, Tributary, WWTP) that need to
be connected to the external data connection Bound_Data.

3 Flows - 0o X
Plot 8
ChamnelGeometry ~ SurfaceWWater  Fore Water  Solds1  Soids2  Soids3  Evaporaton/Precitaton

A S Momentivalue pairs for Surface Water,

Conversion 1.0000 +] Scale 1.0000 2l used @ 16

Segment Pairs Moment Value Pars

From 1) Fraction [ Datetime Value
1 Boundary 15: Main_Bound 1/1/2021 12:00 PM 05518
15: Main_Bound 14: Main-14 1/2/2021 12:00 PM 04413

14: Main-14 13: Main-13 1/3/202112:00 PM 03891

1/4/202112:00 PM 03424

12: Main-12 11: Main-11 1/5/202112:00 PM 03049

11: Main-11 10: Main-10

1
1
1
13: Main-13 12 Main-12 1
1
1 1/6/2021 12:00 PM 026%
1

EO R R S v—

10: Main-10 9 Confluence 1/7/202112:00 PM 02299

T T T T T
Jul 01 2020 01 202201 2028 01 208801 2023

Sy [ e | e e PEK<>»XAQAE

Figure 37 Linking Boundary Flow Time Series with External Data Connection

o Data Source: thisis a drop-down selection of previously defined connections (see Figure 31)

e PCode: this is a drop-down selection of available parameter codes available from the Data
Source.

e StationID: thisis adrop-down selection of available stations available from the Data Source.
External Linkage for Boundary Concentration Time Series
=B mSOBEEA LY @i b WY Z

The external data connections for boundary concentration time series is fairly straightforward
depending upon the mappings of database parameters to WASP state variables (Figure 33) and
database stations to WASP segments (Figure 34).
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& Boundaries and Loads - o x
Boundaries  Loads  Scale Factors B
NH3 NOX DON PON oP DOP POP | Segment 15 (Main_Bound), NOX
25
Lake None None None None None None ‘

mm——————

Main_Bound / NOX

Datetime Value
1 1/1/20211200PM 051 3
2 1/2/2021 12:00 PM 034 g
3 1/3/2021 12:00 PM 031
4 1/4/2021 12:00 PM 031
5 1/5/202112:00PM 031
6 1/6/2021 12:00 PM 031
7 1/7/2021 12:00 PM 03
8 1/8/2021 12:00 PM 065
Time series scale factor 1,00 <
Interpolation Linear v
0- i i 3
T T T T T
Copy Jul 01 2028 01 202201 2022 01 202801 2023

Date

we . BREL D> D» XA Q[

Figure 38 Linking Boundary Time Series Concentrations with Model State Variables

Light
- |8 . "« = f ¢ £ oge (A8 2= M [ L] I/\/
rm O, Z #2127 P ofocled) B <

This section defines the options and kinetic constants used to control how solar radiation is
calculated or provided by the user. It also includes the option and constants for simulating light
extinction in the waterbody. The user should refer to the Solar Radiation Processes PowerPoint for a
detailed explanation.

. - N
% Constants - (u] X
Constant Group

Global Constants v
Constant System Used Value Default Minimum Maximum

1 Use Short Descriptions for Variable Names in BMD2 File None

0

2 Elevation above Sea Level (m) None _ 0 0 15000
0
30.569

3 Fresh water = 0- Marine Water = 1 None 0 0 0
3|4 Latitude- degrees None 0 0 0 «
5 Longitude- degrees None -84.481 0 0 0
6 Time Constant for Diffusive Mixing None 0 0 0 0
7 Time Constant for Entrainment Flows None 0 0 0 0
8 Number of Lake Computational Nodes None 500 500 0 1000
OK
Copy Paste Fill Calc Use Defaults
Cancel

Figure 39 Global Constants Group

o Elevation above Sea Level (m) - specifies the elevation of the waterbody. This information
is used in the dissolved saturation calculation.
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Fresh water = 0- Marine Water = 1 — switch to determine whether a fresh or salt water system
is being modeled.

Latitude (degrees) - Latitude of the location of the waterbody being simulated. Latitude and
longitude are used to calculate clear sky solar radiation.

Longitude (degrees) -- Longitude of the location of the waterbody being simulated. Latitude
and longitude are used to calculate clear sky solar radiation.

CO2 Partial Pressure (atmospheres) — CO2 partial pressure used in pH calculation.

Ks Option — Option used in pH calculation, using CO2SYS marine calculation (see pH
PowerPoint)

KSO4 Option (for pH in Seawater) — options for pH calculation in seawater

pH Scale (1 to 4) for pH Output of Seawater — output option for pH calculation.

Salinity Simulation Option (1 = Salinity- 2 = TDS) - switch to calculate pH or Total Dissolved
Solids/

Time Constant for Diffusive Mixing — time constraint for diffusive mixing in 1-D lake
transport.

Time Constant for Entrainment Flows —time constraint for entrainment flows in the 1-D lake
transport.

Number of Lake Computational Nodes — sets the number of vertical computation nodes
used in the 1-D lake transport model.

Use Short Descriptions for Variable Names in BMD2 File — switch to have model use short
names for output variable names

& Constants = =] X
Constant Group

Light

Constant System Used Default

1 Light Option (0 - light from lat-long; 1 - input diel light; 2 - input daily light- calculated diel light) None & 0

2 Fraction of Light that is PAR (Photosynthetically Active Radiation) None 0.464 0.464

3 Fraction of Light that is Infrared None 0.5 0.5

4 Fraction of Light that is Ultraviolet None 0.036 0.036

5 Fraction of solar radiation reflected at the water surface None 0.06 0.06

6 Fraction Light in Segment to Define Photic Zone None 0.02 0.02

7 Include Algal Self Shading Light Extinction in Steele (0=Yes- 1=No) None 0 0

8 Multiplier for Self Shading (Mult * TCHLA*Exp) None 0.0587 0.0587

9 Exponent for Self Shading (Mult * TCHLA”Exp) None 0.7785 0.7785

10 Background Light Extinction Coefficient (1/m) None 0.1

11 Detritus & Solids Light Extinction Multiplier 1/m/(mg/L) None 0 0

12 DOC Light Extinction Multiplier (Values Below Modify Global Value) None 0 0

13 DOC Light Extinction Multiplier 1/m/(mg/L) CBOD-WS 0 0

14 DOC Light Extinction Multiplier 1/m/(mg/L) CBOD-PS 0 0

15 DOC Light Extinction Multiplier 1/m/(mg/L) CBOD-BIOTIC 0 0

16 Multiplier for Salinity (Mult * Salinity*Exp) None 0 0

17 Exponent for Salinity (Mult * Salinity*Exp) None 0 0

18 Ratio of reflection to incident radiation (albedo of ice) None 0.25 0.25

19 Fraction of solar radiation absorbed in the ice surface None 06 06

20 Solar radiation extinction coefficient for ice- 1/meter None 0.07 0.07

OK
Copy Paste Fill Calc Use Defauts
Cancel

Figure 40 Light Constants Group
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e Light Option (0 - light from lat-long; 1 - input diel light; 2 - input daily light- calculated diel
light) — WASP has 3 light options, the most preferable is solar radiation from
latitude/longitude, this requires meteorological data. Input diel light as a time series in time
functions, typically obtained from sensor data, input daily average light and the fraction of
the day that is daylight.

e Fraction of Light that is PAR (Photosynthetically Active Radiation) —fraction of solar radiation
is PAR, would need compelling reason to change from default.

o Fraction of Light that is Infrared -- fraction of solar radiation is infrared, would need
compelling reason to change from default. Used in the organic chemical model.

o Fraction of Light that is Ultraviolet -- fraction of solar radiation is ultraviolet, would need
compelling reason to change from default. Used in the organic chemical model.

o Fraction of solar radiation reflected at the water surface - fraction of incoming solar
radiation that is reflected to the atmosphere.

e Fraction Light in Segment to Define Photic Zone — minimum fraction of light within a
segment that defines the photic zone.

¢ Include Algal Self Shading Light Extinction in Steele (0=Yes- 1=No) — switch to whether
include algal shading in light extinction calculations.

o Multiplier for Self Shading (Mult * TCHLA"Exp) — options to change default multiplier in the
algal self-shading calculation.

o Exponent for Self Shading (Mult * TCHLA"Exp) -- options to change default exponent in the
algal self-shading calculation.

e Background Light Extinction Coefficient (1/m) — background light extinction coefficient
representing water color.

o Detritus & Solids Light Extinction Multiplier 1/m/(mg/L) — light extinction multiplier for the
impact of detritus (POM) and inorganic solids.

e DOC Light Extinction Multiplier (Values Below Modify Global Value) -- light extinction
multiplier for the impact of dissolved organic carbon.

e DOC Light Extinction Multiplier 1/m/(mg/L) — specific light extinction multiplier for sources
of dissolved organic carbon (CBOD state variables)

o Multiplier for Salinity (Mult * Salinity”Exp) — CDOM light extinction multiplier based upon
salinity regression.

e Exponent for Salinity (Mult * Salinity”Exp) -- CDOM light extinction exponent based upon
salinity regression.

o Ratio of reflection to incident radiation (albedo of ice) —ratio of solar reflection when ice is
present.

o Fraction of solar radiation absorbed in the ice surface — amount of solar radiation
absorbed through the ice.

o Solarradiation extinction coefficient for ice (1/meter) — light extinction coefficient for solar
radiation through ice.

Water Temperature
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This section defines the options and kinetic constants used for the calculation of water temperature.
To calculate water temperature will need to parameterize solar radiation, light extinction and provide
meteorological time functions (air temperature, dew point, wind speed and cloud cover). Because
temperature is a conservative substance it can aid in the calibration of the flow and dispersive
exchanges. The user should refer to the Heat Module PowerPoint for a detailed explanation.

% Constants = m} X
Constant Group

Water Tempera ture

Constant System Used Value Default Minimum

1 Heat exchange option (0=full heat balance- 1=equilibrium temperature) TEMP 0 0 0

2 Coefficient of bottom heat exchange- Watts m-2 *C-1 TEMP 30 04 0

3 Sediment (ground) temperature- °C TEMP 20 10 0

4 lce switch (0 = no ice solution- 1=ice solution- 2=detailed ice solution) TEMP 0 0 0

5 Temperature above which ice formation is not allowed- *C TEMP 1 1 0

6 Minimum ice thickness before ice formation is allowed- meters TEMP 0.005 0.005 0

7 Initial ice thickness- meters TEMP 0 0 0

8 Coefficient of water-ice heat exchange- Watts m-2 *C-1 TEMP 10 10 0
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Figure 41 Water Temperature Constants Group

o Heat Exchange Option —- WASP has 2 options for calculating water temperature: Full Heat
Balance and Equilibrium Heat Balance. It is suggested you always use the full heat balance
option.

e Coefficient of Bottom Heat Exchange - coefficient for heat exchange between the
overlaying water column and sediments.

e Sediment (ground) Temperature — average sediment ground temperature

e Ice Switch - on/off switch for a allowing the simulation of ice formation/

e Temperature above which Ice Formation is Not Allowed - temperature threshold where ice
would never form.

¢ Minimum Uce Thickness before Ice Formation -- threshold of simulated ice thickness,
before the model will allow ice formation.

o Initial Ice Thickness - if simulation is start at time where there is already ice, this would be
the initial condition forice.

Dissolved Oxygen & Biochemical Oxygen Demand
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This section defines the options and kinetic constants used to control dissolved oxygen and
carbonaceous biochemical oxygen demand. The user should refer to the Dissolved Oxygen
PowerPoints for detailed explanation.

%' Constants = m} X
Constant Group

Dissolved Oxygen

Constant System Used Value

1 Global Reaeration Rate Constant @ 20 C (1/day) Do 0

2 Reaeration Option (0=Covar- 1= OConnor- 2=Owens- 3=Churchill- 4=Tsivoglou, 5=Zappa (EFDC-Linkage) DO | : 0 |
3 Minimum Reaeration Velocity (m/day) DO 0

4 Maxi llowable Calculate R Rate- per day Do I ) 4 I
5 Waterbody Scale Used for Wind Driven Reaeration Rate ( DO 3

6 Reaeration Option (0 = Max Ka of Hydraulic/Wind Ka 1 = Sum Hydraulic + Wind Ka) DO 0

7 Zappa Proportional Constant 210} 0419

8 Zappa Schmidt Number Exponent DO -05

9 M Interpolated Dissip Rate at Surface (Zappa) Do 0.02

10 Reaeration Boundary Interpolation (0=0ff, 1= Linear, 2=Polynomial) DO 0

11 Oxygen to Carbon Stoichiometric Ratio Do 2.667

12 Use Total Depth of Water Column for Reaeration DO 0

13 Theta -- Reaeration Temperature Correction DO I £ 1.024

14 Theta -- SOD Temperature Correction DO 1

15 Light Threshold at Bottom to Inhibit SOD (watts/m?2) DO 0
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Figure 42 Dissolved Oxygen Constants Group

e Global Reaeration Rate Constant @ 20 C (1/day) — sets a constant reaeration rate for the
model network, most suitable for a steady state condition.

e Reaeration Option (0=Covar- 1= OConnor- 2=Owens- 3=Churchill- 4=Tsivoglou, 5=Zappa
(EFDC-Linkage) — Options for calculating reaeration (see Dissolved Oxygen PowerPoint)

e Minimum Reaeration Velocity (m/day) — set a minimum reaeration rate, no matter the
calculated rate it will not be set lower than this value.

e Maximum Allowable Calculate Reaeration Rate (per day) — set a maximum reaeration rate,
no matter the calculated rate it will not be set higher than this value.

e Waterbody Scale Used for Wind Driven Reaeration Rate — typically this should be set to 3
for large surface bodies, used in the mechanistic calculation of wind drive reaeration rate.

e Reaeration Option (0 = Max Ka of Hydraulic/Wind Ka 1 = Sum Hydraulic + Wind Ka) — default
is WASP calculates the hydraulic reaeration rate and then the wind driven reaeration rate and
uses the larger value as the effective rate. User could elect to add the rates together for the
effective rate.

e Zappa Proportional Constant - only available when linked to EFDC

e Zappa Schmidt Number Exponent — only available when linked to EFDC

e Maximum Interpolated Dissipation Rate at Surface (Zappa) - only available when linked to
EFDC
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Reaeration Boundary Interpolation (0=0ff, 1= Linear, 2=Polynomial) — only available when
linked to EFDC

Oxygen to Carbon Stoichiometric Ratio — oxygen to carbon stoichiometric ratio, should use
the default unless you have site specific information.

Use Total Depth of Water Column for Reaeration — use total water column depth (2-D
vertical) for calculating a reaeration rate.

Theta -- Reaeration Temperature Correction — theta temperature correction for the
calculated reaeration rate.

Theta -- SOD Temperature Correction — theta temperature correction for the described
sediment oxygen demand flux.

Light Threshold at Bottom to Inhibit SOD (watts/m2) — specified light threshold at the
sediment water interface to reduce sediment oxygen demand, promoting productivity.

£

! Constant Group
CBOD
Constant System Used Value Default Minimum Maximum
1 CBOD Decay Rate Constant @20 C (1/day) CBOD-WS 2 0 0 56
2 CBOD Decay Rate Constant @20 C (1/day) CBOD-PS 2 0 0 56
3 CBOD Decay Rate Constant @20 C (1/day) CBOD-BIOTIC 2 0 0 56
4 CBOD Decay Rate Temperature Correction Coefficient CBOD-WS 1.047 1 0 1.07
5 CBOD Decay Rate Temperature Correction Coefficient CBOD-PS 1.047 1 0 1.07
6 CBOD Decay Rate Temperature Correction Coefficient CBOD-BIOTIC 1.047 1 0 1.07
7 CBOD Half Saturation Oxygen Limit (mg 02/L) CBOD-WS 2 2 0 05
8 CBOD Half Saturation Oxygen Limit (mg 02/L) CBOD-PS 2 2 0 0.5
9 CBOD Half Saturation Oxygen Limit (mg 02/L) CBOD-BIOTIC ) 2 2 0 0.5
10 Fraction of Detritus Dissolution to CBOD CBOD-WS 0 0 0 1
11 Fraction of Detritus Dissolution to CBOD CBOD-PS 0 0 0 1
12 Fraction of Detritus Dissolution to CBOD CBOD-BIOTIC 1 0 0 1
13 Fraction of CBOD Carbon Source for Denitrification ~ CBOD-WS 0 0 0 1
I 14 Fraction of CBOD Carbon Source for Denitrification ~ CBOD-PS 0 0 0 1
i |15 Fraction of CBOD Carbon Source for Denitrification ~ CBOD-BIOTIC 1 0 0 1
OK
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Figure 43 CBOD Constants Group

CBOD Decay Rate Constant @20 C (1/day) — CBOD decay rate, the oxidation of
carbonaceous. If simulating more than 1 CBOD state variable you will have to provide a rate
for each CBOD group.

CBOD Decay Rate Temperature Correction Coefficient -- theta temperature correction for
the CBOD decay rate. If simulating more than 1 CBOD state variable you will have to provide
a rate for CBOD group.

CBOD Half Saturation Oxygen Limit (mg O,/L) — dissolved oxygen concentration in which
the CBOD decay is halved.

Fraction of Detritus Dissolution to CBOD - fraction of POC from detrital dissolution that will
be converted to CBOD. If simulating more than 1 CBOD state variable you will have to provide
a rate for CBOD group.
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e Fraction of CBOD Carbon Source for Denitrification - for denitrification to occur requires
a carbon source, this specifies the fraction for the source carbon among the CBOD groups.

Nutrient Cycle

Inorganic Nutrients

= OB EECQY = b W T

% Constants = O X
Constant Group

Inorganic Nutrient Kinetics

Constant System Used Value Default Minimum

1 Nitrification Rate Constant @20 degree C (1/day) NH3 ] 0 0 0 1
2 Denitrification Rate Constant @20 degree C (1/day) NOX 8 0 0 0 0
3 Nitrification Temperature Coefficient NH3 a 1 1 0 1
4 Denitrification Temperature Coefficient NOX a 1 1 0 1
5 Minimum Temperature for Nitrification Reaction (degree C) NH3 2 7 7 0 2
6 Half Saturation Constant for Nitrification Oxygen Limit (mg 02/L)  NH3 a 1 1 0 2
7 Half Saturation Constant for Denitrification Oxygen Limit (mg 02/L) NOX ] 1 1 0 0

Copy Paste Fill /Calc Use Defaults
Cancel

Figure 44 Inorganic Nutrient Constants Group

o Nitrification Rate Constant @20 degree C (1/day) - rate at which ammonia is converted to
nitrate

e Denitrification Rate Constant @20 degree C (1/day) — rate at which nitrate is reduced to N2
gas.

o Nitrification Temperature Coefficient -- theta temperature correction for nitrification
process

o Denitrification Temperature Coefficient -- theta temperature correction for denitrification
process

e Minimum Temperature for Nitrification Reaction (degree C)

o Half Saturation Constant for Nitrification Oxygen Limit (mg O2/L) — represents the oxygen
concentration where the nitrification rate is reduced by half.

e Half Saturation Constant for Denitrification Oxygen Limit (mg O2/L) — represents the
oxygen concentration where the denitrification rate is reduced by half.

Organic Nutrients
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% Constants = [m] X

Constant Group

Organic Nutrients
Constant System Used Value Default Minimun
1 Dissolved Organic Nitrogen Mineralization Rate Constant @20 C (1/day) DON 2 0 0 0
2 Dissolved Organic Phosphorus Mineralization Rate Constant @20 C (1/day) DOP (] 0 0
3 Dissolved Organic Nitrogen Mineralization Temperature Coefficient DON ¢ 1 1 0
4 Dissolved Organic Phosph Mi Temp: Coefficient DopP ‘] 1 1 0
OK
Copy Paste Fill/Calc Use Defaults

Cancel
Figure 45 Organic Nutrient Constants Group

o Detritus Dissolution Rate (1/day) — rate at which detrital material dissolves to organic
nitrogen, phosphorus, silica

o Dissolved Organic Nitrogen Mineralization Rate Constant @20 C (1/day) — mineralization
rate for the conversion of dissolved organic nitrogen to ammonia.

e Dissolved Organic Phosphorus Mineralization Rate Constant @20 C (1/day) -
mineralization rate for the conversion of dissolved organic phosphorus to DIP.

o Dissolved Organic Silica Mineralization Rate Constant @20 C (1/day) — mineralization rate
for the conversion of dissolved organic silica to inorganic silica.

e Temperature Correction for detritus dissolution - theta temperature correction for
dissolution reaction

o Dissolved Organic Nitrogen Mineralization Temperature Coefficient — theta temperature
correction for mineralization of organic nitrogen.

o Dissolved Organic Phosphorus Mineralization Temperature Coefficient- theta
temperature correction for mineralization of organic phosphorus/.

e Dissolved Organic Silica Mineralization Temperature Coefficient- theta temperature
correction for mineralization of organic silica

Inorganic Nutrient Partitioning
0w OBEErCQP N [ Wi T

% Constants = (m] X

Constant Group
Inorganic Nutrient Partitioning

Constant System | Used Value Default | Minimum
1 Ammonia Partition Coefficient to Water Column Solids (L/kg) SOLIDS 0 0 0
2 Orthophosphate Partition Coefficient to Water Column Solids (L/kg) SOLIDS 0 0 0
3 Silica Partition Coefficient to Water Column Solids (L/kg) SOLIDS 0 0 0
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Figure 46 Inorganic Nutrient Partitioning Constants Group

e Ammonia Partition Coefficient to Water Column Solids (L/kg) — equilibrium partition
coefficient for sorption of ammonia to inorganic solids.
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o Dissolved Inorganic Phosphorus Partition Coefficient to Water Column Solids (L/kg) -
equilibrium partition coefficient for sorption of DIP to inorganic solids.

o Silica Partition Coefficient to Water Column Solids (L/kg) — equilibrium partition
coefficient for sorption of silica to inorganic solids.

Phytoplankton
0 mSOBEECQY N (b WY T

A Constants - [a] X
Constant Growp
Phy toplarkton v
Constant System
1 Phytoplankton Maximum Growth Rate Constant 20 C (1/day) ALGAE
2 Phytoplankton Carbon to Chiorophyll Ratio (mg C/mg Chi) ALGAE
3 Nitrogen fixation option (0 no- 1=yes) ALGAE
4 Phytoplankton Respiration Rate Constant @20 C (1/dsy) ALGAE
5 Phytoplankton Death Rate Constant (Non-Zoo Predation) (1/day) ALGAE
6 Phy Growth Temp Coeffici ALGAE
7 Optimal Temperature for Growth (C) ALGAE
8 Shape for below optimal temp ALGAE
9 Shape for above optimal temp ALGAE
10 Phytoplankton Optimal Light Saturation as PAR (watts/m2) ALGAE
11 Phytop Respuration Temp: Coeffs ALGAE
12 Salinity Mortality Thresholds (Fresh to Seitwater) Conc. [g/LL [pptl or [PSU] ALGAE [} 0 0
13 Salinty Mortality Th ds (Salt to Fresh ) Conc. [g/LL [pptd or [PSU) ALGAE 0 0 0
14 Phytoplankton death rate due to salinity toxicity (1/day) ALGAE 0 ) 0
15 Phytoplankton death rate due to freshwater toxicity (1/day) ALGAE ] 0 0
16 Salinity level for half mortality due to salindy toxicity [9/L] [9/L]. [pptl or [PSU]  ALGAE 0 0 0
17 Salinity level for half mortality rate due to freshwater toxicity [g/L] [ppt] or [PSU] ALGAE 0 0 []
12 Phytoplankton Zooplankton Grazing Rate Constant (1/day) ALGAE 0 0 0
19 Grazabiity (Oto 1) ALGAE 0 0 0
20 Phytoplankton Half-Set. for Mineralization Rate (mg Phyt C/L) ALGAE Te-06 1e-06 0
21 Phytoplankton Half-Saturation Constant for N Uptake (mg N/U) ALGAE 0.02 0.02 0
22 Phy Half-Saturation C for P Uptake (mg P/L) ALGAE 0.008 0.008 0
23 Phytoplankton Half-Saturation Constant for Si Uptake (mg SwL) ALGAE 004 0.04 0
24 Fraction of Phytoplankton Respiration Recycled to Organic N ALGAE 02 02 0
25 Fraction of Phytoplankton Respiration Recycled to Organic P ALGAE 02 02 [
26 Fraction of Phytoplankton Respiration Recycled to Organic Si ALGAE 02 02 0
27 Fraction of Phytoplankton Death Recycled to Detritus N ALGAE 1 1 )
28 Fraction of Phytoplankton Desth Recycled to Detritus P ALGAE 1 1 0
29 Fraction of Phytoplaniton Death Recycled to Detritus Si ALGAE 1 1 0
30 Phytoplankton Detritus to Carbon Ratio (mg D/mg C) ALGAE 4 4 0
31 Phytoplankton Nitrogen to Carbon Ratio (mg N/mg C) ALGAE 0.8 018 0
32 Phytoplankton Phosphorus to Carbon Ratio (mg P/mg C) ALGAE 0.025 0.025 0
33 Phytoplankton Silica to Carbon Ratio (mg Si/mg C) ALGAE 08 08 )
o
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Figure 47 Phytoplankton Constants Group
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Phytoplankton Maximum Growth Rate Constant @20 C (1/day) --
Phytoplankton Carbon to Chlorophyll Ratio (mg C/mg Chl) --

Nitrogen fixation option (0 no- 1=yes) --

Phytoplankton Respiration Rate Constant @20 C (1/day) --

Phytoplankton Death Rate Constant (Non-Zoo Predation) (1/day) --
Phytoplankton Growth Temperature Coefficient --

Optimal Temperature for Growth (C) --

Shape parameter for below optimal temperatures --

Shape parameter for above optimal temperatures --

Phytoplankton Optimal Light Saturation as PAR (watts/m2) --

Phytoplankton Respiration Temperature Coefficient --

Salinity Mortality Thresholds (Fresh to Saltwater) Conc. [g/L], [ppt], or [PSU] --
Salinity Mortality Thresholds (Salt to Freshwater) Conc. [g/L], [ppt], or [PSU] --
Phytoplankton death rate due to salinity toxicity (1/day) --

Phytoplankton death rate due to freshwater toxicity (1/day) --

Salinity level for half mortality due to salinity toxicity [g/L] [g/L], [ppt], or [PSU] --
Salinity level for half mortality rate due to freshwater toxicity [g/L], [ppt], or [PSU] --
Phytoplankton Zooplankton Grazing Rate Constant (1/day) --

Grazability (0 to 1) --

Phytoplankton Half-Sat. for Mineralization Rate (mg Phyt C/L) --
Phytoplankton Half-Saturation Constant for N Uptake (mg N/L) --
Phytoplankton Half-Saturation Constant for P Uptake (mg P/L) --
Phytoplankton Half-Saturation Constant for Si Uptake (mg Si/L) --

Fraction of Phytoplankton Respiration Recycled to Organic N --

Fraction of Phytoplankton Respiration Recycled to Organic P --

Fraction of Phytoplankton Respiration Recycled to Organic Si --

Fraction of Phytoplankton Death Recycled to Detritus N --

Fraction of Phytoplankton Death Recycled to Detritus P --

Fraction of Phytoplankton Death Recycled to Detritus Si --

Phytoplankton Detritus to Carbon Ratio (mg D/mg C) --

Phytoplankton Nitrogen to Carbon Ratio (mg N/mg C) --

Phytoplankton Phosphorus to Carbon Ratio (mg P/mg C) --

Phytoplankton Silica to Carbon Ratio (mg Si/mg C) --
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