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Development of a Graphical User Interfacefor
Analyzing Phosphorus Load and Import/Export in the
L ake Okeechobee Protection Plan Area

1.0 Introduction and Background

The Lake Okeechobee watershed spans from just south of Orlando to areas bordering the
lake on the south, east, and west and covers approximately 5,500 square miles. This
watershed, known as the Lake Okeechobee Protection Plan (LOPP) area, includes several
regions (Figure 1) that contribute runoff discharge to the lake. Phosphorus in the
discharge has been identified as the primary cause of eutrophication of the lake. The
contribution of phosphorus load to Lake Okeechobee from some locations has risen
dramatically in recent years. Nutrient levels in the runoff are directly related to land use
and land use practices.

The Lake Okeechobee Protection Program (SFWMD, 2004) is designed for the
protection and restoration of Lake Okeechobee. Thisis to be accomplished by achieving
and maintaining compliance with State water quality standards through a watershed-
based protection program designed to reduce phosphorus loads and implement long-term
solutions. This program isjointly administered by the South Florida Water Management
Digtrict (District), the Florida Department of Environmental Protection (FDEP), and the
Florida Department of Agriculture and Consumer Services (FDACS). The program was
established under the 2000 Lake Okeechobee Protection Act (Florida Statutes, Chapter
373.4595) and consists of seven components:

L ake Okeechobee Protection Plan (LOPP)

L ake Okeechobee Construction Project

L ake Okeechobee Watershed Phosphorus Control Program

L ake Okeechobee Research and Water Quality Monitoring Program
L ake Okeechobee Exotic Species Control Program

L ake Okeechobee Internal Phosphorus Management Program
Annual Progress Report

This is a multifaceted approach to reduce phosphorus loads through continued
implementation of existing regulations and best management practices, development and
implementation of improved best management practices, improvement and restoration of
the hydrologic functions of the natural and managed systems and use of alternative
technologies for nutrient reduction.

A materials balance approach to phosphorus management provides information about the
total amount of phosphorus that enters and exits the watershed on an annual basis.
Accounting for imports and exports of phosphorus containing materials provides a
baseline for field research and a more detailed understanding of how changes in
management practices affect phosphorus flow. Materials balance is a particularly useful



tool when linked to a Geographical Information System (GIS) such as ArcGIS™ for
spatial representation and analysis.
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Figure 1: Lake Okeechobee Watershed with Six Drainage Regions



Phosphorus cycling in the environment is a function of both natural processes (e.g. plant
uptake, senescence, and mineralization of organic matter) and anthropogenic factors (e.g.
agriculture, fertilization, mining, and human consumption). The effects of these
processes on water quality are determined by land use patterns and phosphorus discharge
associated with each land use.

In 2002, a phosphorus budget analysis was conducted for the northern Lake Okeechobee
drainage basins (Hiscock et a., 2003). This analysis included the development of a
graphical user interface (GUI), known as P-Budget, written in ArcView™ (Version 3.2a)
Avenue™. This interface allows a user to select one or more (or al) basins of the
watershed within a GIS environment and apply phosphorus controls to the specified land
uses to assess the effects on phosphorus import, export and net import.

The P-Budget interface includes of phosphorus coefficients in terms of grams per hectare
based on landowner surveys and other research information from the 2002 P-Budget
analysis. Coefficients were established for various import and export components (e.g.,
fertilizer and harvest rates) for each land use.

In 2003, a similar phosphorus budget analysis was conducted for the basins located
within the Lake Istokpoga and Upper Chain of Lakes watersheds (Mock-Roos Team,
2003). These watersheds were added to the P-Budget interface. The interface was
updated at this time to include the phosphorus runoff results from the public domain
Watershed Assessment Model (WAM) to replace the Event Mean Concentration (EMC)
approach used in the northern Lake Okeechobee watershed. WAM is a physical-based
model that uses site-specific information such as soils, rainfall, fertilization practices, and
location within the watershed to estimate phosphorus concentrations of both direct runoff
and attenuated discharge to the lake.

The District has completed phosphorus budget analyses for the southern and eastern Lake
Okeechobee drainage basins (Zhang et al., 2003a and 2003b). The western Lake
Okeechobee drainage basin is the only remaining region that has not been analyzed.
However, this basin contributes a relatively small amount of discharge and associated
phosphorus load to the lake.

There are several limitations with the current version of the graphical user interface.
First, the outputs can only be viewed at the basin or regional scale, not at a user-defined
gpatial scale. This prohibits the ability to obtain the phosphorus load in surface runoff
and other important parameters from a user defined project area. Second, the graphical
user interface was not available for the eastern and southern drainage basins. Third, the
current interface can use EMCs or WAM results for estimates of phosphorus runoff. The
EMC approach can not account for changes to fertilization rates or other phosphorus
budget components. WAM can account for the changes, but currently requires separate
model runs. The new interface will need a phosphorus runoff load “engine”’ that can
incorporate user defined changes to phosphorus import and export and provide results on
an average annua basis. Last, the graphical user interface was developed based on the
ArcView™ platform, which has very limited support from the devel oper.



2.0 Project Objective

The overall objective of this project is to develop an ArcGIS™ based graphical user
interface for the entire Lake Okeechobee Protection Plan Area (Figure 1). The
enhancement includes adding the ability to select a user defined area as opposed to being
limited to selecting entire basins. This will provide the ability to assess specific changes
within the watershed. The results of these changes need to be viewed at the selected area,
the lake and at any location along the flow path to the lake.

2.1 Project Goals

JGH Engineering was authorized by the District to accomplish the project objective by
performing the following three tasks within a twelve month period:

Task 1:  Upgrade the graphical user interface from ArcView™ to ArcGIS™. Convert
the relevant Avenue™ scripts and forms from the previous interface to Visual
Basic for Applications™ (VBA) and add enhancements.

Task 2:  Perform hydrological and water quality modeling for the remaining basins in
the LOPP area where WAM has not been previously applied. Incorporate
these basins into the upgraded graphical user interface. Add a graphical user
interface feature to obtain the total drainage area for a site selected and
compute the total phosphorus load in surface runoff from the drainage area to
the site (including assimilation).

Task 3:  Write final documentation that describes the work performed and includes
technical data and analyses. Present the work and the graphical user interface
to the Digtrict staff during afour hour training class.

2.2  Project Scope
The tasks and subtasks associated with this project are described below:

TASK 1

Subtask 1.1 Conceptual Design

Attend kickoff meeting with the District to discuss concepts for the new interface.
Discuss capabilities of new the interface in relation to the previous interface along with
new enhancements. Discuss structure of the interface in regard to changes between
ArcView™ and ArcGIS™. Create a“shell” based on the agreed upon conceptua design
and present it to the District.

Subtask 1.2 Software Conversion and Enhancements

Convert the relevant Avenue™ scripts and forms from the previous interface to Visual
Basic for Applications™ (VBA). There is no automated conversion process available.
The language structure is similar, however, in that it is object oriented and includes code
(or scripts), forms (or dialog boxes) and controls such as command buttons, list boxes and
text lines. Add enhancements as described below to increase the functionality.




e Area of Control Tool — When creating a Phosphorus Control Plan (PCP), the
previous interface allows the user to select one or more basins as the spatial extent
where changes will be applied. A new tool is needed for the user to define an
“Area of Control” which needs to function independently of hydrologic
boundaries.

e Dranage Area Tool — A tool is needed to allow the user to view phosphorus
runoff and budget results of a drainage area based on a selected site along the
flow path.

Subtask 1.3 Data Entry and Testing

Combine suitable GIS datasets and databases from previous phosphorus budget analyses
performed by the District’s previous contractors and incorporate the data in to the new
interface. Format the data per the needs of the interface and perform several tests by
comparing results to the previous interface, which has already undergone thorough
testing.

Subtask 1.4 Task 1 Report

Prepare a draft report for the District that will document the graphical user interface
design. Within three weeks of receipt, the District will review and forward, in letter
format, Receive and review the District’'s recommended revisions to the report for
incorporation into the final submission.

TASK 2

Subtask 2.1  Data Acquisition
Collect available data as shown below and converted to the formats needed by the WAM
model:

GIS Coverages:
Land Use—- FLUCCS
Soils— SSURGO or other local source
Topography — USGS DEMs
Hydrogaphy “USGS NHD or District Datasets
Subbasins — from previous studies. If not available, USGS HUCs
Base Maps.
0 WOD Permits
0 Major Roads/Highways — line coverage (already available)
0 Counties— polygon coverage (already available)
0 Receiving Body — L ake Okeechobee
Rainfall Stations—Point Coverage

Other Data:
e Rainfal —daily, corresponding to station point coverage
e Flow and Water Quality Monitoring Data



Subtask 2.2 Rainfall Datasets

The rainfall station data will be thoroughly reviewed for content and period of record.
Stations with excessive “gaps’ in data will be eliminated. Stations with moderate or
minimal “gaps’ will be “patched” with data from nearby stations. A rain distribution grid
will be created using Thiessen's method. The rainfall datasets will be formatted as
needed.

Subtask 2.3 Reach Delineation

Delineate hydrologic reaches using hydrography datasets and, where available, previous
studies. Delineation tools provided in WAM will be used to code the reach network for
each basin. Thus far, over 1,300 reaches have been coded in the LOPP areain previous
studies using WAM.

Subtask 24  WAM Datasets

Apply WAM setup procedures to create datasets needed for its phosphorus assimilation
model. This model uses assimilation agorithms developed by Soil and Water
Engineering Technologies, Inc. (SWET, 2001). Distance and destination grids will be
created to determine the closest downstream feature (wetland, depression or stream) and
its distance as well as the next downstream feature and distance. Thisinformation is used
to calculate attenuation of phosphorus through the system and ultimately to the lake. A
byproduct of the WAM algorithms is a grid identifying the drainage areas of each
individual reach. This grid will be used to determine total contributing drainage area and
phosphorus runoff based on selected sites (Drainage Area Tool — Task 1.2).

Subtask 2.5 Model Integration

Modify the ArcGIS™ interface developed in Task 1 to include the BUCSHELL model
used by WAM to estimate phosphorus loads, both attenuated and unattenuated. A stream
attenuation algorithm will be incorporated to estimate phosphorus loads to the lake based
on total stream distances and attenuation coefficients. At least two reliable monitoring
stations will be used to calibrate the coefficients. VBA code will be written to
automatically modify the land use parameters when a PCP is created to reflect the land
use changes associated with the PCP (e.g. reduced fertilizer rates). VBA code will be
written to activate the runoff model when a PCP is created. Files edited to reflect the
PCP will be stored in the PCP folder.

Subtask 2.6 Data Entry and Testing

Incorporate datasets generated from the WAM model into the ArcGIS interface and
perform several tests. Spreadsheet simulations will be performed to confirm the model
results.

Subtask 2.7  Task 2 Report

Prepare a draft report that will document the procedures used to compute the phosphorus
loads and changes to the graphical user interface design. Within three weeks of receipt,
the District will review and forward, in letter format, recommended revisions to the
report for incorporation into the final submission.




TASK 3

Subtask 3.1  Final Report and Data Transfer

Prepare adraft final report that will include interface design, technical data, findings, and
analyses from all study components. All technical data collected during this study will be
submitted in both hardcopy and electronic format. Hardcopy will be in the form of
appendix tables; electronic datawill be in aformat acceptable to the District (e.g. Excel
spreadsheets) and stored on compact disks. Provide the District with electronic copies of
all spreadsheets and computer programs, as needed and used in the analysis of these data
in the same format specified above for data. All data, computer programs, spreadsheets
and any other electronic files generated during the course of this contract becomes the
sole property of the District with the exception of any components of the WAM model,
which is public domain.

Subtask 3.2 User Manual and Help File
Prepare a user manual, including examples, to instruct users how to review input and
output and how to create PCPs.

Subtask 3.3 Training

Conduct afour hour training class on the usage of the new interface. Prepare training
materials to be reviewed by the District prior to training. The District shall provide the
location, computers and software (ArcGIS™ with Spatial Analyst™) as needed.




3.0 Interface Programming

3.1 Conceptual Design

On May 27, 2004 a meeting was held at the South Florida Water Management District to
“kick-off” the project and discuss the conceptual design of the new interface. Overall, it
was agreed that the capabilities of the previous interface would be integrated into new
interface. The structure and flow of the interface will follow the original ArcView™
interface, but will include the enhancements outlined in the scope. ArcMap lends itself
well to the structure of the previous interface because it has a much more controlled
environment. There is now only one fixed display that can show either a view or the
layout as opposed to the previous version which included floating windows for each view
and layout.

When viewing results, District Staff requested the option to use observed data instead of
WAM output if the selected site corresponds to a monitoring location. It was agreed that,
at a minimum, the interface would include a link to the data for comparison purposes.
Flow information at these sites is very limited and it would be necessary to use WAM’s
annual flow with the measured average concentrations to produce average annual loads.

Some basins discharge out of the LOPP in addition to discharging to Lake Okeechobee.
The amounts are driven by the operation of the lake. The percent of runoff from the
southern and eastern regions entering the Lake varies and will certainly change after
Comprehensive Everglades Restoration Plan (CERP) is implemented. It was agreed at
the meeting that ratios would be used to represent how much runoff from a particular area
flows to the Lake and how much flows out of the LOPP. Ratios are based on measured
historical data and will be adjustable by the user. This provides the opportunity to
account for other changes in the future related to CERP such as storage basins. These
rations would be developed in Task 2.

A “shell” of the proposed interface was developed based on concepts discussed at the
“kick-off” meeting. The “shell” consisted of buttons, tools, menu items, etc. that
provided the appearance of the proposed interface, without the actual computer code that
would perform the individual functions.

On June 15, 2004 a workshop was held at the District to demonstrate the “shell.” The
workshop was also intended to share information and make other departments, divisions
and sections aware of the project and to solicit their input and to determine their
resources.

Because of the structural differences between ESRI’s old and new software programs, it
is proposed that all of P-Budget features be contained in a single toolbar. The previous
programming language would only allow tools to be added to existing toolbars and for
menu items only to be added to existing menus. The new software allows menus,
command buttons, tools and combo boxes to be added to a new unique toolbar.
Similarly, many of ArcGIS s*“add-on” extensions such as Spatial Analyst are represented
asasingle toolbar in ArcGIS sinterface.



3.2 Coding Conventions

Visual Basic for Applications™ (VBA) was used as the programming language. VBA is
aform of Microsoft™'s Visual Basic and is designed to work specifically with program
applications such as ESRI™" s ArcGI'S software and is provided as part of the ArcGIS.

It should be noted that interface documentation is provided in Appendix A and in the
User Manua (Appendix B). The purpose of this section is to document the efforts
associated with VBA programming.

Standard conventions were followed as described in most VB/VBA manuals (Deitel et
a., 1999 and Burke, 2003) and as discussed in internet forums (ESRI™ ArcObjects™ 9
Developer’s Forum). VBA code exists in what are referred to as either modules or forms.
Most of the code for this interface resides within the project module known as
ThisDocument. New modules were created for repetitive tasks and are called upon by
ThisDocument or by other modules. Forms and modules include subroutines and/or
functions which consist of code designed to perform specific tasks.

It is important to provide sufficient comments in the coding so that other programmers
may be able to decipher the code. Subroutines and functions include sections of code
which perform subtasks. Each section begins with a comment line that describes the
subtask to be performed in that section. A comment line is preceded with a single
guotation mark which VBA recognizes as a line not to execute. Some subtasks, if long,
have been divided into subsections. Each subsection also begins with a comment line,
but is preceded with two single quotation marks.

Error handling has been incorporated into each subroutine and function. A line has been
added to the beginning “On Error GoTo Errorhandler:” which directs the program to a
line near the bottom of subroutine/function that reports the error and where it occurred.
Other error trapping features have been added where it was felt that a problem could
occur such as when the code tries to open afile that does not exist. More error trapping
will be added as needed so solve any issues that may arise as the interface moves from
programmer testing to user testing.

Unlike ESRI™"s Avenue programming language, variables in VBA must be declared
before they can be used. Since modules can contain severa subroutines and/or functions,
it possible to declare variables at the beginning of the module so that they can be used by
all of the subroutines/functions in that module. They are called module-level variables. It
is the programmer’s preference where he or she declares variables. For P-Budget,
module-level variables were used at a minimum so that the declaration and use of the
variables could be more easily tracked and controlled. Only variables that are used
frequently or that are needed to share values from one subroutine to another were
declared in the beginning of the modules.

Likewise, some programmers prefer to declare al variables together in the beginning of
the subroutine or function. The genera “rule of thumb” for P-Budget was to declare the
variable immediately prior to its use. Again, this provides better tracking and control of



the variable and it also simplifies the process of copying and pasting code to and from
different locations.

Variable names for controls were named using alower case prefix identifying the type of
control followed by atitle case name describing the function of the control. For example,
a command button to cancel an operation would be named cmdCancel. Non-control
variables are named using a similar style, but in the opposite order. Lower case “p” is
often used as a prefix to a programming object, e.g., pRaster to represent a grid or image
object. When several objects of the same type are using in same module, and
abbreviation was used in place of “p” such as“lu” to identify the raster as aland use grid.

All object variables that are required to be “Set” in the code were set equal to “Nothing”
at the end of each subroutine or function, e.g., “ Set luRaster = Nothing.” Thisis, in most
cases, not necessary. But is has become a standard practice to avoid a programming
conflict resulting from an uncleared variable.

Global variables are those variables that are used throughout the application. They are
set within a separate module with a “Public” declaration. In P-Budget, global variables
are used to track the status of the application and to enable or disable tools, buttons and
menu items based on the status. For example, if a Phosphorus Control Plan (PCP) is
open, a button in the toolbar will be enabled alowing the user to zoom to the spatial
extent of the PCP.

3.3 Interface Datasets

It should be noted that many of the terms used in this section are software dependant, i.e.,
they are used by ArcGIS™ to represent features of that software. These terms are
described in ESRI™ s lastest version of its ArcGIS™ software documentation.

The interface is designed to work with specific GIS datasets that have been arranged in
ArcMap’s table of contents into three data frames (ak.a. maps). The first two data
frames are named “left view” and “right view” and are used to represent the left and right
maps in ArcMap’s page layout. The page layout is where maps, legends, graphics, etc.
can be displayed together and printed.

The intent of the page layout is to display land use and the phosphorus net import results
side-by-side with the appropriate legends. A layer consists of a GIS dataset that has been
formatted by the user for display purposes. The left view data frame includes a layer of
land use, while the right view includes alayer of net phosphorusimport results.

A third data frame, called “ Select Extent,” is used for direct interaction between the map
and the user. This dataframeis not used in the layout. It appears when the user needs to
select a spatial extent to represent a PCP or Area of Interest (AOI) extent. All three data
frames include identical sets of base maps, which can be toggled on or off in the
phosphorus budget toolbar.
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A complete listing of the datasets and the required database fields and attributes will be
provided in Task 3 —documentation phase.

3.4 Interface Description

The concept of the P-Budget interface is to provide planners with the tools needed to
assess the import and export of phosphorus in the Lake Okeechobee Protection Plan
(LOPP) area. The tools are used to assess current conditions and to assess scenarios
based on changes in land use practices. The scenarios are referred to as Phosphorus
Control Plans (PCPs) and reflect changes to the quantities of phosphorus import/export
associated with specific land uses.

It isimportant to note that the interface serves as a“read only” template. The ArcMap™
project file (P-Budget.mxd) can not be overwritten and the application has been set to
close without prompting the user to save the project. This maintains the presence and
format of the datasets for future use. PCPs are created, saved and accessed by the
interface, but never become a permanent part of the interface.

The interface includes dual maps of land use versus net phosphorus import (see Figure 3).
A toolbar provides a means of toggling on or off base maps such as roads, county
boundaries, etc. The pan and zoom tools, standard with ArcMap™, were modified to
work on both views simultaneously. This only works if applied to the left view. If
applied to the right view, only the right view would be affected. This was designed
intentionally to provide some flexibility in case the user wants the views to be shown at
different scales and locations.

The toolbar (see Figure 2) includes menu items that begin with the creation and
management of PCPs. When creating a new PCP a form appears prompting the user to
enter a name and description and to select aregion. The LOPP area is divided into six
regions. Each region has been studied previously and has its own set of phosphorus
budget coefficients based on the region’s land use practices. Because of this, a PCP can
only be applied to one region at atime. The information entered in this form is stored in
a database that is used to manage the PCPs later (open, delete, etc.). The form also
instructs the user to use the area selection tools in the toolbar, which are enabled at this
point, to select a spatia extent for the PCP before continuing.

PBudget + | & |—Se|ect Base Map - ﬂ 2 e H BB

Figure 2: Phosphorus Budget ToolBar

There are four tools available for the selection of a spatial extent — select by reach, by
basin, user-defined, and by permit. Selecting by reach results in an extent equal to the
contributing drainage area of the selected reach. Selecting by basin alows the user to
select one or more basins, as delineated by the District, e.g., S-191. The user-defined tool
allows the user to draw one or more polygons. When selecting by permit the user is
provided a list of Works of the District (WOD) permits to choose from to serve as the
extent.
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Figure 3: P-Budget Interface and Page Layout

After the extent is chosen the dual views will zoom to the selected extent which will be
outlined with a yellow and blue border. A form will appear with a list of the land uses
that exists within the selected area. The right side of the form includes parameter values
for the import and export components for the selected land use. Each land use has been
characterized into phosphorus import and export components. When selecting aland use,
the area of the selected land use will be displayed below the list and a picture of the land
use will appear in the bottom left corner of the form. Default parameters will appear on
the right side of the form. The default parameters reflect current conditions in the selected
region.

Calculators have been provided next to each phosphorus component to assist the user in
calculating the phosphorus import or export for that component. Once a change has been
made, the buttons along the bottom become activated to apply the change, replace the
values with default parameters or revert the values to the previous val ues that were saved.
When finished, the close button will save the changes in a dBase file located in the PCPs
folder and named with the PCP name. Severa grids of the selected extent will be created,
one per phosphorus component along with grids for total import, total export and net
import. These grids will be "burned" onto larger grids of the same type that cover the
entire LOPP area.
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The results are displayed in the right view of the page layout, but can also be viewed in
tabular format. There are several table options to choose from. If a PCP is open, the
tables will reflect the PCP. Otherwise the tables will reflect the default current
conditions. Tables can also be controlled by selecting an Area of Interest (AOI). Menu
options are provided to set or close an AOI. When setting an AQOI, the same area
selection tools are available as when selecting a PCP extent.

It is anticipated, however, that the PCP and AOI extents will often be different. For
example, if the user has changed land use practices in a Works of the District (WOD)
permit, he or she may wish to see the effects of on the basin where the permit resides.
After the AOI extent is chosen the dual views will zoom to the selected extent which will
be outlined with ayellow and red border. If no AQI is set, then the tables will reflect the
entire LOPP area.

The first table available to the user is not found in the menus, but rather, has been
incorporated into the area selection tool that selects a drainage area by reach. When
using thistool to select an AOI, acheck box will appear at the bottom of the message box
associated with this tool. If the box is checked, then each time that a reach is selected a
table will be produced providing phosphorus budget summary information associated
with that reach’ s contributing drainage area.

This feature has been added to this tool Rain Net Imports
because it is the only tool that
consistently  provides an entire
drainage area with a single discharge
point. This provides an opportunity to
report phosphorus load discharge at the
outlet (the selected reach) and to relate
that value to the loads upstream so that
the entire mass balance (Figure 4) can Upstream Storage
be reported. For example, upstream (Sediments)
storage is the amount of phosphorus —Figure4: Phosphorus Budget Mass Balance

stored in the stream and wetland conveyance system, which is calculated as the difference
between the runoff load at the runoff source and the discharge load at the drainage area
outlet. The tool also provides an opportunity to compare the results of the WAM water
quality model to measured values that may have been taken at that location.

Discharge

Onsite Storage
(Soils)

The P-Budget menu provides four different tables. The first table provides a breakdown
by land use for each of the import/export components. The next three tables summarize
the results and add the rainfall, runoff and storage components into the budget. These
three tables are identical but differ in how they summarize the results — by land use, basin
or region. If an AOI is set, the tables will only reflect the spatial extent of the AOI.

3.5 Interface Objects and Controls

As mentioned in the previous section, all of P-Budget’s functions have been packaged
into a single toolbar that can be opened and closed in ArcGIS™ ArcMap. The toolbar,
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named “Phosphorus Budget,” is project dependant in that its functions require the data
that has been added to the project. Figure 5 illustrates the various components of the
phosphorus budget toolbar.

Select by WOD

User Defined Area

Select by Basin

Select by Reach

Phosphorus Budget
PBudget ¥ B |— Select Base Map — j

“ T

Base Maps
Toggle Button

&
9
i
]
[T

Base MapsList

Reset Button Zoom to PCP

Menu Options Zoomto AOI

Figure 5: Phosphorus Budget Toolbar Controls

The Reset button is provided as a “clean-up” feature. It returns the interface to the page
layout, zooms to the layout, closes the table of contents and resets the global variables
and VBA listeners. Listeners are functions that the interface is constantly checking. For
example, the interface checks to see if AcrMap’'s standard pan/zoom tools have been
applied to the left view of the layout. If so, the tool is applied to both views
automatically. The reset button resets the variables and listeners in case the interface
encounters an error or anomaly which can sometimes result in the loss of what are
referred to as “threads.” Threads hold the interface into the user defined state, i.e., if the
user has performed an action that has enabled other features, threads keep those features
from reverting back to their default state.

The base maps function as described in the previous section. The Base Map Toggle
button will display either a check mark (as shown in Figure 5) or an “x” to indicate
whether the selected base map is currently on or off, respectively. For example, if the
base map for roads is currently on, the button will appear with a checkmark. When the
button is pressed, the base map will be turned off and an “x” will appear in the button
image.
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The Area Selection tools are used to select spatial extents for PCPs and AOIs as
described in the previous section. There are two buttons located on the right side of the
toolbar that will zoom the right and left views to the extents of the PCP or AOI.

The menu options provide the functions for managing PCPs, setting AOIs and viewing
tabular output. There are several options associated with PCPs. Figure 6 illustrates the
forms and information the user will encounter when using these options. A form appears
when creating a new PCP that prompts the user for information regarding the PCP and
instructs the user to use the area selection tools to select a spatial extent. Another form
appears when opening or deleting a PCP. The form displays the saved PCPs and their
attributes.  The command button will indicate Open (as shown in Figure 6) or Delete
depending on which option from the menu is selected.

After creating a new or opening an existing PCP, a form will appear for editing the
phosphorus coefficients as described in the previous section. This form may also be
accessed by selecting Edit from the menu, provided that a PCP has already been opened.
Calculator buttons are provided for each import/export component. Each button opens a
unigue form designed to assist the user in applying changes.

Phosphorus Budget
- - Select Base Map — - = 7 B | e =
P-Budget 2 | P J 2 | ¥ o= iR il New Phosphorus Control Plan FXI
Phaosphorus Control Plans 4 Mew... » Enter a Mame, Region and Description, then use the Area
Selection tools located in the Phosphorus Budget toolbox to
Area of Interest » Open... \ select an area to which the PCP will be applied.
Delete... — I, - Region: =
Land Practice Imports and Exports == ame | i J
Edit Description:
Phosphorus Budget Reports 3 \ Cancel
Close
Table and Report Preferences. .. /

Help...

Edit Land Use Practices

Phosphorus Control Plans E|
Select Land Use:
RANGELAND = Imports 4— | SavedPCPs: Description:
IMPROVED PASTURE Fertilizer 8888 ghayr g test This is a test
FORESTED UPLANDS —_—
DAIRY Feed ’70 gfha-yr
UNIMPROVED PASTURE —
TRLICK CROPS Cleaners o ghay g
GOLF COURSE Total Import 8888 a-yr
500 FARM J p o s ﬂ Region: | Lake Istokpoga
-
CORMAMENTALS T
Open Cancel
718 of 2922 ha Haryesd 4999 ohayr i

Liveweight 0 ghayr g
bay o ohayr g

Sod 0 ghayr [H
Milk 0 Q,l"ha-yrg Milking Cow Density cows/ha
Septic lin gfha-yr E — x Production ka/fcow-yr
Total Export 999 ghayr xPoontent | percent
Met Import 3889 g/ha-yr | o |
| Use Default | | Close:

Figure 6: Phosphorus Control Plan Forms

The Edit and Close options are only enabled if a PCP is open. The New, Open and
Delete options are only enabled if a PCP is not currently open.
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The AQOI, or Area of Interest, is smply the area that the user can set for reporting
purposes. If an AQI is set, then the output tables will reflect only that area. The same
tools used to select a PCP extent are also available for selecting an AOI extent. Figure 7
shows the message box that will appear when setting an AOI.

Phosphorus Budget
PBudget v | & | |- Selsct Base Map - - ' P e izl

Phosphorus Control Plans » ‘

Set Area of Interest

Area of Interest: 3 Set Lag
Use the Area Selection tools located in the Phogphaorus

Land Practice Imparts and Exports Close Budget toolbox to select an Area of Interest, Press
3 Continue when finished.

Phosphorus Budget Reports »

|
Table and Report Preferences. .. Cancsd | | Continue

Help...

Figure 7: Selecting Area of Interest

Tabular output has been provided similar to the previous version of P-Budget but with
two additional tables. There are a total of five tables available. The first table option is
not found in the menu and is new to this interface. It is available while selecting an AQI
with the Select by Reach/Drainage Area tool. A message box appears when each
selection tool is pressed instructing the user how to use the tool. When the Select by
Reach tool is used to select an AOI, the message box for this tool will include a check
box as shown in Figure 8.

B Drainage Area Annual Phosphorus Budget Summary Q@E\

Drainage Area Tool

Sebect stream reach with mouse to delineate confributing drainage anea, Lise ‘Display | B it | =

Summary Table' ba view phasphorus budget and runaff charackeristics of the drainags ¥ | Laks Istokpoga, Reach No. 121

areas, Mabe: it wil take 2 to 3 minutes to produce: ths table. Press 'Ok’ when finished. Drainage Area (ha) 2186

| Total mports (ke) 16543

. : | Total Exports fkg) 308

I {DEpley Summary Table| = | Metimports (kg) 18838

" |Rainfall (kg) )

| Runoft (kg) 183

" [Onste Storage (ka) 16311

B Modeled Dizcharge (kg) a7

' : Up=stream Storage (kg) 95

Modeled Avg. flow (m3) 874400

| Modeled Avg. Concentration (ppb) 100
: Measured Avg. Concentration (ppb) 100 -

Record 14 4] 1 v|n| Show[al selected

Figure 8: Drainage Area Annual Phosphorus Budget Summary Table

The remaining tables are available from the menu (see Figure 9). The land practice table
provides a detailed breakdown of imports and exports. The Tota P-Budget reports
provide table summaries of the imports and exports along with rainfall, runoff and onsite
storage. Onsite storage is the amount of phosphorus retained in the soils at the source of
the phosphorus application and is equa to the runoff load minus the rainfall and net
import loads as shown in Figure 4. The reports also include pie charts of net phosphorus
import and a picture the left map of the main layout. These reports can be displayed by
region (new to this interface), or by basin (as shown in Figure 9) or by land use. The
tables are saved as dBase files, which can be accessed by other software programs. The
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reports are generated programmatically using Crystal Reports™, which is distributed
with ArcMap™. The reports can be printed or exported to a variety of formats.

Phosphorus Budget

|pBudget = | & ||~ Select Base Map — -le e Bl G

Phasphorus Control Plans »

Area of Interest »

Land Practice Imports and Exports

Phosphorus Budget Reports. »

8 Annual Phosphorus Imports and Exports
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By Land Use

{in Kg) by Land Use
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| & & & = | ET = | 4 crystal®,e |
E |~
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Figure 9: Annual Phosphoru

s Imports/Exports Table and Total Budget Summary Report
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3.6 Testing and Evaluation

The only regions that have sufficient data for testing, including WAM output, are Lake
Istokpoga and the Upper Chain of Lakes. Considering that either region would suffice
for testing, Lake Istokpoga was chosen. It would have been possible to merge all of the
datasets for both of these regions, but this would not have been of any more value, in
terms of testing, than the use of one region. Regions include their own set of model
coefficients and are run independently. The District has indicated that a revised dataset
for land use would ultimately replace the previous land use datasets within the entire
LOPP area. Results using a revised dataset would not be comparable to the results of the
previous P-Budget interface and merging pervious datasets would not be of any benefit in
future tasks.

Three comparisons were made between the previous ArcView P-Budget interface and the
new ArcGIS™ interface. Tables 1 and 2 show comparisons of basins and land use
summaries, respectively. Minor differences were observed that can be attributed to
rounding of numbers with the exception of Rainfall_P. Rainfall_P represents the annual
amount of phosphorus entering the region via rainfall. This value was calculated
differently in the new interface by utilizing the rainfall zone dataset developed for the
WAM model. This GIS coverage includes zones representing rainfall stations spatially
located based on the Theissen Method. Each zone includes its own rainfall dataset which
was averaged over the same period of time as the WAM model run. The previous
method, used in ArcView P-Budget, applied a single value of average annual rainfal to
the entire region.

Table 1. Comparison of P-Budget Results by Basin in Metric Tonnes

ArcView P-Budget IMPORTS EXPORTS NET_IMPORT RAINFALL P RUNOFF_P
Arbuckle Creek 467.1 193.1 273.9 19.6 61.4
Josephine Creek 208.8 67.5 141.3 13.2 17.9
Lake Arbuckle 130.7 84.5 46.2 15.4 12.2
Lake Istokpoga 239.5 33.1 206.4 8.2 18.9
ArcGIS P-Budget

Arbuckle Creek 467.1 193.1 274.0 20.6 61.2
Josephine Creek 208.8 67.5 141.3 13.2 17.7
Lake Arbuckle 130.7 84.5 46.2 14.1 12.0
Lake Istokpoga 239.5 33.1 206.4 8.0 18.9
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Table 2: Comparison of P-Budget Results by Land Use in Metric Tonnes

ArcView P-Budget IMPORTS EXPORTS NET_IMPORT RAINFALL_ P RUNOFF_P
Rangeland 11.1 8.5 2.6 4.6 0.9
Improved Pasture 254.3 5.0 249.3 6.9 24.6
Wetlands 0.0 0.0 0.0 7.8 221
Forested Uplands 0.0 0.0 0.0 7.4 1.4
Dairy 89.9 47.5 42.4 0.8 5.0
Barren Land 0.0 0.0 0.0 0.0 0.1
Other Urban 0.0 0.0 0.0 24 8.2
Unimproved Pasture 4.0 3.0 0.9 1.6 2.7
Truck Crops 291.6 22.7 269.0 0.4 13.5
Citrus 9.2 108.0 -98.8 7.7 5.9
Water Bodies 0.0 0.0 0.0 8.6 1.8
Golf Course 0.7 0.0 0.7 0.0 0.0
Sod Farm 27.7 84.7 -56.9 0.4 13.1
Ornamentals 0.0 4.5 -4.5 0.1 1.1
Commercial Forestry 0.0 0.5 -0.5 1.2 0.1
Residential - Mobile Home Units 0.4 0.0 0.4 0.0 0.0
Residential - Low Density 16.0 0.2 15.8 1.8 1.9
Residential - Medium Density 173.4 3.0 170.5 3.1 5.9
Residential - High Density 61.2 0.7 60.5 0.5 1.7
Field Crops 106.6 90.0 16.6 0.8 0.5
ArcGIS P-Budget

Rangeland 11.1 8.5 2.6 4.6 0.8
Improved Pasture 254.3 5.0 249.3 7.0 24.5
Wetlands 0.0 0.0 0.0 7.7 22.0
Forested Uplands 0.0 0.0 0.0 7.3 1.3
Dairy 89.9 47.5 42.4 0.8 5.0
Barren Land 0.0 0.0 0.0 0.0 0.1
Other Urban 0.0 0.0 0.0 25 8.2
Unimproved Pasture 4.0 3.0 0.9 1.5 2.7
Truck Crops 291.6 22.7 269.0 0.4 13.5
Citrus 9.2 108.0 -98.8 7.7 5.8
Water Bodies 0.0 0.0 0.0 8.5 1.7
Golf Course 0.7 0.0 0.7 0.0 0.0
Sod Farm 27.7 84.7 -56.9 0.4 13.1
Ornamentals 0.0 4.5 -4.5 0.1 11
Commercial Forestry 0.0 0.5 -0.5 1.1 0.1
Residential - Mobile Home Units 0.4 0.0 0.4 0.0 0.0
Residential - Low Density 16.0 0.2 15.8 1.8 1.9
Residential - Medium Density 173.4 3.0 170.5 3.2 5.8
Residential - High Density 61.2 0.7 60.5 0.5 1.7
Field Crops 106.6 90.0 16.6 0.8 0.5

Table 3 shows the results of selecting reach no. 143 with the Drainage Area tool. This
reach corresponds to the outlet of the Lake Arbuckle basin and, therefore, can be
compared to the results in Table 1 for that basin. The values, though in kilograms, are
virtually equal to the values presented in Table 1. It should be noted that the modeled
discharge value and any related values were substituted with pro-rata estimates for this
task. The estimates are based on area in relation to the overall area of the region and the
region’s total discharge. Actual values from the WAM model were derived from a new
algorithm developed in Task 2 of this project.
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Table 3. Drainage Area Tool Results for Reach No. 143

Properties Values

Lake Istokpoga, Reach No. 143
Drainage Area (ha) 42935
Total Imports (kg) 130674
Total Exports (kg) 84485
Net Imports (kg) 46189
Rainfall (kg) 14051
Runoff (kg) 11974
Onsite Storage (kQ) 48267
Modeled Discharge (kg) 1717
Upstream Storage (kg) 10256
Modeled Awg. flow (M3) 17174000
Modeled Awg. Concentration (ppb) 100
Measured Awg. Concentration (ppb) 100

Additional tests were performed with PCPs to verify that the change in results only
occurred in those areas where the land use practices were changed and only within the
selected PCP extent. The test results were positive.

A project summary and complete list of Visual Basic procedures are located in Appendix

A. A user manua including a tutorial exercise is located in Appendix B. The user
manual has also been incorporated into the interface as a Windows'" based help file.
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4.0 Phosphorus Loading

4.1 Data Acquisition

The GIS datasets below have been collected and converted to the formats needed by the
WAM mods!:

GIS Datasets:

e Land Use—FLUCCS as provided by SFWMD

e Soils—SSURGO

e Topography — USGS DEMs and CERP Datasets

e Hydrogaphy “USGS NHD and District Datasets

e Subbasins—from previous studies or processes described herein
e BaseMaps:

0 WOD Permits
0 Magor Roads/Highways — line coverage (already available)
o0 Counties— polygon coverage (already available)
0 Receiving Body — L ake Okeechobee
Rainfall Stations— point coverage derived from previous studies

Suitable GIS datasets of subbasins were not available in the areas where the WAM model
had not been previously applied including S-65A, S-65B, S-65C, C-44, S-153 and the
entire Southern Lake Okeechobee region (SLO). C-44, and SLO have been previously
modeled using WASH and MIKE SHE, respectively. However, the subbasin datasets
created for these models are much courser than the datasets used by (and in some cases
created by) the WAM model.

To meet the goals of the P-Budget interface, a higher resolution of subbasinsis required.
The interface needs to delineate drainage areas based on a hydrologic reach selected by
the user. The subbasins need to be as small as reasonably possible to provide a “best
match” of the area desired by the user. It is also important that sufficient drainage divides
(subbasin boundaries) be present to adequately direct the flow to the correct hydrologic
reach. Subbasin delineation in the S-65A, B and C basins was performed in the same
manner as performed for the LOW CERP WAM model (HDR, 2003). This model
includes all of the basins in the Northern Lake Okeechobee region with the exceptions of
S-65A, B and C. The subbasins were created using a coded stream network and USGS
topography with ESRI™’s GRID Watershed tools. The subbasins were then added to the
previously created subbasins to complete the Northern Lake Okeechobee region.
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S65A.BandC

C-44

Figure 10: Subbasin delineation in Lake Okeechobee Protection Plan Area

Subbasin delineation in the C-44 basin and SLO region (Figure 10) was accomplished
using the District’s Environmental Resource Protection (ERP) permits and WOD permits,
respectively. These areas are both relatively flat and heavily developed by agriculture.
Existing farm boundaries are a good indicator of subbasins.

Some deviations from the District’s standard basin coverage, dBasins, were made. A
report by Kimley-Horn and Associates, Inc., “EAA Storage Reservoirs Phase 1, PIR —
Task 2.2.1 Basin and Subbasin Delineation, (2002)” listed several deviations. These
changes were reviewed and incorporated with the exception of Basin S-236, which
contradicted the District’s basin report, “An Atlas of the Everglades Agricultural Area
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Surface Water Management Basins, (1989)” and could not be verified with Digital Ortho
Quadrangle (DOQ) 1m aerial photos. Overal, the boundary of the LOPP was not
changed.

4.2 Rainfall Datasets

The rainfall station data was obtained and reviewed for content and period of record.
Stations with excessive “gaps’ in data (several consecutive months) were eliminated.
Stations with moderate or minimal “gaps’ (less than one or two consecutive months)
were “patched” with data from nearby stations by using the data that matched the missing
dates. The majority of the stations chosen were stations used in previous WAM models
within the LOPP. A total of 42 rainfall stations were used. A rain distribution grid was
created using Thiessen's method (Figure 11). The rainfall datasets were then formatted
to meet the requirements of the WAM model. Table 4 presents the annual rainfall
measured at these stations.

MOOCRE HAVEN LOCK | &8

&

MIAMI LO [8 i EX
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Figure 11: Rain Stations and Zones
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Table 4;: Annual Rainfall ininches

STATION 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
ARCHBO 504 59.1 568 36.8 552 510 582 283 592 721

BASSET 380 555 571 352 534 317 660 298 486 309
BEELIN 48.7 679 488 610 547 529 639 299 466 616
BELLE_ 521 770 570 50.7 523 511 503 411 481 396
CANAL_ 316 606 709 459 336 448 450 323 378 329
DESOTO 545 537 515 344 590 517 402 269 546 60.2
DEVILS 581 621 684 546 529 654 557 370 569 578
INDIAN 434 548 589 434 444 386 403 217 369 371
KERITO 546 572 552 717 637 727 671 463 535 341
KISS_F 465 683 494 573 619 557 468 385 519 755
LOTELL 545 600 616 470 650 664 474 429 587 579
MIAMI_ 456 669 578 502 495 56.2 462 415 454 337
OKEE_F 504 592 511 452 495 476 526 301 542 451
OPAL_R 458 543 489 454 586 604 606 295 620 451
PALMDA 494 468 536 375 499 529 549 345 428 50.7
PEAVIN 573 769 66.0 542 708 720 526 350 443 271
PINE_I 379 526 545 306 495 418 457 283 444 583
S-131_ 420 504 477 394 456 568 56.2 314 441 547
S135 R 493 575 564 432 487 496 483 345 450 493
S153_ 316 524 520 339 311 376 382 382 325 325
S5A R_ 548 881 615 621 610 559 543 464 498 416
S61 R_ 450 70.0 582 498 524 447 469 394 508 564
S65_R_ 40.8 59.8 532 450 688 540 528 317 546 751
S65C_R 40.1 499 433 357 445 554 564 324 392 578
S65D_R 48.8 643 56.0 421 515 529 504 332 48.0 420
S65E_R 500 706 526 481 573 46.2 493 263 438 388
S68 R_ 454 479 410 291 452 527 402 242 358 493
S70_R_ 449 485 497 405 434 483 345 248 271 258
S72_R_ 434 430 496 36.2 507 432 492 271 371 371
S75_R_ 449 473 410 406 593 380 329 259 360 414
S-78__ 486 594 632 484 521 608 668 390 616 719
S80_ 689 953 871 591 530 736 723 469 693 488
S82_R_ 40.1 453 410 291 374 416 400 250 284 407
SNIVEL 433 548 525 546 464 538 505 283 522 643
TAFT_R 416 720 511 589 539 501 528 282 531 716

PAHOKE 606 705 524 494 592 481 548 413 486 428
CHAPMA 526 593 510 453 587 549 504 292 447 614
LMARIO 4477 601 477 539 646 439 474 335 446 518
MOUNTA 432 578 554 532 489 423 408 289 566 59.1
FROSTP 471 589 557 353 509 447 454 229 609 69.9
S65A_R 582 569 53.0 478 645 66.2 524 359 553 692
S77_R_ 383 586 627 375 507 489 465 333 46.8 546

AVERAGE 473 603 548 457 529 518 506 329 479 507

4.3 Reach Delineation

Hydrol ogic reaches were delineated in S-65A, S-65B, S-65C, C-44, S-153 and SLO using
hydrography datasets and previous studies. As mentioned, C-44 and SLO have been
previously modeled using WASH and MIKE SHE, respectively. However, like the
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subbasin datasets, the reach datasets created for these models were also found to be too
course for the purpose of this project. The datasets did, however, provided some
confirmation of flow directions.

Delineation tools provided in WAM were used to code the reach network for each area.
USGS 24K hydrography, National Hydrologic Datasets (NHDs) and 1999 1m aerial
photography (DOQs) were used to assist the coding process. The delineations within S-
65A, B and C yielded an additional 137 model reaches in the Northern Lake Okeechobee
region. Approximately 100 reaches were delineated in C-44 and S-153 and added to the
East Lake Okeechobee region. In the SLO region, 164 reaches were delineated (see
Figure 12, 13 and 14).

Figure 12: Reach Delineation in Southern Lake Okeechobee Region

Figure 13: Reach Delineation in the C-44 Basin
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Figure 14: Reach Delineation in the S-65A, B and C Basin

4.4 WAM Datasets

WAM setup procedures were followed to create datasets needed for its phosphorus
assimilation model. Depressions were created using a WAM agorithm that searches for
topographic sinks and other potential depressions based on land slope, soil types,
wetlands and vicinity to streams. Distance and destination grids were created using
another WAM algorithm. These grids will be used to determine the closest downstream
feature (wetland, depression or stream) and its distance as well as the next downstream
feature and distance. Figures 15, 16 and 17 each show three of the distance grids created
for Basins S-65A, B and C; Basin C-44; and the SLO Region. This information is used
to calculate attenuation of phosphorus through the system and ultimately to the lake. The
following grids were created:

Depress - Grid of depression locations

Celldistl - Distance in meters from source cell to nearest stream

Celldist2 - Distance in meters from source cell to nearest wetland

Celldist3 - Distance in meters from source cell to nearest depression

Celldist5 - Distance in meters from nearest wetland cell to its nearest stream
Celldist6 - Distance in meters from nearest depression cell to its nearest stream
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Celldist7 - Distance in meters from cell to its appropriate stream for groundwater flow
Streamnode - This ASCII grid coverage contains the calculation stream reach code of

the nearest stream reach.

Wetlandusecode - Land use code (wetland FLUCC code) of the nearest wetland to the
source cell. This code is used to determine the attenuation coefficient to

use based on the wetland type.

Wetlandnode - Stream reach code of the nearest stream reach to the nearest wetland
cell found for the source cell.

Depressnode - Stream reach code of the nearest stream reach to the nearest depression
cell found for the source cell.

GWhnode - Stream reach code appropriate for the groundwater destination from each
source cell.

Celldistl

Figure 16: Distance Attenuation Grids for C-44 Basin

Celldist3

Celldist2
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Celldist2

Celldist3

Figure 17: Distance Attenuation Grids for Southern Lake Okeechobee Region

45 WAM Model Integration

4.5.1 Background

WAM (Watershed Assessment Model) is awater quality assimilation model that was
developed in the mid-1990' s based on similar models written Dr. Del Bottcher of Soil
and Water Engineering Technology, Inc. (SWET). Thefirst version of WAM was
written for the ARC/INFO Unix workstation platform. This version was written using
ESRI’s AML programming language. WAM was one of the first water quality
assessment models that used the ARC/INFO component called GRID. GRID provided
the ability to perform computations using rasters on a cell-by-cell basis. Thisresulted in
output at a much smaller scale (typically 1 ha) than could be provided using polygons.
The computations were also performed significantly faster than could be performed using
polygon overlays.

The concept of WAM isto overlay land use, soils and rainfall zones to produce unique
combinations that are submitted to three submodels — Groundwater L oading Effects of
Agricultural Management Systems (GLEAMS; Knisel, 1993), Everglades Agricultural
AreaModel (EAAMod; Botcher et al., 1998; SWET, 1999), and a special-case model
written specifically for WAM to handle wetland and urban landscapes. These submodels
are bundled into one program called BUCShell, where BUC stands for Basin Unique
Cell. BUCShell uses parameter dataset files for land use, soils and rainfall to produce an
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estimated annual average phosphorus runoff load in kilograms per hectare for each
unique combination. The results are then spatially distributed onto the watershed by
relating the output table to agrid of the unique combinations. The resulting grids
represent the average annual phosphorus load at the source in both surface water runoff
and groundwater.

The source runoff load is then attenuated via overland flow to the nearest downstream
feature — stream, wetland or depression. If the feature is awetland, the load is further
attenuated through the wetland to the nearest stream. If the feature is a depression, the
load is converted groundwater and also attenuated to the nearest stream. WAM assumes
that approximately 90 percent of the phosphorus load that is contributed to the
groundwater isretained in the soils. The other 10 percent enters the stream system.

At the stream, the attenuated surface runoff load is combined with the attenuated
groundwater load and routed through the stream network where it is further attenuated.
Dynamic routing of flows is accomplished within BLASRoute through the use of an
algorithm that efficiently solves Manning’ s equations (Jacobson et al., 1998).

BL A SRoute handles the entire attenuation process from the source cells to the basin
outlet and provides daily outputs from any stream in the network.

4.5.2 Approach

WAM’s interface operates differently from P-Budget in regard to how modified land use/
practice scenarios are developed. The GLEAMS and EAAMOD submodels use preset
parameters that reflect either existing conditions or predetermined Best Management
Practices (BMPs). This excuses the user from having to make complicated and tedious
editing of several parameter input files. WAM aso keepstrack of all previously run land
use, soil and rainfall unigue combinations so that each combination needsto only be run
once and the results can be used in subsequent model runs.

P-Budget’ sinterface allows the user to make more precise changes to parameters such as
fertilizer rates and crop production. This presents a complication to WAM'’ s ability to
save and reuse output because the land use component of the unique combination
becomes avariable. To solve this problem, anew set of unique combinations was
developed specifically to track land use parameter sets. Each unique parameter set is
numbered in sequential order. This number isthen used in place of the land use code
number when creating the unique land use, soil and rainfall combinations.

When aland use parameter is changed as the result of creating a PCP, the program
checks to determine if the parameter value has been used before in conjunction with other
land use parameters that form a parameter set. If so, the previously stored sequence
number will be used. If not, a new parameter set will be created and provided with the
next sequential number.

A determination is then made if the land use parameter sequence number has been
modeled previously in conjunction with overlying soils and rainfall zones. If so, WAM
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will not need to be run. If not, the unique combination will be run usng WAM’s
BUCShell model and the results will be stored in a database for future use.

The selection of the submodel (GLEAMS, EAAMOD, or Specia Case including
wetlands) is three-step process within WAM. First, WAM will scan two files
(LUSPEC.BNZ and SSPEC.BNZ) to determine if a specia case land use or soil condition
exists. Next, the land use codes listed in the LUMODEL .BNZ file are scanned to
determine if the EAAMOD submodel should be used and, if found, the soil associated
with thisland use will checked against the available soils within the EAAMOD soils
parameter file, SOIL-EAA.BNZ. If the sail isnot within the SOIL-EAA.BNZ file or the
land use code was not within LUMODEL.BNZ, then the GLEAMS submodel will be
used. Theland uses listed in LUMODEL are primarily agricultural land uses (pastures,
vegetable, sugarcane, and citrus) where EAAMOD has been developed and verified.
Since EAAMOD is a high water table model, the soils within the SOIL-EAA.BNZ are
the coastal plain flatwoods and organic histosols. Such soils within the LOPP include
adamsville, immokalee, pople, samsula and smyrna.

Since only average annual output is needed for P-Budget, WAM'’ s hydrodynamic model,
BLASRoute, isnot used. Thismodel, however, aso performed the attenuation needed
from the source cells to the basin outlet. A GIS algorithm was written to replace this
feature using equations and coefficients specifically developed for the Northern Lake
Okeechobee region

4.5.3 WAM Execution

The WAM model needs to run when, by creating a PCP, a change in land use practices
affects WAM’s land use model coefficients used to assimilate water quality runoff. The
execution of WAM is accomplished through the creation and maintenance of several
databases with the goal of minimizing model runtime. The files below represent the
databases and text files used in the process:

File Name Description

coeff_def.dbf Database of aregion's default P import and export coefficients, copied
from ...\tables\region folder to pcp folder and edited by interface

cac_def.dbf Database of aregion's default P calculator values, copied
...\tables\region folder to pcp folder and edited by interface

wam_def.dbf Database of aregion's default WAM land use parameter combinations,
copied ...\tables\region folder to pcp folder and edited by interface

lu_seq.dbf Database of all previously run land use parameter combinations stored
in sequential order

unique.dbf Empty database of rain zone, land use seq, and soil fields forming
unique combinations for BUCShell

uniquex.dbf Copied from unique.dbf for each model run, used to ultimately create

Pload unique.bnz
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annualAll.dbf Database of results from previously run unique combinations run by

BUCShell

PLoad Uniquex.txt Temporary text file of previously unrun unique combinations for a

particular run

PLoad_Unique.bnz  Copied from PLoad_Uniquex.txt to the .\WAM\Local Inputs fol der
annual.csv Output file from BucShell containing results from a particular run,

appended into annual All.dbf if runis successful

The following steps are performed to verify if WAM needs to run, create the model input
data and manage the output:

WAM Execution Procedure

Step 1:

Step 2:

Step 3:

Step 4:
Step 5:

Step 6:

When a PCP is created the following files are copied from
.\Tables\Regions\region name folder to the ..\PCPs\pcp name folder:
coeff_def.dbf --> coef_pcp.dbf
calc_def.dbf --> calc_pcp.dbf
wam_def.dbf --> wam_pcp.dbf
Thefiles are edited through the interface by changing P import/export
coefficients (directly or via calculators)
wam_pcp.dbf is compared row by row to ..\tables\luseq.dbf to determineif new
parameter sets need to be created
If No: The previously established sequence number is added to the relevant
row in wam_pcp.dbf
If Yes: The row from wam_pcp.dbf is added to lu_seq.dbf and a new sequence
number is created and added to the relevant row in wam_pcp.dbf
A grid is created of the land use sequence numbers based on the corresponding
land uses within the PCP spatial extent
A grid is created of the unique land use sequence, soil and rainfall zone
combinations within the PCP spatia extent
Thelist of unique combinations, generated from the previous grid, is compared to
alist of previously run unique combinations found in the ..\tables\annual All.dbf
file. New unique combinations are written to afile, ..\tables\Pload_Uniquex.txt,
including the rainfall zone, land use sequence, and soil codes along with the
associated land use parameters from wam_pcp.dbf
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Step 7:  The..\tables\Pload_Uniquex.txt fileis copied to the . \WAM\Local Inputs folder
and renamed Pload _Unique.bnz

Step 8. BUCShell.exe. PLoadRuns.exe uses information from the Ploads_Unique.bnz
file to create ..WAM\GIlobal Inputs\landuse.bnz and
.WAM \Local Inputsiunique.bnz. BUCShell.exe performsthe water quality
assimilation using GLEAMS, EAAMOD or aspecia case model. The output is
stored in ..\WAM\Days\annual .csv

Step 9: The .\WAM\Days\annual.csv fileis converted to a database and the rows are
appended to the . \Tables\annua All.dbf file

Step 10: The unique grid created in Step 5 is reclassified using the annual All database to
create grids of soluble, sediment and groundwater phosphorus in g/ha and runoff
and percolation in mm

4.5.4 Attenuation

The drainage area tool that was developed in Task 1 includes the option (see Figure 10)
for the user to obtain a drainage area summary table if using thistool to create an Area of
Interest (AOI). The table includes phosphorus summaries of imports, exports, rainfall,
runoff, etc. It also includesthe WAM results attenuated to the outlet of the drainage area
including total load, volume and concentration.

Drainage Area Tool

Select stream readh with mouse to delineate contributing drainage area, Use Thsplay
Summary Table' to wiew phasphorus budget and runaff characterstics of the drainage
area. Mobe: it will take 2 to 3 mnutes to produce thes table. Press 'Ok’ when finished.

™ [Dimplay Summary Table] o

Figure 18: Prompt for Using Drainage Area Tool

The phosphorus assimilation algorithms devel oped for the Lake Okeechobee Agricultural
Support System (LOADSS) program (SWET, 2001) were used to estimate the attenuation
that occurs from the source of the phosphorus contribution to the outlet of the drainage
area. The assimilation model, as shown in Equation 1, is a second-order exponential
relationship.

C-(Co-Ch)e™ +Cb 1)
where,

k =aQ®

C = the concentration at the end of areach (i.e., a sub-basin node)

Co = the concentration at the beginning of areach

Cb = the background or minimum concentration expected

D = reach length

aand b = empirical coefficients and

Q = stream discharge
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Valuesfor a b, and Cb are the actual calibration parameters for representing the
influence of flow-rate on attenuation. The values for Q, D, and Co are acquired from
physical parametersin the watersheds that are provided by WAM. The following datasets
are used from the WAM mode!:

Preprocessed Note: “[ ]” denotes raster grid

[celldistl] grid of distances to nearest downstream lake, stream or slough
[celldist?] grid of distances to nearest downstream wetland
[celldist3] grid of distances to nearest downstream depression

[streamnode]  grid identifying the reach code number to which each cell
ultimately drains

Reaches.shp  shapefile of hydrologic reaches including attributes for reach
code number, type (stream, lake or slough), length, and
accumulated length for downstream reaches (streams, lakes and
sloughs) from each reach to Lake Okeechobee

Model Output Note: “[ ]” denotes raster grid

[solpcell] soluble phosphorus load in surface water runoff at source
[sedpcel 1] sediment phosphorus load in surface water runoff at source
[gwpcel 1] phosphorus load discharged to groundwater at source

[ro] runoff (in depth)

[perc] percolation (in depth)

The preprocessed datasets represent static information that is utilized but not changed by
the P-Budget interface. The preprocessed grids were created using the WAM setup
interface as described in Section 3.4 individually for each region and then merged
together. The reaches.shp file was also created using WAM'’ s setup interface, but was
supplemented with the downstream accumulated reach lengths.

Attenuation is applied in two sequential processes — overland flow and stream/lake/
wetland flow. To account for the influences of the three reach types (stream, lake or
wetland), weighted coefficients are used to reflect the relative influence of the reach
types. The following equations and coefficient definitions describe how the new
assimilation equations are represented:

Overland Flow Equation

C.= (Co- Ch)*e P2 +Ch 2)

Where,
Ko = Ao*qo®° (3)

Stream/Canal Flow Equation

C,= (Ci- Ch)*€*“P + Cb 4)

Where,
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Kc = (As*Ds+Al* DI+Aw* Dw)/D *glp (B DS Bl PIBw DwID

And where,
[Do] = Distance of overland travel from cell to nearest stream, lake or wetland (m)
[Ds] = Distance of travel through streams between cell and drainage area outlet (m)

[DI] = Distance of travel through lakes between cell and drainage area outlet (m)
[Dw] = Distance of travel through wetlands between cell and drainage area outlet (m)
[D] = Total flow distance in streams, lakes and wetlands (m)

[go] = Discharge from cell in equivalent depth (infyr)

[gb] = Average discharge from drainage areain equivalent depth (in/yr)

Ao = Constant A in K equation for overland flow

Bo = Constant B in K eguation for overland flow

As = Constant A in K equation for stream flow portion of stream
Bs = Constant B in K equation for stream flow portion of stream
Al = Constant A in K equation for lake flow portion of stream

Bl = Constant B in K equation for lake flow portion of stream
Aw = Constant A in K equation for wetland flow portion of stream
Bw = Constant B in K equation for wetland flow portion of stream
Ch = Background concentration (mg/l)

[Cd  =Initial concentration of constituent in polygon (mg/l)

[Ci = Concentration after overland flow attenuation (mg/l)

[C;] = Concentration after stream flow attenuation (mg/l)

Note: “[ 1" denotes raster grid

Attenuation Procedure:

Step 1

Step 2:

Step 3:
Step 4:
Step 5:

Step 6:
Step 7:
Step 8:

Step 9:

Create [Do] is set equal to [celldistl]

Create [Dg], [DI] and [Dw] and [D] by reclassifying [streamnode] with data
from reaches.shp

Create [qo] by converting [ro] to inches

Create [gb] by adding [ro] and [perc] together and obtaining the mean value
Create [Co] by adding [sedpcel 1] and [solpcel1] together and converting to
mg/l using [ro]

Create [C,] using overland attenuation formula

Convert [C4] to loads

Replace [C,] by adding attenuated surface water and groundwater |oads
together and converting to mg/l using the sum of [ro] and [perc]

convert it to mg/l using the sum

Step 10:  Create [C;] using stream/lake/wetland attenuation formula

4.5.5 Incorporation of Monitoring Data

At an early planning meeting to discuss interface concepts, District staff expressed an
interest in being able to view water quality monitoring data jointly with, or in place of
output from the WAM model. The Lake Okeechobee Watershed Assessment (LOWA)
monitoring program includes 127 sampling sites distributed over the Northern Lake
Okeechobee Region. Many of the sitesin this program are also sites used to monitor
phosphorus for the District’s Works of the District (WOD) permitting program. Of the
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127 sites, 100 sites were matched up to hydrologic reaches in the model. Sampling data
was provided for 50 of the 100 sites.

Additionally, 37 sites from the Kissimmee River Eutrophication Abatement (KREA) and
Taylor Creek/Nubbin Slough (TCNS) programs were incorporated. Of the 37 sites, 33
sites were matched up to hydrologic reachesin the model. Six of these sites, however,
coincide with sitesin the LOWA/WOD programs. Other miscellaneous sites
corresponding to major District control structures were also added. Table 5 shows all of
the monitoring sites that were considered for incorporation into the interface.

Average phosphorus concentrations for each site were calculated over the period of
record and assigned to field in the reaches.shp shapefile. When the drainage area
summary table is created, the program code determines if monitoring datais available for
the selected reach and, if so, presentsit in the table.

When comparing the modeled phosphorus concentrations to measured data in upstream
locations such as these, it isimportant to consider that the model uses region-wide
average data associated with land use practices. A significant difference in the results
may indicate a difference of land practices in the area upstream.
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Table 5: Water Quality Monitoring Data

Station Name Reach No. P (ppb) Station Name  Reach No. P (ppb) Station Name Reach No. P (ppb)
BHO043929.1NE 806 KR013733.1NW 170 246 TCO073535.1NE 488 1340
BH103829.1SE KR023632.1NW 264 TC093735.1SW 554
BH323829.1SE 808 511 KR033733.3SW 173 3150 TC103735.1SW 553
CH153634.1NE 44 1554 KR053733.1NW 174 612 TC153735.1SW 550
CS123533.3SE KR073733.3SE TC173735.1SW 46
CS143533.1SE 230 634 KRO73734.1NE 66 457 TC183735.1NE 47
CY053534.4SE 222 382 KR103733.1SE 266 514 TC273534.1SW 495 687
CY063634.1NW 195 789 KR143633.1SW 180 701  TS253634.1SW

CY173534.1SW 223 720 KR153532.1SE TS263634.1NW

CY243533.1SW 226 621 KR163733.1SE 160 1158  TS363634.1NW 40 5296
FE033628.1SE KR163734.1SE 61 195 WD023635.1SE

FE033829.1NW 838 1330 KR173734.1NW 164 WD103635.1NE 465 223
FE203930.1SW KR183734.1SW 164 YM263633.1NE 177 418
FE213929.1SE KR203734.1SW KREA 01

FE213929.1SW 803 KR293533.3SE 258 1073 KREA 04 225 174
FE313728.1SE 835 KR303533.1NE 260 509 KREA 06A 202 317
FE323728.1SE 831 KR343532.1SE 266 KREA 17A 177 379
FE324032.1SE 706 KR363633.1NE KREA 19 160 579
FE333728.1SE 829 KR363633.1NW KREA 20 58 1496
FE343729.1SW 839 LB293535.1SW 482 411 KREA 22

FE353628.1NE 869 LC063837.1SE 422 445 KREA 23 250 78
FE353628.1NW 873 LC073837.1SE 425 KREA 25 44 837
FS203434.1SW 219 LC133836.1SE 427 741 KREA 28 35 965
GGO054030.1NW 748 LC143837.1SE 435 KREA 30A 28 890
GS234031.1SW 709 LC163837.1SE 431 305 KREA 41A

GT074029.1NW LC163837.1SW 428 1308 KREA 79 363 56
HP063932.1NE 1022 237 LM053835.1SE 558 KREA 91 368 56
HP063932.3NE 1014 LM293735.1SE 560 KREA 92

HP093831.2NW LM293735.1SW 563 KREA 94 280 108
HP093831.5NW 1064 LO043835.1NE KREA 95

HP103731.1SE LO243834.1NE 577 KREA 98 299 67
HP103831.1NE LO283735.1SW KREA 99 300 8
HP153731.1NE 1078 431 LO313736.1SW 531 TCNS 201 485 492
HP163831.2NW 1062 MS043736.1SW 449 352 TCNS 204 482 1003
HP163831.2SW 1060 116 MS053736.1SW 447 1491 TCNS 207 477 1023
HP213831.2NW 1049 205 MS083736.1NW TCNS 209 476 503
HP223731.1INE 1076 416 MS083736.1SE TCNS 212 475 264
HP223932.1NW 991 202 MS163736.1SW 444 646  TCNS 213 472 475
HP233731.1NW MS193736.1NE 443 711 TCNS 214 457 235
HP263731.1NW 1071 MS343636.1SW 452 101 TCNS 217 496 370
HP273731.1INE 1075 0OT293535.1SE TCNS 220 446 668
HP273831.2SE 1034 370 0OT323535.1NW 480 1048  TCNS 222 442 556
HP283831.1NE 1039 0OT343535.1SW 475 134 TCNS 228 411 517
HP343731.2SE 1065 PB243929.1NE 800 TCNS 230 419 521
HP353731.1SW PB263929.1NW 798 951 TCNS 233 421 492
HP363831.1NE 1026 315 PS043734.1SW 63 974 TCNS 249 417 400
HR113836.1NE 419 473 RS234028.1NW 782 ARBUCK 2069 123
HS064029.1NW 787 SD033731.1NW 124 FEC 708 183
IN133735.3NW 454 SD133731.1NE 117 FISHP 764
IPO13831.2NE 931 SD133731.1NW 118 367 S191 409 500
IP053832.1NW 936 SD173732.1SE S59 3127
IP093832.2NE 928 SD253732.1NW 94 S61 3104
IP143832.1SE 916 SD283733.1NE 82 S65 3002 119
IP153832.1NE 921 SD333631.1NW 150 S65C 272 79
1P243832.1SE SD333733.1SW 83 S68 2002 66
1P293833.1SW 890 TC033735.1NW 456

JS113928.1NW 815 TC033735.1SW
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4.6 Evaluation of Results

4.6.1 Flow Calibration

It isimportant to calibrate flows before all other parameters because of the impact flow
can have on estimated phosphorus concentrations. It should be noted that measured data
are subject to margins of error, which are difficult to quantify. Initial model runs showed
that, while average annual flows were within acceptable ranges of measured valuesin the
southern portions of the Northern Lake Okeechobee region, modeled flows were
significantly higher in the Chain of Lakes and Lake Istokpoga regions. Two
characteristics in those regions that are not present in the other regions include the high
percentage of lakes and the ability to recharge groundwater to the Upper Floridan Aquifer
(UFA).

Evaporation parameters were reviewed and adjusted based on measured evaporation rates
in the regions. Recharge to the UFA is more difficult to quantify. Previous groundwater
modeling in the regions (SFWMD, 2000) provided delineations of zones of both recharge
and discharge to and from the UFA. Each zoneis represented by arange of potential
annual recharge or discharge amounts of water. These zones were digitized and
subdivided into subzones to provide flexibility in calibrating the overall water budget.
Values were entered for each zonein a*“trial and error” exercise to obtain the best match
of flow volume to measured values while remaining within the previously defined
recharge/discharge ranges (Figure 19).

Figure 19: Flow Stations and Calibrated Zones of Annual Recharge in inches
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Flow monitoring stations were chosen at |ocations where it was reasonabl e to assume that
the station would represent a static upstream drainage area. The Eastern, Western and
Southern Lake Okeechobee regions only partialy flow to Lake Okeechobee. Basins
located immediately along the border of the lake the Northern Lake Okeechobee region
are subject to seepage and other unmonitored activities. C-40, C-41 and C-41A are
subject to an operating schedule that would need to be simulated on adaily basis as
opposed to annual. For purposes of this model, flow was directed based on normal
operation of District control structures. Table 6 shows the results of the flow calibrations
at the stations shown in Figure 19.

Table 6: Measured vs. Modeled Average Annual Flow Comparison

Measured Modeled
Station flow (ac-ft) flow (ac-ft) Difference
S-191 92554.2 91203.0 -1%
FISHP @SR27 224329.8 216803.1 -3%
S-65 728392.3 782812.6 7%
S-65C 1037777.7 1076222.1 4%
ARBUCK @ SR98 246792.7 241229.4 -2%
S-68 313881.1 317685.1 1%
S-61 302844.0 305865.8 1%
S-59 105105.8 101870.6 -3%

The modeled flows were within acceptable differences compared to the measured flows
at all of the stations considering the margins of error that exist in modeling and
measuring. There are several explanations for the margins of error. The most notable in
terms of the modeling isthat rainfall in agiven basin is only known at afew locations
and is spatially applied using a statistical distribution. Actual rainfall will vary asthe
model moves away from the monitored sites. A common error associated with measured
dataisthat the flow, in most cases, is measured once per day, but may vary during the 24
hoursthat it represents.

The largest difference occurred at S-65, which carried over to alesser degree at S-65C.
The explanation may be that there is some discharge from Lake Wechyakapka in the
southwest portion of the Upper Chain of Lakes region entering the Lake Istokpoga
region. There may be a hydrologic connection when stages in the |ake permit the water to
overflow. There also appears to be some discontinuity between the regions regarding
recharge. Thisismost likely due to agradient of change from north to south that is not
depicted. The figure depicts average values at the centroids of the zones within each
region. It could be duein part to an imbalance of flow between the regions causing the
calibration to over compensate.

4.6.2 Phosphorus Load and Attenuation

Because WAM is aphysical based model, there very little calibration needed. Rather, a
validation of the input datasets is needed by comparing the phosphorus concentrations to
measured values. For this project, the land use coverage was updated and provided by
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the District and the land use practices such as crops and fertilizer rates were obtained
from the previous phosphorus budget studies that were performed (Hiscock et al., 2003,
Mock-Roos Team, 2003 and Zhang et a., 2003a and 2003b). In addition, attenuation
coefficients for overland, stream and wetland flow were obtained from a previous study
in the Northern Lake Okeechobee region.

It is not the intent or goal of this project to revise any of thisinformation. However, one
change was made to the land use coverage after comparing the phosphorus concentrations
at the S-191 station. Abandoned dairies were added. These areas exhibit higher than
normal phosphorus discharges due to past activities despite the fact that the current

import and export practices are consistent with improved pasture. The soil parameters
and locations of these areas were obtained from on-going studies related to the
Comprehensive Everglades Restoration Plan (CERP) being conducted in the Northern

L ake Okeechobee region.

The only parameters that were not available are the attenuation coefficients associated
with lakes. Several valuesfor the aand b coefficients, as described in Section 4.5.5, were
tried to obtain the best match to measured datain regions where lakes are present. The
modeled concentrations at S-68 are higher than the measured concentrations, coupled
with model concentrations at S-65 that were lower than measured, presented a
complication in the calibration effort. Fortunately, a monitoring station, ARBUCK, is
located immediately upstream of Lake Istakpoga providing an excellent comparison for
lake attenuation. The resulting coefficients of a= 800 and b = 2.5 matched the reduction
observed between ARBUCK and S-68. The coefficients also maintained an equilibrium
between the results at S-68 and S-65, i.e., the absolute differences (high or low) between
the model ed and measured concentrations were maintained as approximately equal.
Table 7 shows the measured and modeled concentrations at various monitoring stations
between 1998 and 2003. All of the stations coincide with flow stations shown on Figure
19 with the exception of FEC which is measured at the outlet of Fisheasting Creek to

L ake Okeechobee.

Table 7: Measured vs. Modeled Average Annual Phosphorus
Concentrations

Measured Modeled

Station TP (mg/l) TP (mg/l)  Difference

S-191 0.500 0.407 -18.6%
S-65 0.119 0.071 -40.3%
S-65C 0.079 0.077 -2.0%
ARBUCK @ SR98 0.123 0.162 31.6%
S-68 0.066 0.106 60.1%
FEC 0.183 0.113 -38.3%

The modeled concentrations appear to generally follow the trend of the measured data.
There are two observations that can be made. The difference in concentrations at S-65
and S-68 between the measured and modeled data are inversely related. Though these
watersheds share many of the same characteristics for topography, land use and recharge,
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the modeled concentration at one station (S-68) is higher than the measured and the
modeled concentration at the other (S-65) is below the measured. One possible cause
could the drainage issued raised in Section 4.6.1. There may be some discharge from

L ake Wechyakapka in the southwest portion of the Upper Chain of Lakes region entering
the Lake Istokpoga region. A hydrologic connection may exist when stagesin the lake
permit the water to overflow. The modeled phosphorus concentrationsin Lake
Wechyakapka are relatively low (< 0.05 mg/l). A shifting of this water would result in
lower concentrations in Arbuckle Creek/L ake Istokpoga (S-68) and higher concentrations
in Lake Kisssimmee (S-65).

The modeled phosphorus concentration from Fisheating Creek (FEC) is lower than the
measured dataindicates. A possible cause may be that the creek acts more like a stream
than a slough with less interaction with the wetlands than atypical slough. The model
may be over attenuating phosphorus as aresult. Another explanation may be that the
land use practices in FEC are not typical of theregion. Thisisan important consideration
when comparing the model ed to measured data in upstream locations.
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5.0 Conclusion and Recommendations

A phosphorus budget tool has been updated and rewritten for the District covering the
entire Lake Okeechobee Protection Plan area that, for the first time, includes a dynamic
link to a phosphorus runoff model so that all aspects of the budget may be accounted for
when applying phosphorus control measures. Previous approaches have utilized Event
Mean Concentrations (EMCs) to estimate phosphorus runoff, which could not account for
changes in land use applications.

P-Budget has been rewritten in ESRI'™’s latest version of GIS software, ArcGIS 9.0.
Furthermore, the programming language has changed from Avenue™, which only
worked in ESRI’s previous version of GIS software, ArcView 3, to Microsoft™'s Visual
Basic for Application (VBA), which is used by several other type of software and is
compatible with Visual Basic, a standard programming language. This migration will
allow the software to be adapted for other applications, if the need arises. The use of a
more standard programming language will also simplify future modifications of the
software.

Some enhancements have been added as the software was rewritten. Besides the
incorporation of the phosphorus runoff model, a drainage area summary tool has been
added that will produce a table representing the contributing area of a selected hydrologic
reach. This table includes phosphorus budget import and export values along with runoff
model output data and, where available, monitoring data. The phosphorus runoff is
routed through the stream network to account for attenuation and storage within the
network.

Additional spatial area selection tools have be incorporated to provide more flexibility
when applying phosphorus controls. These tools are also used for a new feature in the
interface called Area of Interest, which sets the area for which tables and reports will
represent. Another enhancement includes the incorporation of Crystal Reports™ to
generate custom reports consisting of tables, figures and pie charts.

The following recommendations are made based on the results of the above effort:

e Thedrainage areatool provides an excellent means of comparing model output to
measured output. Since model output represents estimated region-wide land use
practices, large disparities between the two could be investigated in an effort to
reduce phosphorus loads in areas exhibiting higher than expected measured
concentrations.

e Theresultsin the Lake Istokpoga and Upper Chain of Lakes regions suggest that
there may be a hydrologic (possible subsurface) connection between the two
regions from Lake Wechyakapka to Lake Arbuckle. It is recommended that any
future studies in that area consider this possibility and verify if such a connection
exists.
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The addition of Best Management Practices (BMPs) such as stormwater detention
systems could be incorporated into the creation of PCPs to assess the effects of
such measures on both runoff and net import.

Updates of the import and export phosphorus coefficients should be performed
periodically to consider changes in land use practices. To facilitate the process, it
is recommended that the fields in the calc_def.dbf database file be utilized when
collecting updated information (see Appendix B, User Manual: Updating P-
Budget).

Though not originally planned, the addition of Crystal Reports to the interface has
resulted in a vast improvement over previous reporting methods. To further
improve the functionality of the interface, it is recommended that District staff
consider ways that they may wish to view these and other such reports in future
enhancements.
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Appendix A

Table A-1: VBComponent Summary

Name
ThisDocument
ThisDocumentUPD
AttenuateMOD
AttenuateUPD

BackupVBAComponentsMOD
BackupVBAComponentsUPD

CalcJInFld2FIdMOD
ClearGeodatabaseMOD
ClearSelectionMOD
CopyRasterMOD
CopyRasterUPD
CreateListMOD
CreateReportMOD
CreateShapeFileMOD
dBase2GeodatabaseMOD
DeleteRasterMOD
DeleteRasterUPD
ExportMapMOD
ExportTableToTextMOD
FindLayerMOD
GetDBASEFileMOD
GetDBASEFileUPD
GetSelectionlDsMOD
GetTextFileMOD
GetTextFileUPD
GetUserNameLIB
Graphics2ShapefileMOD
LoadCalcValuesMOD
OpenTableMOD
QueryFLayerMOD
ReplaceDefaultGridsUPD
SaveCalcValuesMOD
SelectByPointMOD
SetGlobalsMOD
SetGlobalsUPD
SetRasterAnalEnvMOD
SetRasterAnalEnvUPD
SortTableMOD
SortTableUPD
ZoomToRegionMOD
BaseMaplcons
frmBanner
frmCalcCinrs
frmCalcFeed
frmCalcFeed2
frmCalcFert
frmCalcHarv
frmCalcHay
frmCalcLivew
frmCalcMilk
frmCalcSept
frmCalcSod

frmDATool

frmEditPCP
frmNewPCP
frmOptions

frmPCPs
frmReportViewer
frmSetAOI

frmUpdate

frmWODs

Type

Class Module
Class Module
Standard Module
Standard Module
Standard Module
Standard Module
Standard Module
Standard Module
Standard Module
Standard Module
Standard Module
Standard Module
Standard Module
Standard Module
Standard Module
Standard Module
Standard Module
Standard Module
Standard Module
Standard Module
Standard Module
Standard Module
Standard Module
Standard Module
Standard Module
Standard Module
Standard Module
Standard Module
Standard Module
Standard Module
Standard Module
Standard Module
Standard Module
Standard Module
Standard Module
Standard Module
Standard Module
Standard Module
Standard Module
Standard Module
UserForm
UserForm
UserForm
UserForm
UserForm
UserForm
UserForm
UserForm
UserForm
UserForm
UserForm
UserForm
UserForm
UserForm
UserForm
UserForm
UserForm
UserForm
UserForm
UserForm
UserForm

Procedures DLL Declarations Lines of Code Module Size

67

[
N

NORARUOXRWNOOWROMORMRRRLRRPREPREPRPRPRPRRPRRPREPREPREPREPRPORRRPRRERREPRREPREPRPRPRRERRERRERREREREPREPRERRRERR

Juny
w o

A-1

0

[eNeN NeoloNeolNoNeoNoNolNoNoNololNoNoNoNeoNoNoNeoNoNoNoNoNeol i leolNeNeNoN e el e NeNeoNeNeNoNoNeo oo No o oo NeoloNoNoNoNoNo oo No)

3619
8
229
148
27
27
55
38
22
21
23
11
51
48
59
23
23
49
31
34
14
14
17
13
13
2
22
90
67
25
520
78
86
104
23
16
16
62
62
18
3

3
30
41
29
48
66
22
34
34
38
22
4
947
329
27
240

145
109
180

157.1K
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14K
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25K
29K
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14K
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24K
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Appendix A
Table A-2: List of VBA Procedures

AttenuateMOD
***Performs attenuation of phosphorus source grids
Public Function attnLoad(strmDO As Long, lakeDO As Long, slghDO As Long) As IRaster

AttenuateUPD
***Performs attenuation of phosphorus source grids when updating default runs
Public Sub attnLoad()

BackupVBAComponentsMOD
***Copies all VBA code to backup drive
Public Sub BackupVBAComponents()

BackupVBAComponentsUPD
***Copies all VBA code to backup drive
Public Sub BackupVBAComponents()

BaseMaplcons
***Eorm used to programmatically retrieve base map toggle icons
Private Sub UserForm_Click()

CalcJInFld2FIdMOD
***Joins tables together
Public Sub CalcJnFld2FId(baseThbl As ITable, jnDispThl As IDisplayTable, strFrJnFld As String, strToFld As String, strUnits As String)

ClearGeodatabaseMOD
***Deletes existing tables for geodatabase
Sub ClearGeodatabase()

ClearSelectionMOD
***Clears selections in ArcMap layers
Public Sub ClearSelection(pMxDoc As esriArcMapUIl.IMxDocument, theTheme)

CopyRasterMOD
***Copies a raster from one name to another
Function CopyRaster(rasterPath As String, fromName As String, toName As String) As Boolean

CopyRasterUPD
***Copies a raster from one name to another



Appendix A
Table A-2: List of VBA Procedures

Function CopyRaster(fromPath As String, fromName As String, toPath As String, toName As String) As Boolean

CreateListMOD
***Creates an empty list
Public Sub CreateList(newList)

CreateReportMOD
***Creates, formats and displays report using Crystal Reports
Sub CreateReport(rptName As String, pRecSet As RecordSet)

CreateShapeFileMOD

***Creates a new empty shapefile

Public Function createShapefile(featWorkspace As IFeatureWorkspace, strName As String, geomType As esriGeometryType
Optional pFields As IFields, Optional pCLSID As UID) As IFeatureClass

dBase2GeodatabaseMOD
***Adds dBase file to a geodatabase for creating reports
Public Function dBase2Geodatabase(tbIName As String)

DeleteRasterMOD
***Deletes a raster
Function DeleteRaster(rasterPath As String, rasterName As String) As Boolean

DeleteRasterUPD
***Deletes a raster
Function DeleteRaster(rasterPath As String, rasterName As String) As Boolean

ExportMapMOD
***Creates an image file of the left dataframe map for reports
Public Sub ExportMap()

ExportTableToTextMOD
***Exports a table to a comma-delimited text file
Sub ExportTableToText(pTable As ITable, txtFilePath As String, txtFileName As String)

FindLayerMOD
***Einds a layer in a map
Public Function FindLayer(map As esriCarto.IMap, name As Variant) As esriCarto.lLayer
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Table A-2: List of VBA Procedures

frmBanner
***Eorm used to display opening banner
Private Sub UserForm_Click()

frmCalcCinrs

***Eorm for calculating P associated with cleaners
Private Sub cmdCalc_Click()

Private Sub cmdCancel_Click()

Private Sub txtAmt_Change()

Private Sub txtArea_Change()

frmCalcFeed2

***Eorm for calculating P associated with feed (residential)
Private Sub cmdCalc_Click()

Private Sub cmdCancel_Click()

Private Sub txtDens_Change()

Private Sub txtPeff_Change()

frmCalcFeed

***Eorm for calculating P associated with feed (ag)
Private Sub cmdCalc_Click()

Private Sub CalcEnable()

Private Sub cmdCancel_Click()

Private Sub txtDens_Change()

Private Sub txtPc1_Change()

Private Sub txtPc2_Change()

Private Sub txtRatel_ Change()

Private Sub txtRate2_Change()

frmCalcFert

***Eorm for calculating P associated with fertilizers
Private Sub cmdCalc_Click()

Private Sub cmdCancel_Click()

Private Sub CalcEnable()

Private Sub txtAreal Change()

Private Sub txtArea2_Change()

Private Sub txtPc1_Change()

Private Sub txtPc2_Change()

Private Sub txtRatel_ Change()
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Table A-2: List of VBA Procedures
Private Sub txtRate2_Change()

frmCalcHarv

***Eorm for calculating P associated with harvests
Private Sub cmdCalc_Click()
Private Sub CalcEnable()
Private Sub cmdCancel_Click()
Private Sub txtAreal Change()
Private Sub txtArea2_Change()
Private Sub txtNum1_Change()
Private Sub txtNum2_Change()
Private Sub txtPc1_Change()
Private Sub txtPc2_Change()
Private Sub txtRatel_Change()
Private Sub txtRate2_Change()

frmCalcHay

***Eorm for calculating P associated with hay
Private Sub cmdCalc_Click()

Private Sub cmdCancel_Click()

Private Sub txtRate_Change()

frmCalcLivew

***Eorm for calculating P associated with live weight
Private Sub cmdCalc_Click()

Private Sub cmdCancel_Click()

Private Sub txtDens_Change()

Private Sub txtPc_Change()

Private Sub txtWt_Change()

Private Sub CalcEnable()

frmCalcMilk

***Eorm for calculating P associated with milk production
Private Sub cmdCalc_Click()

Private Sub cmdCancel_Click()

Private Sub txtDens_Change()

Private Sub txtPc_Change()

Private Sub txtwt_Change()

Private Sub CalcEnable()
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Table A-2: List of VBA Procedures

frmCalcSept

***Eorm for calculating P associated with septic systems
Private Sub cmdCalc_Click()

Private Sub cmdCancel_Click()

Private Sub txtDens_Change()

Private Sub txtNum_Change()

Private Sub txtPeff_Change()

Private Sub txtPRem_Change()

Private Sub CalcEnable()

frmCalcSod

***Eorm for calculating P associated with sod
Private Sub cmdCalc_Click()

Private Sub cmdCancel_Click()

Private Sub txtRate_Change()

frmDATool
***Eorm used to instruct user how to use drainage area tool
Private Sub cmdOK_Click()

frmEditPCP

***Eorm used to edit land use applications for PCPs
Private Sub CheckBox1_Click()
Private Sub ckbSW_Click()

Private Sub cmdApply_Click()
Private Sub cmdCalcCinrs_Click()
Private Sub cmdCalcFeed_Click()
Private Sub cmdCalcFert_Click()
Private Sub cmdCalcHarv_Click()
Private Sub cmdCalcHay_Click()
Private Sub cmdCalcLivew_Click()
Private Sub cmdCalcMilk_Click()
Private Sub cmdCalcSeptic_Click()
Private Sub cmdCalcSod_Click()
Private Sub cmdClose_Click()
Private Sub cmdDefault_Click()
Private Sub cmdRevert_Click()
Private Sub IbLandUse_Change()
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Table A-2: List of VBA Procedures

Private Sub UpdateButtons()
Private Sub picLandUse_Click()
Private Sub txtFert_Change()
Private Sub txtFeed_Change()
Private Sub txtClnrs_Change()
Private Sub txtHarv_Change()
Private Sub txtLivew_Change()
Private Sub txtHay_Change()
Private Sub txtSod_Change()
Private Sub txtMilk_Change()
Private Sub txtSeptic_Change()
Private Sub UserForm_Initialize()

frmNewPCP

***Eorm used to create new PCPs

Private Sub cbRegion_Change()

Private Sub cmdCancel_Click()

Private Sub cmdContinue_Click()

Private Sub txtName_Change()

Private Sub txtName_Exit(ByVal Cancel As MSForms.ReturnBoolean)
Private Sub UserForm_Initialize()

frmOptions

***Eorm used to set units for tables and reports
Private Sub cmdOK_Click()

Private Sub optEnglish_Click()

Private Sub optMetric_Click()

Private Sub UserForm_Click()

Private Sub UserForm_Initialize()

frmPCPs

***Eorm used to open or delete previously saved PCPs
Private Sub cmdButton_Click()

Private Sub cmdCancel_Click()

Private Sub IstBoxPCPs_Change()

Private Sub UserForm_Initialize()

frmReportViewer
***Eorm used to display Crystal Reports object
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Table A-2: List of VBA Procedures

frmSetAOI

***Eorm used to instruct user how to select an Area of Interest

Private Declare Function SetFocus Lib "user32" (ByVal hwnd As Long) As Long
Private Sub cmdCancel_Click()

Private Sub cmdContinue_Click()

frmUpdate

***Eorm used to provide options for updating default runs
Private Sub cbAll_Click()
Private Sub cbEast_Click()
Private Sub cbLakel_Click()
Private Sub cbNorth_Click()
Private Sub cbSouth_Click()
Private Sub cbUpperK_Click()
Private Sub cbWest_Click()
Private Sub cmdClose_Click()
Private Sub cmdUpdate_Click()
Private Sub UserForm_Click()

frmWODs

***Eorm used to provide a list of Works of the District permits to choose from
Private Sub cmdApply_Click()

Private Sub cmdCancel_Click()

Private Sub UserForm_Initialize()

GetDBASEFileMOD
***Qpens a dBase file
Public Function GetDBASEFile(pTablePath As String, pTableName As String) As ITable

GetDBASEFileUPD
***Qpens a dBase file
Function GetDBASEFile(pTablePath As String, pTableName As String) As ITable

GetSelectionIDsMOD
***Gets ID numbers of a selection set
Public Sub GetSelectionIDs(psTableSel As esriGeoDatabase.ISelectionSet, selRecsList)

GetTextFileMOD
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***Creates a table from a text file
Function GetTextFile(pTablePath As String, pTableName As String) As ITable

GetTextFileUPD
***Creates a table from a text file
Function GetTextFile(pTablePath As String, pTableName As String) As ITable

GetUserNameLIB
***Gets the name of the logged on user
Public Declare Function GetUserName Lib "advapi32.dil"* Alias "GetUserNameA" (ByVal IpBuffer As String, nSize As Long) As Long

Graphics2ShapefileMOD
***Converts graphics to a shapefile
Public Sub Graphics2Shapefile(pOutFC As IFeatureClass, pGC As IGraphicsContainer)

LoadCalcValuesMOD
***| oads default/saved values frOm pcp database to calculator forms
Public Sub LoadCalcValues(compName As String)

OpenTableMOD

***Qpens a table window and sets the name

Private Declare Function SetWindowText Lib "user32" Alias "SetWindowTextA" (ByVal hwnd As Long, ByVal IpString As String) As Long
Public Sub OpenTable(pStandaloneTable As IStandaloneTable, tbiIName As String)

QueryFLayerMOD
**Queries a feature layer
Public Sub queryFLayer(pMxDoc As esriArcMapUIl.IMxDocument, pMap As esriCarto.IMap, pFeatureLayer As IFeatureLayer, aQueryString, setType)

ReplaceDefaultGridsUPD
***Replaces all default grids when updating
Sub ReplaceDefaultGrids(regionName As String, replGrids As Boolean)

SaveCalcValuesMOD
***Saves entered calculator values in pcp database
Public Sub SaveCalcValues(compName As String)

SelectByPointMOD
***Selects a feature based on a point
Public Sub SelectByPoint(pMxDoc As esriArcMapUl.IMxDocument, elmntTheme, thePoint As esriGeometry.IPoint, selTol, setType)
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SetGlobalsMOD

***Sets global varialbes

Public Declare Function SetForegroundWindow Lib "user32" (ByVal hwnd As Long) As Long
Public Sub SetGlobals()

SetGlobalsUPD

***Sets global varialbes

Public Declare Function SetForegroundWindow Lib "user32" (ByVal hwnd As Long) As Long
Public Sub SetGlobals()

SetRasterAnalEnvMOD
***Sets the analysis environment for rasters
Public Function SetRasterAnalEnv(pRasterDataset As IRasterDataset) As IRasterAnalysisEnvironment

SetRasterAnalEnvUPD
***Sets the analysis environment for rasters
Public Function SetRasterAnalEnv(pRasterDataset As IRasterDataset) As IRasterAnalysisEnvironment

SortTableMOD
***Sorts table so it can be use for lookups
Public Function SortTable(pTable As ITable, sOutName As String, sFldName As String, bAscending As Boolean) As ITable

SortTableUPD
***Sorts table so it can be use for lookups
Public Function SortTable(pTable As ITable, sOutName As String, sFldName As String, bAscending As Boolean) As ITable

ThisDocument

***Runs procedures associated with P-Budget Toolbar objects
Sub StartListener()

Private Sub AOIClose_Click()

Private Function AOIClose_Enabled() As Boolean
Private Sub AQOISet_Click()

Private Function AOISet_Enabled() As Boolean

Private Sub BaseMapOnOff_Click()

Private Function BaseMapOnOff_Enabled() As Boolean
Private Function BaseMapOnOff_Message() As String
Private Function BaseMapOnOff_ToolTip() As String
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Private Sub BaseMaps_SelectionChange(ByVal newindex As Long)

Private Function BaseMaps_Message() As String

Private Function BaseMaps_ToolTip() As String

Private Sub DispTransEvt_VisibleBoundsUpdated (ByVal sender As IDisplayTransformation, ByVal sizeChanged As Boolean)
Sub SynchExtents()

Private Function MxDocument_CloseDocument() As Boolean

Public Function MxDocument_OpenDocument() As Boolean

Public Sub GetSpatialAnalystLicense()

Public Sub Startup()

Private Function MxDocument_BeforeCloseDocument() As Boolean

Public Sub Sleep(sleepTime As Variant)

Private Sub Options_Click()

Private Sub PCPClose_Click()

Private Function PCPClose_Enabled() As Boolean

Private Sub PCPDelete_Click()

Private Function PCPDelete_Enabled() As Boolean

Private Sub PCPEdit_Click()

Private Function PCPEdit_Enabled() As Boolean

Private Sub PCPNew_Click()

Private Function PCPNew_Enabled() As Boolean

Private Sub PCPOpen_Click()

Private Function PCPOpen_Enabled() As Boolean

Private Function SelectBasinTool_Message() As String

Private Sub SelectBasinTool_Select()

Private Sub SelectBasinTool_MouseDown(ByVal Button As Long, ByVal Shift As Long, ByVal x As Long, ByVal Y As Long)
Public Function SelectDrainageAreaTool_Enabled() As Boolean

Private Function SelectDrainageAreaTool_Message() As String

Private Function SelectDrainageAreaTool_ToolTip() As String

Public Function SelectBasinTool_Enabled() As Boolean

Private Function SelectBasinTool_ToolTip() As String

Public Function SelectUserDefinedTool_Enabled() As Boolean

Private Function SelectUserDefinedTool_Message() As String

Private Function SelectUserDefinedTool_ToolTip() As String

Private Sub SelectwODPermit_Click()

Private Function SelectWODPermit_Enabled() As Boolean

Private Function SelectWODPermit_Message() As String

Private Function SelectWODPermit_ToolTip() As String

Private Sub SelectDrainageAreaTool_MouseDown(ByVal Button As Long, ByVal Shift As Long, ByVal x As Long, ByVal Y As Long)
Private Sub SelectDrainageAreaTool_Table(measPConcl As Long, measPStal As String, measPConc2 As Long, measPSta2 As String, measPConc3 As Lon
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measPSta3 As String, measPConc4 As Long, measPSta4 As String, measFlow As Long, strmDO As Long, lakeD0O As Long, slghDO As Long)
Private Sub SelectDrainageAreaTool_Select()
Private Sub SelectUserDefinedTool_MouseDown(ByVal Button As Long, ByVal Shift As Long, ByVal x As Long, ByVal Y As Long)
Private Sub SelectUserDefinedTool_Select()
Public Sub SnapTolnterface_Click()
Private Function SnapTolnterface_Message() As String
Private Function SnapTolnterface_ToolTip() As String
Private Sub LandPracticelmportsExports_Click()
Private Sub TotalPBudgetBasin_Click()
Public Sub TotalPBudgetLU_Click()
Private Sub TotalPBudgetRegion_Click()
Private Sub UIButtonControll_Click()
Private Sub ZoomAOQOI_Click()
Private Function ZoomAOI_Enabled() As Boolean
Private Function ZoomAOI_Message() As String
Private Function ZoomAOI_ToolTip() As String
Private Sub ZoomPCP_Click()
Private Function ZoomPCP_Enabled() As Boolean
Private Function ZoomPCP_Message() As String
Private Function ZoomPCP_ToolTip() As String

ThisDocumentUPD

***Runs procedures associated with P-Budget Update objects
Private Function MxDocument_OpenDocument() As Boolean
Private Sub PBudUpdateButton_Click()

ZoomToRegionMOD

***Zooms to the selected region when creating a PCP
Public Sub ZoomToRegion(pMap As IMap, pActiveView As |ActiveView, strBookmarkName As String)
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Appendix B: LOPP P-Budget User Manual

Please note that this document was created from a Microsoft Windows Help file.
The formatting is consistent with the Help file (no section, figure or table
numbers). Underlines may represent a file linkage that can not be conveyed in
hard copy form and text such as ‘Next Step’ may represent instructions to the
computer user.



Appendix B: LOPP P-Budget User Manual

Table of Contents

General Information

What is P-Budget? B-1
System Requirements B-2
Installation B-2
File and Grid Management B-2
Using P-Budget
Getting Started B-5
Phosphorus Budget Toolbar B-6
Area Selection Tools B-7
Phosphorus Control Plans B-8
Creating a New PCP B-9
Area of Interest B-11
Tables and Reports
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General Information

What is P-Budget?

P-Budget allows engineers and planners to analyze phosphorus budget characteristics
within the Lake Okeechobee Protection Plan area. Users may view the results of
phosphorus budget analyses with tables and maps, edit phosphorus import or export
parameters on landowners parcels, and create Phosphorus Control Plans (PCPs) to
evaluate phosphorus control alternatives.

The Lake Okeechobee Protection Program is designed for the protection and restoration
of Lake Okeechobee (SFWMD, 2004). This is to be accomplished by achieving and
maintaining compliance with State water quality standards through a watershed-based
protection program designed to reduce phosphorus loads and implement long-term
solutions. This program is jointly administered by the South Florida Water Management
District (District), the Florida Department of Environmental Protection (FDEP), and the
Florida Department of Agriculture and Consumer Services (FDACS).

A materials balance approach to phosphorus management provides information about
the total amount of phosphorus that enters and exits the watershed on an annual basis.
Accounting for imports and exports of phosphorus containing materials provides a
baseline for field research and a more detailed understanding of how changes in
management practices affect phosphorus flow. The mass balance can be described as
follows:

Rain

Met Imports

Discharge

Onsite Storage
(Soils)

Upstream Storage
(Sediments)

Net import is the net phosphorus contribution resulting from anthropogenic land use
activities. Onsite storage is the amount of phosphorus retained in the soils and is
calculated as phosphorus in rainfall plus net phosphorus import minus phosphorus in
runoff. Upstream storage is the amount of phosphorus stored in the stream and wetland
conveyance system as sediments and is calculated as the difference between the runoff
load at the runoff source and the discharge load at the drainage area outlet.

By determining which land uses contribute the most phosphorus to the land, solutions
can be derived to help reduce accumulation and discharge of phosphorus. This
interface is designed to allow planners to create "what if" scenarios to target particular
land use practices in an attempt to reach targeted reductions.
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All models will be limited by their ability to represent reality. Therefore, it is important for
users to understand the assumptions and related limitations for any model they attempt
to use. Though, P-Budget is based on scientific research and measured data, it can not
possibly account for every process that exists. Even if it could account for these
processes, there would always be insufficient data to parameterize it. Therefore, the
user is encouraged to learn and understand these limitations prior to using the model by
thoroughly reviewing the final report associated with the development of this interface.

System Requirements

P-Budget's interface uses ESRI's ArcGIS 9.0 with Spatial Analyst. The interface will not
run on any prior versions of ArcGIS. P-Budget is designed to run on the Windows XP
operating systems.

It is recommended that your computer meet the following specifications:
500 megabytes of free hard disk space (300 megs minimum)

256 megabytes of RAM (64 megs minimum)

1.0 gHz co-processor (500 mHz minimum)

1024x768 screen resolution (600x800 minimum)

Because of the complexity of the Grid operations within the model, it is recommended
that P-Budget be installed on the fastest computer available.

Installation

Before installing, make sure you meet the System Requirements.

To install P-Budget:

Insert the CD in your CD ROM drive

Go to Start --> Run

Type <cd drive>:\pbudlopp (e.g. d:\pbudlopp)

A window will appear prompting you to specify a folder. It is recommended that a
network drive be entered that has been set up specifically by the system administrator
for the user's data.

Press Unzip and close when finished.
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Once installed, the file structure for P-Budget is as follows:

= [C3) PBudLOPP
3 ) Covers
) Images

# 3 PCPs
=l |Z) Tables

() Regions
) Eastern Lake Okeechobee
[ Lake Istokpoga

() Morthern Lake Okeechobee
() Southern Lake Okeechobee

|2) Upper Chain of Lakes

(] Western Lake Okeechobee

= ) wam

) Days

) Execs

) Globallnputs
) locallnputs
) LocalOutputs

There are a series of folders and two ArcGIS project files located within the PBudLOPP
folder. P-Budget.mxd is the project file that runs the GIS interface. P-Bud Update.mxd is
a project file that is used to update default model results.

The covers folder contains shapefiles including base maps and ARC/INFO GRID
datasets such as land use. It also includes output grids of phosphorus for each
phosphorus component as well as output from the Watershed Assessment Model
(WAM). Each grid contains a set of geographically distributed cells that are one hectare
in size. Therefore the units shown below are on a 'per hectare' basis:

Import/Export Grids

fertgrid
feedgrid
clnrsgrid
harvgrid
livewgrid
haygrid
sodgrid
milkgrid
septgrid
imp_grid
exp_grid
net_grid

Fertilizer import (g)
Feed import (g)
Cleaners import (g)
Harvest export (g)
Liveweight export (g)
Hay export (g)

Sod export (g)

Milk export (g)
Septic system export (g)
Total import (g)
Total export (g)

Net import (g)

WAM Model Qutput Grids
ro Surface Runoff Volume (mm)

perc Groundwater Percolation Volume (mm)
solpcell  Soluble Phosphorus Source Load (g)
sedpcell Sediment Phosphorus Source Load (g)
gwpcell  Groundwater Phosphorus Source Load (g)

There are two sets of these output grids stored in the covers folder. A set with a "t"
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suffix and a set with no suffix. The set with no suffix represents a backup copy of the
most recently saved default output based on current land use practices. The "t" set is
used for intermediate mapping and calculations.

The images folder contains bitmaps of land uses that are utilized when editing
phosphorus related parameters associated with land use practices. The folder also
contains miscellaneous graphics including logos, the P-Budget opening screen, etc.

The pcps folder contains folders, named after saved PCPs, that include databases and
phosphorus output grids reflecting phosphorus parameters based on proposed or
potential changes to land use practices (see Phosphorus Control Plans). The same grid
names as shown above are used, but with an "x" suffix to distinguish them. When a
PCP is created or opened, the data source of the net phosphorus import layer is
changed from '../covers/net_impt' to "../pcps/pcpname/net_impx' and the interface is
directed to use the files in the PCP folder when producing tables and reports. Each PCP
folder also contains three databases that are used to store import/export coefficients,
import/export calculator values and WAM land use parameters.

The tables folder contains several databases used to manage WAM output. It also
includes folders for each region that include default database files for import/export
coefficients, import/export calculator values and WAM land use parameters. These files
are described below:

File Name Description

coeff_def.dbf Database of a region's default P import and export coefficients, copied
from ...\Tables\Regions\region folder to pcp folder and edited by interface

calc_def.dbf Database of a region's default P calculator values, copied
...\tables\Regions\region folder to pcp folder and edited by interface

wam_def.dbf Database of a region's default WAM land use parameter combinations,
copied ... \tables\Regions\region folder to pcp folder and edited by interface

lu_seq.dbf Database of all previously run land use parameter combinations stored in
sequential order

unique.dbf Empty database of rain zone, land use seq, and soil fields forming unique
combinations for BUCShell

uniquex.dbf Copied from unique.dbf for each model run, used to ultimately create
Pload_unique.bnz

annualAll.dbf Database of results from previously run unique combinations run by
BUCShell

Pload_Uniquex.txt ~ Temporary text file of previously unrun unique combinations for a particular
run

The WAM folder includes files necessary to run the Watershed Assessment Model. The
files are stored in a set of folders based on WAM's previously named file structure. For
the purposes of P-Budget, the output is stored in /days folder. The /execs folder
includes all of WAM's executable files. the /Globallnputs folder includes defaults rainfall,
soils and land use parameter datasets. The /Locallnputs folder contains parameter
datasets specifically created to reflect a PCP. The /LocalOuputs folder includes error
and log files of the most recent WAM run.



Appendix B: P-Budget User Manual

Using P-Budget

Getting Started

To get started, open ArcMap and navigate to the PBudLOPP folder where P-Budget was
installed. Open P-Budget.mxd. An opening screen will appear for a few seconds. Then a
layout will appear with two view ports and legends. This layout serves as the main
screen for the interface. By default, the left view port is set to display the land use and
the right view port is set to display the P-Budget results based on existing land use
practices. A toolbar will also appear that includes a menu along with display and
selection tools specific to the P-Budget interface.

= P-Budget.mxd - ArcMap - Arciew

B B3t Yew [neert Celecton ook Wiedos Help
DSHES ® Cod|nETE g A0 @GN @es Bk oML T
Plaiger = | § |- Seiec: Eaoe Map - e =0 BN

IR EODOD IR

*i6l2 =
rowrg ~ | I d0O= A~ & [ =l =l sz u A &-i{--__;._

4.2 851 Inches

The dual views (or data frames) are intended to operate simultaneously when the
standard zooming and panning tools are applied to the left view. When these tools are
applied to the right view, only the right view is affected. This provides the some flexibility
when producing exhibits.

The functionality of ArcMap has been preserved. Experienced ArcMap users may want
to utilize other features within the project such as views, tables or charts. This can be
done without interfering with the operation of the interface.



Appendix B: P-Budget User Manual

When the user is finished using other ArcMap features, he or she can simply press the

reset button ¢ to return to the main display. If for some reason the interface has been
compromised by use of other functions, the user can simply close the project and restart
P-Budget.mxd without losing any data. P-Budget.mxd simply serves as a template for
the interface and is never replaced. The user will not be prompted to save when exiting.
Nor is anyone allowed to overwrite the file.

Phosphorus Budget Toolbar

All of P-Budget's functions have been placed into a single toolbar called Phosphorus
Budget, which can be opened or closed from the Main menu -> View -> Toolbars... like
any other toolbar. By default, the toolbar is opened automatically when P-Budget.mxd is
opened in ArcMap. The toolbar includes a menu, a reset button, a dropdown list of base
maps that can turned on or off, spatial area selection tools and zooming tools.

Select by WOD

Area
Selection
Tools

User Defined Area

Select bv Basin

Select bv Eeach

Phosphorus Budget
P-Budget ~ z |—SEIE|:t Baze Map - j % P @& 1T sl

Base Maps
Toggle Button

EBase Maps List

Feset Button Foom to PCP

MMenu Options Zoom to ADI

The menu includes functions related to creating and editing Phosphorus Control Plans
(PCPs), setting an Area of Interest (AOI), and viewing tables and reports.
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P-Budget * 2 |— Select Base Map - ﬂ % P B H R
Phosphorus Control Plans »
Area of Interest >

Land Practice Imports and Exports

Phosphorus Budget Reports »

Table and Report Preferences. ..

Help...

The Reset button is provided as a “clean-up” feature. It returns the interface to the page
layout, zooms to the layout, closes the table of contents and resets the global variables
and VBA listeners. Listeners are functions that the interface is constantly checking. For
example, the interface checks to see if ArcMap’s standard pan/zoom tools have been
applied to the left view of the layout. If so, the tool is applied to both views automatically.
The reset button resets the variables and listeners in case the interface encounters an
error or anomaly which can sometimes result in the loss of what are referred to as
“threads.” Threads hold the interface into the user defined state, i.e., if the user has
performed an action that has enabled other features, threads keep those features from
reverting back to their default state.

The toolbar includes a dropdown list of base maps that can be toggled on or off. The
Base Map Toggle button, located next to the dropdown list, will display either a check
mark or an “X” to indicate whether the selected base map is currently on or off,
respectively. For example, if the base map for roads is currently off, the button will
appear with an “x”. By pressing the button, the base map will be turned on.

The Area Selection tools are used to select spatial extents for PCPs and AOIls. There

are two buttons located on the right side of the toolbar that will zoom the right and left
views to the extents of the PCP or AOI.

Area Selection Tools

There are two aspects of the interface that require the user to select a spatial extent.
The first is when a Phosphorus Control Plan (PCP) is being created. Changes to land
use practices associates with a PCP are limited to the chosen spatial extent. The
second aspect is when creating an Area of Interest (AOIl). The P-budget results that are
presented in tables and reports reflect the spatial extent of the AOI, if created. This is
useful if the user wishes to assess the effects at a basin level, for example, of changes
to a smaller area within the basin.

There are four tools available for the selection of a spatial extent:

Drainage Area Tool i

This tool allows the user to create a spatial extent that corresponds to the contributing
drainage area of a selected hydrologic reach. If creating a spatial extent for a PCP, the
drainage area will only extend to the boundaries of the region for which the PCP is being
developed for and will not include areas from other regions that may be passing through.
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If creating a spatial extent for an AOI, the extent will include the entire contributing
drainage area regardless of region boundaries. A small message box will appear
instructing the user to select a reach. There is a checkbox in the lower left corner of the
message box that when checked will produce a Drainage Area Summary Table. This
feature is only available when using this tool to create an AOI.

Select by Basin Tool L

This tool allows the user to create a spatial extent based on selected basins. If creating
a spatial extent for a PCP, only basins that exist within the boundaries of the region for
which the PCP is being developed for can be selected. Multiple basins can be selected
by holding down the shift key after selecting the first basin.

User Defined Area Tool 59

This tool allows the user to create a spatial extent based on one or more polygons
created by the user. If creating a spatial extent for a PCP, any portions of polygons
extending outside of the boundaries of the region for which the PCP is being developed
for will be ignored. Multiple areas can be created by holding down the shift key after
creating the first polygon.

Select by Permit Tool

This tool allows the user to create a spatial extent based on selected Works of the
District (WOD) permits. A list of permit numbers will appear. Multiple permits can be
selected by holding down the shift key after selecting the first permit. If creating a spatial
extent for a PCP, only permits that exist within the boundaries of the region for which the
PCP is being developed for will be displayed. A coverage of WOD permits is available as
a base map that can be toggled on or off to assist in the selection. WOD permits exist
primarily in the Northern Lake Okeechobee region.

Phosphorus Control Plans (PCPs)

Phosphorus Control Plans (PCPs) represent proposed or potential changes in land use
practices within a selected extent. By creating a PCP, the user can assess the effects of
altering land use practices such as fertilizer application. By selecting 'Phosphorus
Control Plans' from the P-Budget menu, a submenu of options will appear as shown
below allowing the user to create and manage PCPs:

®
PBudget ~ | & ||~ Select Base Map - - % e = 1
Phosphorus Control Plans » MEw. ..
Area of Interest » Open...

Delete...
Edit

Land Practice Imports and Exports

Phosphorus Budget Reports »

Close

Table and Report Preferences. ..

Help...
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'‘New..." allows the user to create a new PCP which opens a dialog where general
information such as the PCP name and region are entered. The user is also prompted to
select a spatial extent using the Area Selection Tools. This is followed by another dialog
that allows the user to edit the land use practices.

'‘Open..." and 'Delete..." will open a dialog box that includes a list of all previously saved
PCPs. When a PCP is selected from the list, the description and region associated with
the selected PCP will appear in the dialog box. The selected PCP can be opened or
deleted depending on which option was originally chosen from the submenu.

The 'Edit' and 'Close’ options are only available if a PCP is currently open. 'Edit" will
open the same dialog box that appears in the final process of creating a new PCP.
‘Close’ will close the currently opened PCP and return the mapped results to the default
"existing practices" scenario.

Creating a New PCP

Phosphorus Control Plans (PCPs) represent proposed or potential changes in land use

practices within a selected extent. By creating a PCP, the user can assess the effects of
altering land use practices such as fertilizer application. By selecting the 'New..." option

from the 'Phosphorus Control Plans' submenu, a dialog as shown below will appear:

New Phosphorus Control Plan @

Enter a Mame, Region and Description, then use the Area
Selection tools located in the Phosphorus Budaet toolbox to
select an area to which the PCP will be applied,

MName: Region: | LJ

Descripbion:

Cancel

A name, region and selected spatial extent are needed before the user can continue. A
description is optional, but recommended to assist the user in tracking and managing the
PCP in the future. The Area Selection Tools have been enabled in the Phosphorus
Budget toolbar and the layout in the background has changed to a single map. This
serves as a selection map and works in conjunction with the area selection tools. Note
that any base maps that had been turned on in the previous dual map layout are also
applied to the selection map and can be changed in the same manner using the P-
Budget toolbar.

There are six regions within the Lake Okeechobee Protection Plan area that consist of
their own set of default phosphorus coefficients based on region-wide assumptions and
estimates of land use practices. A PCP can only be applied to a single region at a time
in order for the interface to extract the appropriate set of default coefficients. Note that
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when a region is selected, the selection map will zoom to that region. Once a nhame and
region are entered, the user must use the Area Selection Tools to create a spatial extent
for which the PCP will represent.

After the extent is chosen and the 'Continue’ button is pressed, the dual views will zoom
to the selected extent which will be outlined with a yellow and blue border. A folder will
be created baring the name of the PCP. The following files are copied from the
.\Tables\Regions\region hame folder to the ..\PCPs\pcp name folder (see File and Grid
Management for a description of these files):

coeff_def.dbf --> coef_pcp.dbf
calc_def.dbf --> calc_pcp.dbf
wam_def.dbf --> wam_pcp.dbf

A dialog box will appear with a list of the land uses that exists within the selected area.
The right side of the dialog box includes parameter values for the import and export
components for the selected land use. Each land use has been characterized into
phosphorus import and export components. When selecting a land use, a picture of the
land use will appear in the bottom left corner of the dialog box and the default
parameters will appear to the right. The area in hectares of the selected land use will
also appear immediately above the picture.

Edit Land Use Practices

Select Land Lise:
RANGELAND - Brpors

IMPROVED PASTURE Fertilizer 5828 g/ha-yr Iﬂ]

FORESTED UPLANDS

Feed 69043 ghayr g

UNIMPROVED PASTURE
TRUCK CROPS Cleaners 112 gfha-yr

CITRLS
Total Import 72983 gfha-yr

GOLF COURSE
50D FARM |

0 of 13112 ha Expan s
Harvest 0 ghay [d
Liveweight 639 aofha-yr E.
Hay [ g oghay g

Sod 0 ghay [d

Mk [ 20823 ghaw g
Septic l—':' gjha—yrrE

Total Export 21262 gfha-yr

Met Import 51721 gfha-yr

Apply Use Default | Revert | Close

B- 10
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Calculators d have been provided next to each phosphorus component to assist the
user in calculating the phosphorus import or export for that component. Once a change
has been made, the buttons along the bottom will become activated. The 'Apply' button
will register the change and calculate the total import, total export and net import for the
selected land use. The 'Use Default' button will replace the values with the default
values associated with the selected region. The 'Revert' button will return the previously
saved values. After pressing 'Apply’ to register the changes, other land uses may be
selected and edited in a similar manner.

When finished, the 'Close' button will prompt the user to confirm the changes. The
changes will be saved to the appropriate dBase file located in ...\pcps\pcp name folder.
Several grids of the selected extent will be created, one per phosphorus component
along with grids for total import, total export and net import. These grids will be "burned"
onto larger grids of the same type that cover the entire Lake Okeechobee Protection
Plan area. The grids are stored in the ..\pcps\pcp name folder. The source location of
the Net P Import layer in the right view/data frame is then changed to reflect the new net
import grid in the ..\pcps\pcp name folder and the view is refreshed.

The changes are assessed to determine if the WAM model needs to be run. This
assessment is described in WAM Watershed Assessment Model along with a
description of the overall WAM modeling process. If WAM needs to run, then the output
grids from the model, as described in File and Grid Management, will be saved to the
.\pcps\pcp name folder.

At this point, a PCP has been created and opened. While it remains open, maps, tables
and reports will reflect the results of the PCP.

Area of Interest

The AOI, or Area of Interest, is simply the area that the user can set for reporting
purposes. If an AOI is set, then the output tables and reports will reflect only that area.
The user may 'Set' or 'Close’ an AOI from the P-Budget menu as shown below. When
setting an AOI, the dual view layout will be replaced with a map used for the selection of
a spatial extent and a dialog box will appear prompting the user to select the extent. The
same Area Selection Tools used to select a PCP extent are also used for selecting an
AOI extent.

PBudget v | B | |- Select Bass Map — -z |leex 525

Phospharus Control Plans »

Set Area of Interest

Area of Interest ’
_ == Use the Area Selection tools located in the Phosphorus

Land Practice Imports and Exports Close Budget toolbox to select an Area of Interest, Press
: Continue when finished.
Phosphorus Budget Reports 3

Table and Report Preferences. .. Cancel | | Continue

Help...

B-11
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Once set, the dual view layout appears again and the extent of the selected AOI will be
outlined with a red and yellow border in each view. The AOI will remain in effect until it
is closed from the P-Budget menu. At which time, the results presented in the tables
and reports will reflect the entire Lake Okeechobee Protection Plan area.

B-12



Appendix B: P-Budget User Manual

Tablesand Reports

Table and Report Preferences

Table and report preferences can be set from the P-Budget menu. When selected, a
dialog box appears including two options. The units in all tables and reports can be set
in metric or english. The map that is displayed in the Phosphorus Budget Reports can be
set to display the left or right view of the main layout (land use or Net P Import,
respectively).

Table and Report Preferences

Set units for tables and reports: (o gMet'icé
" English

Set map for reports: {* |eft View (Land Use)
{ Right View (Net P Impart)

=

Drainage Area Summary

The Drainage Area Summary table is not found in the menu. It is only available while
selecting an Area of Interest (AOI) with the Select by Reach/Drainage Area tool. When
this tool is used to select an AOI, the message box for this tool will include a check box
as shown below.

Drainage Area Tool

Select siream raadh with mouss to delneats conirbutng dranage area, Use Thaplay
Summary Tahls' t5 wew phosphorus budget snd runoff charectersies of the drainags
area, Mobe: i will take 7 to 3 mnuies o produce thes table, Press 'Ok when fineshed),

If the box is checked, then each time that a reach is selected, a table will be produced
providing phosphorus budget summary information associated with that reach’s
contributing drainage area. This feature has been added to this tool because it is the
only tool that consistently provides an entire drainage area with a single discharge point.
This provides an opportunity to report phosphorus load discharge at the outlet (the
selected reach) and to relate that value to the loads upstream so that the entire mass
balance can be reported. For example, upstream storage is the amount of phosphorus
stored in the stream and wetland conveyance system, which is calculated as the
difference between the runoff load at the runoff source and the discharge load at the
drainage area outlet. The tool also provides an opportunity to compare the results of the
WAM water quality model to measured values that may have been taken at that location.
Measured flow and phosphorus concentration that have been associated with the
selected reach are displayed. More than one sampling station may exist on the same

B- 13
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reach. In which case, they are all displayed along with the name of the sampling
station(s).

@ Attributes of daTbl =13
| Properties |  values
» MNorthemn Lake Okesachobes, Reach No 40%
Drainage Area {ac 115435
[ | Total imgorts (bs) 1213762
| Total Exponts (ibs) 396965
| net imports (ibs) B16738
B Ramnfal (lbs 33544
-'Jr!cra:gr at Source (lba ' 154188
| | Onste Storage (bs) 696092
: Discharge at Outle! (bs 100877
Upstream Storage (lbs 53311
B Wodeled fliow al Dutlet (ach [ 51203
] Wodeled Avg. Concentration (ppb a7
B 5191 Measured Avg Conc. (ppb) 500
B 5191 Measured Flow at Outiet (acfi) 2554
Record 14] 4 [ T #[#1]  Show[ Al Selected | Records (Do

As pointed out in the message box, it is cautioned that the process to create this table
will take two to three minutes. This is due to the complex nature of the attenuation
algorithm that has been incorporated into this feature. A progress bar is used to indicate
the status of the computations.

Attenuation

The phosphorus assimilation algorithms developed for the Lake Okeechobee
Agricultural Support System (LOADSS) program (SWET, 2001) were used to estimate
the attenuation that occurs from the source of the phosphorus contribution to the outlet
of the drainage area. The assimilation model, as shown in Equation 1, is a second-order
exponential relationship.

C - (Co - Cb)e”(-kD) + Cb 1)
where,

k =aQ-b

C = the concentration at the end of a reach (i.e., a sub-basin node)

Co = the concentration at the beginning of a reach

Cb = the background or minimum concentration expected

D = reach length

aandb = empirical coefficients and

Q = stream discharge

Values for a, b, and Cb are the actual calibration parameters for representing the
influence of flow-rate on attenuation. The values for Q, D, and Co are acquired from
physical parameters in the watersheds that are provided by WAM. The following
datasets are used from the WAM model:

B-14
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Preprocessed Note: “[ " denotes raster grid

[celldistl] grid of distances to nearest downstream lake, stream or slough
[celldist2] grid of distances to nearest downstream wetland

[celldist3] grid of distances to nearest downstream depression

[streamnode] grid identifying the reach code number to which each cell ultimately drains

Reaches.shp shapefile of hydrologic reaches including attributes for reach code number, type
(stream, lake or slough), length, and accumulated length for downstream
reaches (streams, lakes and sloughs) from each reach to Lake Okeechobee

Model Output Note: “[ ]” denotes raster grid

[solpcell] soluble phosphorus load in surface water runoff at source
[sedpcell] sediment phosphorus load in surface water runoff at source
[gwpcell] phosphorus load discharged to groundwater at source

[ro] runoff (in depth)

[perc] percolation (in depth)

The preprocessed datasets represent static information that is utilized but not changed
by the P-Budget interface. The preprocessed grids were created using the WAM setup
interface individually for each region and then merged together. The reaches.shp file
was also created using WAM'’s setup interface, but was supplemented with the
downstream accumulated reach lengths.

Attenuation is applied in two sequential processes — overland flow and stream/lake/
wetland flow. To account for the influences of the three reach types (stream, lake or
wetland), weighted coefficients are used to reflect the relative influence of the reach
types. The following equations and coefficient definitions describe how the new
assimilation equations are represented:

Overland Flow Equation

C1 = (CO - Cb)*e"(-Ko*Do) +Cb 2)
Where,
Ko = Ao*qo”(-Bo) 3

Stream/Canal Flow Equation

C2 = (C1 - Cb)*e"(-Kc*D) + Cb 4)
Where,

Kc = (As*Ds+APDI+Aw*Dw)/D *gb”(-( Bs*Ds+BI*DI+Bw*Dw)/D) (5)
And where,

B- 15
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[Do] = Distance of overland travel from cell to nearest stream, lake or wetland (m)
[Ds] = Distance of travel through streams between cell and drainage area outlet (m)
[DI] = Distance of travel through lakes between cell and drainage area outlet (m)
[Dw] = Distance of travel through wetlands between cell and drainage area outlet (m)
D] = Total flow distance in streams, lakes and wetlands (m)

[go] = Discharge from cell in equivalent depth (in/yr)

[gb] = Average discharge from drainage area in equivalent depth (in/yr)

Ao = Constant A in K equation for overland flow

Bo = Constant B in K equation for overland flow

As = Constant A in K equation for stream flow portion of stream

Bs = Constant B in K equation for stream flow portion of stream

Al = Constant A in K equation for lake flow portion of stream

Bl = Constant B in K equation for lake flow portion of stream

Aw = Constant A in K equation for wetland flow portion of stream

Bw = Constant B in K equation for wetland flow portion of stream

Cb = Background concentration (mg/l)

[CO] = Initial concentration of constituent in polygon (mg/l)

[C1] = Concentration after overland flow attenuation (mg/l)

[C2] = Concentration after stream flow attenuation (mg/l)

Note: “[ ]” denotes raster grid

Attenuation Procedure:
Step 1. Create [Do] is set equal to [celldist1]

Step 2. Create [Ds], [DI] and [Dw] and [D] by reclassifying [streamnode] with data from
reaches.shp

Step 3:  Create [go] by converting [ro] to inches

Step 4. Create [gb] by adding [ro] and [perc] together and obtaining the mean value

Step 5:  Create [CO] by adding [sedpcell] and [solpcell] together and converting to
mg/l using [ro]

Step 6:  Create [C1] using overland attenuation formula

Step 7:  Convert [C1] to loads

Step 8:  Replace [C1] by adding attenuated surface water and groundwater loads
together and converting to mg/l using the sum of [ro] and [perc]

Step 9:  Convert it to mg/l using the sum
Step 10: Create [C2] using stream/lake/wetland attenuation formula

Land Practice Import and Exports

This table is accessible directly from the P-Budget menu on the Phosphorus Budget
Toolbar. It includes detailed information regarding annual phosphorus imports and

exports per land use for each component including fertilizer, feed, cleaners, harvest,
liveweight, hay, sod, milk and septic tanks. The values are created by summarizing
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each component grid stored in the either the ..\Covers or PCP folder depending if a PCP
is open. An analysis mask corresponding to the Area of Interest (AOI) is applied if an
AOl is selected.

B Annual Phosphorus Imports and Exports (in Kg) by Land Use

LANDU SE CLEANERS

# RANGELAND 12360 ] 108681 437 11088 a B340

WFROVED PASTURE | 15275 22797 | 26349 | 0| 254278 | 0 4973

WETLANDS | 21803 o o 0 o [ [

FORESTED UPLANDS | 20723 [ (] 0| o 0 []

DAR' | 258 13218 75750 | 11| BSETE | 0 858 3

BARREN LAND [ 48 [ o ] o o [

OTHER URBAN [ 6858 o o 0 o 0 [

UNMPROVED PASTURE 4536 6768 | 3a02| 158 10745 | 0 2261

TRUCK CROPS | 1138 291647 | 0 0| 251647 | 22883 | []

CMRUS | 21603 9203 | 0 ] 8203 107583 0

WATER BODES | 28130 [ [ 0| [} 0 [

GOLF COURSE | 10 748 | 0| ] T4B | [ [ &
< »
Recort 14|« 7 #[m| Show[ Al Selected | Records (0oul of 20 Selected) Dptions »

The table is stored in dBase format in the ..\Covers folder and is called landp.dbf. This
file is replaced each time that the table is created.
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Phosphorus Budget Reports

There are three options for reviewing Phosphorus Budget Reports - by region, by basin
and by land use. These reports include a table, a pie chart and an image captured from
the left or right view of interface layout. The table consists of summaries of the
phosphorus imports and exports along with rainfall, runoff and onsite storage. Onsite
storage is the amount of phosphorus retained in the soils at the source of the
phosphorus application and is equal to the runoff load minus the rainfall and net import
loads .

Phosphorus Budget
P-Budget ¥ | & |- Select Base Map - ~ ® ez iz
Phosphorus Contral Plans 3
Area of Interest »

Land Practice Imports and Exports

Phosphorus Budget Reports By Region
Table and Report Preferences. .. By Basin
Help... By Land Use

The reports are generated programmatically using Crystal Reports, which is distributed
with ArcMap. The reports can be printed or exported to a variety of formats.

Report Viewer &
r L J - Doweiec By [ ]
S & F =L R crystal®e®
e i
- i1l
SFWMAID Lake Okeechobee Protection Plan Phosphorus Budget Report P \I
Eustng Conatons 5!1., _\_/'
Total Phosphorus Budget by Basin (in Tons)
BASINS Area(ac) Imports Exports letimport RainfallP Runoff P Onsite P
ARBLCHLE TREED 13581 E300% 171 #83 FE)S3E =t sk [ ] 520
LANE ARBLICHLE YEaE 141058 = Bdad WTh Fad. | nr=
JOSETmIGE MR nm a4 vae P ] e ] S 1
LAKE STORPOGA A T A ot v b bl | T8ET aEM s b L TR
Toal 3000 1087578 352864 31414 SE840  7RMET 613068
Het Phosphomus import by Basin
B MBS ECREERX WY
B D SEPsNE CRERS 35T
W -YE MRCCE s
~NE STETPON a1%
T hi- T
AR LLE
CAEES
CIFERNE
CREEX
) -
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WAM Water shed Assessment M odel

What is WAM?

WAM (Watershed Assessment Model) is a water quality assimilation model that was
developed in the mid-1990’s based on similar models written by Dr. Del Bottcher of Soil
and Water Engineering Technology, Inc. (SWET). The first version of WAM was written
for the ARC/INFO Unix workstation platform. This version was written using ESRI’'s AML
programming language. WAM was one of the first water quality assessment models that
used the ARC/INFO component called GRID. GRID provided the ability to perform
computations using rasters on a cell-by-cell basis. This resulted in output at a much
finer scale (typically 1 ha) than could be provided using polygons. The computations
were also performed significantly faster than could be performed using polygon overlays.

The concept of WAM is to overlay land use, soils and rainfall zones to produce unique
combinations that are submitted to three submodels — Groundwater Loading Effects of
Agricultural Management Systems (GLEAMS; Knisel, 1993), Everglades Agricultural
Area Model (EAAMod; Botcher et al., 1998; SWET, 1999), and a special-case model
written specifically for WAM to handle wetland and urban landscapes. These submodels
are bundled into one program called BUCShell, which uses parameter dataset files for
land use, soils and rainfall to produce an estimated annual average phosphorus runoff
load in kilograms per hectare for each unique combination. The results are then
spatially distributed onto the watershed by relating the output table to a grid of the
unique combinations. The resulting grids represent the average annual phosphorus load
at the source in both surface water runoff and groundwater.

Integration with P-Budget

The WAM model needs to run when, by creating a PCP, a change in land use practices
affects WAM’s land use model coefficients used to assimilate water quality runoff. The
execution of WAM is accomplished through the creation and maintenance of several
databases with the goal of minimizing model runtime. The files below represent the
databases and text files used in the process:

The following steps are performed to verify if WAM needs to run, create the model input
data and manage the output:

WAM Execution Procedure

Step 1: When a PCP is created the following files are copied from ..\Tables\Regions\region
name folder to the ..\PCPs\pcp name folder:

coeff_def.dbf --> coef pcp.dbf
calc_def.dbf --> calc_pcp.dbf
wam_def.dbf --> wam_pcp.dbf

Step 2:  The files are edited through the interface by changing P import/export coefficients
(directly or via calculators)
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Step 3:

Step 4:
Step 5:

Step 6:

Step 7:

Step 8:

Step 9:

Step 10:
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wam_pcp.dbf is compared row by row to ..\tables\luseq.dbf to determine if new
parameter sets need to be created

If No: The previously established sequence number is added to the relevant row in
wam_pcp.dbf

If Yes:The row from wam_pcp.dbf is added to lu_seq.dbf and a new sequence
number is created and added to the relevant row in wam_pcp.dbf

A grid is created of the land use sequence numbers based on the corresponding land
uses within the PCP spatial extent

A grid is created of the unique land use sequence, soil and rainfall zone combinations
within the PCP spatial extent

The list of unique combinations, generated from the previous grid, is compared to a list
of previously run unique combinations found in the ..\tables\annualAll.dbf file. New
unique combinations are written to a file, ..\tables\Pload_Uniquex.txt, including the
rainfall zone, land use sequence, and soil codes along with the associated land use
parameters from wam_pcp.dbf

The ..\tables\Pload_Uniquex.txt file is copied to the .\WAM\Locallnputs folder and
renamed Pload_Unique.bnz

WAM\run.bat is executed which in turn executes PLoadRuns.exe and BUCShell.exe.
PLoadRuns.exe uses information from the Ploads_Unique.bnz file to create
..WAM\Globallnputs\landuse.bnz and ..WAM\Locallnputs\unique.bnz. BUCShell.exe
performs the water quality assimilation using GLEAMS, EAAMOD or a special case
model. The output is stored in .\WAM\Days\annual.csv

The .\WAM\Days\annual.csv file is converted to a database and the rows are
appended to the ..\Tables\annualAll.dbf file

The unique grid created in Step 5 is reclassified using the annualAll database to create
grids of soluble, sediment and groundwater phosphorus in g/ha and runoff and
percolation in mm

Other WAM Datasets

There are several parameter datasets associated with WAM that are stored in the
.\WAM\\Globallnputs folder as text files.

Control.ctr - control file for EAAMOD

Default.bnz - default information used by models including years of simulation
Defaultn.in - default information used by models including rates
Eaamod.inp - list of files and sensitivity run control for EAAMOD

Files.fin - list of input files and unit numbers for EAAMOD

Files.in - lists I/O files that are used by GLEAMS

Field.# - field geometry and conditions for EAAMOD

FldCtrFiles.in - list of field and control files for EAAMOD

Landuse.bnz - land use specific model parameters for GLEAMS
Lu-eaa.bnz - land use specific model parameters for EAAMOD
Lumodel.bnz - list od land uses that are to be run using EAAMOD
Luspec.bnz - information for land uses simulated by the special case model
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Rainfiles.in - list of rain stations and corresponding zone numbers
Soil-eaa.bnz - soil specific model parameters for EAAMOD
Soils.bnz - soil specific model parameters for GLEAMS

Sspec.bnz - information for soils simulated by the special case model
StationName.ran - daily rainfall information

Temp.tem - temperature information for EAAMOD

Wifield.wtf - field water table file used by EAAMOD
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Updating P-Budget

Land Use

Periodic updates of land use spatial datasets may result in the need to update the
default model runs associated with P-Budget.

The GIS raster dataset called lu_grid located in the ..\Covers folder includes cells, 1
hectare in size, with values created using a lookup table called flu2codes.dbf located in
the .\Tables folder and based on the Florida Land Use Classification Code System
(FLUCCS). A gualified GIS technician should join this table to the FLUCCS code (level
3 or higher) of the land use polygon coverage using the Fluc_code field of the lookup
table. The attribute table should be carefully examined to make sure that every
FLUCCS code has a matching code in the lookup table. If not, the lookup table will need
to be updated to include the missing FLUCCS codes. The most appropriate P-Budget
codes will need to be chosen. When every land use has a match in the lookup table, a
raster dataset (or grid) will need to be created using the same extent and cell size of the
previous lu_grid raster and with the values found in the Pbud_code field of the joined
lookup table.

Abandoned dairies, which have been converted to pasture, were added to the previous
land use dataset because the runoff characteristics differ from pasture. If, at the time of
the update, these sites still exhibit high phosphorus runoff, they should be retained in the
land use raster dataset by the GIS technician.

An additional field needs to be added to the attribute table of the new raster dataset.
The field needs to be called 'Landuse2'. It should be a string type of field, 32 characters
long. To populate this field, the flu2codes.dbf lookup table should be joined to the
dataset using the value field of the dataset and the Pbud_code field of the lookup table.
The Landuse2 field should then be calculated and set equal to the joined Pbud_desc
field. The lookup table can then be unjoined and the new raster dataset should be
saved as lu_grid to replace the previous dataset.

P-Bud Update Interface is an ArcGIS mxd file created to replace the default model runs
if land use, import/export coefficients or WAM datasets have changed.

Import/Export Coefficients

Surveys or other updated information regarding land use practices may make it
necessary to update the default phosphorus import and export coefficients. These
coefficients are stored in dBase files in the ..\Tables\Regions\RegionName folders.
There are three files that need to be edited per region:

coeff_def.dbf Database of a region's default P import and export coefficients

calc_def.dbf  Database of a region's default P calculator values
wam_def.dbf Database of a region's default WAM land use parameter combinations

B- 22



Appendix B: P-Budget User Manual

The coef_def.dbf file includes a record (or row) for each land use and the following

fields:

Field
FERT_IMP
FEED_IMP
CLNRS_IMP
TOTAL_IMP
HARV_EXP
LIVEW_EXP
HAY_EXP
SOD_EXP
MILK_EXP
SEPT_EXP
TOTAL_EXP
NET_IMP
LU_GROUP
PICTURE

Description
Fertilizer Import Coefficient in g/ha

Feed Import Coefficient in g/ha
Cleaners Import Coefficient in g/ha
Total Import Coefficient in g/ha
Harvest Export Coefficient in g/ha
Liveweight Export Coefficient in g/ha
Hay Export Coefficient in g/ha

Sod Export Coefficient in g/ha

Milk Export Coefficient in g/ha
Septic Tank Export Coefficient in g/ha
Total Export Coefficient in g/ha

Net Import Coefficient in g/ha

Land Use Description in g/ha

Image File Name in g/ha

Before the above fields are edited, it is recommended that the fields of the calc_def.dbf
file be edited first and then used to create coef def.dbf. It is further recommended that
calc_def.dbf be used when performing new surveys (or other data collection) of land use
practices. The calc_def.dbf file includes a record (or row) for each land use and the

following fields:

Field
FERTRATE1
FERTP2051
FERTAREA1
FERTRATEZ2
FERTP2052
FERTAREAZ2
FEEDDENS
FEEDRATE1
FEEDPCON1
FEEDRATEZ2
FEEDPCONZ2
FEED2PEFF
FEED2DENS
CLNRSAMT
CLNRSAREA
HARVRATE1
HARVNUM1
HARVPCON1
HARVAREA1
HARVRATEZ2

Description
Annual amount of fertilizer applied on Farm Area 1 in kg/ha

Amount of P205 in applied fertilizer on Farm Area 1 in percent
Percentage of Farm Area 1 over entire farm

Annual amount of fertilizer applied on Farm Area 2 in kg/ha
Amount of P205 in applied fertilizer on Farm Area 2 in percent
Percentage of Farm Area 2 over entire farm

Animal density in number of animals / ha

Annual amount of feed for Feed Supplement 1 in kg/animal
Average P content in Feed Supplement 1 in percent

Annual amount of feed for Feed Supplement 2 in kg/animal
Average P content in Feed Supplement 2 in percent

Annual amount of P in human effluent per housing unit (assuming 2.5 people per unit) in Kc
Average number of housing units per ha

Annual amount of P in cleaners in kg (used only for dairies)
Average farm size in ha (used only for dairies)

Annual harvest rate from Crop Area 1 in kg/ha

Number of crops per year on Crop Area 1

Average P content in crop from Crop Area 1 in percent
Percentage of Crop Area 1 over entire farm

Annual harvest rate from Crop Area 2 in kg/ha
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HARVNUM2
HARVPCON2
HARVAREA?2
LIVEWDENS
LIVEWWT
LIVEWPCON
HAYRATE
SODRATE
MILKDENS
MILKPROD
MILKPCON
SEPTTANKS
SEPTPEFF
SEPTPREM
SEPTDENS
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Number of crops per year on Crop Area 2

Average P content in crop from Crop Area 2 in percent
Percentage of Crop Area 2 over entire farm

Annual number of culled livestock per ha

Average weight of culled livestock in kg/animal

Average P content of culled animal in percent

Annual amount of hay harvested in kg/ha

Annual amount of sod harvested in kg/ha

Average number of milking cows per ha

Annual amount of milk produced in kg/cow

Average P content in milk in percent

Percentage of homes on septic tanks

Annual amount of P in human effluent per housing unit in Kg/unit
Average percentage of P removed when a tank is cleaned
Average number of housing units per ha

A spreadsheet file called calc2coef.xls, located in the ..\Tables folder can be used to
create coef_def.dbf from calc_def.dbf.

The WAM land use parameter file, wam_def.dbf, is not be edited like coef_def.dbf and
calc_def.dbf. Rather, it is recreated when P-Budget Update is run. The P-Bud Update
Interface is an ArcGIS mxd file created to replace the default model runs if land use,
import/export coefficients or WAM datasets have changed.

WAM Datasets

Besides the land use parameter datasets that are edited through the P-Budget interface,
the WAM Watershed Assessment Model includes several other parameter datasets that
will most likely never need to be edited for the purposes of P-Budget. It may, however,
be necessary to update the rainfall information and the modeling run period.

If at all possible, the same rainfall stations should be used. These stations can be found
in the rainsta.shp shapefile located in the ..\Covers folder. If the station locations
change, it will be necessary for a GIS technician to recreate a raster in the ..\Covers
folder called rainzone which is created by using proximity functions with the station
shapefile. This, in effect, applies Thiessens Method to create the rainfall station zones.
The stations must be numbered sequentially starting with one and the values of the
zones in the raster must match the station numbers. If rain stations change, then the
rainfiles.in file located in the . \WAM\Globallnputs folder will also need to be edited to
reflect the change.

The rainfall datasets will need to be supplemented if the modeling run period is being
extended. Each rainfall file is names after the rainfall station (click here to see file
format). The values are in cm. If a new rainfall station is introduced, then an entire new
file will need to be created. Make sure that the record sets are complete. Any gaps in
the data should be supplemented with data from nearby stations. Calculate the total
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annual rainfall and compare it to the annual rainfall of other stations to assess whether
the data is within a reasonable range of the other stations.

To change the model run period, edit the BEGYR and ENDYR parameters in the
default.bnz file located in the ..\WAM\Globallnputs folder. Itis recommended that a ten
year span be used. The first five years of the model are used to bring the model to
equilibrium and are then discarded. The model results will only reflect the last five years
of the specified model run period.

The P-Bud Update Interface is an ArcGIS mxd file created to replace the default model
runs if land use, import/export coefficients or WAM datasets have changed.

P-Budget Update Interface

The P-Bud Update Interface is an ArcGIS mxd file created to replace the default grids if
land use, import/export coefficients or WAM datasets have changed. This interface does
not have to be used if only the water quality sampling data has been updated.

If the WAM datasets are changed in any way, then the luseq.dbf, lusegx.dbf and
annualall.dbf files should be edited prior to performing this update by deleting all of the
records in these files. This does not need to be done is only the land use or
import/export coefficients have changed.

The interface will run for each of the selected regions. The runs may take several hours
and even days if all of the regions are selected and if the WAM datasets have changed.

Update Default Grids X

Select Region(s)

[ Upper Chain of Lakes

[ Lake Istokpoga

[ Morthern Lake Okeechobes
[ Western Lake Okeechobee
| Eastern Lake Ckeechobes
| Southern Lake Okeechobes

Close
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Water Quality Sampling Data

The sampling data is viewed in conjunction with the Drainage Area Tool and Summary
Table. A variety of sources were used to incorporate water quality sampling data into
the interface including:

Lake Okeechobee Water Assessment (LOWA)

Kissimmee River Eutrophication Abatement Program (KREA)
Taylor Creek Nubbin Slough (TCNS)

Miscellaneous District Structures (Struc)

The sampling sites were reviewed spatially to determine if there is a matching hydrologic
reach that the site could represent. The sampling data was then averaged over the
same period of record used by the model and the values were saved in fields of the
reaches.shp shapefile located in the ../Covers folder. Attributes were added in the fields
below for each matching reach in the attribute table of the reaches.shp shapefile.

Field Description
CALCREACH Hydrologic reach number

TCNS_STA TCNS station name

TCNS_PPB TCNS average P concentration in ppb
KREA_STA KREA station name

KREA_PPB KREA average P concentration in ppb
LOWA_STA LOWA station name

LOWA PPB LOWA average P concentration in ppb
STRUCT_STA District structure name

STRUCT_PPB District structure average P concentration in ppb
STRUCT_M3  District structure annual average flow in m3

The interface is programmed to search for values in these fields that are greater than
zero. Any such values are presented in the Drainage Area Summary Table along with
the corresponding station name.
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Base Maps

Base maps consist of shapefiles located in the ..\Covers folder that overlay onto the left
and right views of the main layout. They are activated in the interface by using a
dropdown list and toggle button located in the Phosphorus Budget toolbar. Base maps
are intended to provide reference information and typically include roads, county
boundaries, etc.

Updating Base Maps

With the interface open (p-budget.mxd), go to 'Window' on the main ArcMap menu and
select 'Table of Contents' to view the layers. Notice that there are three dataframes -
Left View, Right View and Select Extent. Each dataframe includes the same set of base
map layers. The names of these layer match exactly the names in the dropdown list
found in the Phosphorus Budget toolbar. Take note of the base map you wish to update.
Find it in the Left View dataframe and double click on it. Click on the 'Source' tab and
note the name of the shapefile. For example, the Subbasins layer source is shas.shp.
Close everything including p-budget.mxd.

Most base maps can simply be replaced with updated versions by replacing the
corresponding shapefile in the ..\Covers folder with the following exceptions:

e Stream Reaches (reaches.shp) should not be spatially edited or replaced. The
information in this shapefile is used to generate the drainage areas. Attributes in the
fields associated with the sampling sites, however, may be edited (see Water Quality
Sampling Data).

e Regions (regions.shp) needs a string field called 'Primaries’ that includes the names
of the regions.

e Basins (basins.shp) needs a string field called 'Basin_' that includes the names of the
basins.

e WOD Permits (wod.shp) needs a string field called ‘Permit_par' that includes permit
numbers followed by a letter indicating the parcel within the permit that the
respective polygon represents, e.g., '47-00052-QA', where 'A' represents the parcel.

e Aerial (dataview.asp) is not located in the ..\Covers folder because of it's size.
Rather it is centrally located on the District's Citrix server.

To preserve the interface, the p-budget.mxd file is write-protected and therefore can not
be saved once edited. Itis recommended that any editing required to create an updated
base map be performed in separate mxd file, then exported to replace the original
version in the ..\Covers folder. The next time p-budget.mxd is opened, the layers will
automatically be updated with

Adding New Base Maps

Adding a base map to the interface requires the use of ArcMap functions and minor
changes in the VBA code.
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To preserve the interface, the p-budget.mxd file is write-protected. It is necessary to turn
off the 'Read only' property for this file before proceeding. It is recommended that a
backup copy of the file be created before proceeding. Be careful while editing this file
that only the changes listed below be made. Any other changes may have undesired
results.

It is recommended, for file management purposes, that the base map file (usually a
shapefile) be saved in the .\Covers folder. However, if it is a large dataset or one that
other users may also wish to access, the file may be located centrally on the District's
server in an accessible and protected location.

Open the p-budget.mxd file in ArcMap and go to '‘Window' on the main ArcMap menu
and select 'Table of Contents' to view the layers. Add the new base map layer to the
Left View dataframe and format the layer symbols, etc. as needed. Change the name of
the layer to a name that is appropriate, but simple. Once satisfied with the format and
appearance of the new layer, copy the layer to the other two dataframes - Right View
and Select Extent. Make sure that each of the newly added layers are turned off and
collapse the layers so that the symbols do not show. Close the table of contents.

From the ArcMap main menu, go to Tools --> Macro --> Visual Basic Editor. Visual Basic
of Applications will open. In the Project Explorer window, locate the ThisDocument
module under the ArcMap Objects folder. Open the module, if it is not already open. At
the top of the document, there are several statements that begin with 'Dim'. Locate the
one that says 'Dim baseMapsOnList(14) As Boolean' and change the number in the
parentheses to the next sequential number.

There are two dropdown list boxes at the top of the window. The left box needs to be
set on '(General)'. In the right list box, select 'Startup’. The document will automatically
scroll down to that portion of the code. There are several statements that begin with
'‘BaseMaps.Addltem’, followed by the name of the base map. After the last statement
like this, add 'BaseMaps.Addltem' followed by the name of your base map, in quotes,
exactly as it appears in the layers that were previously added to the three dataframes.

The next section of code below this is used to set the basemaps on or off at startup.
Add the line  'baseMapsOnList(#) = True' to the bottom of this section, where # equals
the next sequential number. (Note: This number should be one less than the number
entered with the Dim statement)

Close Visual Basic of Applications and return to ArcMap. Save the project and exit
ArcMap. Be sure to save it before exiting because you will not be prompted to save it
(as occurs when usually exiting a program). Change the p-budget.mxd file attributes to
read-only again. The next time you open the file, the added base map should appear in
the dropdown list of base maps and the base map should appear in the right and left
views when toggled on.
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Tutorial
STEP 1: Getting Started

Start ArcMap and open P-Budget.mxd located in the C:\PBudLOPP folder

e |ocate the Phosphorus Budget toolbar and place it somewhere in the top of the screen (if it is
not already there)

e Close any unnecessary toolbars and maximize the ArcMap application window

e Press the Reset Interface button to refresh the screen 3

e Use the pan and zoom tools in the standard toolbar on the left view
O Notice that both views change simultaneously

e Use the pan and zoom tools on the right view
O Notice that both views do not change simultaneously

$

e Press the Reset Interface button again to refresh the screen
e Select ‘Counties’ from the drop-down list of base maps

X

O Notice that the ‘Toggle Base Map’ button is now enabled with an “x”

e Click the ‘Toggle Base Map’ Button to turn on the base map
O Notice that county boundaries are now shown and the toggle button now includes a
check mark in place of the “x”

*_ P-Budget.mxd - ArcMap - ArcView [Z”E|[X|
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Next Step

STEP 2: Creating a PCP

e From the Phosphorus Budget toolbar go to P-Budget > Phosphorus Control Plans - New

New Phosphorus Control Plan

Enter a Mame, Region and Description, then use the Area
Selection tools located in the Phosphorus Budoet toolbox to
select an area within the region to which the PCP will be applied.

Name: | test Flegim:l Morthern Lake Dkeec:huhj

Description
Thiz is a test Continue
Cancel

e Read the instructions, enter the name “Test” and select the “Northern Lake Okeechobee”

region
O Notice that the screen zooms to the extent of the selected region

e Enter “This is a test” for the description

Click on the ‘Select by Reach’ tool » , read the message and click ‘OK’
Click on the reach shown below and wait for the screen to refresh showing the reach’s
drainage area

Select this
reach
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Click on ‘Continue’ then click ‘“Yes’ when asked to replace the PCP
On the Edit Land Use Practices form click on ‘Dairy’

O Notice that the picture has changed and the area in hectares is displayed
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Edit Land Use Practices El
Select Land Use:
RANGELAND a Rt
IMPROVED PASTURE Fertilizer 5828 g/ha-yr IE]
FORESTED UPLANDS
Feed 59043 ghayr H
LINIMPROVED PASTURE
TRUCK CROPS Cleaners | 112 gfha-yr
CITRUS
GOLF COURSE Total Impart 72983 gfha-yr
500 FARM =
0 of 13112 ha Exparts

Harvest liﬂ g/ha-yr EI
Lvewsight [ 639 gha-wr EJ
Hay [ g ghayr E

Sod 0 gha-yr EJ

mik [ 20623 ghayr ;Eﬂ
Septic [ g ghaw E

Total Export 21262 agha-yr

Met Import 51721 gha-yr

Apply Lse Default ‘ Revert | Close ‘

Click on the fertilizer ‘Calculator’ button located near the top right corner of the form ﬁ‘

For Area 1: Application Rate, enter any number between 100 and 250 (try to select a random
number that no one has used before.

Click ‘Calculate’ and notice that the phosphorus coefficient for fertilizer has changed
Click ‘Apply’ to apply the changes and notice that the Net Import value has been updated

Repeat this procedure for ‘feed’ — change the animal density from 4 to 2 animals/ha (click
‘Calculate and ‘Apply’ again)

Click ‘Close’ and ‘Yes'’ to save changes

(0}

The message bar at the bottom of the screen will most likely display “1 new WAM
land use parameter combination found” (if the message says “0 new WAM land use
parameter combination found” then the value you entered was previously used and
WAM will most likely not need to run

The next message to appear will indicate how many new WAM unique soil and land
use combinations need to be run (if > 0 a DOS window will appear and WAM wiill
begin running the uniques)

When WAM is finished, the DOS window will close automatically and P-Budget will
add the results to a master list of results and begin preparing the runoff grids (this
takes about a minute and the screen may go blank)

The next set of messages to appear in the bottom of the screen indicate which
import/export component is being processed (this may take a few minutes)

When the processing is completed, the results will be displayed in the right view
Notice that the areas corresponding to dairies within the PCP extent may appear
significantly lower in net phosphorus import depending on the fertilizer value that was
entered

Next Step

B- 32



Appendix B: P-Budget User Manual

STEP 3: Managing PCPs

e From the Phosphorus Budget toolbar go to P-Budget - Phosphorus Control Plans - Close
O The right view will return to the default net import results

e Go to P-Budget = Phosphorus Control Plans = Open and click on to ‘Test’' in the list of
saved PCPs

O Attributes associated with the PCP will appear

Phosphorus Control Plans E|
Saved PCPs; Description:
This is a test
test2
4 __'_J Region: | Morthern Lake Okeechobee
Open I Cancel I

e Click ‘Open’ and notice that the right view has once again changed back to reflect the net
import results of the PCP

e The ‘Edit Land Use Practices’ form has also appeared assuming that the user wants to make
additional changes

Do not make any changes and click ‘Close’

The form may be opened again by going to P-Budget > Phosphorus Control Plans - Edit
O Notice that the 'Use Default' button is now enabled

Edit Land Use Practices

Select Land Use:
RANGELAND | T
IMPROVED PASTURE Fertiizer I 2930 gha-yr EJ
FORESTED UPLANDS
Feed 34522 ghayr EJ
UNIMPROVED PASTURE
TRUCK CROPS Cleaners | 112 ofayr jﬂ
CITRUS
GOLF COURSE Total Import 37564 gfha-yr
50D FARM =l
1837 of 12857 ha Exports
Harvest 0 gha-yr E
Livewsight 539 ghar __51[

Hay [ p ghar EI
sod [ o omew il
Milk 20623 Dﬂ“"ﬂ'ﬂ
Sepic [ g ghayr ﬂ
TotalExport 21262 gha-yr

Met Import 16302 ghha-yr

| o |

e Press 'Use Default' and notice that the fertilizer coefficient returns to the default value
established fir the Northern Lake Okeechobee Region.
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The 'Revert' button is now enabled. Press this button to restore the previously saved
coefficients associated with this land use.

Press 'Close’. You should not be prompted to save since no changes were made.

= P-Badget mmd - Arclap - ArcYiew
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Phudget » T [Coune v E 2N

=

Saputln Flowiala water fimanomasat Blorict - Phocphorus l.'.u.nilxgr Tl for the Laky Odgrelhoker Frotpotbion Plas Are
3

P ODEs DODOD SEE

Next Step

B- 34



Appendix B: P-Budget User Manual

STEP 4: Using Drainage Area Tool and Setting An AQOI

e From the Phosphorus Budget toolbar go to P-Budget - Area of Interest > Set
e Read the message in the ‘Set Area of Interest’ dialog. Do not press any buttons in this dialog
yet

Set Area of Interest

Ise the Area Selection tools located in the Phosphorus
Budget toolbox to select an Area of Interest, Press
Continue when finished.

Cancel Continue

e Click on the ‘Select by Reach’ tool » and notice that the message box for this tool now
includes a check box indicating if a summary table is to be displayed — check the box and

click ‘OK’

Drainage Area Tool

Select stream reach with mouse to delineate contributing drainage area. Use Display
Summary Table' to view phosphorus budget and runoff characteristics of the drainage
area. Mote: it will take 2 to 3 minutes to produce this table. Press 'Ok’ when finished.

Iv iDisplay Summary Table | Ok

e Click on the same reach you used to create the PCP (a status bar will eventually appear at
the bottom of the screen (it will take 2-3 minutes to produce this table)
e When the table appears, review the results (notice that the “Discharge at Outlet” reflects the

average annual attenuated load at the selected reach)
O The selected reach should correspond sampling station TCNS 213 which will be
displayed in the table for comparison to the modeled concentration
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u D - D [ |
Properties Values

k |Morthern Lake Okeechobee, Reach No. | 472
Drainage Area (ac) | 31770
Total Imports (Ibs) ! 344351
Total Exports (Ib=) ! 138235
Net Imports (b=} | 206057
Rainfall (lbs) i B524
Discharge at Source (lbs) i 32025
Onsite Storage (lbs) | 182596
Discharge at Outlet (bs) | 21471
Upstream Storage (lbs) | 10554
Modeled flow at Outlet (acft) | 23538
Modeled Avg. Concentration (ppb) [ 335
TCNS 213 Measured Avg. Conc. (ppb) | 475

Record: ﬂlﬂl 1 _blﬂl Show; W Selected | Records [0 oL

Close the table and click on the ‘Select by Basin’ tool
Click “Yes’ to replace the previous extent and ‘OK’ to begin selecting a basin

| Be ESt yew puert Gelecton Toos Window teb

DEES BB o $[@E 274808 QARULOSE D rOoMS
i () Je vexmun
& 7 A E|
PR 5ot Ares of fnterest Ll e
g Lie the Ares Selaction tnols located n the Phosphorus B
Busdoet tookox bo sslect an Area of Inerest. Press b
Contrue when firihed,
-
-
Cl
-
ol
an|al
pawg K O A~ < [0aa A =] Bz ulAx B~ F~ &~

GEA050. 54 L259648.9] Feet

Click on to the S-191 basin, then click the ‘Continue’ button in the ‘Set Area of Interest’ dialog
O Notice that the entire basin becomes outlined

Click on the ‘Zoom to PCP’ ** and ‘Zoom to AOI'

toolbar

e

buttons in the Phosphorus Budget
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= P-Budget.mxd - ArcMap - ArcView
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Next Step
STEP 5: Displaying Output Tables and Reports

e From the Phosphorus Budget toolbar go to P-Budget - Land Practice Imports and Exports

e |n the table that appears, scroll horizontally to see the fields this table offers
O This table provides a detailed account of the various components of phosphorus
imports and exports within the spatial extent of the AOI

W Altribubes of landps
LANDUSE ACRES | FERTILIZER FEED CLEANERS | IMPORTS | HARVEST | LIVEWEIGHT HAY
B | BLANGELAND 20T & ] 3 30 ] 17 ]
BIPOWED PASTURE B345% E3JeET TORED (] SE4E2E o I3350 i34
WETLANDS I Ee ® [ [ o a 0 v
FOSESTED USLANDS | 1o = ] ] o 5 o ]
[sEN =4 1isET ABEIT 350437 29T BXI26E £ AFTT TEi&E
|marmen Lano [ 3E % [] o ] a ] v
OTHER UaBAN | &1 - ] ] ] ] ] ]
UHRIMROVED PASTLUIRE 2478 -] 5048 123 BE3 = 1831 g
TRUCK CROPS [ 43 BssE [ [ 100454 5218 o 0
[T | LT 1264 [] [] 10 12650 ] ]
WATER BODES 1 X2 = ] a 1] o o 4
GOLF COURSE | &7 10682 [ [] 28] a ] ]
SO0 FaRu | =T 1TEEE 8 ] 14530 ] ] ]
CRRALEERTALS =1 BEpE g [} 123227 ESEZ? o B
AGUACULTURE [ 148 v [ ] o ] ] ]
POULTRY Eg & 8 ] ] ] ] ]
WILD GAME 3B J&5TE To45 3 15582 £ TET =]
RESDENTIAL - MOBLE HOWE UNTS [ it ¢ 1421 [] [ ] o ]
RESDENTIAL - LOW DENSITY 2 TN BEas o 2431 o L] ]
RESOENTIAL - MEDLIM DEMSITY & 4] 1033 L] 18115 - o 4
FELD CROPS [ 444 TIeaz [ [ 79005 | 103 b 6
HORSE FARME T ¥ 2 o 1228 ] o ]
€ ¥
Fecond 14 4| Vol Stow [ Al Seiscied | Recors out of 22 Selecied Gikans =

e Close the table and go to P-Budget > Table and Report Preferences
O Select English units and Left View for the map display and press ‘Ok”
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e Go to P-Budget = Phosphorus Budget Reports = By Basin

O A report including a table, pie chart and map will appear. Notice that only one record
appears in the table because the AOI is set within only one basin

Rieport Viiwer

SagufE = - M “Ciyatalsie

SFWMD Lake Okeechobee Protection Plan Phospborus Budget Report ;_:"i,

FCF. mmit (Mot Rascts rmiess . ik

Total Phosphorus Budget by Basin (in Tons)

BABINE Srea il Mmporiy  Exporns  Medimgord Hpinfall P Eungf P Ongile B
L ] FTR IMTT e e T Y e
Tt Lra il ) Sa.7a o Y 1T 40 b T

Net Phosphorns import by Basin

B s
e

Close the report, go to P-Budget - Phosphorus Control Plans - Close and press 'Yes'
O This closes the PCP and restores the default (existing practices) scenario
Go to P-Budget > Phosphorus Budget Reports - By Land Use
O Take note of the values for phosphorus net import and Runoff P for Dairy (277.2 and
3.9 tons, respectively — default values)
Close the report and go to P-Budget - Phosphorus Control Plans - Open and click on to
‘Test’ in the list of saved PCPs and click ‘Open’. When the 'Edit Land Use Practices' window
appears, press 'Close'.
Go to P-Budget - Phosphorus Budget Reports - By Land Use again
O Notice that the Net Import and Runoff P values for dairy have been reduced as a
result of the PCP

Close the report

Next Step

STEP 6: Exiting P-Budget

e P-Budget can be closed at anytime regardless of whether a PCP is open or whether an AOI
is set. P-Budget is a read-only template for creating/editing PCPs and viewing results. P-
Budget can be closed from the main menu File - Exit or by clicking “x” in the top right corner
of the application. The user will not be prompted to save.
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