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1. Introduction 

1.1. Authorization 

As part of the Withlacoochee River Watershed Initiative (H066), and the East Citrus Withlacoochee 

Watershed (N090), the Southwest Florida Water Management District (SWFWMD) and co-funding 

partners Citrus County and the Florida Fish and Wildlife Commission (FWC), authorized Atkins 

North America Inc. to develop a verified model to simulate hydrologic and hydraulic conditions for 

design event simulations along the Withlacoochee River and the Tsala Apopka Chain of Lakes, 

which included inflow models to the river 1,500 square miles. Work efforts are summarized for the 

Withlacoochee River Watershed Initiative (H066) in Work Orders #6 and #7.1 under agreement 

number 06CC0000017 and the East Citrus Withlacoochee River Watershed (N090), under Work 

Order #4 under agreement 09CC0000001. 

1.2. Acknowledgements 

This project could not have been successfully completed without key contributions from technical 

staff and project funding partners including: 

Citrus County as a co-funding partner in the East Citrus Withlacoochee River Watershed project 

enabling an increased level of detail to be simulated within the Tsala Apopka Chain of Lakes, 

critical for the accurate calibration of the lake control structures during both high and low flows. 

Florida Fish and Wildlife Conservation Commission (FFWCC), whose contributions enabled the 

evaluation of selected alternatives related to the Flying Eagle Wildlife Management Area and detail 

in the Tsala Apopka Chain of Lakes. 

The SWFWMD Governing Board for endorsements of the project approach and supporting the 

vision to create a comprehensive watershed management tool capable of simulating the surface 

water conditions in the Green Swamp and Withlacoochee River Watersheds. 
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SWFWMD Project Managers ï Gene Altman, P.E. and Ron Ferris, P.E. for navigating the interests 

of the watershed stakeholders while advancing the project development under the beta version of 

the InterConnected Pond Routing Model version 4 (ICPRv4). Recognizing that the only true way to 

understand the Withlacoochee River was through the development of a comprehensive watershed 

level model capable of predicting how watershed alterations will provide benefits to those living 

within the watershed.  

SWFWMD Technical Staff ï Dr. Harry Downing, PhD P.E. for technical contributions to the 

application of two dimensional modeling of the Withlacoochee River System. Dr. Mark Fulkerson, 

PhD  P.E. for providing local expertise and guiding the data collection efforts necessary to identify 

and integrate key river conditions into the model development. 

Streamline Technologies ï Pete Singhofen, P.E. for providing access and technical support to the 

beta version of ICPRv4 and insights into model development and calibration. 

1.3. Background 

 The Withlacoochee River was called by the Seminole Indians, ñlittle, big waterò, characterizing the 

great fluctuations between drought and flood that are commonly exhibited by the river due to 

changing hydrologic conditions. It is this range of conditions, coupled with public concerns of man-

made alterations over the past 130 years, which prompted a study to provide a better 

understanding of the dynamics of the river. This ñbasin-wideò approach required a tool capable of 

simulating these wide ranging river conditions and the effects of these man-made alterations.  

Beginning in 2000, the United States Army Corps of Engineers (USACE) initiated this effort in their 

Withlacoochee River Basin Feasibility Study and by 2004 had created an inventory of available 

data, identified hydrologic alterations to the river and recommended options for modeling the entire 

system. Later, as federal funding ceased, the Governing Board of the SWFWMD authorized and 

provided funding for the project to continue. In 2006, the SWFWMD retained Atkins to perform a 

watershed evaluation and watershed model development of the Withlacoochee Watershed. Joined 

by Citrus County as a co-funding partner in 2009, the project was able to expand to encompass a 

high level of detail through the Tsala Apopka Chain of Lakes. 
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1.4. Project Location and General Description 

The Withlacoochee River, designated an Outstanding Florida Water by the Florida Department of 

Environmental Protection (FDEP), has a contributing watershed that covers approximately 2,100 

square miles in eight counties including parts of Marion, Levy, Citrus, Hernando, Pasco, Lake, and 

Polk and all of Sumter County. The Withlacoochee River is approximately 150 miles long 

originating in the Green Swamp in Polk County and flowing westward and northward before 

eventually discharging into the Gulf of Mexico near Yankeetown, Florida.  

The headwaters of the Withlacoochee River is the Green Swamp which covers a 900 square mile 

area. It primarily discharges to the Withlacoochee River, but also serves as the headwaters of 

three other major river systems in Florida including the Hillsborough, Peace, and Ocklawaha 

Rivers. Along the Withlacoochee River, additional inflows also occur through major tributaries, 

including the Little Withlacoochee River, Gum Slough, Jumper Creek, the Outlet River from Lake 

Panasoffkee, Gum Springs Run and the Rainbow River. Near Bonnet Lake the Withlacoochee 

River is either diverted into the Tsala Apopka Chain of Lakes through the Leslie Heifner and 

Orange State Canals or continues into the expansive marsh at Riverôs Bends past Lake 

Panasoffkee and the Wysong-Coogler Water Conservation Structure. Water that entered the Tsala 

Apopka Pools rejoins the river after it passes through the S-353 structure through the C-331 canal 

system near Holder. The combined river flows channelized westward towards Dunnellon, Lake 

Rousseau and the completed portion of the Cross Florida Barge Canal. The overall watershed is 

seen in Figure 1-1. 
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Figure 1-1: Withlacoochee River Watershed Boundary 
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1.5. Purpose and Objective 

Historical alterations due to navigation, logging, mining and ranching have occurred as far back as 

the 1800s in the Withlacoochee Watershed. One such alteration made it possible for the 

steamboat seen in Figure 1-2 to enter the Orange State Canal.  In addition to these alterations, 

the riverine system has experienced extreme high and low conditions in recent decades due to 

natural fluctuations in rainfall and groundwater levels. A series of public meetings held in the 1990s 

and early 2000s identified several critical issues that may be due to these natural or man-made 

changes. The intent of the Withlacoochee River Watershed Initiative and the East Citrus 

Withlacoochee River Watershed study is to better understand the dynamics of the river and 

watershed, identify how alterations have affected the system and evaluate alternatives to better 

manage the resources. 

This project employs a holistic approach by examining the entire 2100 square mile watershed 

using field verified topography, historical information and state-of-the-art modeling software to 

simulate actual river conditions with and without these changes 

 

Figure 1-2: Paddle-wheeled steamboat entering the Orange State Canal (c. 1880s) 
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2. Watershed Evaluation 
2.1. Digital Terrain Model 

2.1.1. SWFWMD Base LiDAR Data  

Topographic information was collected by Light Detection and Ranging (LiDAR) which uses an 

optical remote sensing technology that measures properties of scattered light to find the range of a 

distant target. The prevalent method to determine distance to an object or surface is to use laser 

pulses. The range to an object is determined by installing the equipment on an airplane and 

measuring the time delay between transmission of a laser pulse sent from the air and detection of 

the reflected signal from the ground.  

The SWFWMD procured LiDAR data over the Withlacoochee Watershed between 2003 and 2007 

and provided digital versions of the data in LAS format. LiDAR data were collected by county or 

region over multiple years from multiple sources. In locations where boundaries overlapped, the 

SWFWMD made an evaluation of the data quality of each and kept the more accurate data set. 

These data were then processed by Atkins to generate a 5 foot by 5 foot grid of the entire 

watershed in the North American Vertical Datum of 1988 (NAVD88). The resulting digital terrain is 

located in the digital deliverable in the \DTM\DEM folder. 

2.1.2. Terrain Updates 

This project required accurate bare earth topography of the entire watershed including bottom 

elevations in areas typically inundated with water. One of the limitations of the LiDAR process is its 

inability to penetrate through water surfaces creating a topographic void. To achieve bare earth 

topography over these topographic void areas requires supplemental data sets, either in the form 

of hydrographic surveys or design plans depicting actual ground elevations. To supplement the 

LiDAR data within the Withlacoochee Watershed, bottom elevations were surveyed along 120 

miles of the Withlacoochee River along with many of the lakes, marshes and canals adjacent to 

the river. The result is an unprecedented effort to depict actual ground elevations of the major 

water bodies within the watershed with an updated terrain consisting of both LiDAR and survey 

data. Details of the survey data collected to update the terrain are provided in Section 3 of this 

report. 
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2.1.3. QA/QC process 

The multiple digital terrain input datasets were reviewed for consistency, data gaps and overlaps. 

Where errors or inconsistencies arose, data were reviewed with SWFWMD to reach a decision as 

to which data set should take precedence and how to fill data gaps. In addition, the Atkins project 

management team reviewed the terrain visually for errors and inconsistencies. 

2.2. Characterization of the Withlacoochee River Watershed  

Surface water generally flows from south to north in the Withlacoochee River Watershed. The main 

corridor of the Withlacoochee River and its adjacent floodplain represent the area used to develop 

the 2D river model for this project. This area, which includes the Green Swamp, Tsala Apopka and 

Lake Panasoffkee, forms approximately one quarter of the total watershed area. The remaining 

watershed area is made up of many individual planning units (smaller watersheds) that contribute 

surface flows to the Withlacoochee River under certain conditions. Detailed studies were available 

for several of these watersheds and that information was used to develop inflows to the river. 

Approximate studies were completed as part of this project for the planning units in the remaining 

watershed area, where detailed study information was not available. Each feature is described in 

more detail in the following subsections. 

2.2.1. Green Swamp 

The Green Swamp resides in portions of Polk, Lake, Sumter, Pasco and Hernando Counties while 

covering almost 900 square miles. It is generally bounded by four major highways; US 27, SR 50, 

US 301 and US 98 and is the headwaters to four distinct river systems, including the 

Withlacoochee, Hillsborough, Ocklawaha, and Peace Rivers. The boundary, as reproduced from 

the SWFWMD Green Swamp educational resource page, 

http://www.swfwmd.state.fl.us/education/interactive/greenswamp/greenswamp.html, is shown in 

green in Figure 2-1. The area is dominated by bay swamps and cypress swamps surrounded by 

mesic flatlands and uplands. Its unique combination of high elevation and shallow depth to the 

Floridan Aquifer allow it to provide groundwater recharge while sustaining flows to several major 

river systems. Topography ranges from 130 to 70 feet North American Vertical Datum of 1988 

(NAVD 88), which gently and consistently slopes east to west. An image of the Withlacoochee 

http://www.swfwmd.state.fl.us/education/interactive/greenswamp/greenswamp.html
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River within the Green Swamp, reproduced from the SWFWMD educational resource page, is 

seen in Figure 2-2. 

 

Figure 2-1: Green Swamp Boundary 

  

 

Figure 2-2: Withlacoochee River's Beginning in the Green Swamp 
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2.2.2. Main River 

As part of the watershed evaluation portion of the Withlacoochee River Watershed Initiative, the 

river was segmented into homogeneous river portions. This work divided the river into 11 

segments based upon similar river characteristics, which were further subdivided into a 100 river 

reaches. The segments are described below and are shown in Figure 2-3. Images and further 

details of each river reach are provided in the Watershed Evaluation Report and Watershed 

Evaluation database located in the H066\ \Reports\Watershed_Evaluation folder of the digital 

deliverable.  

 

Figure 2-3: Withlacoochee River Segments 
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 River Segment 1 extends through the Green Swamp to just downstream of the Hillsborough 

River Overflow at US 98.  

Within the Green Swamp, the Withlacoochee River forms several small tributaries that turn 

into a broad drainage system. The river transitions from a defined channel, to poorly defined 

flow through forested wetlands and back again several times as it flows westward 

throughout much of this reach. During the dry season, groundwater contributions dominate 

the flow in this segment and it is common for portions of the main channel to be completely 

dry fluctuating with surficial groundwater levels.  

River Segment 2 extends from just past the Green Swamp / Hillsborough River connection to 

Dobes Hole.  

The Withlacoochee River in this segment flows northward along the western edge of the 

Green Swamp, east of Dade City. It is similar to Segment 1 in that the main channel is 

sometimes poorly defined and will dry up when water levels are low. Here the floodplain is 

very broad, and during high flow conditions the defined low flow channel is completely 

submerged as floodwaters spread out wide into the adjacent swamps.  

River Segment 3 extends from Dobes Hole to the I-75 Overpass just northwest of Silver Lake 

Downstream from Dobes Hole the Withlacoochee River flows eastward, forming a broad arc 

around the topographic high at the Town of Lacoochee. As the river flows through 

highlands, topographic relief increases and the river develops a meandering morphology 

that includes several alluvial river sections that have formed through a combination of fluvial 

and erosive processes. The floodplain is narrow in this segment and the channel is often 

incised with sandy banks. The Little Withlacoochee River joins the main channel near Silver 

Lake. Silver Lake is a large in-channel lake that marks the end of this segment. 

River Segment 4 extends from the I-75 Overpass at Croom to the Nobleton Bridge 

Downstream from Silver Lake, the Withlacoochee River is less constrained by topography 

and occupies a flat floodplain between ridges that parallel the river. The river loses sinuosity 
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and changes into branching channels that form several small islands. Around Hog Island, 

for example, two distinct channels of roughly equal size are formed. This segment ends at 

the Town of Nobleton where the river reforms as a single channel. 

River Segment 5 extends from the Nobleton Bridge to the Wysong-Coogler Water Conservation 

Structure 

Downstream of Nobleton the river bends around the Tsala Apopka Chain of Lakes and 

becomes the border between Citrus and Sumter counties. The slope of the river channel is 

much flatter here as the floodplain widens out greatly. This segment contains the diversion 

channels to Tsala Apopka and the large tributaries of Gum Slough, Jumper Creek and the 

Outlet River from Lake Panasoffkee. The Wysong-Coogler Water Conservation Structure, 

capable of slowing the flow downstream, is the end of this segment. 

River Segment 6 extends from the Wysong-Coogler Water Conservation Structure to the 

Southwest corner of Marion County  

Between the Wysong-Coogler Water Conservation Structure and the southwest corner of 

Marion County, the Withlacoochee River is similar to Segment 5. The channel slope 

remains relatively flat with a wide reaching floodplain as the main channel braids around 

many in-stream islands and sediment deposits. Bryant Slough, a natural channel from Tsala 

Apopka that is now structurally controlled, enters the river just downstream of SR 44. 

Farther downstream, Gum Springs Run provides flow year-round from the Gum Springs 

complex, a second magnitude spring. At the end of this segment, several braided channels 

reform into a single channel near the SW corner of Marion County. 

River Segment 7 extends from the Marion County Line to SR 200 Bridge at Holder 

This segment is characterized by a much steeper bottom slope as compared to the previous 

two segments as the Withlacoochee River passes numerous rock outcroppings that act as 

natural water control devices. The Tsala Apopka Outfall Canal, which can provide flows to 

the river when the Tsala Apopka Chain of Lakes are at flood stage, enters just upstream of 

SR 200 near the end of this segment. 
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River Segment 8 extends from SR 200 Bridge at Holder to Dunnellon 

Downstream from the SR 200 bridge, the river flows as a single, meandering channel with 

high banks on either side. The downstream portions of this segment are highly variable in 

nature and include areas with high banks, areas of wetlands and low relief, and remnant 

mining pits adjacent to the main channel that are now submerged year round. The Rainbow 

River, a first magnitude spring run, enters this segment just upstream from Dunnellon. Flow 

from Rainbow Springs averages nearly 700 cubic feet per second (cfs). The downstream 

end of this segment is the Dunnellon Gap, an important topographic pass that allows egress 

of the Withlacoochee River around the Brooksville Ridge. 

River Segment 9 extends from Dunnellon to Upper Lake Rousseau 

Downstream from Dunnellon, the Withlacoochee River morphology is that of a meandering 

channel. However, the backwater (Lake Rousseau) created by the Inglis Dam has 

submerged most of the original channel. This segment is characterized by standing dead 

timber, broad wetlands and floating vegetation. The segment ends where the old channel 

boundaries disappear completely, floating vegetation abates, and the open water portion of 

Lake Rousseau begins. 

River Segment 10 extends from Upper Lake Rousseau to Lake Rousseau/ Inglis Dam 

The single feature in this segment is the 3,600 acre Lake Rousseau. The completion of the 

Inglis Dam in 1909 by the Florida Power Corporation initially formed the lake and served to 

generate hydroelectric power up until 1965. The Lake Rousseau area was modified again in 

the 1960ôs as part of the Cross Florida Barge Canal Project. The lake was outfitted with the 

Inglis Lock and bypass facilities to allow boat passage between the Gulf of Mexico and Lake 

Rousseau. The lock is currently not functional and has been out of service since 1999. The 

bypass canal drains Lake Rousseau under normal hydrologic conditions. The control 

structure at Inglis Dam is used during high flow events to provide supplemental discharge 

capacity. Any flows released from the Inglis Dam control structure flow into the Cross 

Florida Barge Canal and then directly to the Gulf of Mexico bypassing the lower few miles of 

the original Withlacoochee River channel. The discharge exiting through the bypass canal 
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around the Inglis Lock flows through a section of manmade canals before returning to the 

natural Withlacoochee River channel. 

River Segment 11 extends from Lake Rousseau to the Gulf of Mexico 

This reach is the original, natural channel of the Withlacoochee River between Lake 

Rousseau (Inglis Lock bypass) and the Gulf of Mexico. The river flows past the towns of 

Inglis and Yankeetown before reaching the Gulf of Mexico. This reach is tidally influenced 

downstream of Inglis. River bank morphology along this reach is characterized by low 

topographic relief and numerous limestone outcrops. Expansive coastal marshes exist 

along the last two miles of the river. 

 

2.2.3. Tsala Apopka Chain of Lakes 

The Tsala Apopka Chain of Lakes is comprised of a series of interconnected marshes, islands and 

open water pools covering nearly 22,000 acres. When water levels permitted, flow historically 

occurred between the Tsala Apopka marshes and the Withlacoochee River at several locations. 

There have been many man-made alterations in this area whereby several canals, berms and 

structures have been built resulting in significant changes to the natural hydrology of the region. 

Currently water can enter into Tsala Apopka through the Leslie Heifner and Orange State Canals 

and flow into the Floral City Pool, the first pool in the chain. Water flows into the second pool in the 

chain, the Inverness Pool, through the Moccasin Slough and Golf Course Structures. The 

Inverness Pool passes water into the final pool in the chain, the Hernando Pool, through the 

Brogden Bridge Structure and Brogden Culverts. Excess water can also be diverted from this pool 

back to the Withlacoochee River through the Bryant Slough Structure. Under high water 

conditions, the Hernando Pool can discharge through the Van Ness Structure towards Two Mile 

Prairie or through the S-353 structure to the Withlacoochee River near SR 200. 

Structure operations in Tsala Apopka allow water from the Withlacoochee River to enter the Floral 

City Pool when there is a positive gradient between the river and the pool. Approximately one third 

of the flow entering Tsala Apopka is fairly appropriated to each of the three pools by the structures 
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until they reach their target levels. When the Withlacoochee River is lower than the Floral City 

Pool, all of the structures are typically closed to conserve water in Tsala Apopka. During flood 

conditions the inflow structures are closed to prevent excess water from entering the pools and 

water is released as needed to assist with flood control in the area. 

2.2.4. River Inflows from Contributing Areas 

River inflows from planning units adjacent to the Withlacoochee River make up 1,500 square miles 

of the contributing area. Approximate studies, completed as part of this project, were prepared to 

estimate reasonable inflows to the primary study area, where previously approved detailed studies 

did not exist. Figure 2-4 shows the extents of the approximate studies (Approx. 800 sq. mi.), 

previously completed detailed studies (Approx. 700 sq. mi.) and the 2D region (primary study area, 

Approx. 600 sq. mi.) 
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Figure 2-4: Limits of Detailed and Approximate Watershed Studies 
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2.2.4.1. Detailed Models 

One of ways the SWFWMD manages water resources is through the Watershed Management 

Program, which includes inventory assessments and hydrologic and hydraulic modeling on a 

planning unit basis. These detailed studies follow the SWFWMD Guidelines and Specifications and 

generally capture storage to ½ foot and provide accurate representations of flooding down to the 

parcel level. These detailed studies often go through a peer review process and form the basis for 

FEMA floodplain map revisions. In the Withlacoochee Watershed, 15 of the 41 planning units that 

flow into the Withlacoochee River have SWFWMD approved detailed studies and watershed 

models developed for them. These detailed studies are shown in green in Figure 2-4 and are 

listed in Table 2-1. The details of each of the detailed studies, developed by others, can be found 

in the Withlacoochee Digital Deliverable in the following two folder locations: 

\TSDN_Report\5_Misc_Ref_Materials\ GEN_DetailedStudies including GIS files and relevant study 

information and \TSDN_Report\ 5_Misc_Ref_Materials\ GEN_DetailedStudies_Models folder 

containing the ICPR models. 

Table 2-1: List of Watersheds with Detailed Models 

SWFWMD Planning Unit (Watershed) County 

East Hernando ï Withlacoochee River Hernando 

Little Withlacoochee River Hernando 

Webster Sumter 

Bushnell Sumter 

Two Mile Prairie Citrus 

Blue Run Marion 

Yankeetown Levy 

Inverness Levy 

Withlacoochee River near Blue Run Marion 

Withlacoochee River in Marion Co. Marion 

Withlacoochee Region Marion 

Tsala Apopka Outlet Citrus 

Tsala Apopka ï upland portion Citrus 

Inglis Levy 

Lake Bradley Citrus 
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2.2.4.2. East Citrus Withlacoochee River Watershed 

The East Citrus Withlacoochee River Watershed was originally part of the larger Tsala Apopka 

Watershed which included both the upland areas to the west and the pools to the east. The upland 

portion to the west was previously modeled by others as a detailed study and is included in the list 

in Table 2.1. The portion to the east that includes the Tsala Apopka Pools and their interaction with 

the Withlacoochee River was developed as part of this project, to the standards of a detailed study 

and simulated with the ICPRv4 software. The watershed was also divided into areas that were 

simulated as part of the 2D mesh and the portion modeled as ñtraditionalò basins. The area 

highlighted in yellow in Figure 2-5 shows the extent of the ñtraditionalò basins while the remainder 

of the area within the overland flow region was modeled with the 2D overland flow mesh.  

 

Figure 2-5: East Citrus - Tsala Apopka Subbasin 
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2.2.4.3. Approximate Study Models 

Shown in blue in Figure 2-4 and listed in Table 2-2 are the approximate study basins. These 

include 26 planning units for which detailed studies were not available at the time of this study. 

Under this project, approximate studies were developed for these planning units, with the sole 

purpose of generating inflows into the river corridor 2D model.  

Approximate studies generated for this project are similar to the detailed studies, in that desktop 

evaluations using ArcHydro methods combined with aerial imagery and street views were used to 

characterize storage areas, develop model connectivity, and watershed parameterizations. The 

difference being, these studies were mainly focused on the data necessary to accurately generate 

inflows rather than characterize flood conditions within these watersheds. As such, model detail 

was prioritized towards the watershed outlets into the 2D river corridor rather than further up in 

these watersheds. GIS data, parameterization data and model results of approximate studies are 

located in the digital deliverable in the \Geodatabase\Withlacoochee_1D_MiniWMP folder with 

models located in the \Models\Withlacoochee_1d folder. 

Table 2-2: List of Approximate Study Modeled Planning Units  

Planning Unit 
Bell Branch and Levy Half Moon 

Big Creek West Jumper Creek Canal (east of I-75) 

Big Jones Jumper West of I-75 

Big Prairie Little Jones / Lake Okahumpka 

Blanton Lake Little Withlacoochee ï Sumter Co 

Citrus at Withlacoochee Segment 10 ï 11 Outlet River 

Devils Creek Polk City 

Duck Lake Pony Creek 

Gant Lake Shady Brook 

Gator Creek Turner 

Gator Hole Withlacoochee River Segment 1 

Gum Slough Withlacoochee River Segment 2 

Gum Swamp Withlacoochee Segment 5-6 



Withlacoochee Model Verification Report 

  

 

 

 

  

Withlacoochee River Watershed Initiative (H066) Model Development and Verification Report | 

November 2013 28 

 

 

2.3. Hydrologic Inventory 

2.3.1. Subbasin Delineation Process 

Subbasin delineation evaluation techniques were performed over both the 2D River Model area 

and the approximate inflow models, with different objectives for each. Evaluation techniques were 

used in the area of the approximate inflow models to both identify significant storage and delineate 

4,638 individual basins over the 800 square mile approximate study area. Within the 2D model 

domain the techniques were used to characterize the terrain to flag critical features such as ridges, 

valleys, roads, and ponds. The process resulted in 846 polygon basin features delineated along 

with 40,281 2D modeled basins or (honeycombs) to characterize the terrain. 

Delineation results for approximate studies are found in the digital deliverable in the 

\Geodatabase\Withlacoochee_1D_MiniWMP folder and the 2D honeycomb basins in the 

\Geodatabase\Withlacoochee_2D_Region folder. 

2.3.2. Land Use Characterization 

Land use data were derived from the SWFWMD land use coverage 2009 and applied to both the 

approximate studies over each basin for the generation of Green Ampt runoff parameters, and the 

2D zone as a dxf file read into the ICPRv4 program.  

The ICPRv4 program uses the Land Use Coverage to generate runoff based upon an 

imperviousness lookup table. Table 2-3 shows these parameters organized by Land Use FLUCC 

for the Withlacoochee Model. 
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Table 2-3: Land Use Imperviousness Table 

FLUCC FLUCCS Description 

% 
Imp DCIA Ia  FLUCC FLUCCS Description 

% 
Imp DCIA Ia 

1100 
RESIDENTIAL LOW 
DENSITY 10 0 0 4100 UPLAND FOREST 0 0 0 

1190 
LOW DENSITY UNDER 
CONSTRUCTION 5 0 0 4110 PINE FLATWOODS 0 0 0 

1200 
RESIDENTIAL MED 
DENSITY 15 5 0 4120 

LONGLEAF PINE - XERIC 
OAK 0 0 0 

1300 
RESIDENTIAL HIGH 
DENSITY 70 20 0 4200 

UPLAND HARDWOOD 
FORESTS 0 0 0 

1400 
COMMERCIAL AND 
SERVICES 70 50 0 4340 

HARDWOOD CONIFER 
MIXED 0 0 0 

1500 INDUSTRIAL 77 72 0 4400 TREE PLANTATIONS 0 0 0 

1600 EXTRACTIVE 0 0 0 5100 
STREAMS AND 
WATERWAYS 100 100 0.2 

1700 INSTITUTIONAL 70 65 0 5200 LAKES 100 100 0.2 

1800 RECREATIONAL 5 2 0 5300 RESERVOIRS 100 100 0.2 

1820 GOLF COURSES 5 2 0 6100 WETLAND FORESTS 100 100 0.2 

1900 OPEN LAND 0 0 0 6110 BAY SWAMPS 100 100 0.2 

2100 
CROPLAND AND 
PASTURELAND 0 0 0 6150 

STREAM AND LAKE 
SWAMPS 100 100 0.2 

2110 IMPROVED PASTURES 0 0 0 6170 
 Mixed Wetland 
Hardwoods 100 100 0.2 

2140 ROW CROPS 0 0 0 6200 
WETLAND CONIFEROUS 
FORESTS 100 100 0.2 

2200 TREE CROPS 10 10 0 6210 CYPRESS 100 100 0.2 

2300 FEEDING OPERATIONS 10 10 0 6300 
WETLAND FORESTS 
MIXED 100 100 0.2 

2400 
NURSERIES AND 
VINEYARDS 10 5 0 6410 FRESHWATER MARSHES 100 100 0.2 

2500 SPECIALTY FARMS 10 5 0 6430 WET PRAIRIES 100 100 0.2 

2510  HORSE FARMS 10 5 0 6440 
EMERGENT AQUATIC 
VEGETATION 100 100 0.2 

2550 TROPICAL FISH FARMS 0 0 0 6530 INTERMITTENT PONDS 100 100 0.2 

2600 OTHER OPEN LANDS ( 0 0 0 7400 DISTURBED LAND 0 0 0 

3100 HERBACEOUS 0 0 0 8100 TRANSPORTATION 20 15 0 

3200 
SHRUB AND 
BRUSHLAND 0 0 0 8200 COMMUNICATIONS 5 2 0 

3300 MIXED RANGELAND 0 0 0 8300 UTILITIES 5 2 0 
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2.3.3. Soils Characterization 

Soil classification data used in both the approximate studies and the 2D model comes from the 

soils coverage available through the SWFWMD and Lookup table from the Department of 

Agriculture in the SSURGO database. Table 2-4 shows a sampling of the values found in the 

lookup table for each soil category with the full table used presented in Appendix A. 

Table 2-4: ICPRv4 Green-Ampt with Redistribution Lookup Table 

 

Units: Kv Staurated: (ft-1); Moisture Content (MC) Saturated, Residual, Filed, Wilting: (volume fraction); Pore 

Size Index: (Brooks-Corey); Bubble Pressure: (inches); Water Table (WT) initial: (feet) 

2.3.4. Runoff 

Runoff is generated within the 2D grid once rainfall fills the soil voids or exceeds the rate at which 

water can infiltrate the ground. Runoff rates are determined by depth of flow using the St. Venant 

equations for overland routing and roughness. The Withlacoochee Model used the Land Use 

coverage as a surrogate for the roughness coverage, whereby roughness factors were a function 

of Land Use FLUCC along with shallow and deep Manningôs coefficients for each. Specific 

overland flow values used in the Withlacoochee Model are seen in Table 2.5. 
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Table 2-5: Overland Flow Roughness Factors 
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1100 0.16 0.128 0.9   4100 0.45 0.36 0.9 

1190 0.16 0.128 0.9   4110 0.45 0.36 0.9 

1200 0.13 0.104 0.9   4120 0.45 0.36 0.9 

1300 0.08 0.064 0.9   4200 0.45 0.36 0.9 

1400 0.05 0.04 0.9   4340 0.45 0.36 0.9 

1500 0.07 0.056 0.9   4400 0.45 0.36 0.9 

1600 0.3 0.24 0.9   4400 0.45 0.36 0.9 

1700 0.13 0.104 0.9   5100 0.07 0.05 0.9 

1800 0.13 0.104 0.9   5200 0.07 0.05 0.9 

1820 0.13 0.104 0.9   5300 0.07 0.05 0.9 

1900 0.3 0.24 0.9   6100 0.45 0.36 0.9 

2100 0.15 0.12 0.9   6110 0.45 0.36 0.9 

2110 0.15 0.12 0.9   6150 0.3 0.24 0.9 

2110 0.15 0.12 0.9   6170 0.3 0.24 0.9 

2140 0.15 0.12 0.9   6200 0.35 0.28 0.9 

2140 0.15 0.12 0.9   6210 0.35 0.28 0.9 

2200 0.3 0.24 0.9   6300 0.3 0.24 0.9 

2200 0.3 0.24 0.9   6410 0.06 0.048 0.9 

2300 0.2 0.16 0.9   6430 0.06 0.048 0.9 

2400 0.2 0.16 0.9   6440 0.06 0.048 0.9 

2400 0.2 0.16 0.9   6530 0.06 0.048 0.9 

2500 0.2 0.16 0.9   7400 0.3 0.24 0.9 

2510 0.2 0.16 0.9   7400 0.3 0.24 0.9 

2550 0.2 0.16 0.9   8100 0.15 0.12 0.9 

2600 0.15 0.12 0.9   8100 0.15 0.12 0.9 

3100 0.3 0.24 0.9   8200 0.15 0.12 0.9 

3200 0.3 0.24 0.9   8300 0.15 0.12 0.9 

3300 0.3 0.24 0.9           

  

 



Withlacoochee Model Verification Report 

  

 

 

 

  

Withlacoochee River Watershed Initiative (H066) Model Development and Verification Report | 

November 2013 32 

 

2.3.5. Hydrology 

Hydrology was generated for both the approximate models and the 2D model region using the 

Green Ampt method. The difference between the application of these two methods is that in the 

approximate studies using Advanced Interconnected Channel and Pond Routing Model (ICPRv3) 

there is a separate module for calculating runoff which is subsequently called, or referenced in the 

hydraulics module. The basin hydrology requires area inputs by basin for each unique soil and 

land use combination. In contrast, ICPRv4 calculates the hydrology and hydraulics at the same 

timestep, internally splicing the bulk soils and land use coverage by honeycomb (2D basin). 

Simulating the hydrology and hydraulics simultaneously provides the benefit of enabling the 

interaction of runoff and infiltration from adjacent cells to dynamically adjust available soil storage. 

It is of note that simulations using ICPRv4 have a mechanism to recover the soil moisture through 

the dynamic extraction of water through evapotranspiration. This dynamic approach allows better 

simulations of longer term events. Unlike the ICPRv3 models which will not recover the soil 

moisture until the rainfall stops, which often has the opposite effect of fully recovering the soil 

storage too rapidly.  

2.3.6. Hydrology QA/QC 

Quality control was performed on the hydrology results and hydrologic parameterization through 

visual inspections of runoff hydrographs, reviews of land use conditions in the watershed for 

relative consistency against aerials and comparisons of modeled runoff volumes to anticipated 

runoff volumes. 

2.4. Hydraulic Feature Inventory 

2.4.1. Hydraulic Feature Inventory Development Process 

As previously defined, the Withlacoochee River Watershed is a combination of three model types, 

which include completed detailed studies, approximate studies, and the 2D region analysis.  

¶ Detailed Studies ï Models approved by the SWFWMD  and having completed an extensive 
peer review process, were taken, ñas isò without additional detailed review. However, the 
down gradient limits of the study may have been adjusted if the area was covered by the 
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2D Region. Adjustments included truncating the detailed model and adjusting tailwater 
conditions as appropriate. 

¶ Approximate Studies ï Simulated for planning units without completed detailed studies to 
provide watershed inflows. Development of these models relied heavily upon digital 
techniques analyzing the digital terrain and limited field investigations. 

¶ 2D region ï Comprises the 2D model domain (Withlacoochee River and adjacent 
floodplain, Green Swamp, Tsala Apopka and Lake Panasoffkee) and the East Citrus 
Withlacoochee River Watershed. 

Data for model development came from the following sources: 

¶ GIS data from previous studies, the SWFWMD, National Hydrographic Dataset (NHD), 
Forest Service, municipal culvert inventories, etc. 

¶ Digital Terrain ï developed from SWFWMD acquired LiDAR between 2003 and 2007, 
supplemented with marsh, lake, and channel hydrography. 

¶ Structure Surveys ï available from field investigations both in the areas of approximate 
studies and 2D region. 

¶ Environmental Resource Permits ï for relevant roadways and developments of significance 
to the model inflows. 

¶ SWFWMD data collection ï River profile, culvert data collection and marsh survey data. 

¶ Structure Profiles ï Within the 2D model domain, 17 operable structures were simulated 
with data from SWFWMD structure profile reports and operational data from field data 
sheets recorded during the verification event. 

¶ Google ®/ Bing ® Maps ï supplementing the Digital Elevation Model (DEM) and field 
observations, used to assist with generating approximation and presence of structures 
present in approximate studies. 

For the approximate studies, the naming convention for basins, nodes and links begins with an 

association to the SWFWMD planning unit name through a two digit assigned ID. The ID and 

corresponding planning unit name is listed in Table 2-6. Also, within the model, each element is 

assigned a model group using the same two digit ID for convenience. To keep the models at a 

manageable size, the approximate studies were split into five separate ICPR models, using logical 

topographic breaks to divide up the models. Combining models in this fashion enabled 

interconnections between planning unit models to occur without the need for excess boundary 

conditions. Table 2-6 lists the ICPR model associated with each planning unit. Note: Some 

planning units fall in multiple models. This was done to retain the logical topographic split, while 

remaining consistent with the SWFWMD original planning unit designations.  
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Table 2-6: Approximate Study ICPR Group Name 

Approximate 
Study ICPR 

GROUP Planning Unit Name ICPR MODEL 

BB Bell Branch N1 

BC Big Creek West S3 

BJ Big Jones N2 

BP Big Prairie N2 & S1 

BL Blanton Lake S2 

BU Bushnell - (outside of detailed study) S1 

DL Duck Lake S2 

GC Gator Creek S3 

GL Gant Lake S1 

GS Gum Slough S1 

GW Gum Swamp N2 

HM Half Moon N2 

JC Jumper Creek S1 

LD Lake Deaton N2 

LJ Little Jones creek N2 

LM Lake Miona N2 

LO Lake Okahumpka N2 

LW Little Withlacoochee ï Sumter Co S1 

OR Outlet River N2 & S1 

PC Pony Creek S3 

SB Shady Brook N2 

TC Turner Creek N1 

UW Upper Withlacoochee River (Segment 2) S2 & S3 

WB Webster - (outside of detailed study) S1 

WR Withlacoochee River (Segment 1, 5, 6, 10 & 11) N1, N2, S1, & S3 
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2.4.2. Summary of Conveyance Features 

Within the approximate study watersheds conveyance features were simulated as channels, pipes, 

drop structures and weirs. Table 2-7 lists the quantity of each model element within the 

approximate model simulations 

Table 2-7: Conveyance Features within the Approximate Studies 

Model Element Count of Modeled Feature 

Channel 131 

Pipe 1,908 

Drop Structure 22 

Weir 11,783 

Total 13,844 
 

Within the 2D model domain, conveyance travels along the 2D overland flow mesh or within 

designated 1D elements integrated into the 2D model domain. Conveyance features simulated in 

the 1D portion, used in the Withlacoochee Model include, channels, pipes and weirs. Note: The 

operable control structures are inclusive of the weirs and pipes and also contain an operable top or 

bottom clip as appropriate. Table 2-8 lists the quantity of each model element within the 2D model 

domain. 

Table 2-8: Conveyance Features within the 2D Region 

Model Element Count of Modeled Feature 

2D Overland Flow Reach 94,414 

Channel 824 

Pipe 385 

Weir 36 

Total 95,659 
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2.5. Model Geodatabase 

The Geographic Watershed Information System (GWIS) geodatabase Version 1.6 is the standard 

for data parameterization and delivery of watershed models for the SWFWMD. This format was 

utilized for each of the existing detailed studies provided and setup for the approximate studies. 

The SWFWMD is currently working with ESRI on a data standard for Interconnected Channel and 

Pond Routing Model version 4.00.00 (ICPRv4). However a data standard does not currently exist. 

Consistent with previous deliverables, the Withlacoochee Model Verification 2D GWIS will be 

delivered as described in section 2.5.3 below. 

2.5.1. Detailed Studies 

The deliverable GWIS geodatabase from each of the detailed studies was used, ñas-isò and is 

included in the TSDN as a digital reference in the \TSDN_Report\5_Misc_Ref_Materials 

\GEN_DetailedStudies folder. 

2.5.2. Approximate Studies 

The geodatabase deliverable for the approximate studies was formatted in the SWFWMD standard 

Version 1.6 format, shown in Figure 2-6 and included in the digital deliverable in the 

\Geodatabase\Withlacoochee_1D_MiniWMP folder. Additional fields in the geodatabase schema 

include an indication of the associated model under the ICPR_BASIN shape and an IsSurveyed 

field in the HydroJunction shape, to indicate which structures were approximated and which were 

field data collected.  
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Figure 2-6: Approximate Study GWIS geodatabase 

 

2.5.3. 2D Model Region 

In lieu of a defined geodatabase format specific to the ICPRv4 computer simulation. A temporary 

version was created for this project, designed to be flexible in the transition to a standardized 

GWIS format at the time it is available. Each feature in the Geodatabase is described below. 

¶ BoundaryStage table ï contains the time series tailwater conditions for the 2D model. 

¶ ExternalHydrogaph table ï contains the time series inflows from the approximate and 

detailed study models. 
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¶ ICPR_XSECT ï modeled after its 1D GWIS counterpart, this line feature class includes 

cross sections used in the 1D channel portion of the 2D model. 

¶ Point2D ï contains all of the point features necessary to generate the interior of the 2D 

mesh and serve as 1D nodes for channel nodes and ponding areas. The map atlas has 

these broken into various components by the Type field which include: 

o Breakpoint ï this is a specified vertex within the 2D mesh. These points are typically 

placed to reflect significant changes in terrain slope to facilitate the accurate 

generation of the 2D mesh  and make up the majority of the entries in the Point2D 

feature class. 

o OF_Nodes ï like breakpoints, these points specify vertices within the 2D mesh. 

Unlike breakpoints, they also have a user specified name, and generate outputs 

similar to 1D node features. These points can also be called by different 

components of the model. For example, OF_nodes are used at the upstream and 

downstream end of pipes within the 2D mesh. 

o 1DNodes ï similar to ICPRv3 Nodes, these features connect 1D specific model 

elements of storage ponds and channels within the 2D mesh. 

¶ Line2D ï contains the linear features in the 1D and 2D portions of the ICPRv4 model 

simulations. The map atlas has these broken into various components by LineType. 

LineTypes include: 

o Breaklines ï Used to form the 2D mesh. 

o Channel ï 1D channel centerline elements within the 2D mesh. 

o Pipe ï Includes pipes both in the 1D portion of the model and 2D mesh. 

o Weir ï Includes 1D weirs placed inline with channel elements in the 1D portion of 

the model. These are used in this simulation as operating structures and roadway 

overtoppings. 

¶ Polygon2D ï contains the polygon features used in the 2D mesh generation as well as to 

define the extents of the 1D channel and level pool regions. Specific types include. 

o Channel ï surrounds channel elements. 

o Ponds ï simulates level pools within the 2D mesh. 

¶ OF_Region ï Defines the extent of the overland flow region and exclusion areas (donut 

holes) within the 2D model domain. This includes areas such as portions of Tsala Apopka 
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modeled as 1D and portions of detailed studies surrounded by the 2D region. OF_region 

types include: 

o Exclusion ï donut holes within a 2D model domain. 

o OF_Region ï Withlacoochee is simulated as a single model region that 

encompasses the Exclusion areas and are drawn as overlapping features by 

design. 

¶ Link Tables ï These include channels, pipes and weirs and contain the data necessary to 

simulate the 1D elements within the ICPRv4 including. 

o Link_Channel ï contains the model input data for Channel Links. 

o Link_Pipe ï contains the model input data for Pipe Links. 

o Link_Weir ï contains the model input data for weirs. 

¶ Line2D_pts, OFregion_pts and Polygon2D_pts ï the input data for ICPRv4 requires the 

use of vertex points rather than input lines, so these features are the processed versions of 

the Line2D, OFregion and Polygon2D features converted to points. 

¶ Stor_Exclusion ï is the coverage of storage exclusion used in the processing of the stage 

storage data as to not double count storage areas. 

¶ SA_Table ï stage storage data for 1D model elements of pond/lakes or channels, outside 

of channel storage. 

¶ With_RainGrid ï NexRad Rainfall Grid Cells used over the 2D mesh. 

¶ RESULTS_LinkTimeSeries ï contains the timeseries data for pipes, weirs, channels and 

drop structures simulated in the 2D model. This data is related to Line2D feature class by 

LineID. 

¶ RESULTS_LinkMax ï contains a table of maximum flow rates from the ICPRv4 model 1D 

reach elements. 

¶ RESULTS_NodeTimeSeries ï contains the timeseries data for 1D model nodes and 

overland flow nodes within the 2D mesh. This data is related to Point2D feature class by 

Nname field. 

¶ RESULTS_NodeMax ï contains a table of maximum stages and time to peak from the 

ICPRv4 model 1D elements and named 2D elements.  
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¶ Vertex2D ï contain all of the vertices created by ICPRv4. This feature has been populated 

with peak stage at each vertex and itôs time to peak. 

¶ Honeycomb ï contains the sides of the honeycomb representing the 2D mesh ñbasinsò 

upon which rainfall is converted to runoff and loaded on the Vertex2D mesh nodes. 

¶ Diamonds ï Features used to define the width of the overland flow element. 

¶ Mesh2D ï contains the 2D mesh polygon triangles. Note:  Flow in the 2D mesh occurs 

along the side of each triangle. 

¶ Verification Inundation Shape ï polygon feature created by creating a sloped surface 

using Vertex2D points with depths greater than 0.25ô and intersecting the surface with the 

DEM. 

¶ USGS_Gauge ï contains locations of the USGS gauges in the Withlacoochee Watershed. 

 

2.5.4. Geodatabase QC process 

As data is parameterized in the GWIS geodatabase, it is reviewed and checked for accuracy 

against structure source data. Additionally, before an ICPR model is generated from a GWIS 

geodatabase, the geodatabase is run though a series of review queries for completeness and 

reality checks. Data flags are reviewed and corrected. 
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3. Description of Data Acquisition 

3.1. Approximate Study Development 

The approximate study boundaries cover about 800 square miles of the study area. The objective 

of these studies was to reasonably represent inflows into the river model from planning units 

without detailed studies. Maximizing the model accuracy within the allocated project budget 

required estimating a large number of culverts in the model and then optimizing the locations for 

which actual field data was obtained. This was accomplished by running a model sensitivity 

analysis with the estimated culverts to determine which have the largest impact on the river inflow 

hydrographs. 

3.1.1. Field Reconnaissance for Approximate Studies 

To the extent possible field work was performed to obtain structure size, material and invert 

elevations, relative to LiDAR Digital Terrain data, prioritizing the data collection effort to structures 

closest to the river and those that would have the largest impact on flows into the 2D model 

domain. In total 237 structures were visited and elevations obtained for inclusion into the model. 

The remaining structures were approximated based upon nearby structures, observations from 

imagery, street view Google maps and engineering judgement. To check that flows were not 

errantly held back in the watershed a sensitivity analysis was run on the structures to determine 

the change in headloss using the approximated pipe compared to a larger diameter pipe. Those 

structures that failed the sensitivity test were field measured by SWFWMD staff and structure sizes 

and inverts were updated based upon the gathered information.  

Structures surveyed can be identified by the IsSurveyed field on the HydroJunction Feature Class 

equalling ñYesò. HydroJunction Feature Class is located in the Approximate Study GWIS located 

\Geodatabase\Withlacoochee_1D_MiniWMP. Details of the culvert sensitivity evaluation and 

subsequent field investigation results are located in the digital deliverable in the \TSDN_Report 

\5_Misc_Ref_Materials\GEN__MiniWMPs\SensitivityStudy\Withlacoochee_Culvert_Analysis folder. 

Figure 3-1 shows the location of the 237 surveyed structures and their location relative to the 

approximate study boundary and the 2D model region. 
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Figure 3-1: Locations of Approximate Study Field Data Collection 
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3.2. Main River 2D Region 

3.2.1. Desktop Evaluation 

The focus of the Withlacoochee River Watershed study is primarily to understand how the river 

corridor responds and reacts over time to hydrological inputs. To this end, the ICPRv4 model 

simulates the river using a combination of traditional one dimensional model elements and two 

dimensional elements for the vast overbank marsh areas that make up the Withlacoochee River 

Corridor. This model simulation will provide a critical understanding of the river and how past and 

future alterations would impact river conditions. The primary tool used to perform the desktop 

evaluation is the Digital Elevation Model (DEM) developed for the entire Withlacoochee 

Watershed. Processing this terrain and combining the results with other available information leads 

to an understanding of morphology of the river as it transitions from one segment to another. 

Withlacoochee River segmentation was discussed in Section 2.1.3. Other relevant data to the 

desktop process included: 

¶ High resolution aerial photographic imagery 

¶ Historic modeling of the Withlacoochee River 

¶ The US Army Corps of Engineerôs (USACE) Withlacoochee River Basin Feasibility Study 

¶ Topographic data collection efforts that have been conducted by the SWFWMD. 

¶ Data on locations of rock shoals and other river hydraulic control points collected by 

SWFWMD 

¶  Data from the SWFWMDôs Watershed Management Plans, completed or in progress, 

including computer modeling data 

¶ Construction plans for FDOT and County roads 

¶ FEMA regulatory floodplain map 

¶ Tetratech photo index (included as part of the USACE river study) 

¶ 1984 USACE soundings along the river main channel 

¶ Construction plans for the existing control structures 

¶ Historic Withlacoochee nodal diagram 

¶ NHD hydro ïinflows evaluation 
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¶ Map of Groundwater Recharge Zones 

¶ USGS gauging data 

¶ SWFWMD compiled high water marks 

Each river reach was analyzed to identify hydrographic features relevant to the development of the 

ICPRv4 hydraulic computer model including: channel delineations, control points, conveyance 

ways, and storage locations. In addition, the evaluation focused on the identification of 

hydrographic survey and locations of inflow points to the main river from adjacent contributing 

basins. The hydrographic survey needs focused on development of the bare earth digital 

topography of the watershed and corresponding DEM that was subsequently used to define 

computer model input parameters. The inflow points were matched to contributing drainage areas, 

and were used as input to the river hydraulic model.  

3.2.2. River Reach Field Investigations 

From the desktop evaluation, 131 areas including 53 river control points and 91 cross sections 

were identified and physically visited in the field, either by car, foot, canoe, airboat or helicopter. 

Results of the field investigation are included in the Watershed Evaluation Report and database 

located in the digital deliverable in the \Reports\Watershed_Evaluation folder 

3.2.3. River Profile Survey 

In 2008, Morgan & Eklund, Inc., conducted a profile survey of approximately 80 miles of the 

Withlacoochee River from US 301 through Lake Rousseau. This effort included bridge surveys of 

Brown Bridge in the Green Swamp, CR 47, CR 48, CR 470, CR 476, CR 575, SR 44, SR 200 and 

SR 471. Digital results are included in the deliverable in the TSDN 

\5_Misc_Ref_Materials\GEN_RiverSurvey\Morgan_Ecklund folder. Data from the survey was used 

to generate bottom profile of the river and update the Withlacoochee Basin DEM. An example of 

point density of the profile survey is seen at SR 44 in Figure 3-2 and resulting bathymetry updates 

for Silver Lake at I-75 is shown pre and post survey in Figures 3-3 and 3-4 respectively. 
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Figure 3-2: River Profile Survey Point Density 

 

Figure 3-3: Silver Lake DEM prior to Bathymetric Survey 
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Figure 3-4: Silver Lake Bathymetry Update (Hernando County) 

 

3.2.4. SWFWMD Control Structure Profile information 

The Withlacoochee River and Tsala Apopka Chain of Lakes represent a natural system, altered by 

man to optimize the storage and movement of water to achieve beneficial uses of the water 

features. The main control of these alterations is through water conservation and control 

structures. Within the 2D model domain and the immediate surrounding area, there are 17 control 

structures relevant to model inflows and movement of water throughout the Withlacoochee River 

and Tsala Apopka Chain of Lakes. The structures shown in Figure 3-5 include two structures in 

Sumter County along the Gant Lake outfall; three structures along the Withlacoochee River and 

Lake Rousseau and 12 adjacent to and within the Tsala Apopka Chain of Lakes. The following 

subsections show images of each of the control structures progressing hydrologically from south to 

north and a brief description of each.  



Withlacoochee Model Verification Report 

  

 

 

 

  

Withlacoochee River Watershed Initiative (H066) Model Development and Verification Report | 

November 2013 47 

 

 

Figure 3-5: SWFWMD Control Structures along the Withlacoochee River 
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3.2.4.1. SWFWMD S-11 Structure 

The water level in Big Gant Lake, in Sumter County is controlled by the S-11 structure. This 

structure, seen in Figure 3-6, has a design capacity to pass 600cfs. The structure consists of a 

sheet pile spillway controlled by three adjustable crest weir gates. The structure was originally built 

in 1970 and recently rebuilt to include operable gates in 2012. The structure is normally maintained 

in the fully closed position (gates fully up), and operated to maintain the established minimum 

water level of 74.96 ft NAVD88. 

 

Figure 3-6: SWFWMD S-11 Structure 

3.2.4.2. SWFWMD (WC-2) Structure 

The WC-2 structure pictured in Figure 3-7 is located on the Gant Lake outfall canal, it was 

originally constructed along with the S-11 structure in 1970 to maintain water flow from Big Gant 

Lake into the Little Withlacoochee River. The structure is configured with four radial gates 18ft x 5ft 

with a 3 ft face plate. This structure is operated in conjunction with the S-11 structure.  
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Figure 3-7: SWFWMD WC-2 Structure 

3.2.4.3. SWFWMD Lake Bradley Structure 

The Lake Bradley structure in Citrus County connects Lake Bradley to the Floral City Pool. The 

structure is used to maintain water levels in Lake Bradley and facilitate recreation and recharge. 

The structure consists of a single 5ô x 4ô weir gate pictured in Figure 3-8. The gate is normally kept 

in the fully closed position and mainly operated to fill up Lake Bradley when water levels in the 

Floral City Pool exceed those in Lake Bradley. 

 

Figure 3-8: SWFWMD Lake Bradley Structure 
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3.2.4.4. SWFWMD Lake Consuella Structure 

The Lake Consuella structure seen in Figure 3-9 consists of a single 30ò culvert with a bay with 

stop log slots that enable control of Lake Consuella higher than the invert of the culvert. Operation 

of the structure is to maintain water levels within Lake Consuella while also having the ability to 

bleed down the lake during flood events or in preparation of a flood event. 

 

Figure 3-9: SWFWMD Lake Consuella Structure 

3.2.4.5. SWFWMD Leslie Heifner Structure 

The Leslie Heifner structure is constructed as a sheet pile water conservation structure with a 14ô x 

9ô vertical lift gate, pictured in Figure 3-10. The structure was originally constructed by Citrus 

County in 1967. The structure is one of two main flow ways for water to enter the Tsala Apopka 

Chain of Lakes. The structure is normally operated in the fully open position for navigation when 

the river is higher than the Floral City Pool. During flood events or when the pool is higher than the 

river, this structure is closed. For high and low water events, the gate may be closed to either keep 

water from leaving the lakes or to prevent flooding conditions should the chain of lakes be full 

during high flow conditions in the Withlacoochee River. 
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Figure 3-10: SWFWMD Leslie Heifner Structure 

3.2.4.6. SWFWMD Orange State Structure 

The Orange State structure, pictured in Figure 3-11, consists of a 48ò CMP with half pipe riser and 

weir boards connected to the upstream (Withlacoochee River end) of the culvert. It was 

constructed in 1966 to prevent localized flooding from the Orange State Canal into the 

Withlapopka Island wetlands, inside the Tsala Apopka Chain of Lakes immediately downstream of 

the Orange State culvert. This structure is manually operated when necessary.  
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Figure 3-11: SWFWMD Orange State Structure 

3.2.4.7. SWFWMD Floral City Structure 

The second main structure enabling water to pass between the Withlacoochee River and the Tsala 

Apopka Chain of Lakes is the Floral City structure constructed in 1959, which is operated in similar 

manner as the Leslie Heifner structure to allow recreation, mitigate Tsala Apopka Pool flooding, 

and retain water during low water conditions. The structure pictured in Figure 3-12 consists of a 

single 14ô x 7ô lift gate sitting on a concrete pad. 

 

Figure 3-12: SWFWMD Floral City Structure 
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3.2.4.8. SWFWMD Golf Course Structure 

The Golf Course structure, pictured in Figure 3-13 consists of four steel drop crest control gates. 

The structure originally constructed in 1965 has since been modified from its original stop log 

control to be an operable control gate. The structure is operated to maintain water levels within the 

Floral City and Inverness Pools and mitigate flooding. This structure is operated in conjunction with 

the other main control structures enabling the flow of water through the Tsala Apopka Chain based 

upon a SWFWMD operational guidance. Given the different conditions of the pools, , the structures 

are operated accordingly. For example, during fill mode, when water is entering the Floral City Pool 

through the Leslie Heifner or Floral City structures, the water is proportionally divided between the 

three pools equally. Similarly, during drain mode, structures in the chain are operated together to 

proportionally reduce flooding. 

 

Figure 3-13: SWFWMD Golf Course Structure 
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3.2.4.9. SWFWMD Moccasin Slough Structure 

The second outlet between the Floral City Pool and the Inverness Pool in the Tsala Apopka Chain 

of Lakes is the Moccasin Slough structure, pictured in Figure 3-14. This structure was constructed 

as a concrete bridge with wooden deck. It is configured as two fixed crest weir openings that 

measure12ô x 1ô and a center lift gate that measures 12ô x 7ô. The Moccasin Slough structure is 

operated in parallel with the Golf Course structure to maintain water levels in the Floral City and 

Inverness Pools. 

 

Figure 3-14: SWFWMD Moccasin Slough Structure 
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3.2.4.10. SWFWMD Bryant Slough Structure 

The Bryant Slough structure, which is located downstream of the Moccasin Slough structure, is 

pictured in Figure 3-15. The Bryant Slough structure serves as an outlet from the Inverness Pool 

and connects to the Withlacoochee River downstream of the Wysong-Coogler Water Conservation 

Structure. The structure, which is attached to two FDOT box culverts under SR 44, was originally 

constructed in 1953, with replacements being installed in 1968, 1973 and 1977. 

 

Figure 3-15: SWFWMD Bryant Slough Structure 
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3.2.4.11. SWFWMD Brogden Bridge Culvert Control Structure 

The Brogden Bridge Culverts under East Turner Camp Road are configured with stop logs on the 

upstream side as pictured in Figure 3-16. The track assembly can hold up to six logs and is 

operated only during normal water conditions. During flooding conditions, all logs are put in place, 

effectively closing off the structure. Water between the Inverness pool and Hernando Pool is then 

funnelled to the Brogden Bridge 0.2 miles west of the culverts on E. Turner Camp Road. 

 

Figure 3-16: SWFWMD Brogden Bridge Culvert Control Structure 
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3.2.4.12. SWFWMD Brogden Bridge Structure 

The Brogden Bridge structure, seen in Figure 3-17 is the main control of water between the 

Inverness and Hernando Pools and is operated to maintain water levels in both pools. The 

structure is operated along with Golf Course, S-353 and the others in the Tsala Apopka Pools to 

facilitate water movement and storage during high and low flow conditions accordingly. The 

structure consists of two 75 inch lift gates operating as overflow weirs. 

 

Figure 3-17: SWFWMD Brogden Bridge Structure 



Withlacoochee Model Verification Report 

  

 

 

 

  

Withlacoochee River Watershed Initiative (H066) Model Development and Verification Report | 

November 2013 58 

 

3.2.4.13. SWFWMD Van Ness Structure 

The Van Ness structure is configured as a single lift gate measuring 14ô x 6ô with a maximum gate 

opening of 4.5ô. The structure, pictured in Figure 3-18, connects the Hernando pool to a flowpath 

towards Two Mile Prairie and ultimately Jordan Sink, a direct connection to the Floridian Aquifer. It 

is operated during flood events as a first primary outfall for floodwaters to recharge the aquifer 

rather than flowing down to the Gulf of Mexico through the S-353 structure.  

 

Figure 3-18: SWFWMD Van Ness Structure 
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3.2.4.14. SWFWMD S-353 Structure 

The SWFWMD S-353 structure picture in Figure 3-19, consists of four 14ô x 4ô vertical lift gates. 

The structure located along the C-331 canal, was originally built by the Army Corps of Engineers in 

1968 and after construction control was transferred to the SWFWMD. The construction of the C-

331 outfall canal served to reroute outfalls from the Hernando Pool to the Withlacoochee River just 

upstream of SR 200. The structure is used, as with the others in the Tsala Apopka chain to 

maintain optimum resource management lake levels. During flooding events, such as the 

Hurricane season of 2004, the structure was used to discharge water from the Tsala Apopka 

Chain, once operational staff determines that the capacity of discharges through the Van Ness 

Structure are insufficient to manage water levels.  

 

Figure 3-19: SWFWMD S-353 Structure 
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3.2.4.15. Wysong-Coogler Water Conservation Structure 

Along the Withlacoochee River, adjacent to the Tsala Apopka Chain of Lakes, is the Wysong- 

Coogler Water Conservation structure, seen in Figure 3-20. The structure installed in 1963, was 

removed from the river in 1988 and replaced in 2002. The structure is a 250 foot wide dam 

consisting of a pivoting metal plate supported by an inflatable rubber bladder. The structure is 

operated to hold water in the marsh upstream of the structure and back into Lake Panasoffkee. 

The structure is regulated to maintain water levels upstream at 39.5 feet NGVD, when water 

exceeds this level, it is progressively lowered to maintain water levels. 

 

 

Figure 3-20: Wysong-Coogler Water Conservation Structure 
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3.2.4.16. SWFWMD Inglis Main Dam  

The Inglis Main Dam spillway is a two-bay gated control structure with an ogee spillway, seen in 

Figure 3-21. Each bay contains a 40ô wide x 16.7ô vertical lift gate. The Dam, constructed in the 

1960s as part of the Cross Florida Barge Canal project, replaced an original fixed spillway that was 

constructed in 1909, which originally created Lake Rousseau and served as a source of 

hydroelectric power, an operation that ceased in 1965. The Dam currently operates as a 

secondary option to maintain a water level in Lake Rousseau below 27.0 ft NAVD. It is operated 

once the capacity of the Inglis By-pass canal control structure reaches its capacity. Combined with 

the By-pass structure, the Inglis Main Dam discharged more than 6,000 cfs during the 2004 

hurricane season.  

 

 

Figure 3-21: SWFWMD Inglis Main Dam 
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3.2.4.17. Inglis By-Pass Structure 

The Inglis By-Pass structure out of Lake Rousseau, maintains a freshwater discharge into the 

historic Withlacoochee River to prevent saltwater intrusion and is the primary water level control for 

Lake Rousseau. The structure seen in Figure 3-22 consists of two vertical lift gates 14ô x 7ô each. 

The Inglis By-Pass Structure was originally constructed between 1965 and 1969 as part of the 

Cross Florida Barge Canal project severing the connection of the historic Withlacoochee River 

from the discharge downstream of the Main Gate, replaced by a straight barge canal. 

 

Figure 3-22: SWFWMD Inglis By-Pass Structure 



Withlacoochee Model Verification Report 

  

 

 

 

  

Withlacoochee River Watershed Initiative (H066) Model Development and Verification Report | 

November 2013 63 

 

3.2.5. SWFWMD data collection 

As an integral project partner, SWFWMD provided additional survey data and access to survey 

data collected as part of SWFWMD projects. Data collected by SWFWMD relevant to the 2D 

modeling included the profile of the Withlacoochee River in the Green Swamp and through the 

dense reaches of its headwaters; survey bottom elevations of the lakes, canals and marshes of 

Tsala Apopka; and the bathymetric survey of Lake Panasoffkee. Each of these pieces played a 

critical role in the project understanding or model calibration process, enabling the accurate 

simulation of hydrologic conditions on the river.  

3.2.5.1. SWFWMD Green Swamp Profile   

Supplementing the work by Morgan & Eklund, Inc., SWFWMD staff used similar procedures in 

2007 and 2008 to gather channel profile elevations along the centerline of the river for 40 miles 

through the Green Swamp and downstream to US 301. Much of this portion of the river was dry 

during this effort and was traversed by foot. The path and points collected by the SWFWMD are 

presented in Figure 3-23. Field notes and photographs taken along the flow path are provided in 

the digital deliverable in the TSDN_Report\5_Misc_Ref_Materials\ 

GEN_RiverSurvey\SurveyData\HydroSurvey_SWFWMD_GWIS sub folder. 
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Figure 3-23: SWFWMD Hydrographic Survey (Green Swamp) 

. 



Withlacoochee Model Verification Report 

  

 

 

 

  

Withlacoochee River Watershed Initiative (H066) Model Development and Verification Report | 

November 2013 65 

 

3.2.5.2. Updates in Tsala Apopka 

During the model calibration process, it was noted that the LiDAR data representing bare earth 

topography in marsh areas were not consistent with field observations in the field. This was 

specifically true in the marsh areas between the lakes adjacent to canals. In these areas, dense 

emergent vegetation masked the signature of an open water feature and LiDAR data was collected 

while they were inundated, thus true bottom elevations were not reported in the available 

topography. To update the LiDAR in these areas, a hydrographic survey was performed jointly 

between the SWFWMD and Atkins. The extents of the survey are shown in Figure 3-24.  

The survey revealed that individual marsh areas had fairly consistent depths of water before 

natural ground was reached. To update the DEM a combination of marsh polygons, survey points, 

and breaklines (created from survey points) were used to create a replacement digital terrain for 

the area. An example of the resulting DEM with and without the update is shown in Figure 3-25. 

The green color in the image on the left represents the vegetated marsh elevation according to the 

LiDAR, whereas the image on the right represents the resulting DEM following the update with 

blue and purple colors representing the actual ground topography within the marsh. Enhanced 

LiDAR points representing the updated area and features collected in the field and generated to 

create the updated DEM are included in the digital deliverable in the \DTM\Enhanced_LAS folder.  
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Figure 3-24: SWFWMD and Atkins Hydrographic Survey of Tsala Apopka Marsh 
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Figure 3-25: Tsala Apopka Marsh Survey - Pre / Post DEM 
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3.2.5.3. Lake Panasoffkee Bathymetric Mapping Project (W476) 

Areas along the open water portion and centerline  of the Panasoffkee Outlet, Big Jones Creek, 

and Little Jones Creek were surveyed using RTK/GPS survey techniques following USACE 

manual for Hydrographic Surveys EM110-2-1003. Data from the survey was used in conjunction 

with other data collected by SWFWMD in the marsh areas to generate an updated DEM for the 

Withlacoochee River Watershed in that area. The extent of the bathymetric data collected is seen 

in Figure 3-26. 

 

Figure 3-26: Lake Panasoffkee Bathymetric Survey 

3.2.6. Culverts in the Green Swamp  

The area modeled by ICPRv4 2D mesh in the Withlacoochee portion of the Green Swamp 

contains mostly land managed by either the SWFWMD or the Florida Division of Forestry (DOF). 

The DOF and SWFWMD have GIS coverages showing the locations of culverts within the land 

they manage with data fields to indicate culvert information such as size and material. Reviewing 

the data unfortunately showed many gaps in the data set. The data that was present combined 

with limited field work showed that the pipe material (CMP) was fairly standard along with roadway 
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cover (1 ï 1.5ô below dirt road) as well as size (24ò typical). These estimates were then used to fill 

in data gaps for material, inverts, and diameter. Figure 3-27 shows the location of the 388 

SWFWMD land culverts and the 90 DOF culverts in the proximity of the 2D region. 

State Road 471 cuts through the Green Swamp and includes 79 roadway crossings for water to 

naturally flow down the slope of the Green Swamp from East to West, including major crossings at 

the Withlacoochee River, Gator Creek, Devils Creek and the Little Withlacoochee River. The 

culvert information was available through SR 471 plans and field recon with locations of each 

crossing down the center of the figure shown in red on Figure 3-27.  
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Figure 3-27: SR 471 Field Recon and SWFWMD Land Culverts 
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4.  Watershed Model Development 

This section describes the development and verification of the Withlacoochee River 2D model and 

the generation of its inflows. The 2D model domain covers approximately 600 square miles 

including the 150 mile long Withlacoochee River corridor, the Green Swamp, Tsala Apopka Chain 

of Lakes, East Citrus-Tsala Apopka detailed study, Lake Panasoffkee, Lake Rousseau, and the 

Little Withlacoochee River. Inflows into the 2D model from watershed planning units include both 

800 square miles of detailed watershed management plans developed and approved by the 

SWFWMD and an additional 700 square miles of approximate studies developed as part of this 

project. The extents of modeling of the detailed studies, approximate studies and the 2D model 

domain are shown in Figure 4-1. 
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Figure 4-1: Extents of Detailed Studies, Unscheduled Planning Units and 2D Model Domain 
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4.1. Hydrologic and Hydraulic Model Development 

4.1.1. Model selection 

4.1.1.1. Inflow Models ï or contributing watershed 

The detailed study inflow models were developed using the ICPRv3 Model version 3.1 service 

pack 10 (ICPRv3). For consistency, the approximate study models were also developed using 

ICPRv3, generating the input files from ArcHydro and SWFWMD developed tool sets for model 

parameterization and data storage in the SWFWMD GWIS format. 

4.1.1.2. River Corridor Model 

The ICPRv4 model version 4.00.00 was used to generate the 2D model domain which simulated 

the river corridor and the wide expanse of the flood way including the Green Swamp, the Tsala 

Apopka Chain of Lake, Lake Panasoffkee and Lake Rousseau through to the Gulf of Mexico. 

The ICPRv4 model contains a combination of hydraulics and hydrology and simulates both 

traditional one dimensional model elements of channels, pipes, weirs, drop structures, as well as, 

two dimensional elements. Within the two dimensional area the model uses a finite volume 

approach to track flow, and utilizes a triangular flexible mesh to characterize and discretise the 

terrain. The mesh is connected to and passes flow between one dimensional and two dimensional 

elements. 

The model was selected in conjunction with the SWFWMD as the most appropriate tool for 

simulating the Withlacoochee Watershed in that it enables extended detail where it is needed and 

enables a more expansive mesh where homogeneous ground conditions exist. Also, given the 

extreme flow regimes in the Withlacoochee River, the use of ICPRv4 enables simulating both one 

dimensional flows for low flow conditions and expansive two dimensional flows during high water 

conditions. As of the writing of this report, ICPRv4 has expanded to include a groundwater module, 

which is a critical element in the understanding of long term simulations in the future, particularly of 

water coming into and out of the Green Swamp. This verified model, designed to run single events 

or a single season is sufficient as a surface condition only model. 
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4.2. Hydrology 

4.2.1. Verification Rainfall Event 

A verification event in a watershed should be a storm of recent memory and provide a tangible 

linkage between model simulated results and actual flood extents along the river. The event should 

be of significant magnitude and should take place during a typically wet time of the year. 

Candidates for the verification event for the Withlacoochee River corridor included, one of the 

hurricanes in 2004, events in the summer of 2005, a winter event in 2006, or the events in July 

2009. The Withlacoochee River water level at Nobleton is shown between 2004 and 2009 as 

Figure 4-2. Each of the candidate events are seen in this figure which is fairly representative of all 

gauges along the river during this time period. Logistically, the 2006 single event was the most 

straight forward event to simulate, in that it had a sharp rise in stream elevation in response to a 

rainfall event then a recession limb without much interference from other significant events over 

the next month. The event in 2006 however was not as large as the peak flow conditions 

experienced on the river after Hurricane Jeanne in 2004, which produced eight times as much flow 

as the 2006 storm. The difficulty with simulating Hurricane Jeanne was in setting the initial 

conditions, which were already at design levels throughout the watershed as the result of 

Hurricanes Charley and Frances. Similarly, simulating either of the first two hurricanes would not 

have captured the peak stage related to the entire 2004 hurricane season and thereby inconsistent 

with observed high water marks. Also, neither the 2005 nor the 2009 event reached the watershed 

peak stages seen in 2004.  Thus, given the size of the Withlacoochee River Watershed and the 

observed flow regime of a quick river rise, followed by a long recession curve, the choice of 

simulating the entire hurricane season in 2004 was chosen. This entire event captured the full 

range of storm dynamics starting at low flow conditions with multiple peaks from Hurricanes 

Charlie, Frances and Jeanne followed by a complete recession limb. 

According to NexRAD grid cells the events accumulated approximately 27 inches of rain over a 4 

month verification simulation period, between August 4th, 2004 and November 24th, 2004. Flow 

hydrographs are shown in Figure 4-3 at various stations in the watershed over this period, 

showing low flow conditions, multiple storm peaks and a delayed recession limb.  
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For ICPRv3 models, GIS tools developed by ESRI in conjunction with the SWFWMD were used to 

generate basin specific rainfall files for each subbasin in both the detailed planning unit models 

and the approximate studies. In contrast, ICPRv4 only requires the Next-Generation Radar 

(NexRAD) grid, soils and land use to generate runoff. NexRAD 2 km grid cells imported into 

ICPRv4 are shown in Figure 4-4. 

 

Figure 4-2: Stage Record - Withlacoochee River at Nobleton (2004 - 2009) 
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Figure 4-3: Representative USGS Flow Gauges during the Hurricane Season of 2004 
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Figure 4-4: NexRAD Grid Cells Covering the 2D Simulation Extent 
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4.2.2. Rainfall Excess 

Rainfall excess is calculated in the ICPRv3 approximate study models using the Green Ampt 

hydrologic rainfall abstraction method, as incorporated in the ICPRv3 software. Soil characteristics 

(cut-off depth, hydraulic conductivity, adjusted effective porosity and suction head) were obtained 

using the SSURGO soils lookup tables and ArcHydro tools provided by the SWFWMD. Then within 

the model, ICPR generates runoff for over each subbasin for each unique contribution of soil and 

land use fraction. 

Within the 2D model domain, ICPRv4 internally intersects the soil coverages with the honeycomb 

mesh and applying Green Ampt abstraction with parameters defined by unique SSURGO MUKEY, 

as shown in Appendix A. Unlike ICPRv3, the moisture in the soil is tracked, dynamically, and 

recovered. Initial soil storage conditions are based upon specific soil conditions as provided in 

SSURGO. Unless a groundwater module is present, soil moisture recovery is exclusively through 

evapotranspiration (ET) and percolation as an outfall when sink holes are simulated. The current 

ICPRv4 model for the Withlacoochee River Watershed does not utilize the groundwater module. 

4.2.3. Runoff Generation 

In ICPRv3 simulations, runoff is calculated in a hydrology module inside the ICPRv3 model and 

stored for use in hydraulic computations. During hydraulic computations, the hydrology time series 

results are loaded on a node and routed through the hydraulics simulation as a one way input. 

In ICPRv4, the hydrology and hydraulics modules are calculated simultaneously, and allow for 

runoff from adjacent basins to interact and impact the rainfall excess quantities. Runoff is 

generated along 2D elements using overland flow equations as described in Section 2.3.4 and in 

Table 2-2. 
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4.3. Hydraulics 

4.3.1. One Dimensional Flow Model Elements 

The hydraulics in the Withlacoochee Watershed includes a combination of one dimensional and 

two dimensional model components. The one dimensional hydraulics portion of the ICPRv4 model 

functions similarly to those in the ICPRv3 model using the same connectivity structure of nodal 

storage elements linked together by conveyance elements. The following discusses the basic 1D 

hydraulic elements:  

4.3.1.1. Nodes 

Model storage elements were placed at the upstream and downstream ends of links and isolated 

storage areas. Nodes are also the loading points for basin generated runoff and baseflow. Node 

initial conditions are established from normal or observed water conditions set at the beginning of 

the storm simulation.  

4.3.1.2. Links 

Hydraulic conveyance elements used in the Withlacoochee Watershed Simulation include 

channels, pipes, weirs, and drop structures. Model data is parameterized from collected data 

including construction plans, field reconnaissance, structure surveys, or structure estimations.  

4.3.1.3. Cross-sections 

Cross sectional data is used in both overland weir connections and channel cross sections. The 

data is extracted from the DEM and formatted per ICPR requirements, then referenced by either a 

weir or channel link.  

4.3.1.4. Operable Control Structures 

The SWFWMD operates 17 control structures in the Withlacoochee River Watershed 2D extents. 

These structures, discussed in Section 3.2.4 are applied to traditional link elements of pipes or 

weirs and become operable by having either a time varying or stage varying clip to simulate 

structure opening or closing. During the verification event, structure operation reports were used to 



Withlacoochee Model Verification Report 

  

 

 

 

  

Withlacoochee River Watershed Initiative (H066) Model Development and Verification Report | 

November 2013 80 

 

derive the time varying clip operations. During normal operations or during simulated design storm 

events, the structure operations will default to the SWFWMD established structural protocols. 

4.3.2. Two dimensional Flow Model Elements 

ICPRv4 input requirements within the 2D region serve to define the modeling extents, characterize 

the terrain, or connect to outside data or interior 1D features. From these inputs, ICPRv4 

generates a triangulated mesh and parameterizes the 2D space with 2D channel elements defined 

by triangle edges, diamond wedges and basin honeycombs serving as basins to aggregate runoff 

to each 2D vertex. Descriptions of each ICPRv4 2D model element used in the Withlacoochee 

Simulation are described in Appendix B.  

4.3.3. Boundary Conditions 2 D Model 

The Withlacoochee simulation is mostly contained within the 2D overland flow boundary with water 

leaving the 2D region in three directions: towards the Hillsborough River, Gulf of Mexico and 

Jordan Sink.  

Hillsbororugh River ï Within the Green Swamp, downstream of SR 471, the Withlacoochee River 

makes a sharp curve from the west towards the north. When the water level at this location is 

above approximately 76.7ô NAVD88, flow can split from the Withlacoochee River and flow towards 

the southwest at the headwaters of the Hillsborough River. For the verification event, the USGS 

gauge at this location (02311000) was used as a tailwater condition and produced an average flow 

rate of 264 cfs throughout this event. 

Gulf of Mexico ï Downstream of Lake Rousseau the Withlacoochee River flows to the Gulf of 

Mexico either straight through the barge canal or down the remnants of the original Withlacoochee 

River through Yankeetown. The Gulf is tidally influenced with the same tidal condition is used for 

both of these outfalls. It is of note that the discharge from Lake Rousseau is however, virtually a 

free discharge condition as the highest recorded storm surge during the verification event reached 

only 10ô NAVD88ô, while the inverts of the control structures are 10.39ô NAVD88 at the Main Gate 

and 20.09ô NAVD88 at the bypass structure. 



Withlacoochee Model Verification Report 

  

 

 

 

  

Withlacoochee River Watershed Initiative (H066) Model Development and Verification Report | 

November 2013 81 

 

Jordan Sink ï Per the operational protocol for managing water in the Tsala Apopka Chain of 

Lakes, during high flow conditions, water will be diverted through the Van Ness Structure towards 

Two Mile Prairie. As flood conditions escalate, this area may also see water back up from the 

Withlacoochee River and when levels are high enough flow can occur to Jordan Sink, which is a 

direct connection and recharges to the Floridian Aquifer. Measured data during the verification 

event was utilized from the SWFWMD water level gauge (SID#23584).  

4.3.4. Boundary conditions inflow models 

The detailed studies and approximate studies enter the 2D model domain at ICPRv4 external 

hydrograph point features. While most of the inflows freely discharge into the 2D model domain, a 

few are more channelized, having submerged discharges and tailwater effects that need to be 

considered, otherwise the freely discharging flows from the planning units will be overstated. 

ICPRv3 tailwater conditions for both the detailed studies and the approximate studies were set 

iteratively, using the results from the 2D model to populate the ICPRv3 models.  

Due to the nature of flows in the various watersheds, the timing of the peak elevation and receding 

limbs did not consistently align. While the natural system had backflow interactions between the 

river and the planning unit model, this had the consequence of creating water in the planning unit 

models, which were later released when the river began to recede, causing an undue spike in 

flows late in the storm event. The remedy for this was to set the reaches flowing to tailwater nodes 

as positive flow only reaches. This modification combined with utilizing time stage data from the 2D 

model domain at the tailwater had the benefit of correctly simulating the water quantity from the 

planning unit models without overstating flows. Then the 2D model tailwater condition would 

govern the elevation at which discharge began rather than a freely discharging set-up.  

Alternative solutions would necessitate the migration of planning unit ICPRv3 models into ICPRv4 

basins creating a combined fully integrated surface water model, which was beyond the scope of 

this project.  
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4.3.5. Node Initial Conditions and Baseflows 

Model initial conditions were set by using measured water level data from the USGS gauging 

stations along the river and the daily readings in the Tsala Apopka Chain of Lakes to create an 

initial conditions surface, which served as a data input into ICPRv4. The ICPRv4 model then set 

initial conditions based upon the higher of the initial conditions surface or the ground elevation.  

Initial conditions in the approximate studies were set based upon visual observations in the 

watershed. These elevations were approximated based upon wetland extents, water surface 

elevations and engineering judgement.  

In 2010 the SWFWMD issued a Groundwater Flow and Transportation Model for the Northern 

District Water Resources Assessment Project Area Version 2.0 by HydroGeologic, Inc. The 

evaluation included a groundwater model of the Withlacoochee River, with one of the outputs 

being monthly baseflow conditions at points along the Withlacoochee River corresponding to 

USGS gauging locations. Using the time period in 2004 corresponding to the Verification event, the 

baseflow data was applied evenly to the number of ICPRv4 1D channel nodes upstream of each of 

the USGS gauging stations. Table 4-1 shows the baseflow added at each USGS gauging station, 

number of nodes between gauging stations and baseflow rate in cfs applied to each node. 

Additional baseflow was added at the Rainbow River to capture the flow from this first magnitude 

spring that was not incorporated into the detailed study. Comparing the gauged flow during the 

verification event with the modeled results simulated over the verification period, a gap of 200 cfs 

was noted and added as baseflow at the outlet of Blue Run (Rainbow River).  

Given the size of the watershed, it is normal to simulate a start-up period to stabilize the flows prior 

to the simulation of the main flooding events. This period for the Withlacoochee simulation was 

August 2004. Prior to this time, it was noted that stages at the inlet to the Tsala Apopka Chain 

were lower than measured values. A baseflow of 700 cfs was added to achieve the initial stage for 

the August 2004 start-up simulation.  
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Table 4-1: Withlacoochee River Baseflow Conditions August to November 2004 

USGS Gauge Baseflow 
Number of Nodes 

Upstream 
Baseflow per 

Node 

Withlacoochee near Cumpressco 4.68 13 0.37 

Withlacoochee near Dade City 2.46 29 0.09 

Withlacoochee at Trilby 24.49 100 0.25 

Withlacoochee at Croom 54.80 192 0.29 

Withlacoochee near Floral City 0.00 88 0 

Withlacoochee at Wysong-Coogler 108.75 27 4.03 

Withlacoochee near Holder 310.29 65 4.78 

4.4. Model Verification 

Modeled stages were compared to USGS or SWFWMD gauges at 25 locations within the 2D 

model domain. Flow data were available for comparison at 13 of these sites. In addition, surveyed 

high water marks were available at numerous locations throughout the watershed. 

4.4.1. Description of the Model Verification Event 

The Hurricane season of 2004 recorded the highest stages in recent memory along the 

Withlacoochee River and within the Tsala Apopka Chain of Lakes. The first Hurricane, Charley, 

contained strong winds causing debris to block to river at certain locations. Before the debris could 

be lifted, the second and third hurricanes, Frances and Jeanne occurred and deposited significant 

amounts of rainfall, compounding the riverôs diminished conveyance. The 2004 hurricane tracks 

are shown in Figure 4-5 converging on the Green Swamp at the headwaters of the Withlacoochee 

River. Hurricanes Frances and Jeanne, which brought the majority of the rainfall are shown 

roughly following the flowline of the river through the heart of the Withlacoochee River Watershed. 
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Figure 4-5: 2004 Florida Hurricane Tracks (The Weather Channel) 

The combination of USGS and SWFWMD gauging data from stations along the Withlacoochee 

River, Little Withlacoochee River and Tsala Apopka Lakes was used for verification of the 

Withlacoochee River ICPRv4 model. Table 4-2 lists the verification stations used and their 

associated model nodes and map IDs, which correspond to their locations in Figure 4-6. 
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Table 4-2: Withlacoochee River Verification Gauging Stations 

Map ID and Name 
USGS / SWFWMD 

Site ID 
ICPRv4 Model 

Node Stage Flow Notes 

01 WR AT MAIN GRADE SWFWMD_17533 HWM_7787 Yes 
 

Hourly 

02 WR NR CUMPRESSCO USGS_02310947 Node_1 Yes Yes Hourly 

03 WR NR DADE CITY USGS_02311500 Node_71 Yes Yes Hourly 

04 WR AT TRILBY USGS_02312000 Node_260 Yes Yes Hourly 

05 WR AT RITAL USGS_02312300 Node_166 Yes 
 

Hourly 

06.1 L. WITH. TARRYTOWN USGS_02312180 LWR_0020 Yes Yes Hourly 

06.2 L. WITH. AT RERDELL USGS_02312200 Node_2121 Yes Yes Hourly 

07 WR AT CROOM USGS_02312500 Node_392 Yes Yes Hourly 

08 WR AT NOBLETON USGS_02312558 Node_466 Yes 
 

Hourly 

09 WR AT CR 48 SWFWMD_23419 Node_3483 Yes 
 

Hourly 

10 LESLIE HEIFNER UPSTREAM SWFWMD_23501 Node_1494 Yes 
 

Hourly 

11 WR NR FLORAL CITY USGS_02312600 Node_3459 Yes Yes Hourly 

12 LAKE PANASOFFKEE (Stage) USGS_02312698 Panasoffkee Yes 
 

Hourly 

      LAKE PANASOFFKEE (Flow) USGS_02312700 Panasoffkee 
 

Yes Daily 

13 WR AT WYSONG DAM USGS_02312720 Node_3507 Yes Yes Hourly 

14 WR NR INVERNESS USGS_02312762 Node_3327 Yes Yes Hourly 

15 LESLIE HEIFNER DOWNSTREAM SWFWMD_23502 Node_1493 Yes 
 

Hourly 

16 TSALA APOPKA FLORAL CITY USGS_02312800 Node_700 Yes 
 

Daily 

17 TSALA APOPKA INVERNESS LAKE SWFWMD_23481 Node_703 Yes 
 

Daily 

18 TSALA APOPKA AT HERNANDO USGS_02312950 Node_708 Yes 
 

Daily 

19 TSALA APOPKA CANAL AT S-353 USGS_02312975 Node_769 Yes 
 

Hourly 

20 WR NR HOLDER USGS_02313000 Node_3361 Yes Yes Hourly 

21 WR AT DUNNELLON USGS_02313200 Node_3401 Yes 
 

Hourly 

22 LAKE ROUSSEAU USGS_02313230 Rousseau Yes Yes Hourly 

22.1 WR BYPASS CHANNEL USGS_02313250 Node_1392 Yes Yes Hourly 

23 INGLIS DAM DOWNSTREAM USGS_02313231 OF_Node_6356 Yes 
 

Hourly 
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Figure 4-6: Verification Gauging Stations along the Withlacoochee River 
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4.4.2. Basis of Comparison between Simulated and Observed Conditions 

Simulated and observed conditions were compared both visually and using statistical methods. 

Visual comparisons included comparing the general shape, time of stage increases in response to 

hurricanes, magnitude of rise, peak stage, peak flow and total storm volume. Comparisons on a 

statistical basis include the Mean Error, Mean Absolute Error, Root Mean Square Error, Correlation 

Coefficient, Coefficient of Determination, and Nash Sutcliffe metric. Statistical measures are 

described below along with target ranges for each statistical metric. 

Mean Error ïis an estimate of model bias. It is calculated by summing the differences at every 

time increment between measured and modeled results. If two data sets trend together, yet one 

has an apparent offset, the Mean Error will go up. This could be caused by external factors such 

as hurricane debris, which could cause an apparent phase shift in measured data, which would not 

have been replicated in the modeled data. 

 Mean Absolute Error ï is another measure of bias. This measurement differs from the Mean 

error in that it is calculated as the sum of the absolute value of the difference between measured 

and modeled data. This metric is useful in cases where a Mean Error calculation might cancel out 

the error by having conditions where the measured data is too high early in a storm event and 

alternatively too low at a later point in the storm event.  

Root Mean Squared Error ï is the square root of the mean squared error and is an indicator of 

the overall accuracy of a models ability to estimate measured data. The measure aggregates the 

magnitudes of the error or difference between predicted and measured value. 

Coefficient of Determination (r2) ï indicates how well data points fit a predicted set of defined 

values, presuming the observed values follow a defined progression or curve. Values range from 0 

to 1, where a value of 1 indicates a perfect correlation and 0 represents no discernable correlation 

between the data values. 

Nash-Sutcliffe ï is a measure of model efficiency used in hydrodynamic models. As the metric 

approaches 1, signifies an identical match between measured and modeled data, and an indicator 
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of excellent model accuracy with measured data. Large negative values indicate the model 

simulation is a poor predictor or measured data. 

Percent Difference Cumulative Flows ï Calculates the sum of the flows over a time period of 

model calibration as compared to measured data over the same period. It is a measure to indicate 

how well the total quantity of water simulated matches the measured data. 

Normalized Error, 10th Percentile Flows ï indicates how well flows are matching lower flows as 

normalized by the median flow. This statistic is a measure of the rising and tailing limb metric to 

see how well the 10th percentile, flow that is exceeded 90% of the time, compares to the measured 

data. 

4.4.2.1. Calibration Targets 

Levels of uncertainty are common in any simulation where the real world is being approximated by 

a model simulation. To the extent practical and within the accepted range of values, model 

parameters were adjusted to match measured conditions. The objective of the calibration process 

is to minimize the error and adjust parameters such that model conditions reasonably predict 

measured data results so that the model can be used to predict system performance during design 

storm events. Calibration targets are listed as Good, Fair, and Poor. Given that each metric 

measures a different aspect of the total calibration, it is the combination of the metrics with site 

specific observations and visual comparisons between the measured and modeled data that 

ultimately determines good model calibration.  

Considerations in evaluating targets should be given to both the model input data source and the 

accuracy of the USGS measured data and flow ratings. The verification model was based 

significantly on the use of digital topography, where the developed DEM has a reported accuracy 

of plus or minus 0.5 feet. The measured flow data, as well, has a number of complications when 

comparing flow data to extreme events. The flow gauges in the Withlacoochee River are based 

upon a flow-stage rating curve and although the rating curves are frequently calibrated and 

adjusted, they are less apt to precisely capture the peak conditions and stream alterations that 

occur during a hurricane event, much less three hurricane events. Additionally, by the nature of the 

application of the rating curve, the flow rate is based upon a direct reading of measured stage. In 
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practice, particularly for extreme hurricane type events, stream systems may not respond the same 

during the rising and falling limbs and a hysteresis condition often occurs, whereby similar tailwater 

conditions during the rising and falling limbs of an event cause significantly different flow rates to 

occur. 

Consistent with the accuracy of the underlying model input data, measured data, and the Myakka 

River Watershed Initiative, the targets for stage and flow calibration are listed in Tables 4.3 and 

4.4 respectively. 

Table 4-3: Calibration Targets for Surface Water Stages 

Metric Good Fair Poor 

Mean Error  <0.50ô < 0.50ô , 1.00ô > >1.00ô 

Mean Absolute Error <0.75ô < 0.75ô , 1.50ô > >1.50ô 

Root Mean Squared Error < 0.00ô , 1.00ô > < 1.00ô , 2.00ô > >2.00ô 

Nash Sutcliffe Coefficient >= 0.0 < -1.00 , 0.00 > < -1.0 

Coefficient of Determination (R
2
) < 0.60 , 1.00 > < 0.40 , 0.60 > < 0.40 

  

Table 4-4: Calibration Targets for Surface Water Flows 

Metric Good Fair Poor 

% Difference in Cumulative Flows  <10% < 10% , 25% > >25% 

Normalized Q10 <0.10 < 0.10 , 0.20 > >0.20 

Nash Sutcliffe Coefficient >= 0.0 < -1.00 , 0.00 > < -1.0 

Coefficient of Determination (R
2
) < 0.75 , 1.00 > < 0.50 , 0.75 > < 0.50 

 

4.4.3. Model Calibration Process 

The goal of this calibration process was to refine the hydraulic model such that it produced 

reasonable results as compared to observed conditions. This is critical because how well the 

model is verified defines how accurate the design flood events and model scenarios will be in 

future stages of this project.  
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The model calibration process started with an assessment of volume of runoff in the watershed 

generated within the ICPRv4 model domain and inflowing from the planning units. Adjustments 

were made to the approximate study models to include the impact of evapotranspiration (ET) over 

the four month verification period. Next, storage volume within the 2D mesh was considered both 

from the accuracy of the meshôs ability to reflect the digital terrain surface and the accuracy of the 

digital terrain surface. Finally, using independent flow ratings at each of the water control 

structures in the Tsala Apopka Chain, developed by the SWFWMD, flows through each of the 

structures were calibrated for low and high flow conditions.  

As a result of various aspects of the calibration process, the adjustments were not simple 

parameter adjustments, but required additional field work to correct or enhance model input data 

before calibration could proceed. For example, when storage in the watershed was suspected as a 

calibration limitation, a survey of the Tsala Apopka marsh revealed that what appeared as solid 

ground in the digital terrain was actually a heavily vegetated marsh containing roughly three feet of 

standing water, a critical element in the complete understanding and simulation of the system. 

These corrections, as well as the others described above, lead to improved model accuracy and a 

better understanding river system. 

4.4.3.1. Inflow Model Refinement 

The first step in the calibration process was to determine if the quantity of, water as measured by 

the USGS gauging stations, was reasonably approximated by inflows to the river model and the 

runoff generated by ICPRv4. An initial observation showed modeled stages and flows were higher 

than measured data from USGS gauges in the central portion of the watershed, indicating the 

water balance needed an adjustment.  

The next step in analyzing the water balance was to verify that the Doppler rainfall reported by the 

NexRAD grid accurately represented ground measurements. This was done at measured locations 

within the Tsala Apopka Chain of Lakes. During the times of peak rainfall intensity surrounding 

hurricanes Frances and Jeanne, there was an insufficient difference between the measured and 

Doppler data to suggest that it was the cause of the data discrepancy. 
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Next, the approximate studies were evaluated. These studies were generated with the purpose of 

generating inflows into the river, and initially it was presumed that the level-of-detail may have 

impacted the flow rates into the river both in terms of both total volume, and inflow hydrograph 

timing. Evaluations of the level-of-detail and additional surveys were conducted at critical locations 

in the approximate models by the SWFWMD to improve the accuracy of the models.  

Next, ET was incorporated into the inflow model through an adjustment to the rainfall amounts, 

whereby rainfall into the inflow models was reduced based upon monthly ET potential rates used in 

the 2D portion of the model. This approximation, while not appropriate for evaluating specific site 

conditions within the approximate planning units, was deemed an appropriate approach to 

correcting the resulting inflow hydrographs into the ICPRv4 model. 

Next, inflow model timing was evaluated, particularly the inflows from approximate studies flowing 

into the Green Swamp. The inflow models were adjusted by decreasing selected overland weir 

coefficients, attenuating volume and delaying the peak discharge, to ultimately match the 

hydrograph measured at USGS gauge at Cumpressco at the SR 471 bridge. Results significantly 

improved the modeled shape of the hydrograph under SR 471 during the second hurricane 

(Frances). However, while the shape improved for the third hurricane (Jeanne), it did not match the 

peak rate as measured by the USGS gauging station. Based on these results, it is suspected that 

the groundwater influence from the Green Swamp is more of a driver of the receding limb of 

hydrographs in the upper portion of the Withlacoochee River Watershed than the surface inflows. 

The groundwater component in the Green Swamp appears to only affect the final receding limb of 

the simulation and is not necessarily a significant contributor to the peak stages or flow rates in the 

remainder of the watershed. To accurately extend the model to simulate a longer term condition, 

would require using the groundwater component of ICPRv4. While the groundwater module is 

available at the writing of this report, it was not available when the verification model initiated 

development. 

4.4.3.2. DEM Refinement 

With the inflow volume calibrated to the extent possible, the resulting stages were evaluated. At 

the USGS gauging station on the Withlacoochee River near Floral City (USGS 02312600), it was 

observed that the modeled flow was matching the measured flow reasonably well; however the 
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modeled stage was high. This same condition was also present in the Wysong gauge (USGS 

02312720). These two gauges, seen in Figure 4-7, represent a large portion of the Withlacoochee 

River near Tsala Apopka. The river profile at this location is extremely flat with a normal inundation 

area greater than 4 miles in width; therefore even a slight change in the ground profile, as reflected 

in the DEM, would have a large change in the overall storage volume in the system as seen from 

the bathymetric survey of the Tsala Apopka marsh. Areas were identified and surveyed to verify 

the presence of standing water below the DEM ñgroundò elevation. The difference in depth ranged 

from 0.5 feet to 3.0 feet and was applied throughout the representative marsh areas in the 

Withlacoochee River near Tsala Apopka. Following the update of the DEM elevations in the marsh 

area, modeled stages upstream were much more consistent with observed conditions in the river.  

 

Figure 4-7: Withlacoochee River near Tsala Apopka 
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Next, it was observed that the modeled stage in the Floral City Pool continued to rise late in the 

storm event, compared to the measured data, which showed a recession limb even with the Leslie 

Heifner and Floral City structures closed. This was identified as additional model inflow to the 

Floral City Pool over the Flying Eagle Berm, which was greatly overstated as compared to actual 

observations during the 2004 hurricanes. The berm was subsequently surveyed, and the DEM 

updated to reflect this critical condition. This alteration resulted in flow only minimally overtopping 

the berm which better represented actual conditions during the verification event. 

To verify that the storage volume in the model matched that in the DEM, an extent of inundation 

shape was created. Using the GIS cut and fill tool, the volume between the initial shape surface 

and the inundation shape was determined. This volume was then compared to the peak volume 

stored in the model. Results, following the DEM updates, are shown in Table 4-5 and indicate that 

the ICPRv4 simulation accounts for 95% of the actual volume measured under the peak inundation 

shape. It is of note that the model peak volume occurred at a moment in time, whereas the volume 

calculated from the inundation shape was developed from the extracted peak conditions 

throughout the watershed consequently, the modeled volume presented in the table for 

comparison is slightly understated. 

Table 4-5: Volume Comparison DEM vs ICPRv4 Model 

 
Volume (ac-ft) 

DEM volume under inundation shape 665,989 

less DEM initial water volume (111,151) 

 
554,839 

  ICPRv4 Model - peak storage volume 529,313 
Ratio of model volume to DEM volume 95% 

 

4.4.3.3. Refinement of 2D Mesh 

The 2D mesh as modeled by ICPRv4 is generated to both reasonably represent the terrain and 

drainage patters in the overland areas. The first of these two conditions was addressed by the 

results of storage volume shown in Table 4-5. However, the second condition can only be 

evaluated through observations and comparisons of the simulated results with historic accounts or 
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available stream gauge data. Because the flow paths occur linearly along 2D mesh triangle 

elements, an inefficient mesh can either short circuit a storage area within the mesh, or block a 

flow path. Using the results and resulting inundation area as a guide, the watershed was evaluated 

to identify locations where the mesh was drawn inefficiently and the necessary corrections were 

made, such as adding breakpoints or adjusting breakpoint locations . 

4.4.3.4. Structure Ratings 

Elements of critical importance to the operations of lake levels at Lake Rousseau and within the 

Tsala Apopka Chain of Lakes are the performance of the operable control structures. For Lake 

Rousseau these are the Inglis Dam and Inglis Bypass control structure. For the Tsala Apopka 

Chain of Lakes, discussed in Section 3.2.4, these are; the Leslie Heifner and Floral City Structures 

which control water from the river into the Floral City Pool; the Golf Course and Moccasin Slough 

structures which control water into the Inverness Pool; the Brogden Bridge and Bryant Slough 

which control water leaving the Inverness Pool; and the Van Ness and S-353 structures, which 

control water leaving the Hernando Pool.  

The first step in calibrating these areas was to verify that the reported structure operations, which 

came from several sources both electronic and hand written, were accurate. This was done 

through reasonableness checks, whereby the timing of the structure observations was compared 

to measured changes in water level. Inconsistencies were noted and reviewed with SWFWMD 

staff, and were adjusted as appropriate. Concurrently, the SWFWMD revisited all of the historic 

structure operations and attempted to track down and resolve any other inconsistencies. 

As a tool to enhance ongoing structure operations within the Tsala Apopka Chain of Lakes, the 

SWFMWD recently developed flow ratings for each of the control structures using measured 

stages in each pool, channel geometry and field measured flows under a variety of gate openings. 

This provided a way to independently review the results of the model at both low and high stage 

conditions, and provide assurances that the model would adequately reproduce scenarios 

simulated under these conditions.  

During high stage conditions, the pools are effectively level, whereby most of the headloss occurs 

at the structure. During these conditions and with all other variables removed, each of the 
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structures produced flow rates similar to those generated by the structure ratings. It was during the 

lower stage / filling condition, where a difference was noted between the modeled and structure 

rating flow rates. During this time, which occurred in the initial rising limb of the verification model, 

it was the combination of the structure and headloss in the channels that combined to control the 

flow between the Tsala Apopka Pools. Adjustments to the Manningôs roughness coefficients within 

the 1D channels leading up to and leaving each structure provided reasonable calibration at each 

of the structures. 

The Inglis Dam and Bypass structures are effectively freely discharging sluice structures flowing 

over an Ogee spillway. The orifice discharge coefficient for these spillways was used as a 

calibration parameter to match the measured flows for given headwater conditions.  

4.4.3.5. ICPRv4 Beta Version 

One of the opportunities and limitations of developing a model simulation using a beta version of 

software is that concurrent with the development of model inputs, the software is being refined and 

improved. Throughout the model development of the Withlacoochee 2D model, the ICPRv4 

modeling software evolved to include, among other enhancements, an integrated groundwater 

component (not utilized in this model, but currently publically available) and an improved hydrology 

component integrated with surface runoff. These, in addition to other software modifications led to 

the generation of a better and more accurate hydraulic model simulation of the watershed. 

Additionally, with each successive improvement to the software, additional diagnostics were made 

available along with more detailed output data, to help identify potential model errors. However, the 

input data schema needed to be upgraded to match the latest model input configuration to take 

advantage of the refinements, requiring additional time in model development.  

4.4.4. Comparison between Simulated and Observed Conditions 

This section of the report presents the results of the stage and flow model comparisons to 

measured data within the 2D model domain. In total, 25 USGS or SWFWMD stage locations were 

evaluated, of which, 13 also contained flow measurements. Locations of USGS and SWFWMD 

stations were shown previously in Figure 4-6 (section 4.4.1) and tabulated in Table 4-2. Presented 

in the table, the stations are discussed from upstream to downstream (from the Green Swamp to 
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the Gulf of Mexico) including tributary inflows from the Little Withlacoochee River, Lake 

Panasoffkee and the Tsala Apopka Chain of Lakes. 

The statistical measures described in section 4.4.2 and calculated for each gauging station. The 

resulting observed hydrographs show the complexity of the Withlacoochee River Watershed and 

the unique conditions surrounding the verification period, where three hurricanes converged over 

the watershed in a single hurricane season. This led to a calibration that required matching the 

many varying hydraulic conditions in the river. Prior to the second hurricane, Hurricane Frances, 

the stages in the Withlacoochee River were still relatively low and the intense rainfall lead to a 

sharp rise in many stages and flow hydrographs. Then, during the initial portion of the receding 

limb of the hydrographs, Hurricane Jeanne occurred, showing the riverôs response to a storm event 

occurring during both saturated and high water conditions. Finally, the end of the 2004 hurricane 

season, without any additional significant rainfall occurring, the river competed its long receding 

limb and water levels returned to normal.  

The results of calculating the stage statistical metrics are presented in Table 4-6. Comparison 

results for the coefficient of determination metric shows good calibration. The calibration target for 

the coefficient of determination metric considers 0.6 a good match, which is exceeded at all 

stations with most of the r2 values exceeding 0.9. This indicates an excellent measure of the 

models ability to match the shape, not only in peak conditions, but from the rising limb, through 

both peaks and through the recession limb. 

Similarly, for the Nash Sutcliffe measurement a value above 0 is considered good model 

calibration, and many of the gauges approach 1.0, which represents a modelôs ability to represent 

a streamôs response to the inflow hydrographs, with all metrics falling in the ñgoodò range. 

The only stage metrics falling in the poor or fair range are those in the Green Swamp, (Main Grade 

and Cumpressco), and those just downstream of the Cumpressco gauge at Dade City and Trilby. 

These metrics, as seen in the comparison hydrographs, show a shift in the measured and modeled 

data. It is suspected that this is the result of changing conditions in the river through the hurricane 

season and the dense vegetation that makes up the centerline of the river between Cumpressco 

and Dade City USGS gauges. 
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Along the Little Withlacoochee at Rerdell, the metrics for Mean Error, Mean Absolute Error and 

Root Mean Error show a fair rating, while the visual inspection of the gauge matches extremely 

well through hurricanes Frances and Jeanne. It appears as though the difference prior to hurricane 

Frances is more related to the limit of the detailed hydrographic survey on the Little Withlacoochee 

River rather than the streamôs response to inflows. In both the measured and modeled conditions, 

the water level appears at or near the bottom of the river at this location.  

Table 4-6: Stage Statistical Metrics 

 

The flow statistical metrics seen in Table 4-7 show a good overall correlation to measured data. 

With the exception of the bypass channel and Panasoffkee Outlet River Gauge, each of the r2 

values and Nash Sutcliffe Coefficients are in the ñGoodò range. Given the limitations on the use of 

Station Name

WITHLACOOCHEE RIVER AT MAIN GRADE1.01 poor 1.01 fair 1.05 fair 0.95 good 0.19 good

WITHLACOOCHEE RIVER NR CUMPRESSCO0.65 fair 0.90 fair 1.19 fair 0.86 good 0.74 good

WITHLACOOCHEE RIVER NR DADE CITY1.77 poor 1.77 poor 1.85 fair 0.92 good 0.30 good

WITHLACOOCHEE RIVER AT TRILBY 2.03 poor 2.06 poor 2.15 poor 0.97 good 0.76 good

WITHLACOOCHEE RIVER AT RITAL 0.40 good 0.73 good 0.93 good 0.97 good 0.96 good

L. WITHLACOOCHEE RIVER NR TARRYTOWN0.55 fair 0.57 good 0.63 good 0.81 good 0.21 good

L. WITHLACOOCHEE RIVER AT RERDELL0.87 fair 1.04 fair 1.25 fair 0.91 good 0.71 good

WITHLACOOCHEE RIVER AT CROOM 0.55 fair 0.89 fair 0.99 good 0.93 good 0.83 good

WITHLACOOCHEE RIVER AT NOBLETON0.71 fair 0.72 good 0.82 good 0.97 good 0.85 good

WITHLACOOCHEE RIVER AT CR 48 0.07 good 0.19 good 0.22 good 0.99 good 0.98 good

LESLIE HEIFNER UPSTREAM 0.08 good 0.18 good 0.21 good 0.99 good 0.98 good

WITHLACOOCHEE RIVER NR FLORAL CITY0.02 good 0.16 good 0.18 good 0.99 good 0.99 good

LAKE PANASOFFKEE (USGS) 0.17 good 0.20 good 0.24 good 0.99 good 0.96 good

WITHLACOOCHEE RIVER AT WYSONG DAM0.16 good 0.49 good 0.64 good 0.96 good 0.88 good

WITHLACOOCHEE RIVER NR INVERNESS0.64 fair 0.65 good 0.70 good 0.99 good 0.92 good

LESLIE HEIFNER DOWNSTREAM 0.04 good 0.13 good 0.18 good 0.98 good 0.96 good

TSALA APOPKA FLORAL CITY 0.15 good 0.15 good 0.19 good 0.99 good 0.97 good

TSALA APOPKA INVERNESS LAKE 0.06 good 0.14 good 0.16 good 0.98 good 0.96 good

TSALA APOPKA AT HERNANDO 0.10 good 0.14 good 0.18 good 0.96 good 0.94 good

TSALA APOPKA CANAL AT S-353 0.25 good 0.25 good 0.29 good 0.96 good 0.85 good

WITHLACOOCHEE RIVER NR HOLDER 0.35 good 0.73 good 0.87 good 0.98 good 0.95 good

WITHLACOOCHEE RIVER AT DUNNELLON0.24 good 0.31 good 0.37 good 0.94 good 0.84 good

INGLIS DAM DOWNSTREAM 0.16 good 0.66 good 0.98 good 0.94 good 0.89 good

INGLIS DAM UPSTREAM-LAKE ROUSSEAU0.21 good 0.38 good 0.49 good 0.74 good 0.56 good

WITHLACOOCHEE RIVER BYPASS CHANNEL0.39 good 0.46 good 0.54 good 0.73 good 0.35 good
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the USGS rating curves, mentioned in Section 4.4.2.1, to exactly match rising and falling limb 

conditions, the result presented represent reasonable model calibration.  

The difference seen in the bypass channel metrics appears to be due to the timing of the abrupt 

changes in flow rates. While the overall trend follows fairly well, visually, the limitations on the 

structure operations reporting caused the statistical measures to drop from the good range. 

The difference seen in the Panasoffkee Outlet appears to be more reflective of the manner in 

which the USGS station calculated the flow rather than an indicator of a significant difference in 

model calibration. 

The percent difference from cumulative flows, on whole are fair to good with isolated differences 

emerging, either as a result of flows from the Green Swamp, noted earlier, or suspect data 

reporting. The gauge that is most reflective of streamflow conditions in the entire watershed is the 

gauge at Holder, which is the last stream gauge removed from the heavy effects of Inglis Dam on 

Lake Rousseau. The Holder gauge combines the flow out of the Green Swamp, Little 

Withlacoochee River, most of the inflow tributaries, from Lake Panasoffkee and the Tsala Apopka 

chain. As seen in Table 4-7 the flow deviation at this gauge is less than 5%.  
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Table 4-7: Flow Statistical Metrics 

 

 

4.4.4.1. Withlacoochee River at Main Grade (Trial Ford) 

The SWFWMD gauge on the Withlacoochee River at Main Grade (SID 17553) is shown in Figure 

4-8 and measures the gauge height at the Main Grade crossing in the Green Swamp. The portion 

of the Withlacoochee River in the Green Swamp upstream of this gauge was not included in the 

update of the DEM and the low elevation shown in early August represents the DEM ground level, 

which rises as the runoff begins to accumulate and the stage responds. Main Grade remained wet 

throughout the remainder of the simulation. The volume difference at stages below 96ô NAVD88 at 

this location is considered minimal compared to the volume in the flood extents and not significant 

to the overall calibration. Also, there is some discrepancy in the measured data in late August 

which caused an abrupt three foot rise in the stage and a subsequent fall later in the month 

causing an inconsistency in the calibration metrics.   

Station Name

WITHLACOOCHEE RIVER NR CUMPRESSCO-30% poor 0.11 fair 0.91 good 0.75 good

WITHLACOOCHEE RIVER NR DADE CITY -22% fair 0.04 good 0.87 good 0.78 good

WITHLACOOCHEE RIVER AT TRILBY -21% fair 0.12 fair 0.96 good 0.87 good

L. WITHLACOOCHEE RIVER NR TARRYTOWN-45% poor 0.49 poor 0.92 good 0.67 good

L. WITHLACOOCHEE RIVER AT RERDELL 14% fair 0.05 good 0.87 good 0.63 good

WITHLACOOCHEE RIVER AT CROOM -22% fair 0.01 good 0.92 good 0.82 good

WITHLACOOCHEE RIVER NR FLORAL CITY-25% fair 0.12 fair 0.89 good 0.72 good

LAKE PANASOFFKEE OUTLET -4% good 0.00 good 0.48 poor 0.39 good

WITHLACOOCHEE RIVER AT WYSONG DAM-10% good 0.09 good 0.87 good 0.81 good

WITHLACOOCHEE RIVER NR INVERNESS -24% fair 0.10 good 0.98 good 0.69 good

WITHLACOOCHEE RIVER NR HOLDER -3% good 0.08 good 0.98 good 0.94 good

INGLIS DAM UPSTREAM-LAKE ROUSSEAU -4% good 0.03 good 0.95 good 0.93 good
WITHLACOOCHEE RIVER BYPASS CHANNEL-16% fair 0.00 good 0.13 poor -0.81 fair

P
e

rc
e

n
t 
D

if
fe

re
n
ce

 in
 

C
u
m

u
la

ti
ve

 F
lo

w
s

N
o
rm

a
liz

e
d
 Q

1
0

C
o
e

ff
ic

ie
n
t 
o
f 
D

e
te

rm
in

a
ti
o
n
 

(R
2

)

N
a
sh

 S
u
tc

lif
fe

 C
o
e

ff
ic

ie
n
t



Withlacoochee Model Verification Report 

  

 

 

 

  

Withlacoochee River Watershed Initiative (H066) Model Development and Verification Report | 

November 2013 100 

 

The general trend and timing of the stream response and the peak elevation is within reasonable 

results. 

 

Figure 4-8: Stage Calibration Graph Main Grade 

 

4.4.4.2. Withlacoochee River near Cumpressco 

The USGS gauge at SR471, USGS#02310947 captures the stage and flow of water within the 

Green Swamp seen in Figures 4-9 and 4-10. As discussed previously, the shape of the 

hydrograph within the the Green Swamp is not flashy, but much more delayed as water slowly 

finds its way, emerging as groundwater back into the main channel or trickling through dense 

vegetation as the main channel of the Withlacoochee river is not consistently defined in this portion 

of the watershed.  

The flow hydrograph comparison shows good model response to rainfall events, particularly during 

the second hurricane, where the rising limb of the hydrograph and the resulting peak and 
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recession limb match well to the measured data. The timing of the rise and the peak modeled 

elevations are within reasonable ranges. 

 

Figure 4-9: Stage Calibration Graph Cumpressco 

 

Figure 4-10: Flow Calibration Graph Cumpressco 
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4.4.4.3. Withlacoochee River near Dade City 

Downstream of the flow split with the Hillsborough River the Withlacoochee River passes through 

the USGS gauge near Dade City (USGS#02311500). The stage and flow graphs are seen in 

Figures 4-12 and 4-13 respectively. Unlike the Main Grade site, where the DEM is above the 

measured ground elevation, here the surveyed profile shows a ground elevation at the beginning 

of the simulation a foot lower than the measure data. This trend continues all the way to the peak, 

which is modeled lower than the measured peak. This may be due to log jams in the channel that 

are prevalent throughout the Green Swamp as seen in Figure 4-11.  

Overall there is good agreement between the measured and modeled stages and flows. Also, the 

flow graph for the third hurricane appears to be more of a reflection of the Cumpressco gauge than 

something isolated to Dade City. 

.   

Figure 4-11: Withlacoochee River Main Channel Upstream of Dade City 
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Figure 4-12: Stage Calibration Graph Dade City 

 

Figure 4-13: Flow Calibration Graph Dade City 
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4.4.4.4. Withlacoochee River at Trilby 

Downstream of the Dade City gauge is the USGS gauge at US 301 in Trilby, (USGS#02312000). 

The river at this location is completely contained within the channel and flows westward after 

collecting additional Green Swamp flows from Devilôs Creek and Gator Hole Slough. This portion of 

the river is one of the steeper and deeper segments as well. As seen in Figure 4-14 during the 

storm events, the stage rises over 10 feet, without leaving its banks. 

The shape of the stage hydrograph and flow hydrograph, seen in Figure 4-15 show a good match 

with the measured data. The stage consistently tracks lower than the measured data, and although 

Manningôs values were adjusted to simulate the channel roughness, it had little impact on the 

elevation or flow at this location. Likely additional storm debris in this stretch of the river caused the 

decrease in conveyance and higher stages for the verification event, which is not anticipated under 

normal conditions. 

 

Figure 4-14: Stage Calibration Graph Trilby 
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Figure 4-15: Flow Calibration Graph Trilby 
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4.4.4.5. Withlacoochee River at Rital 

The USGS gauge at Rital, SR50, (USGS#02312300), measures stage only. The flows are likely 

similar to the Trilby gauge as there are no significant inflows into the river between the two gauges. 

The river here is still very channelized and flows are contained within the river banks. The stage 

graph seen in Figure 4-16 tracks the measure data very well during both the rising and falling 

limbs of the hydrograph, with only a slightly elevated peak stage compared to the USGS data, yet 

within reasonable range for good calibration. The elevated stage is likely related to the 

transference of water too efficiently from the Trilby gauge as compared to conditions during the 

debris laden storm event simulations. 

 

Figure 4-16: Stage Calibration Graph Rital 
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4.4.4.6. Little Withlacoochee River near Tarrytown 

The USGS gauge for the Little Withlacoochee River near Tarrytown (USGS#02312180) in the 

Green Swamp is measured at SR 471, for both stage and flow as seen in Figures 4-17 and 4-18. 

The stage graph shows good visual agreement between the measured and modeled stages, while 

the flow graph under predicts the flow at the peaks.  

This is inconsistent with the results at the Rerdell gauge downstream on the Little Withlacoochee 

River and the Croom gauge on the Withlacoochee River, just downstream of the Little 

Withlacoochee confluence. According to the documentation provided by USGS on the gauge, flow 

reported during high water conditions also includes the multiple culverts to the north and south of 

the SR471 crossing. This expansion of the flow measurement, could explain the discrepancy. The 

culverts to the north of the SR471 crossing were originally incorporated within the approximate 

study for the Little Withlacoochee River, but were included into the 2D mesh during the ICPRv4 

model development. The culverts to the south of the gauge are included in the East Hernando 

detailed study and used as an ICPRv4 inflow. The East Hernando Withlacoochee River detailed 

study would need to be integrated into the 2D mesh to fully incorporate the dynamic flows at this 

location.  However,  maintaining them separately does not appear to have a significant impact on 

results further down the river. 

 



Withlacoochee Model Verification Report 

  

 

 

 

  

Withlacoochee River Watershed Initiative (H066) Model Development and Verification Report | 

November 2013 108 

 

 

Figure 4-17: Stage Calibration Graph Tarrytown 

 

Figure 4-18: Flow Calibration Graph Tarrytown 
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4.4.4.7. Little Withlacoochee River at Rerdell 

The USGS gauge at Rerdell, (USGS#02312200) is the second of two USGS gauges on the Little 

Withlacoochee River and is located just downstream of the Gant Lake outfall canal. Downstream of 

the Rerdell gauge, the Little Withlacoochee joins the Withlacoochee River between the USGS 

gauges at Rital and Croom, just upstream of Silver Lake. Visual inspection of the stage graph 

shows a good correlation between the measured and modeled stages at the gauge for the second 

and third hurricanes. The only exception was the relatively dry period in August of 2004 where 

modeled results remained above elevation 63 ft NAVD88 representing the invert of the simulated 

channel and the raw LiDAR, ñbest availableò ground elevation. The USGS gauge at Rerdell also 

represents the limit of the Withlacoochee Riverôs detailed hydrographic survey performed by 

Morgan and Eklund. This minor difference in the bottom elevation of the cross section does not 

appear to have any impact on the simulated flow, as the flows track well in early August as seen in 

Figure 4-20 or on the stage results, as the stage graph beyond August matches very well. 

 

 

Figure 4-19: Stage Calibration Graph Rerdell 
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Figure 4-20: Flow Calibration Graph Rerdell 

4.4.4.8. Withlacoochee River at Croom 

Downstream of the confluence with the Little Withlacoochee River is the USGS gauge 

(USGS#02312500) at Croom. This gauge was deemed of critical importance to the modeled 

calibration, based upon this location being downstream of this confluence and inclusive of flows 

from the entire Green Swamp flowing down the Withlacoochee River. Results of the calibration, 

seen in Figures 4-21 and 4-22 show good agreement between the measured and modeled stages 

and flows here represent reasonable verification model results. 

 
























































