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Abbreviations and Acronyms 

The following is a list of acronyms and /or abbreviations used throughout this report: 

1D / 2D  1 or 2 Dimensional 

AEI Applied Ecology, Inc. 

CFWI Central Florida Water Initiative 

CMS Coastal Modeling System 

County Brevard County Natural Resources Management Department 

DEM Digital Elevation Model 

District Southwest Florida Water Management District 

ECTFX East-Central Florida Transient Expanded 

ERP Environmental Resource Permit 

FDEP Florida Department of Environmental Protection 

FDOT Florida Department of Transportation 

FEMA Federal Emergency Management Agency 

FIPS Federal Information Processing Standards 

ft Feet/Foot 

GDB Geodatabase 

GIS Geographic Information System 

GWIS Geographic Watershed Information System 

GW-SW Groundwater-Surface Water 

H&H Hydrologic & Hydraulic 

h:v Horizontal:Vertical 

i.e. That is 

ICPR Interconnected Channel and Pond Routing 

IRL Indian River Lagoon 

JEA Jones Edmunds and Associates, Inc. 

KM Kilometer 

LDC Land Development Code 

LiDAR Light Detection And Ranging 

LU Lookup (Table) 

M&E Morgan & Eklund, Inc. 

MAE Mean Absolute Error 

ME Mean Error 

MLLW Mean-Lower-Low Water 

NASA National Aeronautics and Space Administration 

NAD North American Datum 

NAVD88 North American Vertical Datum of 1988 

NEXRAD Next Generation Weather Radar 

NGVD National Geodetic Vertical Datum 

NGVD29 National Geodetic Vertical Datum of 1929 
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NRCS Natural Resources Conservation Service 

NSE Nash-Sutcliffe Efficiency 

NWL Normal Water Level 

QA Quality Assurance  

QA/QC Quality Assurance / Quality Control 

QC Quality Control 

RMSE Root Mean Square Error 

SAI Singhofen & Associates, Inc. 

SF Square Feet/Foot 

SFWMD South Florida Water Management District 

SJRWMD St. Johns River Water Management District 

Sq. Square  

SR State Road 
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YR Year 
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1.0 Introduction and Purpose 

1.1 Authorization 

The North Merritt Island H&H Modeling Study is being performed by Singhofen & Associates Inc. (SAI) for 
the Brevard County Natural Resources Management Department (County) under Agreement No. 20-4663-
001-HHM. 

1.2 Project Location and General Description 

The North Merritt Island (NMI) Watershed is located in Brevard County and spans approximately 38 square 
miles, from the Barge Canal north to Nasa Parkway (see Figure 1.1). The watershed is bound by NASAôs 
Kennedy Space Center to the north and by the Merritt Island National Wildlife Refuge to the east.  

The NMI watershed drains into three areas: the Indian River Lagoon (IRL) to the west, the Banana River 
to the east, and the Canaveral Barge Canal to the south through the Sykes Creek. Much of the watershed 
area is being converted to suburban landscape that has changed the natural drainage patterns. Dual ridges 
run north-south along N. Courtney Pkwy/SR 3 to the west and the federal property to the east, creating a 
broad low-lying depressional area that encompasses much of the island. This depressional area is 
relatively flat and provides little relief, relying primarily on man-made drainage works such as sub-division 
ponds and open cut ditches to interconnect low lying areas to their ultimate outfalls. Compounding the lack 
of relief are the generally poorly drained soils that are dominant except for select areas along the higher 
elevation ridges, and a shallow groundwater table. Although retrofit projects have been undertaken by the 
County to some degree of success, flood duration and extent can be compounded by issues outside of the 
Countyôs control. Due to the interconnected nature of the IRL and Banana River with the groundwater and 
surface water within the watershed, increases in the boundary/tailwater conditions can result in adverse 
impacts by removing natural soils storage, taking over natural and man-made storage, and inhibiting 
discharge by reducing the already limited hydraulic gradient. These issues, along with storm surge, can 
compound to cause extended periods of inundation for property owners that can be surrounded by flood 
waters that cannot be solved with portable pumps, as the water has nowhere to go. 

1.3 Purpose and Objectives 

This project involves the development of an integrated surface water-groundwater (SW-GW) model 
(ICPR4) for the NMI watershed. The completed model will yield results for analysis of current and future 
flooding conditions and will serve as a base model to evaluate potential flood control and natural system 
improvement projects and other physical changes to watershed. The model will also consider historical 
conditions in the IRL and Banana River as boundary conditions for the NMI watershed. 

This is accomplished by completing the following objectives: 

¶ Collect and review pertinent data from the County and/or local communities 

¶ Acquire field data measurements 

¶ Develop a detailed hydrologic and hydraulic (H&H) model to characterize storm events throughout 

the watershed, including 1D, 2D, and groundwater features 

¶ Calibrate and verify hydrologic and hydraulic (H&H) model 

1.4 General Scope of Work 

This memorandum summarizes the data collection and model development work completed for the project 
to date. The electronic deliverable is included on a hard drive accompanying this Model Development 
Memorandum. The general scope of work for these tasks is presented below: 

¶ Task 1: Data Collection and Review ï This task includes collecting and reviewing data pertinent to 

the model development efforts from the applicable agencies and developing a data catalog to store 

all data collected for the project along with spatial representation of the data where applicable. 
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¶ Task 2: Watershed Evaluation ï Initial Desktop Model Element Development ï This task includes 

the spatial development of the model network and establishing boundary conditions. Subtasks 

include digital elevation model (DEM) modifications for topographic voids and hydro-corrections, 

existing model data migration and quality control (QC), model network development of 1D, 2D, and 

groundwater features, and coastal boundary evaluation/trend analysis. 

¶ Task 3: Field Data Acquisition ï This task involves conducting field reconnaissance to verify 

drainage patterns and structure information at identified locations, identifying survey and 

maintenance needs as well. 

¶ Task 4: Model Hydraulic and Hydrologic Parameterization ï This task involved parameterizing the 

model network developed under Task 2. 

¶ Task 5: Model Setup, Execution, Debug, and Stabilization ï Only Subtask 5.1 is included in this 

phase of the work. Subtask 5.1 involves generating the Interconnected Channel and Pond Routing 

version 4 (ICPR4) model from the project Geographic Watershed Information System (GWIS) 

geodatabase. 

1.5 Electronic Deliverables 

This memorandum accompanies electronic data related to the development of the existing conditions North 
Merritt Island watershed model. This data includes: ICPR4 H&H model, model features in GIS (GWIS 
format), supporting model data in GIS (soils, landuse, etc.), the topographic digital elevation model (DEM), 
data collection portion of the North Merritt Island study including GIS features and reference documents 
(i.e., plans, reports, surveys, etc.) that are being used to develop the preliminary model elements. The 
project deliverables are submitted within the following directory structure: 
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Figure 1.1: Vicinity Map of the NMI Watershed
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2.0 Data Collection 

2.1 Existing Model and Infrastructure Data 

Model Data: Several ICPR3 models along with accompanying GIS data were provided by the County to 
serve as a base for the model development efforts. The following information was provided: 

¶ NMI_BREVARD_w_NASA.ICP: This is the most current H&H model of the NMI watershed as of 
the start of this project, which includes updates conducted by DRMP. This model will serve as a 
basis for the ICPR4 model development. 

¶ With_Hall&Chase&Crisafulli_Pumps.ICP: Design model for the Hall Road, Chase Hammock, 
and Crisafulli Road pump station projects. This ICPR3 model was based on the 
NMI_BREVARD_w_NASA.ICP model. It should be noted that of the three pump station designs 
included in this model, only the Hall Road pump station was constructed. 

¶ NMI_Brevard.gdb: This is the model spatial geodatabase accompanying the NMI watershed 
model (NMI_BREVARD_w_NASA.ICP). 

¶ DRMP_Node.shp, DRMP_Reach.shp, Sub-basins.shp: These shapefiles reflect the additional 
model features incorporated as part of the DRMP updates.  

It should be noted that the GIS files provided were incomplete when compared to the model. The spatial 
datasets were missing over 30 basins and more than 10 nodes and links. Data included in the 
NMI_BREVARD_w_NASA.ICP model is assumed to be correct as-is, as directed by the County.  

County Stormwater Infrastructure Database: The County provided the current Stormwater Asset 
Management Program (SWAMP) database, a geospatial database of stormwater features throughout the 
County. The SWAMP geodatabase (Natural_Resources.gdb) includes spatial location, geometry, size 
information, and elevation data where available. The County has indicated that all vertical information in 
the SWAMP database is in NAVD88 and is accurate.  

In accordance with direction from the County, where data discrepancies exist between the ICPR3 model 
and the SWAMP database, the model information is to take precedence. Field verification will be conducted 
where necessary to resolve significant discrepancies based on engineering judgement. 

2.2 Hydrologic & Hydraulic Data Collection 

Data collected related to the hydrological characteristics of the watershed are summarized below. An 
electronic copy of this data is provided with the electronic deliverable accompanying this report. 

2.2.1 Soil Data: Soil layers from the United States Department of Agriculture Natural Conservation 
Resources Service (NRCS) were obtained for this project (2019). The soils layer indicates that only 7% 
of the soils within the watershed are well-drained, type-A soils. Over 80% of the soils within the 
watershed are hydrologic soil group A/D, B/D, or C/D. These soils are well-drained to moderately drained 
during dry conditions and poorly drained during wet conditions. A soils map of the current NRCS soils 
data is included as Figure 2.1.  

2.2.2 Land Use Characterization: Land use data (2014) was obtained from SJRWMD. The data set 
was updated by the SAI Team based upon a review of the 2020 high-resolution aerial imagery. The land 
use classifications are based on the Florida Land Use, Land Cover Classification System. The land use 
for the watershed is presented in Figure 2.2. The land use breakdown for the study area is provided in 
Table 2.1.    
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Figure 2.1: Soils Map 
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Figure 2.2: Landuse Map 
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Table 2.1: Land Use Composition Summary 

Landuse 
Total 
Area 

(acres) 
% of Watershed 

Residential 2,869 13.2% 

Commercial and Services 216 1.0% 

Institutional and Build-up 688 3.2% 

Open Land 82 0.4% 

Agriculture 1,391 6.4% 

Rangeland 5,075 23.3% 

Upland Forests 1,510 6.9% 

Water 1,319 6.1% 

Wetlands 8,272 38.0% 

Disturbed Land 38 0.2% 

Transportation, Communications, Utilities 331 1.5% 

2.2.3 Rainfall Data: Both rain gage and Next Generation Weather Radar (NEXRAD) radar rainfall data 
were obtained to evaluate predicted rainfall within the watershed. Rain gage data was obtained in 15-
minute intervals from the SJRWMD for rain gages located at Ransom Road and Kiwanis Park. NOAA 
rain gages located at Cape Canaveral, Rockledge, and Merritt Island were obtained in daily intervals, 
and rain gage data from the KSC Spaceport Weather Archive was obtained for the North Merritt Island 
Field Mill in hourly intervals. NEXRAD radar rainfall estimates were obtained from SJRWMD in 1-hour 
intervals (3.7 km2 pixel grid), and from NOAA for the KMLB Melbourne station in 5-minute intervals (0.15 
km2 grid). 

This information will be used during model calibration and forecasting efforts. Details on the processing of 
the above data for use in this study will be discussed in the Model Calibration Summary Memorandum. 

2.2.4 Stage Gage Data: Historical stage data was collected to establish boundary conditions for the 
watershed model and for future calibration/validation efforts. After significant evaluation of available 
water level datasets and sensors, it was decided that the most scientifically valid approach was to 
provide two timeseries of stage level conditions bounding the study area on the east (Banana River 
Lagoon) and the west (Indian River Lagoon). In order to provide this information, data was collected from 
the following sources: 

¶ Brevard County Stormwater Program: Staff gage data within the study area, including daily surface 

water stage levels. 

¶ United States Geological Survey (USGS) National Water Information System: Haulover Canal 

stage levels (15-minute intervals) 

¶ NOAA: Trident Pier Data continuous Atlantic Ocean elevation dataset 

¶ SJRWMD: Indian River Lagoon continuous sensor stage data for Titusville, Cocoa Beach, Banana 

River, Indian Harbor Beach, and Melbourne 

Detailed information on the processing of this data will be included in Section 3.5 of this report.  
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2.3 Reference Documents 

SAI obtained reference documents associated with 203 Environmental Resource Permits (ERPs) including 
for example, record drawings, construction plans, reports, and survey data. The ERP data was downloaded 
from the SJRWMD WMIS website. Each of these data sets were cataloged and saved in the reference 
documents folder (Support_Data\1_Watershed_Evaluation\Reference_Documents\*). The reference 
documents were named using the following naming convention: 

NMI_XXX_YY_Z 

¶ ñXXXò represents a sequential reference number assigned to the data 

¶ ñYYò represents the document type code 
o RD = record drawings/as-builts 
o CP = construction plans 
o RPT = report 
o SD = survey drawing or survey data 
o GIS = GIS files 
o MD = model data 
o PHO = aerial orthophotos 
o MI = miscellaneous information 
o MPI = miscellaneous permit information 

¶ ñZò represents the sequence number (01, 02, etc.) for ERPs with more than one of the same 
document type code. 

Many ERPs have several different document types. When this happens, the one with the most reliable or 
beneficial data is referenced; in most cases this will be a record drawing, unless there are no record 
drawings/as-builts available. Some ERPs may contain both record drawings and construction plans, or 
multiple sets of construction plans. 

Each reference document is represented spatially in the reference documents geodatabase, included in 
the electronic deliverables accompanying this report. A polygon was drawn to show the approximate 
extents of each reference document. Reference document polygons are shown in Figure 2.3.  
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Figure 2.3: Spatial Location of Reference Documents 
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2.4 Groundwater Data Collection 

Groundwater-Surface Water (GW-SW) interaction has been observed in the NMI watershed. As such, the 
model developed for this study will be an integrated GW-SW model. Data collection for the groundwater 
characteristics within the watershed included obtaining regional groundwater model data and gage data. 

2.4.1 SJRWMD Gage Data: Gage data was obtained from the SJRWMD Upper Floridan Aquifer Well 
located at Kings Park in Merritt Island (ID: BR2115). Data was collected for the surficial aquifer (POR 
3/12/2009-8/11/2020) and for the upper Floridan (POR 12/4/1985-8/11/2020). See Figure 2.4. 

 
Figure 2.4: SJRWMD Well Location 

2.4.2 East-Central Florida Transient Expanded Model: The East-Central Florida Transient Expanded 
(ECTFX) MODFLOW Model was prepared in February 2020 as part of the Central Florida Water Initiative 
(CFWI). The CFWI was a collaborative effort between the SJRWMD, SFWMD, SWFWMD, FDEP, and 
other public agencies and stakeholders. Although the CFWI includes only Central Florida counties, the 
model boundaries extend east into and beyond Brevard County, including the North Merritt Island 
watershed. Figure 2.5 on the following page is an excerpt from the ECTFX February 2020 Report 
depicting the model extents. 

2.5 Field Survey Data 

The County requested that the SAI Team obtain survey data for several channel systems throughout the 
watershed that had recently been dredged and/or cleared of vegetation. This included a total of eight (8) 
channel cross sections throughout the watershed, including ditches along Hall Road, Judson Road, Pine 
Island Road, and Chase Hammock Road. This work was conducted in August 2020 by Morgan & Eklund, 
Inc. (M&E). Cross sections provided included both the ground surface and bottom of muck elevations at 
each cross section. Figure 2.6 on the following page shows the location of the 8 cross sections. The survey 
data is included in the electronic deliverable accompanying this report. 
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Figure 2.5: ECTFX Model Domain 

 
Figure 2.6: Cross Section Survey Locations  
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2.6 Digital Terrain Model 

The County provided LiDAR-derived terrain data for the NMI watershed dated 2007 (flight dates: 
09/15/2007 - 09/30/2007). This Digital Elevation Model (DEM), titled 1_ftNMI.tif, along with associated 
LiDAR data files and supporting features (i.e., breaklines, hydrographic features) will serve as the base 
terrain data for this study. 

The NMI Study model will address SW-GW interactions within the region. The model will rely heavily on 
representative terrain data. As such, the DEM as provided will require manual modifications for several 
reasons: 

¶ Missing Data: The original DEM surface provided by the County did not include topographic 
information for the Indian River Lagoon, Banana River Lagoon, Barge Canal, and several channel 
features directly connected to these waterbodies.  

¶ Hydro-Corrections: The existing DEM provided by the County did not include bathymetric data 
within waterbodies (ponds and wetlands) as well as channel features.  

¶ Areas of New Development: The existing DEM is based on data collected in 2007. Several areas 
of new development have occurred since then, resulting in new fill and stormwater facilities.  

The approach to conducting the referenced DEM modifications is discussed in Section 3 of this Study. 
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3.0 Watershed Inventory and Surface Water Model Development 

3.1 Digital Terrain Model Development 

The County provided LiDAR terrain data for the NMI watershed dated 2007 (flight dates: 09/15/2007 - 
09/30/2007). This Digital Elevation Model (DEM), titled 1_ftNMI.tif, along with associated LiDAR data files 
and supporting features (i.e., breaklines, hydrographic features) served as the base for all DEM 
modifications conducted as part of the study. 

3.1.1 Horizontal and Vertical Datum:  Topographic data was provided in the North American Vertical 
Datum of 1988 (NAVD88) for vertical information (feet) and in the North American Datum (NAD) of 1983 
for horizontal (feet). A conversion factor of -1.30 feet was used to convert data in NGVD29 to NAVD88. All 
topographic data were projected in State Plane Florida East FIPS 0901 (Feet ï HARN). 

3.1.2 Existing Topographic Information:  The DEM provided by the County was based on LiDAR flown 
in September 2007 and has a grid resolution of 5-feet. The surface extends from NASA Parkway to the 
north to SR 528 to the south but does not include the water surface in the Indian River Lagoon, Banana 
River, and connected waters.  

3.1.3 Hydro-Corrections:  The 2007 DEM elevations within wetlands and waterbodies reflect the water 
surface at the time the region was flown. Hydro-corrections were made to estimate bathymetry data in 
these areas of the watershed to better represent key features and to promote better interaction between 
the surface water and groundwater model elements. Hydro-correction efforts are summarized below. For 
additional detail on these efforts, please refer to the North Merritt Island HydroDEM Update Memo (Atkins, 
September 2020) provided in Appendix A. 

Boundary Waterbodies: The original DEM surface provided by the County did not include any topographic 
information for the Indian River Lagoon, Banana River Lagoon, Canaveral Barge Canal, and several 
channel features directly connected to these waterbodies. Figure 3.1 depicts the areas missing 
topographic information, shown in green. 

 
Figure 3.1: Missing Topographic Information 
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Data extracted from NOAA navigational charts and datum information for the Trident Pier were used to 
estimate topographic information for the IRL and Banana River. NOAA navigational charts provided 
depths, which were referenced to the Mean-Lower-Low Water (MLLW) elevation. Using the Trident Pier to 
establish a reference elevation for the MLLW, a datum conversion factor of -2.83 feet was used to convert 
the navigational depths to an elevation in NAVD88. 

Channel Hydro-Corrections: Channel areas were extended below the water surface to allow groundwater 
interaction. Interior DEM channel updates were based on channel invert elevations and geometry, as 
determined from cross section survey data provided by Morgan & Eklund, the existing ICPR3 model, and 
the SWAMP database. An example of channel hydro-corrections is shown below in Figure 3.2. 

 
Figure 3.2: Channel Hydro-Correction Based on Surveyed Cross Section 

Natural Ponding Hydro-Corrections: In areas identified in the DEM as natural ponding areas, updates were 
based on the extent of open water shown in the DEM and aerial imagery to estimate the extent and depth 
of ponded water. For the majority of these areas, a depth of 3-feet was assumed, which is consistent with 
nearby canals and provides sufficient connection for the groundwater model to interact with the surface 
water elements. The exception to this assumption is the interconnected lakes west of the Pine Island 
Stormwater Facility, where a depth of 5-feet was used based on connected channel inverts. The DEM was 
then tapered down from a 0-ft depth at the waterôs edge to the approximated depth at the center. An 
example of these hydro-corrections is shown below in Figure 3.3.  

 
Figure 3.3: Natural Ponding Hydro-Correction 
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Developed Area Hydro-Corrections: As with wetlands, the DEM surface in stormwater ponds is reflective 
of the water surface at the time of the LiDAR flight. To encourage groundwater interaction, ponds in 
developed areas were extracted down from the water surface using a uniform assumption based on County 
and WMD development criteria. It was assumed that the water surface shown in the DEM was close to the 
established normal water level (NWL) for each pond. Using the standard criteria of a 5:1 
(horizontal:vertical) pond slope and the water surface polygon associated with the 2007 DEM, the SAI 
Team extracted down the ponds in developed areas uniformly using the criteria below: 

¶ 5:1 (h:v) slope from the water surface to 2-ft below the water surface 

¶ 2:1 (h:v) slope from 2-ft below the water surface down for another 6-ft, resulting in a total pond 
depth of 8-feet below the water surface. 

This approach allowed for a streamlined process of estimating bathymetry data for stormwater ponds in 
developed areas and is consistent with development criteria for the region. Exceptions for key locations 
were made, such as the Pine Island Conservation Area ponds, which were extracted down from the water 
surface based on construction plan and as-built survey data. Figure 3.4 shows an example of extracted 
stormwater ponds in a developed area of the watershed.  

 
Figure 3.4: Hydro-Corrections in Existing Stormwater Ponds 

3.1.4 Topographic Voids / Areas of New Development:  A 2D water surface model relies heavily on 
accurate terrain data. Given the age of the DEM available for the watershed, identifying areas of new 
development and topographic voids was critical. For the purposes of this evaluation, topographic voids are 
defined as those areas where available digital topographic information (2007 DEM) does not accurately 
describe the terrain as it exists today. Topographic voids result from such things as land alterations, new 
development, and missing data. Identified topographic voids and areas of new development within the 
watershed are depicted in Figure 3.5. An example of a topographic void is shown in Figure 3.6.  
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Figure 3.5: Topographic Voids on Original 2007 Digital Terrain 
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Figure 3.6: Example of Topographic Void 

Evaluation of ground cover changes was conducted by comparing the DEM to aerial imagery in a 
systematic fashion by visually panning through the watershed while displaying both the DEM and aerials 
for a side-by-side comparison. Using 2020 aerial imagery to match the date-certain established in the 
scope of work, SAI identified 13 total topographic voids. Of these, eight were considered areas of new 
development, four were considered areas of land excavation, such as stormwater pond expansion or 
construction, and one was caused by tree cover obscuring an existing pond. The identified topographic 
voids within the watershed are provided in the Topographic_Voids.gdb geodatabase. 

Topographic voids were manually corrected for this study. For each topographic void, construction plans 
or record drawings (if available) were georeferenced and storage areas were delineated. Delineated 
contours were used as breaklines to ñburn-inò the storage ponds into the existing terrain data. To account 
for fill placed in new development areas, a minimum fill elevation ï typically the top of bank elevation for 
stormwater ponds ï was established and applied to the rest of the development. Examples of corrected 
topographic voids are shown in Figures 3.7 and 3.8. 
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Figure 3.7: Corrected Topographic Void of New Development 

 
Figure 3.8: Corrected Topographic Void of New Channel Excavation 
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3.1.5 QA/QC Process Description:  Several QC checks were performed on the revised DEM at various 
points throughout the revision process. These checks included systematic visual inspections of the 
watershed and geospatial tools used to compare two DEM data sets. At each DEM modification, the 
ñMinusò tool was utilized in GIS to compare the previous DEM grid with the updated grid to quickly identify 
differences between the two and help focus visual inspections. Comments related to the DEM 
modifications were stored in an internal Comments GDB to ensure they were adequately addressed.  

3.2 Hydrologic Features  

Hydrologic Features of North Merritt Island include features that contribute to the conversion of rainfall into 
runoff and subsequent infiltration into the groundwater domain. In the North Merritt Island ICPR4 model, 
rainfall enters the model domain globally as a design storm simulation or on grid for calibration events. 
Runoff in Mapped Basin areas utilizes a unit hydrograph and time of concentration to load stormwater to 
modeled nodes. In areas outside of Mapped Basins, including 2D overland flow regions and pond or 
channel control volumes, runoff is loaded directly onto those features. The following subsections cover the 
model delineation process, soil / land use characterization, and hydrologic parametrization and simulations. 

3.2.1 Subbasin Delineation Process:  The effective North Merritt Island model domain included 473 
basins. These basins were delineated based upon an evaluation of the terrain, simulating ridge line, and 
separating out areas of storage. As part of this model update process, the model domain was expanded 
to the edge of the Indian River Lagoon and Banana River, integrating 1D and 2D areas, and new ERP 
data. In total, over 750 unique areas were delineated in the updated model and the model domain was 
expanded from 20.5-sq. miles to 34-sq. miles. The Expanded model domain is seen in Figure 3.9 along 
with the Effective Model domain and the ERP update Areas. 
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Figure 3.9: Effective vs. Expanded Model Domain and ERP Update Areas 

3.2.2 Land Use Characterization:  Land Use data characterization is presented in Section 2.2 and 
includes land use updates based upon visual observation from 2020 aerial imagery consistent with ERP 
model update areas. For the ICPR4 model development, the pervious and impervious areas were 
separated. Pervious areas infiltrate into the soil column as soil storage allows, while impervious areas 
directly runoff after an initial abstraction is filled. The ICPR input table by land use code and description 
along with the percentage impervious, and initial abstraction used over each land use is included in the 
Impervious Data Set in the ICPR4 model and summarized in Table B.1 (Appendix B). It should be noted 
that the water and wetland land use types area characterized as 0% impervious. This is because ICPR4 
will only apply evaporation to ñperviousò surfaces. Further, the rainfall excess for water and wetland land 
use types will remain high due to the underlying soil feature, which typically corresponds to high 
groundwater table. 

3.2.3 Soil Characterization:  To take advantage of stormwater infiltration into the ground and the 
potential re-emergence of water into wetlands, watershed soils are characterized by their infiltration 
capacity/soil storage, and hydraulic conductivity. The soils presented in Section 2.2 in their general 
categories are presented in Table B.2 (Appendix B) as categorized by MUKEY. This characterization is 
used to uniquely parameterize the soils applying the Green-Ampt Rainfall Excess method. 
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3.2.4. Hydrologic Parameterization:   

Time of Concentration: Times of concentration (Tc) were calculated for each 1D basin in accordance with 
TR-55 methodology (NRCS, 1986). Sheet flow was limited to 150-feet and a minimum Tc value of 10-
minutes was implemented. 

Rainfall Excess Method: The NRCS unit hydrograph method was used to convert precipitation excess into 
a runoff hydrograph within 1D basins. A synthetic unit hydrograph with a shape factor of 256 for all modeled 
basins was used, consistent with the effective model and considered appropriate for areas with mild slopes 
and relatively flat terrain, such as those in this watershed.  

The original study utilized the NRCS curve number method to determine rainfall excess. Although the curve 
number method can be used in ICPR4 for surface modeling, it cannot be used for integrated surface water 
ï groundwater modeling or continuous simulations because it does not track soil moisture and 
evapotranspiration. The Green-Ampt methodology will be used for hydrology initially.  During the calibration 
period, the Vertical Layers approach may also be used. 

To determine infiltration and rainfall excess, the soil data was used to first develop the initial/un-calibrated 
Green-Ampt and Vertical Layer soil parameters for the vadose zone. The Green-Ampt data were 
processed using the NRCS Soil Data Viewer ArcGIS plugin. All data were based on weighted averages 
using the dominant component. The Vertical Layers data were processed using the most recent NRCS 
SSURGO data for Brevard County published on June 8, 2020. The dominant soil component was also 
used for the Vertical Layers data development. Data used from the NRCS soils data for the model 
development are included in Table 3.1 below. 

Table 3.1: NRCS Soil Data Parameters 

Green-Ampt Vertical Layers 

Percent Clay Percent Clay 

Percent Sand Percent Sand 

Percent Organic Matter Percent Organic Matter 

Bulk Density (1/3 Bar) Bulk Density (Oven Dried) 

Saturated Hydraulic Conductivity Saturated Hydraulic Conductivity 

Moisture Content (1/3 Bar & 15 Bars) Moisture Content (1/3 Bar & 15 Bars) 

Depth to Water Table Depth to Water Table 

The data in Table 3.1 were used to develop the following Green-Ampt and Vertical Layers soil parameters. 

¶ Saturated Vertical Hydraulic Conductivity (ft/day):  Based on NRCS Soil Data 

¶ Saturated Moisture Content (L3/L3):  Eq. 2.15 ICPR4 Technical Reference (June 2018) 

¶ Residual Moisture Content (L3/L3):  Eq. 2.17 ICPR4 Technical Reference (June 2018) 

¶ Initial Moisture Content (L3/L3):  Set initially equal to field capacity 

¶ Field Capacity (L3/L3):  Moisture Content at 1/3 Bar 

¶ Wilting Point (L3/L3):  Moisture Content at 15 Bar 

¶ Pore Size Index:  Eq. 2.18 ICPR4 Technical Reference (June 2018) 

¶ Bubble Pressure (in):  Eq. 2.19 ICPR4 Technical Reference (June 2018) 

¶ Depth to Water Table (ft):  Based on NRCS soil data.  This data is not used for the simulation when 
groundwater is being modeled. 

The raw and processed soil data is provided in reference document NMI_220. For more details on the soil 
data development, refer to the ICPR 4 Userôs Manual under Base Data Ą Lookup Tables Ą Rainfall 
Excess Sets. 
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3.3 Hydraulic Features 

Hydraulic routing in the NMI Watershed is performed using ICPR4 integrated surface water and ground 
water model including 1D and 2D model features. This section highlights the 1D hydraulic elements, model 
development process and hydraulic parameterization. The 1D model portion includes nodes simulating 
storage areas and links which represent the conveyance system between storage elements. Refer to 
Exhibit 1 for a depiction of the 1D elements of the NMI watershed model network. 

3.3.1 Preliminary Model Network Development Process:  Using the SWAMP database to identify 
significant structures connecting elements, the effective ICPR3 model network was modified to incorporate 
structural elements that were not previously included. Then, based upon ERP data and as-built plans, the 
model network was updated and expanded to incorporate key structural elements and storage areas within 
each development. Table 3.2 summarized the structural elements included in this model, including 
channels, culverts, drop structures, pumps, and structural weirs. It was noted that in the effective model, 
many of the depressional areas were modeled using only natural overflow weirs. Where appropriate, these 
areas were updated to include a structural overflow such as a drop structure or structural weir based on 
data in SWAMP or ERP documents. It is also of note that the reduction in natural weirs from the effective 
model to the updated model is due to inclusion of the 2D region which replaced many of these elements. 

Table 3.2: Summary of Structural Model Elements by Type 

Link Type Effective ICPR3 Model ICPR4 Model Update 

Pipe 160 363 

Drop Structure 11 86 

Structural Weir 4 21 

Natural Weir 809 752 

Channel 165 243 

Pump Station 3 7 

3.3.2 Hydraulic Parameterization:  Hydraulic parameterization utilized available information from ERPs 
and digital topography to supplement the Countyôs SWAMP features database and field reconnaissance. 
Highlights of hydraulic parameterization are presented below. 

Storage Representation: Lakes, ponds and wetland areas were represented by stage/area relationships 
assigned to model nodes. These stage/area relationships were developed utilizing the updated digital 
terrain data discussed in Section 3.1. Storage was calculated using GIS at 0.25-foot vertical increments. 
Channel storage was excluded from basin storage calculations based on the approximate channel cross-
section extents and channel alignment. 

Node Initial Water Conditions: Groundwater node, overland flow node, and 1D node initial stages are 
based on a ñhot startò simulation for 2017. The hot start simulation starts on 01/01/2017 0.00 hours and 
ends on 12/31/2017 0.00 hrs. The hot start simulation results on 12/31/2017 0.00 hours were extracted 
from the results and used to specify the initial stages. For 1D nodes, the initial stages were extracted from 
the tabular node time series results. Initial stages for the groundwater and overland flow nodes were 
established using exported surfaces from the hot start simulation results/animations on 12/31/2017 0.00 
hours. 

Channel Cross Sections:  Channels in the effective model were mainly simulated as trapezoidal sections 
with limited areas represented by irregular cross-sections, mainly in the undeveloped area near the Banana 
River. All effective model cross-sections were incorporated into the terrain as bathymetry points along with 
the channel survey data described in Section 2.5. The updated model then used the updated terrain to 
cut irregular cross-sections for every channel reach.  
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Manningôs roughness coefficients were then applied to each section. The initial assumption based upon 
field visits and aerial imagery was that channels can be simulated with a Manningôs n value of 0.045, 
corresponding to a lightly vegetated channel section. During the calibration process this assumption will 
be revisited with roughness adjusted as appropriate using the range of values in Table 3.3 below. 

Table 3.3: Manning's n Lookup Table for Channels 

Channel Description Manning's Value 

Very Clean 0.025 - 0.03 

Light Vegetation 0.03-0.07 

Medium/Heavy Vegetation 0.06-0.15 

Drainage Structure Parameterization:  Structural conveyance elements including pipes, drop structures 
and structural weirs are modeled in ICPR4 based upon element size, invert, and roughness factors. Data 
for the structural elements originated from either the effective model, Brevard Countyôs SWAMP database, 
ERP as-built data, portions of the NASA model developed by JEA, survey, or field observations. The 
highest priority of data was assumed to be Brevard Countyôs SWAMP database, followed by field survey, 
ERP as-builts, NASA model, then field observations. 

The Manningôs roughness values applied to these elements are based upon the pipeôs material using the 
values referenced in Table 3.4. It should be noted that the bridges in the original model were converted in 
the effective ICPR3 model to pipe elements of appropriate opening and assigned a Manningôs value of 
0.056, to reflect that these elements have a vegetated or bare earth bottom rather than a traditional 
concrete pipe element. These bridge structures were left as culvert model elements in the ICPR4 updated 
model. 

Entrance and exit loss coefficients were set to a default of 0.5 and 1.0 respectively unless site conditions 
warranted alternate values such as multiple pipes in series or smooth entrance conditions would serve to 
limit the losses. 

Weir structures, either as part of a pond control structure or structural overflow from a pond, were also 
included. The weir coefficients used for structural weirs are presented in Table 3.5 and vary depending 
upon whether the element was sharp crested or broad crested. 

Table 3.4: Manning's n Lookup Table for Pipes 

 

 

Table 3.5: Structural Weir Coefficients 

Weir Type Crest Type Weir Coefficient 

Structural Weir (Drop Structure) Sharp Crested  3.2 

Structural Weir Broad Crested  3.0 

  

Pipe Material Manningôs Value 

PVC 0.0 

RCP 0.012 

CMP 0.024 

Bridge Approx. 0.056 
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Overland Flow Weirs: To connect model nodes that are not otherwise connected via structural elements, 
or in conditions when the capacity of the structural element is exceeded, an overland weir is used to 
simulate the conveyance and represent natural overland flow or road overtopping conditions between sub-
basins. These irregular weir features are characterized by cross sectional data and a weir coefficient. The 
cross-sectional data used to characterize the overland weir connection was extracted from the terrain using 
the ICPR4 internal cross section processor. Weir coefficients were determined from literature based on 
flow type and ground cover as shown in Table 3.6; whereby the weir coefficient and resultant flow over a 
natural section is lower than its roadway counterpart, due to the increased roughness along the flow path. 

Table 3.6: Weir Coefficients 

Weir Type Ground Cover Weir Coefficient 

Natural Overland  Grass or Light Woods 2.0 

Roadway Overtopping  Gravel or Paved Surface  2.6 

3.3.3 QA/QC Process Description:  Model elements were compared against source data of the element 
for accuracy. Where deviations or model inconsistencies were found, the internal reviewer would place a 
spatial comment point at the location of the element being commented upon. Adjustments to the model 
element and/or source documentation were then made and subsequently back-checked, and adjusted if 
required, by the internal reviewer. In addition, a peer-review approach was implemented that allowed other 
members of the SAI Team to review the spatial layout of the 1D model elements. An internal ñCommentsò 
geodatabase was employed to track comments from other Team members and their response/resolution 
to ensure all internal QC comments were addressed prior to finalizing the 1D model network.  

3.4 Overland Flow Model Features 

This section of the report details the development of 2D overland flow features used in the NMI ICPR4 
model. Exhibit 2 shows the extent of the 2D region and some of the 2D features used in the model. 

3.4.1 Overland Flow Region Development:  Overland flow model elements were used in undeveloped 
areas characterized largely by overland flow, as well as in areas where significant interaction with the 
groundwater was anticipated. The overland flow region boundary encompasses the area to be modeled 
as overland flow. This region boundary is somewhat coarse to simplify the mesh generation and avoid 
small triangle lengths in the mesh. 

3.4.2 Breaklines & Interpolated Breaklines: The breakline feature class is comprised of polylines that 
are utilized in the overland flow mesh generation. Breaklines force the creation of flow paths (i.e., triangle 
edges) in the mesh along the breakline. Breakline placement generally defines the following types of 
topographic features: 

¶ Roadways ï Breaklines were placed at along the centerline of roadways and along the adjacent 
swales (See Figure 3.10). In some cases, control volumes were drawn along the centerline and 
breaklines were limited to the roadway swales. 

¶ Ditches/Channels ï Breaklines were placed along the centerline of minor swales and ditches that 
were not modeled with a 1D channel link to provide conveyance within the 2D overland portion of 
the watershed (See Figure 3.11). 

¶ Within Ponds and Wetlands ï Breaklines were drawn within stormwater ponds and large wetland 
areas to ensure the groundwater mesh was aligned with the surface water mesh for groundwater-
surface water interaction within the waterbodies (See Figure 3.12).  
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¶ Significant ridges or troughs ï The vertices and edges of the generated mesh should include ridges 
and troughs to ensure stormwater is not artificially trapped in depressions or allowed to flow 
unimpeded through high spots. These features add definition to the mesh to ensure appropriate 
flow paths and overflow elevations are included in the routing (See Figure 3.13). 

Interpolated breaklines are a special case of breaklines that can be used to simplify obstructions in the 
DEM such as small culvert crossings within swales and ditches. The ñinterpolatedò option directs the model 
to ignore DEM elevations between the endpoints of the breakline during mesh construction. With this option 
in effect, elevations at the mesh vertices created along the breakline are based on interpolated values 
calculated based on the elevations at the start and end points of the breakline rather than actual DEM 
elevations between the endpoints. See Figure 3.14 for visualization of interpolated breaklines.  

 
Figure 3.10: Roadway Breaklines 

 
Figure 3.11: Channel Breaklines
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Figure 3.12: Pond Breaklines 

 
Figure 3.13: Breaklines in Ridges/Troughs

 
Figure 3.14: Interpolated Breaklines  
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3.4.3 Channel Features:  This feature class represents channels or streams in the 2D model area (See 
Figure 3.15). Channel features are generally drawn along the channel flowline and are associated with 
channel control volumes (see Section 3.4.4). Channel features are used by the model to calculate flow at 
entry points from adjacent, individual 2D mesh links. The entry point locations are used to interpolate water 
surface elevations along the 1D channel based on water surface elevations at the ends of the 1D link. The 
interpolated elevations then serve as ñlocalò boundary conditions for 2D link flow calculations between the 
overland low region and the channel itself. Channel features are included in the projectôs geodatabase in 
the ñOF_Channelò feature class. 

3.4.4 Channel Control Volumes:  This feature class represents control volumes in the 2D region which 
are assigned to 1D nodes along a 1D channel. Channel control volumes are developed based on terrain 
and survey data and generally extend halfway upstream and downstream along the channel links. They 
represent the spatial extent of 1D channels and span the extent of the cross-sectional data, often from top 
of bank to top of bank (See Figure 3.16). Each vertex along the channel control volume becomes an entry 
point where water can move between the 2D overland flow area and the 1D system, as explained above 
in Section 3.4.3, however, overland flow links are not included along the edges of the polygon. Channel 
control volumes are also incorporated within the 1D mapped basins where surface-water groundwater 
interaction is anticipated. 

 
Figure 3.15: Channel Feature 

 
Figure 3.16: Channel Control Volume on DEM 
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3.4.5 Pond Control Volumes:  This feature class represents control volumes that are assigned to 1D 
nodes used to model storage areas in the 2D region assuming ñlevel poolò conditions (See Figures 3.17 
and 3.18). In most cases, a pond control volume represents stormwater ponds, natural ponds, lakes, or 
ñnon-flowingò wetland areas where ponding is expected. Pond control volumes are also incorporated in 
low-lying areas within the 1D mapped basins where surface-water groundwater interaction is anticipated. 
As with channel control volumes, each vertex along the pond control volume becomes an entry point where 
water can move between the 2D overland flow area and the 1D system. Storage in pond control volumes 
is provided using stage-area relationships derived from terrain data. 

 
Figure 3.17: Pond Control Volumes 2D Region 

  
Figure 3.18: Pond Control Volumes 1D Basin 

3.4.6 Coves:  This feature class is used to identify coves along channels (See Figure 3.19). Coves 
represent lateral, offline level-pool storage areas along a channel. They are associated with channel control 
volume features. The model uses these features to set elevations in the cove for calculations of flow 
between the overland flow region and the channel/cove system in much the same way as channel control 
volumes. The water surface elevation in the cove is based on an interpolated elevation along the 
associated channel feature. An interpolation point is included with the cove features to identify the location 
along the channel that is used for this interpolation.  
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Figure 3.19: Cove and Cove Point 

3.4.7 2D Weirs:  2D weirs can be used to model overflow across roadways, berms, or walls inside of the 
2D overflow region. The vertices along the 2D weir lines communicate directly with the mesh to allow flow 
from one side of the weir to the other. 2D weir inverts for the NMI model are based on the DEM elevations 
along the weir line, however inverts for 2D weirs can also be manually set by the user. The use of a 2D 
weir simplifies the mesh in areas where multiple breaklines would otherwise be required.  

3.4.8 Interface Nodes:  This feature class represents locations that require an interface between the 2D 
overland flow areas and 1D hydraulic elements (weirs, pipes, control structures, etc.). The interface nodes 
are defined where pipes discharge into the overland flow mesh or at locations where other hydraulic 
features connect to 1D storage areas (i.e., control volumes) to the overland flow mesh. These nodes are 
included in the project geodatabase in the ñOF_Nodeò feature class. 

3.4.9 Roughness in 2D Areas:  Manningôs roughness is assigned within the 2D overflow region based 
on landcover. The model uses this data to determine lag time and generate hydrographs for the 2D surface, 
and to route flow through the 2D links (i.e., triangle sides within the mesh). This is through the use of a 
Lookup Table (enter LU table name here if it exists) in the model. Table B.3 (Appendix B) presents the 
Manningôs roughness coefficients for the Roughness Data Set within the model for varying landcover types. 

3.4.10 QA/QC Process Description:  Internal QA/QC was performed throughout the model network 
development process. The SAI Team held weekly progress meetings which were used to discuss any 
issues, questions, or to obtain input from other Team members on the best approach for a particular area. 
This allowed for real-time collaboration on modeling approach and level of detail. As with QA/QC efforts 
detailed earlier in Section 3.3.3, A ñCommentsò geodatabase was employed to track comments and their 
response/resolution to ensure all internal QC comments were addressed prior to finalizing the model 
network.  

3.5 Boundary Conditions 

Boundary conditions were established to represent boundary nodes at each major outfall into the IRL and 
Banana River. In total, there are 12 boundary nodes: seven located in the IRL and five located in the 
Banana River. In addition, there are 13 boundary stage lines for the overland flow region. Boundary stage 
lines allow for interpolation between two boundary node points and serve as boundary conditions for the 
overland 2D mesh. Boundary elements are shown in Figure 3.20. 
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Boundary information for the continuous simulation is based on historical water elevations from Hurricane 
Irma in 2017 within the IRL and Banana River. The boundary data were established using the Coastal 
Modeling System (CMS-Flow) model to simulate water levels throughout 2017, including Hurricane Irma. 
The CMS model has been previously calibrated and was also compared to 2017 values from the USGS 
monitoring station at Haulover Canal. Please refer to the Development of Input Rainfall and Stage 
Conditions Data for North Merritt Island (Applied Ecology, Inc., 2021) included as Appendix C for more 
information on the development of boundary stage data for the NMI model. This report also discusses 
rainfall data for Hurricane Irma and anticipated rainfall under future conditions.  

Boundary information for discrete storm events will be established during future phases of the NMI 
watershed evaluation.  

 
Figure 3.20: Boundary Node and Line Locations 
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4.0 Groundwater Model Development 

4.1 Groundwater Region Development  

A total of seven (7) groundwater regions were created as part of the ICPR4 model development. In general, 
groundwater region boundaries were split along channel features that were mostly and continuously 
inundated. When the water pierces the ground surface while the surface is inundated, a known head 
condition is placed at the corresponding groundwater nodes. The known head condition is derived from 
water surface elevations in the surface model component. Therefore, when two groundwater regions share 
a common edge along a water feature, both regions use the same known head condition. The reason for 
using multiple groundwater regions is to speed up the computations. Multiple regions are processed in 
parallel. 

 

Figure 4.1: Groundwater Regions  
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4.2 Breaklines & Breakpoints  

Groundwater breaklines and breakpoints were placed to refine the groundwater mesh. Groundwater 
breakpoints used a point spacing pattern that was two times the spacing of the overland flow breakpoints.  
The groundwater breakpoints were also placed so they aligned with the overland flow breakpoints.  
Groundwater breaklines are consistent with the overland flow breaklines that were placed in recharge 
areas where groundwater/surface water interaction is anticipated.  Generally, these are along the bottom 
of channels and ponds. 

 

Figure 4.2: Groundwater Breakpoint & Breakline Placement 

4.3 Groundwater Parameterization  

Groundwater parameters were based on data from the East-Central Florida Transient Expanded (ECFTX) 
Model. Data extracted from the ECFTX model includes: 

¶ Surficial Aquifer Base 

¶ Surficial Aquifer Saturated Hydraulic Conductivity 

¶ Surficial Aquifer Porosity 

¶ Confining Layer Bottom Elevation 

¶ Confining Layer Saturated Hydraulic Conductivity  
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A 1,250-ft X 1,250-ft gridded map layer was also created from the ECFTX model data to parameterize the 
groundwater (Figure 4.3). Corresponding porosity and saturated hydraulic lookup tables were developed 
based on each map layer zone. The model specific information can be found in the provided ICPR4 model 
and the ECFTX model (Reference Document NMI_216). 

 

Figure 4.3: ECFTX Groundwater Data Grid 

4.4 Boundary Conditions 

The boundary conditions for the groundwater model are consistent with those for the overland flow region.  
The boundary conditions were incorporated into the model using 14 groundwater boundary stage lines as 
shown in Figure 4.4.  






























































































































































