
halff.comCONNECT WITH US. LIKE US. FOLLOW US.

bŀǾƛƎŀǘƛƴƎ C9a! {ǘŀƴŘŀǊŘǎΥ aƛƭƭ /ǊŜŜƪΩǎ 

Success using 1D/2D Modeling for Floodplain 

and Floodway Development
Rebecca Harris, PE, CFM; Rahman Davtalab, CFM ; 
Kenneth Kohn, PE

FT. Myers, Florida

June 12, 2025



Mill Creek Watershed



Navigating FEMA Standards: Mill Creekôs Success using 1D/2D Modeling for Floodplain and Floodway Development  3

MILL CREEK WATERSHED

ÁAbout watershed 

ÁTotal Drainage Area: 16 mi2

ÁElevation: Starts from (-ύ тΩ ŀǘ ǘƘŜ ƴƻǊǘƘ ǘƻ 
ƻǾŜǊ тлΩ ƛƴ ǎƻǳǘƘŜŀǎǘ

ÁLake Manatee to the east, Manatee River to 
the north, Braden River watershed to the 
south, and Gates Creek watershed to the 
west
ÁManatee Dam regulates downstream flow 

ÁTidal condition downstream of Manatee 
River after Mill Creek junction

Á!ǾŜǊŀƎŜ ŀƴƴǳŀƭ ǊŀƛƴŦŀƭƭΥ рнέ 

ÁOriginal model available HEC-1 and HEC-2

Mill Creek

Manatee River

Lake 

Manatee

Braden River 

Watershed

Gate Creek 

Watershed
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HISTORICAL FLOODING



Model Approach and 
Input Data
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MODEL APPROACH

ÁModel was developed within ICPRv4 (now known 
as StormWise)

Á1-Dimension (1D) approach for developed & 
agricultural areas; areas with unrepresentative 
DEM

ÁDeveloped areas modeled from ERP data and field 
reconnaissance 

ÁAgriculture area : Communication with stakeholders 
to understand the operation of some pump stations 
and related drainage system

Á2-Dimnesion (2D) approach for riverine sections 
where flow meanders or goes in multiple direction; 
undeveloped area with minimal subsurface 
conveyance

ÁModeled using ERP data, field reconnaissance, aerial 
imagery, and the project DEM
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AGRICULTURAL AREA ς PILOT STUDY
Á1D Approach :Entire subbasin is routed to 

a single node

Å Entire subbasin is 

routed to a single node

Å TC: 41 min

Å NRCS Unit Hydrograph

Å PRF: 256

Outlet: 

36ò CMP

Á2D Approach: Furrows modeled by breaklines and 
mesh

Å 2,700 2-D nodes

Å 7,800 2-D links 

Å 47 ac

Outlet: 

36ò CMP
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AGRICULTURAL AREA ς PILOT STUDY

Á1D vs 2D Approach ςComparison

ÁAdditional effort: 15-25 hours 
per mi2

ÁMore computationally 
intensive (>7,000 links)

ÁCalibration of 1D parameters 
using 2D ñpilotò area results

Max Stage (1-D Approach): 65.4

Max Stage(2-D Approach): 65.24
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INPUT DATA

ÁTerrain ς March 2015
ÁDEM voids were revised using new 

LiDAR data, surfaces from the 
developer, and construction plans

SR-64

Legend

DEM Update Sources

3D Surfaces (Stantec)

2016 LiDAR (SWFWMD/Pickett)

Ponds From Plans
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INPUT DATA ï NEW DEVELOPMENT

ÁProject Date Certain: 2015

ÁModeled 4 new developments 
that were considered critical to 
the County & to allow for 
calibration to Hurricane Irma

ÁPartially constructed in 2017

BEFORE AFTER
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INPUT DATA

Soils Map

Legend

Mill Creek Watershed

Water & Wetlands

Services

Agriculture, Forests, and Open Land

Residential

Impervious

Primarily A/D soils 

(84%)

Land Use Map



Boundary Condition and 
Starting Condition
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BOUNDARY DATA
ÁTotal boundary nodes: 19
ÁFree discharge : 8 nodes

ÁFixed time/stage data

ÁManatee River FIS profile, north: 5 nodes

ÁVaried time/stage data

ÁCalculated from statistical analyses

ÁBraden River watershed model, south: 6 
nodes

ÁVaried time/stage data

ÁSimulated results from an adjacent model

Gage @ Rye 

Rd.
Gage @ Ft. 

Hamer

Legend

Data Source

!(
Manatee River FIS &
Gage Data

!( Free Discharge

!(
Braden River
Watershed Model
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BOUNDARY DATA

ÁEstimation of maximum 
stage using FIS profile

ÁInterpolated maximum 
stage using probability 
graph for missing 
frequencies

ÁFrequency analysis of 
observed gage data
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BOUNDARY DATA
ÁGenerated unit hydrograph

ÁGenerating dimensionless 
hydrographs for different storm 
durations using Manatee River 
gage data

ÁGenerating varied boundary 
using unit hydrographs and 
peak stage for different storm 
frequency (e.g., 5, 10, 25 year) 
and durations (e.g., 24, 72, 
and 168 hour)



Model Parametrization
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MODEL PARAMETRIZATION

ÁRainfall Excess Method 
ÁThree methods were evaluated - Curve 

Number (CN), Green-Ampt, and Vertical Layer; 
CN method was selected during calibration

ÁSCS Unit Hydrograph 
ÁPRF=323 (Developed Areas)

ÁPRF= 256 (Remaining Areas)

ÁInitial Conditions for 1D and 2D area
ÁEstablished based on drawdown analysis of 

100-year storm simulated to 500-hours

ÁOverland Flow Weirs 

ÁModeled at glass walls in floodplain

ÁDeveloped at basin lines from the project DEM; 
excludes buildings and channels from XSEC



Navigating FEMA Standards: Mill Creekôs Success using 1D/2D Modeling for Floodplain and Floodway Development  18

MODEL NETWORK

Á1D Link Quantities

ÁChannels: 325

ÁCulverts: 569

ÁDrop Structures: 211

ÁWeirs: 1,231

ÁRating Curves: 12 (3 pumps)

Á2D Node/Link Quantities

ÁLinks: 178,132

ÁNodes: 84,771

SR-64

Manatee 

River

Lake 

Manatee

Legend

Mill Creek Watershed

!( Nodes

Channels

Drop Structures

Pipes

Rating Curves

Weirs

Subbasins



2D Parameters and 
challenges
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2D FEATURES AND CHALLENGES
ÁPros

ÁNo need to delineate subbasin boundaries or 
estimate related parameters

ÁRequires less time to model undeveloped areas
ÁSuitable for areas where runoff does not follow 

a single direction
ÁFaster and easier to set up (in some cases)
ÁNo need to define overland flow links or cross 

sections

ÁCons
ÁHigher computational time in the model
ÁSignificantly larger model file size
ÁFor developed areas, most underground pipes 

must be modeled; otherwise, results may be 
unreliable

ÁLimited number of examples for floodplain and 
floodway applications

Á1D vs 2D Modeling
ÁAll agricultural and developed areas were 

modeled using a 1D approach
ÁThe main river and adjacent meandering zones 

were modeled using a 2D approach
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2D FEATURES AND CHALLENGES

ÁMapped basin feature
ÁUsed to define 1D areas and prevent 

mesh generation in those regions

ÁBreaklines
ÁManually developed along roadways, 

swales/ditches, wetlands, and significant grade 
breaks.
ÁIn selected locations, interpolated breaklines are 

used to represent side ditch culverts.
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2D FEATURES AND CHALLENGES

ÁChannel Control Volume (CCV)
ÁDeveloped for each channel link located 

within the 2D region
ÁCovers the full extent of channel cross 

sections 

ÁPond Control Volume (PCV)

ÁModeled as level pool storage

ÁApplied to ponds, lakes, and wetlands

Legend

!( Nodes

Channels

Cross Sections

Channel Control Volume

Legend

Mill Creek Watershed

Pond Control Volume

!( Nodes
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2D FEATURES AND CHALLENGES

ÁCoves
ÁRepresent level pool areas along a CCV
ÁNot suitable for 2D overland flow modeling, yet 

too small or insignificant for detailed 1D modeling

ÁElevation within the cove is equal to the channel 
elevation at the point of connection to the CCV

ÁExtrusion polygons
ÁExclude regions within defined polygons from the 2D 

mesh.
ÁTypically used to represent buildings, structures, or 

other non-hydraulic features
ÁPrevent flow from passing over them but allow flow to 

route around

Legend

Mill Creek Watershed

Pond Control Volume

!( Nodes

Cove
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2D FEATURES AND CHALLENGES
Á2D Mesh

ÁEach triangle vertex functions as a node, and each side 
represents a flow link

ÁThe mesh is generated using DEM elevations and 2D 
features such as breaklines, control volumes, and mapped 
basins

Legend

Mill Creek Watershed

2D Triangular Mesh

Extrusion Polygon

Breaklines

Channel Control Volume

Mapped Feature

Pond Control Volume
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2D FEATURES AND CHALLENGES
ÁSpecial Cases
ÁApproach for simplifying 

roadway overtopping at 
culvert crossings in 2D 
regions

Channel Control Volume

Channel Link
Culvert

1D Weir Link

Representative of TOR
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2D FEATURES AND CHALLENGES
ÁSpecial Cases
Á!ŘŘǊŜǎǎƛƴƎ άōǳǊƴŜŘ ŀǊŜŀǎέ 

at culvert crossings in 2D 
regions

Channel Control 

Volume

Channel Link

Culverts

1D Weir Link

Representative 

of TOR

Topo Void
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2D FEATURES AND CHALLENGES

ÁModeling roadway overtop with  pond 
control volumes

ÁPond control volumes added in road 
right-of-way to avoid 2D links in and 
over the roadway area

ÁSimplifies and reduces run times 
without compromising results

1D Weir Link

Representative of TOR

Culverts

Channel Control Volume
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2D FEATURES AND CHALLENGES

ÁPond berm / DEM adjustment using 2D 
weirs

ÁPond construction incomplete at time 
of LiDAR flight 

ÁInitial mesh allowed outflow from 
pond at topo void

Á2D weir placed along As-Built TOB to 
correct for DEM issues

2D Weirs

Topo Void



Model Calibration and 
Verification



Navigating FEMA Standards: Mill Creekôs Success using 1D/2D Modeling for Floodplain and Floodway Development  30

MODEL CALIBRATION AND VERIFICATION

ÁCalibration Storm

ÁHurricane Irma: September 10-11, 2017

ÁwŀƛƴŦŀƭƭΥ тΦтέ όϤ мл-year, 24-hour)

ÁлΦфέ ǊŀƛƴŦŀƭƭ ǇǊƛƻǊ ǘƻ ǘƘŜ ǎǘƻǊƳ ό{ŜǇǘŜƳōŜǊ о-8, 2017)

ÁVerification Storm

ÁVerification Storm: August 26-28, 2017

ÁwŀƛƴŦŀƭƭΥ рΦфέ

ÁRainfall data source

Á15 minutes NEXRAD rainfall
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MODEL CALIBRATION AND VERIFICATION
ÁChallenges of calibration and verification
ÁNew developments present during Hurricane Irma and August 

2017 storms were beyond the original modeling cutoff date
ÁAdded developments to the model to resolve related issues
ÁSignificant sedimentation found, even at newer crossings like 

White Eagle Blvd
ÁMeasured sedimentation during field visits and incorporated 

into the model
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MODEL CALIBRATION

ÁModel calibration- 131st Street Gage

ÁhōǎŜǊǾŜŘ tŜŀƪ {ǘŀƎŜΥ нлΦлΩ

ÁaƻŘŜƭ tŜŀƪ {ǘŀƎŜΥ нлΦнΩ 

ÁReceding limb discrepancies 
Ǉƻǎǎƛōƭȅ ŘǳŜ ǘƻ ǿŀǘŜǊ άǘǊŀǇǇŜŘέ 
in soils after runoff calculations
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MODEL CALIBRATION

ÁModel calibration- White Eagle Blvd

Á{ƛƳǳƭŀǘŜŘ tŜŀƪ {ǘŀƎŜΥ ннΦтΩ

ÁEstimated Peak Stage using 
ǿŀǘŜǊƳŀǊƪΥ ннΦтΩ 

September 11, 2017  1:40 PM EST

Visible High-Water Mark
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Hurricane Irma ï 9/11/17 @ 2:50 PM

MODEL CALIBRATION

ÁModel calibration- White Eagle Blvd

Á{ƛƳǳƭŀǘŜŘ tŜŀƪ {ǘŀƎŜΥ ннΦмΩ

ÁEstimated Peak Stage using 
ǿŀǘŜǊƳŀǊƪΥ ҔнлΦуΩ 

Note: The high watermark was 
unclear and difficult to measure
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MODEL VERIFICATION

ÁModel verification- 131st Street Gage

ÁhōǎŜǊǾŜŘ tŜŀƪ {ǘŀƎŜΥ мтΦпΩ

ÁaƻŘŜƭ tŜŀƪ {ǘŀƎŜΥ муΩ 

ÁReceding limb discrepancies 
Ǉƻǎǎƛōƭȅ ŘǳŜ ǘƻ ǿŀǘŜǊ άǘǊŀǇǇŜŘέ 
in soils after runoff calculations



Floodplain Approach and 
Development
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FLOODPLAIN MAPPING APPROACH

Á100-year, 24-hour storm

Á1D floodplains (basins, PCV, CCV) were 
mapped based on node maximum stage

Á2D floodplains were mapped based on 
ÁMax elevation surface, mesh-based DEM, and 

project DEM

ÁFlood depths of 3-inches or higher

ÁAll Floodplains were smoothed and 
simplified with spackle removed (2,500 ft2)

Manatee 

River

SR-64

Lake

Manatee


