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1.0 Introduction 

1.1. Study Purpose 

The City of Sedona has retained JE Fuller/Hydrology & Geomorphology (JE Fuller) to update the existing 

Sedona Storm Water Master Plan (2005) based on the results of new city-wide, two-dimensional 

hydrologic modeling. The new modeling was conducted in FLO-2D and used new topographic mapping, 

land use data, and updated precipitation. This Technical Support Data Notebook (TSDN) summarizes the 

hydrologic and hydraulic modeling conducted and new floodplain delineations used for City regulation.   

The results of these hydrologic and hydraulic analyses will be used to:  

¶ Develop new hydrology for use in the design of storm water infrastructure 

¶ Characterize the location and extent of the existing flood hazards in the study area 

¶ Determine if there are practical mitigation solutions that can reduce all or part of the storm water 

risks 

1.2. Study Authority 

The Sedona Storm Water Master Plan Update (SWMPU) was prepared for the City of Sedona by JE Fuller. 

The project manager for JE Fuller is Rob Lyons. JE Fuller performed the study under the direction of the 

City of Sedona project manager Sandra Phillips. Contact information is provided in Table 1-1: 

 

Table 1-1. Project Manager Contact Information 

 City of Sedona JE Fuller/Hydrology & Geomorphology, Inc. 

Project  
Manager: 

Sandra Phillips, PE Rob Lyons, PE, CFM 

Address: 
102 Road Runner Drive 
Sedona, AZ 86336 

8400 S. Kyrene Road, Suite 201 
Tempe, AZ 85284 

Phone: (928) 203-5076 (480) 250-9842 
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1.3. Study Location 

The Sedona SWMPU watershed is approximately 42 square miles in size and encompasses land within the 

jurisdictions of the City of Sedona, Coconino County, and Yavapai County. A vicinity map is shown in Figure 

1-1. 

Figure 1-1. Study Area Overview. 

 

1.4. Methodology 

Hydrologic and hydraulic (H&H) modeling for this study has been completed using the FLO-2D Pro 

modeling software (v19.07.21, released 6/10/2020), a volume conserving, quasi-two-dimensional (2-D) 
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flood routing model. The model routes surface flow (rainfall runoff and inflow hydrographs) in 8 directions 

over a grid comprised of square elements representing the underlying topography. Spatially varied inputs 

including roughness and infiltration properties can be assigned to each cell. This 2-D modeling approach 

is highly suited for simulating the shallow, distributary flow prevalent within portions of the watershed as 

the flow travels from the mountain fronts to the lower elevations through natural channels, existing urban 

infrastructure, and unintended, distributed overland flow through the urbanized portions of Sedona.  The 

FLO-2D model is capable of simulating hydraulically significant storm drains, culverts, buildings, walls, and 

channels within the model area. The model developed in this study utilized the existing land use conditions 

at the time of this study. 
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2.0 Mapping and Survey Information 

2.1. Mapping 

The LiDAR mapping used for this study was obtained from a FEMA Cooperative Technical Partner project 

for Oak Creek and its tributaries.  The LiDAR (which covers approximately 75% of the modeled area) was 

flown in June 2016 by Sanborn Map Co., Inc. (Sanborn, 2016) with a point density sufficient to create 1-ft 

contours. The raw LiDAR was processed by Sanborn to align with the NAD 1983 horizontal datum and 

conform to the North American Vertical Datum of 1988 (NAVD88). 

The elevation data used for the FLO-2D modeling had to be supplemented with lower-resolution elevation 

data offered on the USGS website (usgs.gov), for LiDAR data is not currently available for the entire project 

watershed. The raster downloaded from the USGS website was originally set in the NGVD29 vertical 

datum. A factor of 2.65748 ft was added to this raster for conversion into the NAVD88 vertical datum. No 

conversions were done horizontally, for the raster was already set in the NAD 1983 horizontal datum. 

The two data sets were then combined into a single global elevation raster. The limits of each source of 

the raster are shown in Figure 2-1. The global elevation raster was in turn used to develop the FLO-2D grid 

element elevations.  

 

2.2. Digital Projection Information 

The surface was developed using ArcGIS with the following projection information:  

¶ Vertical Datum: The North American Vertical Datum of 1988 (NAVD 88) 

¶ Projected Coordinate System:  

Ψb!5ψмфуоψI!wbψ{ǘŀǘŜtƭŀƴŜψ!ǊƛȊƻƴŀψ/ŜƴǘǊŀƭψCLt{ψлнлнψCŜŜǘψLƴǘƭΩ όCLt{ лнлнύΦ  

¶ WKID: 2868  

 

 

 

 

 

 

 

 



 

SEDONA STORM WATER MASTER PLAN UPDATE ð PHASE III P A G E | 8 

 

 

 

Figure 2-1. Limits of mapping sources in relation to overall FLO-2D model domain 
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2.3. Additional Information 

Using two sources of topographic mapping for terrain-based hydraulic modeling introduces problems at 

mapping seams, particularly when the mapping is of different mapping accuracy.  Since the lower accuracy 

USGS data is generally in the upper watershed to the east, the USGS dataset was raised by 5 feet to ensure 

downhill flow to the LiDAR terrain data.  A graphic of the combined elevation data has been prepared, 

and can be seen below (Figure 2-2). 

There are 7 locations where the detailed Oak Creek LiDAR is upstream of the course USGS dataset. In 

ǘƘƻǎŜ ƛƴǎǘŀƴŎŜǎΣ ƭŀǊƎŜ ΨvirtualΩ ƘȅŘǊŀǳƭƛŎ ǎǘǊǳŎǘǳǊŜǎ ǿŜǊŜ ƳƻŘŜƭŜŘ ǘƻ force water that would otherwise 

erroneously pond at the interface of the two datasets to flow into the USGS terrain portion of the model.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2-2. Sedona ADMS/S merged elevation dataset 
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3.0 Model Development 

3.1. Method Overview 

The analysis was completed using City of Sedona, ADOT, and Yavapai County guidance and 

recommendations for model parameter estimation and development as well as two-dimensional 

modeling techniques appropriate for the area. Where applicable, JE Fuller made changes to base input 

ǇŀǊŀƳŜǘŜǊǎ ǎǳŎƘ ŀǎ aŀƴƴƛƴƎΩǎ ƴ-values and infiltration parameters (initial abstraction, percent 

impervious, etc.) in areas where the watershed warranted specific unique values different from the 

default recommended values from the resources listed above.  This is discussed later in this report.   

The model was developed and refined over two phases (Phase II and Phase III) of the SWMPU project.  

Phase II initial model development was conducted in Fiscal Year 2021 and Phase III model refinement was 

conducted in Fiscal Year 2022.  

3.2. Model Domain and Sub-Models 

Based on experience from similar studies (Laveen ADMS; Bullhead City ADMS; Sun Valley ADMS), a 15-

foot grid was chosen as the desired model resolution to show more accurate flow patterns and generally 

results in less model debugging. The FLO-2D modeling extent was divided into four sub-models (see Figure 

1-1) to decrease model runtime and allow for more efficient post-processing. Total sub-model area and 

grid counts are listed in Table 3-1. The sub-model boundaries were delineated such that no cross-flow 

would occur between sub-models (Figure 3-1) and that major storm drain systems and culverts were 

contained within a single sub-model. The Oak Creek watercourse was not included in the FLO-2D modeling 

as the upstream hydrology of Oak Creek was not computed or considered in this study.  Oak Creek is the 

primary outflow location for all 4 sub-models. 

 

Table 3-1. FLO-2D sub-model grid elements 

Sub-Model Name Area (mi2) Number of Grid Elements 

West_1 12.6 1,564,164 

West_2 8.1 1,000,991 

East_1 6.1 753,009 

East_2 13.1 1,623,066 
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Figure 3-1. Sedona SWMPU FLO-2D sub-model interaction 

 

3.3. Development of Input Files 

3.3.1. Overview 

Almost all the FLO-2D input data files were required given the large drainage area with multiple culverts, 

storm drains, and other infrastructure that affects drainage. The input files that are used in this study are 

shown in   
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Table 3-2. This table also gives a brief description of the information that is contained in each input file. 
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Table 3-2. FLO-2D Input Files used in the Sedona SWMPU 

File Name Description 

ARF.DAT area reduction and width reduction factors 

CADPTS.DAT grid number and corresponding x and y coordinate values 

CHAN.DAT* defines the location of any 1D channels within the model, if this option is used 

CHANBANK.DAT* defines the location of right/left banks of each cross-section for each 1D channel 

CONT.DAT simulation control file, toggles on/off model switches, such as rain or infiltration 

FPLAIN.DAT file that defines the grid ordering, n-values, and elevations for each grid 

FPXSEC.DAT 
defines the location of floodplain cross-sections where a hydrograph is automatically 
calculated 

HYSTRUC.DAT hydraulic structures, such as culverts, small bridges, and simple storm drains 

INFIL.DAT infiltration parameters for each grid 

LEVEE.DAT* 
defines the location and characteristics of any linear flow obstructions, such as walls or 
levees, in the model 

OUTFLOW.DAT defines the floodplain and/or channel outflow elements 

MANNINGS_N.DAT file developed at run time (includes same roughness values specified in FPLAIN.DAT) 

NEIGHBORS.DAT file developed at run time (includes neighboring grids specified in FPLAIN.DAT) 

RAIN.DAT rainfall parameters for the model and reduction factor for each grid 

SHALLOWN_SPATIAL.DAT defines the Shallow n value for each model grid element 

SWMM.ini*  EPA SWMM engine initiation input file  

SWMM.inp* EPA SWMM engine input file (storm drain geometry) 

SDCLOGGING.DAT* EPA SWMM model inlet clogging input file 

SWMMFLO.DAT* EPA SWMM model inlet input file 

SWMMFLORT.DAT* EPA SWMM model hydraulic rating input file 

SWMMOUTF.DAT* EPA SWMM model outfall file 

TOLER.DAT numerical controls for the simulation, such as floodplain Courant stability criterion 

TOPO.DAT file developed at run time (includes same elevation values specified in FPLAIN.DAT) 

*denotes a file that is not used in all sub-models. 
 

 

3.3.2. FPLAIN.DAT and CADPTS.DAT 

The FPLAIN.DAT AND CADPTS.DAT input files define the size and layout of the grid on which the FLO-2D 

calculations are made. The FPLAIN.DAT file contains the grid ordering, the adjacent grid elements, the n-

values, and the elevations of each grid, while the CADPTS.DAT contains the coordinates of each grid 

element. 

 
The elevations of each grid were developed from the comprehensive global elevation raster (shown in 

Figure 2-2). A global 15-foot raster was developed through linear interpolation of the merged elevation 

raster. From this global 15-foot raster, the elevations were extracted for each grid and applied to the 

FPLAIN.DAT file for each sub-model.  
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Land use delineations were established using zoning data provided by the City supplemented with manual 

delineations by JE Fuller (Figure 3-2). Land use categories were discretized based upon land uses shown 

in the YCFCD Hydrology Manual. City zoning categories were largely limited to residential, commercial, 

and industrial land uses. Natural land uses were delineated manually, and several natural land uses (i.e., 

shallow and steep wash) were created to reflect the unique and steep terrain observed in this study area. 

ManningΩǎ n-values were established for each land use based upon guidance in the YCFCD Hydrology 

Manual as well as previous FLO-2D experience in similar watersheds (Table 3-3). Area weighted averages 

were used for cells containing more than one land use and n-value.  

3.3.3. Shallow n 

Spatially-varied shallow n adjustments were made using the SHALLOWN_SPATIAL.DAT file. This parameter 

allows for depth-integrated n-value adjustments, with a focus on increasing the n-value at shallow depths. 

SHALLOWN values were assigned to each land use as shown below in Table 3-3. These values were 

determined based upon guidance in the Flood Control District of Maricopa County FLO-2D Verification 

Report (FCDMC, 2016) as well as previous FLO-2D experience. 
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Figure 3-2. Land Use 
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Table 3-3Φ aŀƴƴƛƴƎΩǎ ƴ-values assignments. 

Yavapai County 
Land Uses 

Land Use 
Category-

Code 

Sedona 
Zoning 

Categories 

Zoning 
Category 

Code 

Floodplain 
n-Value 

Shallow  
n-Value 

Natural Grasslands (flat slope) 100   0.045 0.15 

Rangeland, flat slope (moderate veg.) 110   0.050 0.20 

Rangeland, hill slopes (moderate veg.) 111   0.070 0.20 

Mountain, flat slope < 20% (vegetated) 120 OS 560 0.060 0.20 

Mountain, steep slope >20% (vegetated) 121   0.090 0.30 

Single Family Res. (1/4 acre) 130 RS-6 600 0.040 0.12 

Single Family Res. (1/3 acre) 131 RS-10 601 0.040 0.12 

Single Family Res. (1/2 acre) 132 RS-18 602 0.040 0.12 

Single Family Res. (1 acre) 133 RS-35 603 0.050 0.12 

Single Family Res. (>= 2 acres) 134 RS-70 604 0.050 0.12 

Multi-Family Residential 140 

RM-1 580 

0.035 0.12 
RM-2 581 

RM-3 582 

RMH 590 

Commercial 150 
CO 510 

0.040 0.12 
M2 540 

Industrial 160 IN 520 0.050 0.12 

Lawn and Turf 170   0.030 0.12 

Pavement and Roof Tops 180   0.020 0.10 

Steep Wash (2-4%) 190   0.11 0.30 

Shallow Wash (<2%) 191   0.075 0.22 

Steep Wash (2-4%) HiVel 192   0.2 0.30 

 

3.3.4. RAIN.DAT 

The RAIN.DAT input file defines the rainfall temporal and spatial distribution for the model. Five 
recurrence intervals were assessed in this study including the 10-, 25-, 50-, 100-, and 500-year 
events. The 24-hour duration was used for all modeling in this study per the YCFCD hydrology 
manual. The rainfall depths were collected from the NOAA Atlas 14 dataset. The 100-year spatial rainfall 
distribution is depicted below (Figure 3-3). The frequency storm approach was used to develop the 
hyetograph for this study. A single distribution was computed using NOAA Atlas 14 statistics at the 
centroid of the study area. The maximum and minimum rainfall depths for the study area are shown in 
Error! Reference source not found.Table 3-4. The 24-hour distribution is shown in Figure 3-4.  The 
maximum rainfall value for each sub-model is generally near the highest elevation and the minimum 
rainfall value is near the lower elevations within the sub-model.  The spatial variability in the model was 
accomplished using the RAINARF routine where the maximum rainfall value is assigned to each sub-model 
and RAINARFs were calculated as a ratio to the maximum at each grid cell. 
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Figure 3-3. NOAA14 100-Year, 24-Hour Spatial Rainfall Distribution  

 

 

Figure 3-4. 24-hour Frequency Storm Rainfall Distribution  
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Table 3-4. Maximum and Minimum Rainfall Depths in the Sedona SWMPU 

Storm Event 
Maximum 
(inches) 

Minimum 
(inches) 

10-year, 24-hour 3.000 2.816 

25-year, 24-hour 4.555 3.358 

50-year, 24-hour 5.134 3.765 

100-year, 24-hour 5.732 4.203 

500-year, 24-hour 7.200 5.252 

 
 

3.3.5. INFLOW.DAT AND OUTFLOW.DAT 

No inflow hydrographs were used for any of the four sub-models as all hydrology in this study was 

computed using FLO-2D. The sub-model boundaries were delineated such that there are no cross-model 

or offsite flows entering into any of the four sub-models. Outflow nodes (in the OUTFLOW.DAT file) were 

set at every cell along the perimeter of each sub-model. 

3.3.6. INFIL.DAT 

The INFIL.DAT file contains the infiltration parameters used in FLO-2D to calculate rainfall losses. The 

Green and Ampt method was used for this study as recommended by the YCFCD Hydrology Manual. This 

method requires a number of inputs to be estimated from the land use and soil types within the study 

area. Infiltration assumptions based on landuse type are organized in Table 3-7. 

Soil unit delineations and measured soil properties provided in the Terrestrial Ecosystem Survey (2005) 

were used to establish soil infiltration properties. Soil texture classes and the relative contribution (in 

percent) of each soil texture class within each soil unit from the Ecosystem Survey were identified for 

individual map units within the study area. The ADOT Hydrology Manual (2014) lists a generic mapping of 

soil textures to Green and Ampt infiltration parameters ( 

Table 3-5), and the parameters were then weighted based upon their relative contribution to determine 

average parameters for each map unit in the study area. The final soil parameters by map unit are listed 

below in Table 3-6 and are also depicted spatially in Figure 3-5.  

Limiting depth can be an important parameter with regards to results for both peak discharge and 

runoff volume.  Initial modeling for this project included setting the limiting depth at four inches 

throughout the modeling area.  This was increased to 8-inches after initial model results were evaluated, 

this will be discussed later in this report. 
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Table 3-5. ADOT Soil Texture Mappings. 

 

 

Table 3-6. Green and Ampt Parameters by Map Unit. 

SOIL_ID XKSAT PSIF WILTING FCAP SAT PERC_ROCK 

45 1.649 0.569 0.029 0.072 0.346 0 

46 1.874 0.558 0.025 0.068 0.408 0 

402 0.040 10.800 0.204 0.365 0.452 0 

403 0.472 4.932 0.061 0.149 0.384 0 

430 0.094 9.868 0.170 0.301 0.415 20 

457 0.490 4.710 0.058 0.144 0.384 0 

458 0.490 4.710 0.058 0.144 0.384 0 

462 0.040 10.800 0.204 0.336 0.429 0 

463 0.040 10.800 0.204 0.336 0.429 5 

470 0.059 10.474 0.192 0.324 0.424 20 

471 0.490 4.710 0.058 0.144 0.384 50 
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SOIL_ID XKSAT PSIF WILTING FCAP SAT PERC_ROCK 

474 0.714 3.888 0.052 0.130 0.375 0 

475 0.490 4.710 0.058 0.144 0.384 40 

492 0.040 10.800 0.204 0.336 0.429 0 

495 0.153 8.843 0.134 0.263 0.400 0 

520 0.190 8.190 0.110 0.238 0.390 0 

555 0.824 2.791 0.056 0.138 0.386 25 

578 0.190 8.190 0.110 0.238 0.390 0 

582 0.168 8.582 0.124 0.253 0.396 0 

584 0.190 8.190 0.110 0.238 0.390 0 

 

Table 3-7. Land Use Infiltration Parameters in the Sedona SWMPU 

Land Use 
Land Use 
Category-

Code 

Sedona 
Zoning 

Categories 

Zoning 
Category 

Code 

IA 
(inches) 

% 
Impervious 

(RTIMP) 

DTHETA 
Condition 

Natural Grasslands (flat slope) 100     0.50 0 Dry 

Rangeland, flat slope (moderate 
veg.) 

110     0.35 0 Dry 

Rangeland, hill slopes (moderate 
veg.) 

111     0.15 0 Dry 

Mountain, flat slope < 20% 
(vegetated) 

120 OS 560 0.50 0 Dry 

Mountain, steep slope >20% 
(vegetated) 

121     0.25 0 Dry 

Single Family Res. (1/4 acre) 130 RS-6 600 0.25 40 Normal 

Single Family Res. (1/3 acre) 131 RS-10 601 0.25 30 Normal 

Single Family Res. (1/2 acre) 132 RS-18 602 0.25 23 Normal 

Single Family Res. (1 acre) 133 RS-35 603 0.30 18 Normal 

Single Family Res. (>= 2 acres) 134 RS-70 604 0.30 15 Normal 

Multi-Family Residential 140 

RM-1 580 

0.25 50 Normal 
RM-2 581 

RM-3 582 

RMH 590 

Commercial 150 
CO 510 

0.10 75 Normal 
M2 540 

Industrial 160 IN 520 0.20 70 Normal 

Lawn and Turf 170     0.20 0 Normal 

Pavement and Roof Tops 180     0.05 95 Normal 

Steep Wash (2-4%) 190     0.10 0 Dry 

Shallow Wash (<2%) 191     0.10 0 Dry 

Steep Wash (2-4%) HiVel 192     0.10 0 Dry 
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Figure 3-5. Soil Type Distribution  
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3.3.7. ARF.DAT 

Building footprints were obtained from the City of SedƻƴŀΩǎ DL{ ŘŜǇŀǊǘƳŜƴǘΦ  ¢ƘŜ ōǳƛƭŘƛƴƎǎ ǿŜǊŜ 

intersected with grid elements to compute the percentage of the obstructed area and assigned to area 

reduction factors (ARFs) for each cell. The totally blocked cell ŜƭŜƳŜƴǘ ǊƻǳǘƛƴŜ όά¢ [ƛƴŜέύ ǿŀǎ ƴƻǘ ǳǎŜŘ ƛƴ 

order to simplify file development. Totally blocked cells were assigned 1.0 in the partially blocked grid 

attribute (i.e., the IDG column). Similarly, to ease file development, width reduction factors (WRF) were 

not used in this study and were assigned a 0 value in the ARF.DAT file. 

It should be noted that the IRAINBUILDING value in the RAIN.DAT file was set to 1.0 to simulate rainfall 

runoff from the roofs of ARFs associated with buildings. 

3.3.8. CHAN.DAT and CHANBANK.DAT 

The modeling team evaluated preliminary model results for the Soldier Wash improvements from 

upstream of Brewer Rd to the outfall in the Oak Creek right overbank.  The channel improvements were 

designed and constructed after the 2009 flood in the Tlaquepaque Arts and Shopping Center.  The 

improvements generally consists of a 22-foot wide rectangular channel and bridges although there are 

slight variations in geometry and construction material.  The 15-foot grid element elevation sampling 

was not adequately representing the channel geometry and it was determined the one-dimensional 

channel routing module within FLO-2D was necessary.   

The channel geometry and invert profile was taken from as-built construction drawings and coded in the 

CHAN.DAT and CHANBANK.DAT files to simulate the significant capacity of the newly constructed 

system.  Figure 3-6 shows a picture of a portion of the channel under construction. 

One-dimentional channel modeling and input files are only within the West_2 sub-model. 

 
Figure 3-6 Soldier Wash Channel Construction 
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3.3.9. HYSTRUC.DAT 

Hydraulic structures were incorporated into the FLO-2D models using the HYSTRUC.DAT input file. The 
City of Sedona storm drain GIS database was the primary source for identifying the location, size, type, 
shape, and culvert configuration of structures within the study area. Additional data were collected by JE 
Fuller for culverts and structures not ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ /ƛǘȅΩǎ DL{ Řŀǘŀōŀǎe. Refer to the Sedona Storm Water 
Master Plan Update Phase 1 Report (2020) for more detail related to the data collection effort.  As-built 
construction drawings were collected from ADOT for SR 89A and SR 179, from City storm water CIP 
projects, and significant culverts and storm drains were digitized.  Additional information related to 
significant drainage structures were collected in the field in all three phases of the SWMPU. 
 
Hydraulic structures were modeled using two approaches depending on the structure geometry, inlet 
type, and number of barrels. The hydraulic capabilities of standard single-barreled structures (structures 
ŎƻŘŜŘ ǿƛǘƘ ŀƴ ΨCΩ ŎƘŀǊŀŎǘŜǊύ are calculated and determined within FLO-2D using the FHWA generalized 
culvert equations. All other structures (multi-barreled, catch basin inlet, or other uncommon inlet types) 
ǿŜǊŜ ŎƻŘŜŘ ǿƛǘƘ ŀ Ψ¢Ω ǎǘǊǳŎǘǳǊŜ ŎƘŀǊŀŎǘŜǊΦ ! Ψ¢Ω ŎƘŀǊŀŎǘŜǊ ǇǊƻƳǇǘǎ C[h-2D to refer to a specified rating 
table calculated externally to determine the hydraulic routing. The rating tables for these structures were 
developed by JE Fuller using FHWA HDS #5: Hydraulic Design of Highway Culverts Third Edition (April 
2012), assuming inlet control.  
 
Clogging factors used for the rating tables were derived from the Drainage Design Manual for Yavapai 
County. The clogging factors applied to the rating tables are: 
 

¶ Equivalent Diameter <= 48 inches: Reduce available opening area by 50% 

¶ Equivalent Diameter > 48 inches: Reduce available opening area by 20% 
 
Figures depicting the general location of the culverts and stormdrains included in the hydrologic modeling 
are provided in Figure 3-7 through Figure 3-10. 
 
Lastly, significant storm drain systems were modeled with the storm drain capacity limitation function in 
the HYSTRUC.DAT file with the exception of the Thunder Mountain/Harmony-Windsong system (see 
Section 3.3.10).  Similar to culvert ratings, rating tables were developed based on the pipe inlet or catch 
basin inlet geometry and the connector pipe.  This means that at low depths the curb/grate opening 
controls the flow, but at higher depths, the connector pipe capacity controls the flow.  Finally, the multiple 
inlet systems were set to outflow to a common outflow node (grid element) and the ά5έ ƭƛƴŜ ŦǳƴŎǘƛƻƴŀƭƛǘȅ 
that limits the total flow in the storm drain system to a user-specified discharge was used to limit the flow 
to the trunk line capacity. This capacity was determined by either using the design discharge obtained 
from the drainage design report for the system provided by the City (when available), or by calculating 
the normal depth full flow capacity of the trunk line. The limiting pipe capacities that were used in the 
FLO-2D modeling are shown in Table 3-8. 
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Table 3-8. Storm Drain System Capacity Enforced 

Storm Drain System FLO-2D Sub-
Model 

Outfall 
Node 

Limiting 
Discharge (cfs) 

Coffee Pot Drive 72-in Dia CMP and SRP   West_1 612,699 490 

Stanley Steamer   West_1 908,385 500 

Dry Creek Road 60-in CMP   West_1 604,308 313 

CŀǊƳŜǊ .ǊƻǘƘŜǊΩǎ 5ǊƛǾŜ пу-in CMP West_1 332,557 112 

Juniper Hills   West_2 976,369 128 

Indian Cliffs Road CMP   East_1 275,194 197 

Vista Bonita Drive 60-in SRP   East_1 258,502 325 
*Note: not every modeled storm drain is shown   

 

  

Figure 3-7. Sub-model West_1 modeled culverts and storm drains 
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Figure 3-8. Sub-model West_2 modeled culverts and storm drains 
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Figure 3-9. Sub-model East_1 modeled culverts and storm drains 
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Figure 3-10. Sub-model East_2 modeled culverts and storm drains 

 

3.3.10. EPA SWMM 

The modeling team evaluated preliminary model results for the Thunder Mountain/Harmony-Windsong 

stormdrain system (refer to Figure 3-7) initially modeled with the HYSTRUC.DAT with D line total flow 

limiting functionality.  It was determined that the system capacity was not being achieved and it was 

decided that this system would be more suitable for the EPM SWMM module within FLO-2D.  Therefore, 

a SWMM model was developed for the system and integrated in the FLO-2D model.  SWMM input files 

listed in Table 3-2 were developed for the system and ran and the results were very reasonable.   

SWMM modeling and input files are only within the West_1 sub-model. 
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3.3.11. LEVEE.DAT 

! ǎƛƴƎƭŜ ƭƛƴŜŀǊ ǎŜŎǘƛƻƴ ƻŦ ΨƭŜǾŜŜΩ ǿŀǎ ƛƴŎƭǳŘŜŘ ƴƻǊǘƘ ƻŦ ¢ƘǳƴŘŜǊ aǘƴΦ wŘΦ ōŜǘǿŜŜƴ /ƻƴŎƻǊŘ 5ǊΦ ŀƴŘ 

Andante Dr (blue line, Figure 3-11). This levee was added to enforce the section of engineered channel 

directing flow to one of the main inlets of the Thunder Mtn./Harmony-Windsong drainage systems. The 

team believes that due to the rasterization of the detailed topography, the initial FLO-2D results were a 

misrepresentation of what actually occurs during a storm event at this particular location. The team 

ǇŜǊŦƻǊƳŜŘ ŀ ƘȅŘǊŀǳƭƛŎ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ Řǳŀƭ слέ {wt ƛƴƭŜǘ ŎƻƴǎƛŘŜǊƛƴƎ ǘƘŜ parameters listed in the as-built 

drawings and concluded that the topography was over-generalizing key features leading up to the inlet, 

ǊŜǎǳƭǘƛƴƎ ƛƴ ŜǊǊƻƴŜƻǳǎ ƻǾŜǊǘƻǇǇƛƴƎ ƻŦ ¢ƘǳƴŘŜǊ aǘƴΦ wŘΦ ¢ƘŜ ΨƭŜǾŜŜΩ ǿŀǎ ŀŘŘŜŘ ǘƻ ōŜǘǘŜǊ ŘƛǊŜŎǘ Ŧƭƻǿ ǘƻ ǘƘŜ 

inlet, as the actual engineered channel was intended to do. 

The levee modeling and associated input file is only within the West_1 sub-model. 

 

Figure 3-11. [ƻŎŀǘƛƻƴ ƻŦ ƻƴƭȅ ΨƭŜǾŜŜΩ όōƭǳŜ ƭƛƴŜύ ƳƻŘŜƭŜŘ ŀǎ ŀ Ǉŀrt of the hydrologic analysis. 
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3.3.12. FPXSEC.DAT 

Floodplain cross-sections were developed and included in the FPXSEC.DAT file to query flow hydrographs 
and peak discharges from the FLO-2D model at key locations within the study area such as:  
 

¶ Major flow concentration locations  

¶ Upstream/downstream of a hydraulic structure or road crossings 

¶ Areas of interest to the City of Sedona  

¶ Locations of previous study concentration points (HEC-1) for comparison purposes  

¶ Upstream of HEC-RAS Model reaches 

 

3.3.13. CONT.DAT AND TOLER.DAT 

CONT.DAT and TOLER.DAT contain numerical stability and simulation controls for the FLO-2D model. The 
CONT.DAT file controls simulation time, output report time interval, some numerical controls, and model 
switches such as infiltration and rain. For the 24-hour storm duration, the total simulation time was set to 
30 hours.  This simulation time was sufficient to ensure the flood wave has traveled through the entire 
study area. 
  
The numerical controls used in the CONT.DAT file are ǘƘŜ ǎƘŀƭƭƻǿ Ŧƭƻǿ aŀƴƴƛƴƎΩǎ ƴ-value (SHALLOWN) 
and limiting Froude number (FROUDL) values. For this study, the shallow n-value in the CONT.DAT file was 
set to 0.20, however, spatially-varied shallow n-values were used to override this parameter based upon 
land use.  The appropriate toggles were checked for input data files (e.g. HYSTRUC.DAT, LEVEE.DAT). 
 
The TOLER.DAT file contains the numerical tolerance settings that are specified for the model. These 

settings are the flow exchange tolerance (TOLGLOBAL), percent allowed change in flow depth (DEPTOL), 

and Courant-Friedrich-Lewy numerical stability parameter for floodplain grid element flow exchange 

(COURANTFP). The TOLGLOBAL value was set to 0.004 feet, and this value was subtracted from all initial 

abstraction values in the INFIL.DAT file. A COURANTFP value of 0.60 was initially used for all runs, however, 

it was reduced to 0.40 as necessary to improve model stability. These values have been used in other 

studies by JE Fuller to yield reasonable results. 
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4.0 Model Results 

4.1. Overview 

The 25- and 100-year, 24-hour storms were the main focus of the SWMPU existing conditions modeling 

conducted during Phase II of the SWMPU.  The 25-year frequency is the design storm for storm water 

infrastructure within the City. The 25- and 100-year storms were used to develop and run the initial model 

input files, fine-tune the input data, model troubleshooting, and model verification.  The 10-, 50-, and 

500-year storm models were run in the final stage of Phase III after all model updates had been conducted.  

This will be explained further in the following sections. 

4.2. Preliminary Results and Verification 

The preliminary FLO-2D model results were compared with USGS Regression Equations, the original 2005 

Storm Water Master Plan (Dibble Enginering), and two other studies during Phase II of the SWMPU 

project. Based on these comparisons, further adjustments were made to model parameters as described 

in the following sections. 

4.2.1. Comparisons with USGS Regression Equation Results 

The preliminary 25- and 100-year FLO-2D discharges were compared to estimates using the regional 

regression equations presented in the 2014 USGS SIR (United States Geological Survey, 2014).  These 

equations were based upon annual peak flow data collected up through water year 2010 with a minimum 

period of record of 10 years.  Separate equations were developed for various frequencies storms for each 

of the 5 regionalized areas within Arizona.  The City of Sedona is within Flood Region 4 (Central Highlands) 

as shown in Figure 4-1.  The equations for this region estimate a peak discharge with the input of basin 

drainage area, mean annual precipitation, and elevation (elevation was used only for the 10-, 20-, and 50-

year annual exceedance probabilities).   

The 2005 SWMP subbasin boundaries were used to determine the drainage area for the FLO-2D model 

results since FLO-н5 ƛǎƴΩǘ ŘŜǇŜƴŘŜƴǘ ƻƴ ŀƴŘ ŘƻŜǎƴΩǘ ǊŜǇƻǊǘ ŘǊŀƛƴŀƎŜ ŀǊŜŀ ƎƛǾŜƴ ǘƘŜ ƳƻŘŜƭ ƳŜǘƘƻŘƻƭƻƎȅΦ 

The results comparison is discussed in the next section. 

 



 

SEDONA STORM WATER MASTER PLAN UPDATE ð PHASE III P A G E | 31 

 

 

Figure 4-1. USGS Regions with Arizona 

4.2.2. Comparisons with Past Studies and Model Verification 

The preliminary 25- and 100-year FLO-2D discharges were compared to the 2005 SWMP along with the 

2018 Oak Creek FDS (Atkins, 2018), and the Sunset Drive Hydrology Report (JE Fuller, 2020).  Locations of 

comparison within the City of Sedona were strategically selected to coincide with various CIP projects, to 

compare both small and large watersheds, urbanized, and non-urbanized locations.  The locations of 

comparison are shown in Figure 4-2.  Based on the comparison, final model refinements were made as 

discussed in the next section. 

Finally, the FLO-2D models were run with two historic storm events using Next Generation Weather Radar 

(NEX-RAD) and the results were compared to observations made on the ground resulting from the storms.  
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Figure 4-2. Hydrologic Comparison Locations 

4.2.3. Model Adjustments  

In general, the initial model peak flow results were somewhat higher for the comparison locations when 

compared to the USGS Regression equation results, the 2005 SWMP, and other studies.  This was not a 

surprise to the study team as FLO-2D has been found to produce higher peak discharges for steep, 

tributary watercourses when compared to older hydrology models.  Lessons learned from past studies 

with similar steep watershed characteristics were employed to calibrate the results. The following model 

input parameters were adjusted. 

¶ Limiting Infiltration Depth ς The Limiting Infiltration Depth was increased from 4-inches to 8-

inches.  Four inches is typically used as a starting point for studies or for studies that have limited 

soil information and is considered conservative.  
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¶ Rock Outcrop ς The Percent Rock Outcrop was reduced by 50% for soil map units that contain 

rock.  Refer to Table 3-6.  This adjustment is consistent with the standard of practice of assigning 

percent rock outcrop reported in soil surveys as 50% effective in HEC-1 or HEC-HMS modeling. 

It should be ƴƻǘŜŘ ǘƘŀǘ ǘƘŜ ōŀǎŜ aŀƴƴƛƴƎΩǎ ƴ-values for steep watercourses within the model areas were 

originally ŀǎǎƛƎƴŜŘ ǳǎƛƴƎ ŦƛƴŘƛƴƎǎ ŦǊƻƳ Ǉŀǎǘ ǎǘǳŘƛŜǎ ŀƴŘ ŘƛŘƴΩǘ ǊŜǉǳƛǊŜ ŦǳǊǘƘŜǊ ŀŘƧǳǎǘƳŜƴǘΦ  Higher than 

expected roughness coefficients are recommended for steep watercourses as outlined in a 1985 USGS 

Paper (Jarrett, 1985). 

The final results comparison is summarized in the next section.   

4.2.4. Hydrologic Comparison and Verification Results 

2005 SWMP Comparison 

The first comparison consists of the final 25-year and 100-year FLO-2D results to the 2005 SWMP 

existing conditions.  It should be noted that the Future Conditions models were proposed and adopted 

for the 2005 SWMP (Dibble, 2005).  The primary reason for this comparison is because the 2005 Future 

Conditions models were not developed or delivered to the City for the Oak Creek Sub-basins (A, B, C, 

and D) which cover the East_1 and East_2 FLO-2D sub-models.  The comparison table is shown in Table 

4-1.   ¢ƘŜǊŜ ƛǎƴΩǘ ŀ ŎƻƴǎƛǎǘŜƴǘ ǘǊŜƴŘ ǿƘŜƴ ŎƻƳǇŀǊƛƴƎ ǘƘŜ нр- and 100-year Phase II FLO-2D results with 

the USGS regression equations.  However, the 25- and 100-year 2021 (Phase II) FLO-2D results are 

somewhat lower than the 2005 SWMP results for the urbanized portions of the watershed. 

The 100-year peak discharges from the FLO-2D model results and the 2005 SWMP were also plotted 

against the regression equations, including +/- one standard error from the mean as shown in Figure 

4-3. The mean regression line was computed using the mean precipitation for the entire watershed.  

This graph illustrates that the FLO-2D results are generally less than the 2005 SWMP and consistent with 

the USGS regression equations for smaller watersheds however, somewhat higher than the USGS 

regression equations for larger watersheds.   
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Table 4-1. 2021 FLO-2D Model Results Comparison to USGS Regression Equations and 2005 SWMP Existing Conditions Results 
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Figure 4-3. 2021 100-Year FLO-2D Model Results Comparison to USGS Regression Equations and 2005 SWMP Existing Conditions Results 
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The next comparison consists of the final 25-year and 100-year FLO-2D results to the 2005 SWMP future 

conditions results.  The comparison table is shown in Table 4-2. The 25-year 2021 FLO-2D results are 

significantly lower than the 2005 SWMP results, however, the 100-year results comparison is mixed. 

The 100-year peak discharges from the FLO-2D model results and the 2005 SWMP were also plotted 

against the regression equations, including +/- one standard error from the mean as shown in Figure 4-4.  

Similar to the existing conditions comparison, this graph illustrates that the FLO-2D results are generally 

less than the 2005 SWMP and consistent with the USGS regression equations for smaller watersheds, 

however, somewhat higher than the USGS regression equations for larger watersheds.   
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Table 4-2. 2021 FLO-2D Model Results Comparison to USGS Regression Equations and 2005 SWMP Future Conditions Results 
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Figure 4-4. 2021 100-Year FLO-2D Model Results Comparison to USGS Regression Equations and 2005 SWMP Future Conditions Results 
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2018 Oak Creek FDS Comparison 

A 100-year hydrograph comparison was made between the 100-year FLO-2D results, the 2005 SWMP, and 

HEC-HMS model results from the 2018 Oak Creek FDS for Soldier Wash and Carroll Canyon Creek (refer to 

Figure 4-2).  The results of both comparisons are shown in Figure 4-5 and Figure 4-6.  The FLO-2D peak 

discharge for Soldier Wash at the comparison location is slightly higher than the prior study results, 

however, the total runoff volume is significantly less.  This location is in the upper Soldier Wash watershed 

with little or no development.  The FLO-2D peak discharge and total runoff volume for Carroll Canyon 

Creek at the comparison location are significantly lower than the prior study results.  This is not 

unexpected given the significant urbanization within the contributing watershed.  Contradictory to past 

beliefs, urbanization has the effect of attenuating runoff due to intermittent storage and floodwave 

dampening which has been verified by many past calibrated studies. 

 

 

Figure 4-5. Soldier Wash 100-Year, 24-Hour Hydrograph Comparison 

 

 






















