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Dear Mr. Lenz: 

 
Attached please find a Draft submittal of the Technical Feasibility Report for the Ebner Coulee FIRM 
remapping study.  This report is intended to provide a summary of the modeling process and results 
along with an estimation of what a proposed FIRM revision would look like along with highlighting the 
differences between the effective FIRM and potential mapping revisions. 
 
Please feel free to contact me if you have any questions or would like any additional information.  We will 
be pleased to meet with you at your earliest convenience to discuss this report. 

Sincerely, 

Brad Woznak,PE,PH,CFM 
Senior Professional Engineer 
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Technical Feasibility Report 
Ebner Coulee Floodway FIRM Remapping 

Prepared for City of La Crosse 

1 Purpose of the Study 
The purpose of this project is to reevaluate and update the hydrologic and hydraulic analysis of 
the Ebner Coulee watershed and floodplain using an updated modeling methodology to more 
accurately depict the flow and conveyance conditions of this complex urban floodplain system.  
The analysis was performed on behalf of the City of La Crosse, Wisconsin by Short Elliott 
Hendrickson Inc. (SEH).  The goal of this reevaluation study is to determine if use of an alternate 
hydrology method and the inclusion of additional topographic mapping in the upper part of the 
watershed would result in significantly different mapping of the 1-percent floodplain as compared 
to FEMA’s effective Flood Insurance Rate Map (FIRM) for the area. 

1.1 Background Information 
The Ebner Coulee system in this area has been modeled multiple times in an effort to represent 
flooding conditions of this complex system.  The system was initially studied by the US Army 
Corps of Engineers in the late 1970s or early 1980s utilizing the programs available at that time 
including the USACE program HEC-1 for development of the inflow hydrographs, USACE “Spill” 
program for estimation of the flow splits in the system, USACE HEC-2 model for estimation of the 
backwater impacts on the floodwater conveyance systems, and the USACE UNET model for 
estimation of water surface elevations and flow attenuation in the “ponded” areas of the 
floodplain.   This methodology appears to still be the effective methodology for the area north of 
Jackson Street for the effective FEMA Flood Insurance Study (FIS), which is dated January 6, 
2012.  The area north of Jackson Street was re-evaluated by Mead & Hunt for the City of La 
Crosse in 1998 with the hydrologic analysis utilizing HEC-1 for development of the inflow 
hydrograph and HEC-RAS for the hydraulic analysis of the system.  Based on available 
information, it appears that neither flow attenuation nor storage routing was utilized to attenuate 
the inflow hydrograph as it moves through the system. 

The original hydrologic analysis of Ebner Coulee was supported based on calculations utilizing 
the Bureau of Public Roads Method, also called the Cook Method, with scaling of the flood 
frequency information from Gilmore Creek in Winona, MN.  Subsequent hydrologic analyses by 
both the USACE analyses and the update by Mead & Hunt utilized the SCS unit hydrograph 
method for estimation of the inflow hydrographs for analysis of the Ebner Coulee system, with 
peak flow rates similar to those developed in the original analysis.  In a letter dated September 
29, 1994, Mr. Charles Melching, Ph.D., PE, hydraulic engineer at the USGS, recommended an 
alternative method such as the USGS developed regional regression equations for estimation of 
the peak flow rates for watersheds as steep as Ebner Coulee (Appendix A).  The hydrologic 
analysis for this study will utilize the current version of the USGS regional regression equations 
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for Wisconsin (Flood-Frequency Characteristics of Wisconsin Streams; USGS Water-Resources 
Investigations Report 03-4250). 

Since completion of the effective FEMA hydrology and hydraulic studies, updated modeling 
methodologies that allow for both unsteady flow routing of hydrographs through a system and 
two-dimensional flow capabilities have been incorporated into the HEC-RAS program which 
allows for an inflow hydrograph to be routed over a two dimensional terrain surface.  This study 
will combine the revised hydrologic analysis following the USGS regional regression methods 
with the unsteady, two-dimensional flow capabilities of the HEC-RAS model in an effort to provide 
a better representation of the flow characteristics within the Ebner Coulee system. 

2 Hydrologic and Hydraulic Study 
2.1 Hydrologic Analysis 

The drainage area to the upstream limit of the Ebner Coulee study reach was delineated as part 
of this study utilizing available LIDAR topographic data and determined to be 0.61 square miles.  
The drainage area to the downstream limit of the model at Farnam Street was estimated at 1.13 
square miles.  The drainage area listed in the effective FIS is 0.9 square miles for all of the Ebner 
Coulee reach studied, which appears to be calculated to the point near the end of the lettered 
cross-sections at Jackson Street.  Two inflow hydrographs were developed for this study, one for 
the upstream 0.61 square mile watershed added at the upstream model limits and a second to 
account for additional flow from the total 0.88 square mile watershed (near FEMA cross-section 
A).  Initially the additional flow was to be added to the main channel between FEMA lettered 
cross-sections A and B, but based on the initial results of the two-dimensional HEC-RAS model, 
this flow is unable to enter the Ebner Coulee main channel and likely stays on the west side of 
the railroad tracks and therefore is not entered into the modeling.   

The peak flow rates for this study were calculated using the regression equations and 
methodology provided in the USGS Water-Resources Investigations Report 03-4250.  Data for 
input into the regression equations was estimated using GIS from a LIDAR-derived DEM and 
available land use information, in lieu of utilizing the .  Table 1 provides a summary of the 
calculated peak flow rates from the USGS regression equations from this analysis along with the 
peak flow rates given in the effective FIS.   

Table 1 – Summary of Peak Flow Rates 

Source Location Drainage Area (sq mi.) Peak Flow (cfs)

Effective FIS All Locations 0.9 1430 

USGS Regression Equations Upstream Limit 0.6 360 

USGS Regression Equations Jackson Street 0.9 4281 
1 Flow from additional drainage area as calculated from the USGS regional regression equations based on the 

additional contributing area, which due to initial 2D analysis is not added to the modeling. 

 

A check for the statistical significance of the calculated peak flow rates was also completed 
according to the language provided in FEMA’s Guidelines and Specifications for Flood Hazard 
Mapping Partners, Appendix C.  It was determined that a new flood insurance study could be 
warranted based on the calculated peak flow rates versus those used in the effective FIS. 

kuhlmanl
Highlight
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The hydrologic analysis was completed as an initial task to this study and is summarized in detail 
in a memorandum dated August 18, 2017 to Mr. Bernard Lenz (Appendix B).  A figure showing 
the drainage area delineation is also included in Appendix B. 

 

2.2 Hydraulic Analysis 
2.2.1 Model Structure and Geometric Data 

This analysis includes the Ebner Coulee system within the City of La Crosse from approximately 
1,500 feet east of 29th Street S at the upstream limit to Farnam Street at the downstream limit, 
shown on Figure 1.  Ebner Coulee leaves the steeper bluff area approximately 950 feet east of 
29th Street S and enters a leveed channel that runs west to 500 feet downstream of 29th Street S, 
where it makes a ninety degree turn southward to follows east of and along an existing railroad 
track.  The channel flows approximately 2,500 feet south to Farnam Street, where it enters an 8-
foot by 10-foot reinforced concrete box culvert. 

Three hydraulic models were prepared as part of this analysis, and are described in the following 
sections of this Report.  Each model incorporates the revised hydrology described previously in 
this report, but has a unique structure which allows for the floodplain boundary to be estimated 
using different methodologies.  Two of the models incorporate two-dimensional hydraulic 
computations, which can be leveraged to better represent the complex flow conditions present in 
the Ebner Coulee system.  If it is determined that this project is to move forward with a Letter of 
Map Revision (LOMR) submittal to FEMA, it may be necessary to convert any two-dimensional 
modeling results back into a one-dimensional model because current FEMA regulatory 
framework (particularly for Floodway determination) is based on a one-dimensional modeling 
approach. 

2.2.1.1 One-dimensional HEC-RAS model 
The effective FIS model is a one-dimensional model with two separate reaches to represent the 
Ebner Coulee system: one reach to capture the conveyance down the main channel of Ebner 
Coulee, and the second reach to represent the flow that breaks out from the main channel and is 
conveyed in the southerly direction along 28th Street S.  The geometric data included in the 
effective FIS model also included lateral structures to represent the levees along the channel, 
which controlled the flow between the main channel and the 28th Street reach.  The only 
modification made to this model for this study was to incorporate the lower flow rates calculated 
using the USGS regression equations to evaluate the effects of the lower discharge rates on the 
calculated water surface elevations.  

2.2.1.2 One-dimensional / Two-dimensional Integrated HEC-RAS model 
An integrated one-dimensional / two-dimensional (1D/2D) HEC-RAS model was also developed 
to analyze the performance of the Ebner Coulee system.  This integrated 1D/2D model 
incorporated the main channel cross-section geometry from the effective FIS hydraulic model 
along with the 1D hydraulic structure calculations along the main channel where flow is largely 
one-dimensional.  This model also allows for two-dimensional calculations in the overbank areas 
where more complex flow patterns exist and the general direction of the flow may not be as easily 
discerned.   
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The upstream boundary condition was defined using the revised flow hydrograph developed as 
part of this study, which is shown on Figure 3 of the hydrologic memorandum included in 
Appendix B of this report.  This flow hydrograph was routed into the one-dimensional channel at 
the upstream limit of the model, and the flow split occurring throughout the system was defined 
by the lateral structures along the 1D/2D interface.  Flow exceeding the capacity of the main 
channel was routed over the lateral structures into the 2D flow area. 

For this modeling approach, the main Ebner Coulee channel and channel structures are captured 
in the one-dimensional portion of the model and overbank area previously modeled with a 
separate channel reach along 28th Street S is modeled with the two-dimensional capabilities of 
HEC-RAS.   

2.2.1.3 Two-dimensional Only HEC-RAS model 
A two-dimensional only HEC-RAS model was developed primarily to evaluate the potential flow 
patterns and areas in which channel flow can break out and interact with the adjacent floodplain 
with the underlying terrain surface as determined by the model with minimal “influence” by the 
modeler.  This approach also allows for the “visualization” of potential flow breakout areas.  

The upstream boundary condition was defined using the revised flow hydrograph developed as 
part of this study, which is shown on Figure 3 of the hydrologic memorandum included in 
Appendix B of this report.  This flow hydrograph was routed into the two-dimensional model in the 
main channel at the upstream limit of the model, and the flow split occurring throughout the 
system was defined by two-dimensional model mesh.  Two-dimensional cell faces were aligned 
with ridges including the existing levees to ensure proper flow routing.  Flow exceeding the 
capacity of the main channel was routed into the residential areas along Ebner Coulee which 
were also represented with the 2D flow area. 

2.2.2 Vertical Datum 
All vertical geometry data, water surface profile elevations, and flood boundary elevations used in 
the model input and results are referenced to NAVD88.  For the City of La Crosse, NGVD29 and 
NAVD88 are approximately the same vertical elevation, with a conversion of +0.01 feet from 
NGVD29 to NAVD88 listed in Table 12 of the effective FIS. 

2.2.3 Special Modeling Considerations 
Neither the effective hydrologic or hydraulic models, nor the modeling completed for this study 
accounts for the potential of overland flow removal from the floodplain due to the storm sewer 
system along 28th Street S.  While it is likely that the storm sewer size is not sufficient enough to 
provide a significant reduction of flood elevations or extents, it may be desirable to investigate the 
potential effects of the underlying storm sewer prior to pursuit of a LOMR.   
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2.3 Study Results 
2.3.1 Revised Flood Boundary Results 
2.3.1.1 One-dimensional HEC-RAS model 

Figure 2 shows the results of the one-dimensional HEC-RAS model with the yellow depicting the 
effective FEMA 1-percent floodplain, and the blue showing the revised 1-percent floodplain based 
on updated modeling results from this study.  Based on these modeling results, approximately 10 
acres could be removed from floodplain and 20 residential structures removed as depicted on 
Figure 2. 

Figure 2 – Results of 1D HEC-RAS Model 
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2.3.1.2 One-dimensional / Two-dimensional Integrated HEC-RAS model 
Figure 3 shows the results of the one-dimensional/two-dimensional integrated HEC-RAS model 
with the yellow depicting the effective FEMA 1-percent floodplain, and the blue showing the 
revised 1-percent floodplain based on modeling results from this study.  Based on these 
modeling results, approximately 14 acres could be removed from floodplain and 24 residential 
structures removed as depicted on Figure 3. 

Figure 3 – Results of 1D/2D Integrated HEC-RAS Model 
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2.3.1.3 Two-dimensional Only HEC-RAS model 
Figure 4 shows the results of the two-dimensional HEC-RAS model with the yellow depicting the 
effective FEMA 1-percent floodplain, and the blue showing the revised 1-percent floodplain based 
on updated modeling results from this study.  Based on these modeling results, approximately 12 
acres could be removed from floodplain and 22 residential structures removed as depicted on 
Figure 4. 

Figure 4 – Results of 2D HEC-RAS Model 
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2.3.2 Revised Flood Elevation Results 
 

Table 2 – Summary of Hydraulic Modeling Results for Left Overbank Area of Ebner Coulee 
(Residential Area along 28th Street S East of Ebner Coulee main channel) 

FIS 
Cross-
section 

Water Surface Elevations (feet, NAVD88) 

FIS 1D Steady Model 1D/2D Model 2D Only Model 

A 659.6 657.4 656.9 657.0 

B 659.7 658.3 658.3 658.4 

C 660.5 659.0 658.9 659.3 

D 661.6 659.9 660.0 660.2 

E 662.4 661.1 660.9 661.1 

F 664.7 663.1 663.8 663.9 

G 665.9 664.3 665.5 665.3 

H 667.9 666.3 666.6 666.4 

 

2.4 Anticipated LOMR Process 
While the results of the 1D/2D and 2D only HEC-RAS modeling along with the updated 
hydrologic analysis may better represent the Ebner Coulee system, moving the project forward to 
a LOMR will most easily be accomplished with conversion back to a one-dimensional only model.  
The most appropriate means for capturing this would be to update the topography for the 
effective HEC-RAS model and “calibrate” the results and flow rates within the model to those 
given by the two-dimensional modeling methodologies. 

As FEMA policies become updated to address two-dimensional modeling, it may become 
possible to utilize an integrated 1D/2D model or 2D only as the effective model for the Ebner 
Coulee system. 

If the results depicted in this study appear adequate enough, the next step in the process will be 
to open dialogue with Wisconsin DNR staff on the preliminary results of this study and anticipated 
desire of the City to move forward with a LOMR from FEMA. 

btw 

 



 

 

Figures 
Figure 1 – Ebner Coulee System Overview Map 

 



Downstream Limit of Study at Farnam St.

Flow Diversion Along
28th Street S

Upstream Limit of FEMA Model 

Jackson St.

Farnam St.

Jackson St.

Floral Ln.

28th St. S.
28th St. S.

29th St. S.

Cliffwood Ln.
A

D
G H

F

H

EMain Channel

C

E G

B

K

F

A

J

C

D

B

I

Source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus
DS, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, swisstopo, and
the GIS User Community

EBNER COULEE FLOODWAY FIRM REMAPPING FIGURE 1
Map by: rpichelmann
Projection: NAD1983 StatePlane WI South
Source: ESRI, FEMA & SEH La Crosse, WI System Overview

This map is neither a legally recorded map nor a survey map and is not intended to be used as one. This map is a compilation of records, information, and data gathered from various sources listed on this map and is to be used for reference purposes only.  SEH does not warrant that the Geographic
Information System (GIS) Data used to prepare this map are error free, and SEH does not represent that the GIS Data can be used for navigational, tracking, or any other purpose requiring exacting measurement of distance or direction or precision in the depiction of geographic features.  The user of this
map acknowledges that SEH shall not be liable for any damages which arise out of the user's access or use of data provided.

Project Number: 142540

Pa
th:

 D
:\L

a C
ros

se
 R

AS
 2D

\G
IS

\Fe
as

ibi
lity

 R
ep

ort
 Fi

gu
re1

.m
xd

Print Date: 8/22/2017

0 500 1,000
Feet

Legend
FEMA Lettered Cross Sections

28th Street S. Cross Section
Main Channel Cross Section

Main Channel Streamline
28th Street S. Streamline

µ



 

 

Appendix A 
September 29, 1994 Letter from USGS to Wisconsin DNR 

 















 

 

Appendix B 
August 18, 2017 SEH Hydrologic Analysis Summary Memorandum 

 



 

 

Engineers   |   Architects   |   Planners   |   Scientists 

Short Elliott Hendrickson Inc., 3535 Vadnais Center Drive, St. Paul, MN 55110-5196 

SEH is 100% employee-owned   |   sehinc.com   |   651.490.2000   |   800.325.2055   |   888.908.8166 fax 

MEMORANDUM 

TO: Mr. Bernard Lenz 
 
FROM: Brad Woznak, PE, PH, CFM 
 
DATE: August 18, 2017 
 
RE: Ebner Coulee Floodway FIRM Remapping: Hydrologic Analysis 
 
 
Background 
The City of La Crosse has engaged SEH to determine the feasibility of submitting a Letter of Map Revision 
(LOMR) to FEMA for the Ebner Coulee Floodway and Floodplain.  The City has requested that this work be 
completed in phases, with the first task focusing on the hydrology of the Ebner Coulee system.  The peak 
discharge rates for Ebner Coulee reported in the effective FEMA Flood Insurance Study (FIS) were supported 
using the Bureau of Public Roads Method, also called the Cook Method, with scaling of flood frequency from 
Gilmore Creek at Winona, MN. According to a letter from the USGS to the WiDNR dated September 29, 1994, 
“the Bureau of Public Roads and Cook methods are highly empirical and inappropriate for a watershed as steep 
as Ebner Coulee, and the [flood frequency] scaling procedures applied are inconsistent with current 
recommended procedures.”  
 
In order to determine the feasibility of submitting a LOMR to FEMA based primarily on revised hydrology, SEH 
has reviewed the existing FEMA Flood Insurance Study (FIS) and model information, and estimated new peak 
flow values entering the modeled area using the methods described in Water Resources Investigation Report 03-
4250 “Flood-Frequency Characteristics of Wisconsin Streams”.  A new flood hydrograph was then developed 
using HEC-HMS, and FEMA’s guidelines were used to determine if the results are statistically significant enough 
to warrant modification of the FIS/FIRM.  This memorandum provides a summary of the hydrologic analysis 
completed by SEH. 
 
Hydrology Analysis 
Data Collection 
The effective FIS was obtained from the FEMA web portal and the effective HEC-RAS model was obtained from 
the Wisconsin DNR through the Surface Water Data Viewer tool. FEMA GIS data including the Special Flood 
Hazard Area map, cross-sections, and streamline were also obtained and will be used as a starting point for any 
future modifications to the hydraulic model. The City of La Crosse GIS staff provided a one meter resolution 
LiDAR-derived DEM for the county and the city. The city’s storm sewer GIS database was also provided. 
 
Review of Existing FIS and Available Models 
The FEMA effective HEC-RAS model extends from Farnam Street (downstream limit) to 950 feet east of 29th 
Street S (upstream limit); this is where Ebner Coulee leaves the bluff area and enters the flatter residential area. 
Figure 1. (attached) shows the FEMA lettered cross-sections and streamlines. There are two streamlines; the 
north and west streamline is for the main channel, and the south and east streamline is for flow that diverts out of 
the main channel and flows through the residential area. Some flow also diverts to the north and is included in the 
FEMA mapping, but the cross-sections do not extend to the north. 
 
The drainage area listed in Table 8 (included below) of the La Crosse County FIS is 0.9 square miles for all flows 
in the Ebner Coulee main channel and Ebner Coulee Southeast bank models. Based on modern LiDAR data, the 
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drainage area to the upstream limit of the model is 0.61 square miles, and the drainage area to the downstream 
limit of the model at Farnam Street is 1.13 square miles, as shown in Figure 1 (attached). The drainage area to 
FEMA’s most downstream lettered cross-section, A, was calculated using LiDAR to be 0.88 square miles. Based 
on this LiDAR calculation and USGS quad maps, it appears that the drainage area of 0.9 square miles indicated 
in the FIS was originally calculated to the point at the end of the lettered cross-sections near Jackson Street, and 
then reported in the FIS as the drainage area for all parts of the model.  An approach such as this is often taken 
as a conservative means used to account for all runoff that may be entering the system and entering it into the 
model at the upstream end of the study reach.  In this case, the unsteady UNET model utilizes the available 
watershed storage to attenuate peak flows as they move through the system. 
 
Our approach varies from this in that we will develop two inflow hydrographs; one for the upstream 0.61 square 
mile watershed, and another for the total 0.88 square mile watershed.  The upstream hydrograph will be added to 
the model within Ebner Coulee at the upstream limits of the study and the second flow hydrograph will be added 
to the model at the point where that flow enters the system.   
 

Table 8 of the Effective FEMA FIS – Summary of Discharges 

 
Table 8 of the La Crosse County FIS shows that for the 1% Annual Chance Flood, a peak discharge rate of 1430 
cfs was used for the main channel of Ebner Coulee upstream of the overflow location. Table 8 also shows that 
less than 300 cfs of the 1430 cfs starting flow remains in the channel by the time it reaches Jackson Street. The 
remainder overflows out of the main channel and is modeled separately. The focus of Task 1 is only to estimate 
the peak flow at the upstream end of the modeled reach, a two-dimensional HEC-RAS model will be utilized to 
estimate the flow characteristics for the floodplain and channel conveyance systems as part of Task 2. 
 
USGS Regression Analysis & Flood-Frequency Equations using W-RIR 03-4250 
Regression equations are relations between flood-frequency and drainage-basin characteristics that have been 
developed by a multiple-regression analysis. The peak flow in Ebner Coulee was estimated using the regression 
equations and methodology provided in USGS Water-Resources Investigations Report 03-4250. This process 
involved delineating a new watershed to the upstream limit of the effective HEC-RAS model based on the LiDAR-
derived DEM, and estimating the percentage of forested area and the approximate slope through the watershed 
using GIS. The watershed draining to the upstream limit of the model is 0.61 square miles as shown in Figure 1 
(attached).  The flood-frequency equations provided in the USGS document were then used to estimate the peak 
discharge rates.  Table 1 shows the resulting peak flow for the 100-year event.  Plus and minus one standard 
error were also calculated using the ESE (equivalent standard error) provided in the USGS document; this is also 
shown in Table 1. 
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Table 1: Regression Analysis & Flood-Frequency Equation Results

 

Check for Statistical Significance per FEMA Guidelines 
According to language provided in FEMA’s Guidelines and Specifications for Flood Hazard Mapping Partners, 
Appendix C, the hydrologic analysis should base the test for significance on the confidence limits, plus or minus 
one standard error, of the more recent analysis:  
 

“The Mapping Partner performing the hydrologic analysis should base the test for significance on the 
confidence limits of the more recent analysis. Plus or minus one standard error, which is equivalent to a 
68-percent confidence interval, should be used to determine if the effective and new base flood 
discharges are significantly different. If the effective base flood discharges are within the 68-percent 
confidence interval (one standard error) of the new base flood discharges, the new estimates are not 
considered statistically different and there is no need for a new study based only on changes in the flood 
discharges. If the effective discharges fall outside the 68-percent confidence interval (one standard error) 
of the new discharges, the estimates are considered significantly different and a new study may be 
warranted based on changes in the flood discharges.” 

 
Figure 2 (below) shows that the effective 100 year peak flow of 1430 cfs is well above the flow calculated in the 
regression analysis, and also well outside of the 68-percent confidence interval (one standard error); indicating a 
new study is warranted based on the changes in the flood discharges alone.   
 

 
Figure 2: Statistical Summary 
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HEC-HMS Model 
A HEC-HMS model was created to develop inflow hydrographs that could be associated with the calculated 
regression equation peak flows and used in an unsteady HEC-RAS analysis.  Figure 3 (included on the following 
page) shows the inflow hydrograph developed using HEC-HMS, matching the regression equation peak flow 
estimate for the upstream limit of the Ebner Coulee hydraulic model.  This hydrograph will be used in future 
hydraulic analyses.  
 
 

 
Figure 3: Ebner Coulee Inflow Hydrograph based on Regression Peak Flow Rate 
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Downstream Limit of Study at Farnam St.

Flow Diversion

Upstream Limit of FEMA Model 
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Sustainable buildings, sound infrastructure, safe transportation systems, clean water,  

renewable energy and a balanced environment. Building a Better World for All of Us communicates  

a companywide commitment to act in the best interests of our clients and the world around us. 

We’re confident in our ability to balance these requirements. 

 




