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How the District Works  Maintenance Eligibility / Fee-in-Lieu Improvements

• Criteria - Develop Framework for High 
Functioning Low Maintenance Stream

• Training – Stream Management Academy
• Fee-In-Lieu Improvement Option

Development

Increase collaboration?



Resolution No. 38, Series of 2017:

The DSE may:

Collect voluntary fees from land developers.

Use fees to hire contractors to complete preliminary designs, 
final designs, cost estimates, and to construct regional 
infrastructure.

District, Land Developer, and all affected Local Governments 
must agree in writing to proceed.

Authorization to Establish a Development Services Enterprise (DSE)



DSE/ FILI Project



When to Consider FILI

Create an Amenity
Permit
Schedule



When to Consider FILI

Create an Amenity
Permit
Schedule



Lessons Learned

 Project Partners
 Relationship based process
 Fast Tracking Trust

 Assume the best
 Stay positive
 Open communication 

Developer

Contractor

MHFD

Designer

Local 
stakeholder



Lessons Learned

Communication Plan
 Early coordination meetings

 Design
 Construction

Developer

Contractor

MHFD

Designer

Local 
stakeholder

Other
Designers

Other
Contractors



Lessons Learned

Phase 2 limits



Lessons Learned

Design Elements
 Equestrian trail
 Outfalls



Lessons Learned

 Trying new things



Lessons Learned





A perfect 
marriage…



An arranged 
marriage…





It takes effort 
and training…
Attitude
Culture
Expectations



A Project 
Within a 
Project



Staging

Organized

Signage

No Trash

















Safety

Corporate Compliance

Adaptation

 Teamwork



A Project Within a Project





Takeaways

Best intentions
Open mind
Early and often 
communication
Build trust
Be flexible





Naranjo Civil Constructors

20 years a Tier 1 Contractor with MHFD

10 Riverine Construction Crews

38 Years in the Industry



A perfect 
marriage…



An arranged 
marriage…





It takes work…
Attitude
Culture
Expectations



Staging
Organized

Signage

No Trash



Safety
Corporate Compliance

Adaptation

Teamwork



A Project Within a Project



Lessons Learned

 Trying new things



A Project Within a Project



A Project Within a Project



A Project Within a Project



Presentation Abstract

As project teams have evolved to have more specialists at the table, 
collaboration between all team members becomes critical to a 
successful design and construction implementation.  However, as 
ecologists who are not always in the driver’s seat when it comes to 
design or construction, it becomes difficult to voice concerns or speak 
in “engineer” talk to communicate what elements are necessary for 
ecology of the site to be successful.  What is considered a success for 
geomorphology or sediment transport does not always equal success 
for wetland or riparian development – but how can we learn from 
these mistakes and improve communication between team members?  
This presentation will discuss the ecologist’s point of view and several 
example projects where communication or collaboration failed and 
construction of the projects resulted in a lack of wetland or riparian 
vegetation success.  This includes discussion of the common failures 
observed, including the term “bankfull” compared to wetland 
elevations.  How can we improve in communicating together to find 
project solutions that result in successful outcomes for all project 
goals?  How can ecologists improve in discussing elevation and 
hydrology needs for successful vegetation outcomes?  Some recently 
constructed Mile High Flood District high functioning low maintenance 
stream projects will be discussed where the different perspectives on 
the design, bankfull, and wetland development were apparent.

Lessons Learned

 ▪ Communicate early and often

 ▪ Establish goals and how to meet them

 ▪ Speak up on your subject matter

 ▪ Equal voices on a collaborative team

 ▪ Use graphics and maps to confirm understanding

 ▪ Right people, right time for construction inspection

Presentation for 2020 CASFM Conference 

Lessons Learned in Developing Wetlands on Stream Restoration Projects 
Ecologists Don’t Know How to Get Engineers to Listen – And Other Lessons on 
Wetland Development

Presentation Web Link

ERO Resources Corporation in collaboration with Mile High Flood District

Moneka Worah

Natural Resources Specialist/
Principal

ERO Resources Corporation

mworah@eroresources.com

Mary L. Powell

Environmental Manager

Mile High Flood District

mpowell@udfcd.org

Full Presentation Web Link:

https://youtu.be/ResfXj19nWc

Presenters

https://youtu.be/ResfXj19nWc


Why are the Wetlands Dry?
Lessons Learned When Ecologists Don’t Know How To Be Heard On 

Multidisciplinary Teams

Moneka Worah
ERO Resources Corporation

Mary L. Powell
Mile High Flood District



Multidisciplinary Teams

Why are the Wetlands Dry?
Lessons learned when ecologists don’t know how to be heard on multidisciplinary teams



Why are the Wetlands Dry?
Lessons learned when ecologists don’t know how to be heard on multidisciplinary teams

Common Terms



Why are the Wetlands Dry?
Lessons learned when ecologists don’t know how to be heard on multidisciplinary teams

Where Common Terms Intersect



Plum Creek at Chatfield State Park

Why are the Wetlands Dry?
Lessons learned when ecologists don’t know how to be heard on multidisciplinary teams

Communication Successes













Communication Successes – Plum Creek at Chatfield State Park



Sulphur Gulch at Riva Ridge

Why are the Wetlands Dry?
Lessons learned when ecologists don’t know how to be heard on multidisciplinary teams

Communication Successes







Newlin Gulch at Chambers Road

Why are the Wetlands Dry?
Lessons learned when ecologists don’t know how to be heard on multidisciplinary teams

Communication Challenges









First Creek Upstream of Tower Road

Why are the Wetlands Dry?
Lessons learned when ecologists don’t know how to be heard on multidisciplinary teams

Communication Challenges







West Fork Second Creek

Why are the Wetlands Dry?
Lessons learned when ecologists don’t know how to be heard on multidisciplinary teams

Communication Challenges







Cherry Creek at Iliff

Why are the Wetlands Dry?
Lessons learned when ecologists don’t know how to be heard on multidisciplinary teams

Communication Successes





 Communicate early and often

 Establish goals and how to meet them

 Speak up on your subject matter

 Equal voices on a collaborative team

 Use graphics and maps to confirm understanding

 Right people, right time for construction inspections

Why are the Wetlands Dry?
Lessons learned when ecologists don’t know how to be heard on multidisciplinary teams

Lessons Learned



Why are the Wetlands Dry?
Lessons learned when ecologists don’t know how to be heard on multidisciplinary teams

Questions or Comments





Learning from 

Timbers Creek Douglas County



What not to do when you see this?





E470

I25

Cherry Creek 

Reservoir

Timbers Creek
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Lesson Learned 1





Stable Stream Network
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Stable Stream Network
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Lesson Learned 2





SILOED DESIGN APPROACH

Project 

Begins

30%

Plans

60%

Plans

90%

Plans

LA/Env. Contractor

Selection

Construction 

Starts

*Slide Credit: Ryan Taylor/Muller
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ENGAGE A MULTI-DISCIPLINE TEAM

System 

Integration

System 

Integration

System 

Integration

System 

Collaboration

System 

Collaboration

Project 
Goals & 

Objectives
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Large Scale Geomorph Reaches
Source

Transport

Response

Geomorphic Zones



Timbers Creek eSEM

Bedrock Present Single Thread Anastomosed Constructed





Bedrock Present 

eSEM Stages

1B –Bedrock Degrading 

2B –Bedrock Uni-lateral Widening 3B –Bedrock Degrading + Widening 



Single Thread   

eSEM Stages

3S –Degrading + Widening 

4S –Aggrading + Widening 5S –Quasi-Equilibrium



Anastomosed   

eSEM Stages

AF –Anastomosed Forested

AG –Anastomosed Grassland



The Balance of Sediment and Water in Streams
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Low

High

Boulder

Cobble

Gravel

Sand

Flow Variability

Stable Intermediate Flashy

Stream Response Potential
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Upstream

Road Crossing

Upstream Reach Sediment Transport Model

Temp Crossing
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Existing Channel



10/15/2020 69
Jesse Clark,   Principal,   Stream Landscape Architecture

Spectrum of Urbanization

The transect. Duany PlaterZyberk & Company





Log Grade Control Structure



Clay Cutoff Wall







Before After



Before After



Before After



Before After
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ENGAGE A MULTI-DISCIPLINE TEAM

System 

Integration

System 

Integration

System 

Integration

System 

Collaboration

System 

Collaboration

Project 
Goals & 

Objectives
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$1100/ft $850/ft

$50,000 Geomorphology/ 

Vegetation for 2 miles
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CAMERA SHOWS 

HERE



2

Geoff Uhlemann - PE, CFM, PMP
Michael Baker – Denver, CO
Water Resources Project Manager                                                                        

Josh Hill - EIT, CFM
Wood – Denver, CO

Water Resources Engineer
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CAMERA SHOWS 

HERE
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BLE

2D FW

Policy

Hydrology

Mapping

Stormwater

Outreach

NRPs
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CAMERA SHOWS 

HERE
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CAMERA SHOWS 

HERE
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Success, 
Unity & 

Bliss

CAMERA SHOWS 

HERE



8

CAMERA SHOWS 

HERE
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Not Recommended
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• Depends on level of  study

• Base Flow Considerations

• Bathymetry Incorporated → Add baseflow 

using lateral hydrographs (for wholly-contained 

tributaries)

• No Bathymetry → Remove baseflow from 

inflow hydrographs
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• Default Approach → Increase Manning’s n

• If  flow direction matters, enforce building 

footprints.

• Enforce footprints as breaklines

• Plot floodplains through buildings
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Flow Checkpoint

Lateral Inflow

Tributary Inflows



16



17

+
  

  
  

  
S

ta
g
e
  
  

  
  

 

CAMERA SHOWS 

HERE

Duration

Distribution

CN

Mesh Alignment Restart Files Cell Size

Normal Depth Manning’s N

Crossing Types

Discharge                 +

Knobs to turn
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CAMERA SHOWS 

HERE
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2D RESULT 
COMMUNICATION 

AND USE
CASFM 2020

Thuy Patton, CFM

Terri Fead, PE, CFM

Rigel Rucker, PE, CFM



THE START

• 2D Floodways are difficult to produce and 

manage

• New technology should be utilized if it 

creates a better understanding of risk

• FEMA’s Standards were cumbersome for 2D 

product development and effective use

• Needed more consistency with surcharge 

calculation approach

2



Some Slide Graphics by Slidesgo

http://slidesgo.com


Water Surface 
Elevation Grids01

Conversion to Digital 
FIRM02
Interim Guidance for 
Managers and 
Engineers

03

Training04
Some Slide Graphics by Slidesgo

http://slidesgo.com


WATER SURFACE 
ELEVATION GRIDS

• Graphical representation of model results

• Benefits and needs for floodplain managers

- One click for BFEs

- Will need outreach and training on online 

viewers and data interpretation

- Will allow cataloging of historic info

• Benefits and needs for FEMA and partners

- Eliminate FIS Profiles, FWDT in most cases

- Eliminates graphical BFEs/labeling, etc. 

(some may still be used for evaluation)

- FIS becomes narrative, could be digital

- Grids will need more detailed review process

- Need LOMC Process

5
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FULL 
CONVERSION TO 
DIGITAL FIRM
• FEMA converting would help with 

consistency

• Will eliminate need for paper FIRM products
• Panel creation cost reduction

• Can have draft/prelim/effective available on 

similar viewers

• Move to a nationwide format 

• Reduce discrepancies between panels

• Make access easier and improve resolution

• Communities without web capabilities could 

be worked with one on one
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INTERIM DIGITAL DATA FOR 
FLOODPLAIN MANAGERS 
AND ENGINEERS

Interim Recommendation

9



• WSE grids, Depth Grids, DxV

Requested

- Best on web viewer

- Second Option Map Package

- WSE Grid standalone for local GIS

• Floodway surcharge grid and floodplain 

changes for LOMR, and Effective 

method for 1D interface

• Comparison of pre and post project

• Model stability report

• Effective and revised model with 

versioning

• Typical spatial data

• GIS map packages
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DIGITAL DATA USE BY 
ENGINEERS

• Trainings for output 

manipulation of required 

grids.

• Ability to “check out” part of 

a large model still an issue.

• Transitioning from effective 

1D models and floodways

13



SUGGESTED APPROACH 
AND TRAINING

Recommendation

14



• WSE grids as regulatory products is recommended as 

an immediate step.  
• This change does not require a revision to current 

regulatory products, it is just an addition of a new one.  

• This will create a mandatory tool that will help with all of 

the items identified in the analysis above.  

• Will need to be generated in many areas.

• C2DC asks that FEMA allow the publication of WSE 

grids in addition to or instead of water surface profiles 

based on floodplain manager preference.  

• Move toward regulatory digital flood hazard layers 

instead of FIRMs.
• Access to a universal platform, such as the NFHL, for 

information is recommended. 

• A method to view historic and superseded information is 

also recommended. Create revised quality standards, 

such as floodplain boundary standards, that can be 

applied to 2D results.

• Pursue outreach and develop training documentation 

and references related to the use of all digital 

products

• Develop a more effective check in/check out and 

quality assurance processes for model and map 

revisions.  This needs to include storage and size 

considerations

APPROACH
15

This Photo by Unknown Author is licensed under CC BY-SA-NC

https://pitbox.wordpress.com/2016/08/02/el-curriculo-flexible-diseno-curricular-flexible-abierto-el-curriculo-en-educacion/
https://creativecommons.org/licenses/by-nc-sa/3.0/




Best Practices for FPMs.

Determine a BFE with no 

profile.

17

GIS data, use and 

symbology.

Insurance.

When is 2D Beneficial?

What to review for 2D?

What to request for 2D?

What non-regulatory Products 

are used for?

Common pitfalls/issues to look 

for before signing MT2

Review of model 

stability/convergence.

How to manage without a 

floodway.

General Floodway Training.

How effective data is filed.

How to read a BFE from 2D 

results?

How to fill out elevation certs or 

permit using 2D results?
How to transition or 

interface 2D with effective 

1D models and floodways





Thank You!
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Terri Fead, PE, CFM

tfead@udfcd.org

Thuy Patton, CFM

Thuy.patton@state.co.us

Rigel Rucker, PE, CFM

Rigel.rucker@aecom.com
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2020 CASFM Virtual Conference
Technical Session: 2D Modeling

September 30, 2020
Scott Hogan, P.E., Federal Highway Administration

Image by John Gussman 

Methods for 
Delineating 

and Evaluating 
Floodways in 

2D Models



CASFM Virtual Conference 2020  

Background

• FHWA started using 2D modeling for complex bridge hydraulics in 1988

• In 2012 FHWA’s reference documents (HEC-18, HDS-7) recommended 
2D modeling for bridge hydraulics and scour analysis

• FHWA partnered in 2013 with the US Bureau of Reclamation in the 
ongoing development of SRH-2D for transportation hydraulics and 
initiated a graphical user interface in SMS (by Aquaveo)

• The application of 2D models for floodway delineation and assessment 
was not clearly defined.

• In 2018, a Colorado floodway workgroup was initiated and ultimately 
provided recommendations to FEMA

• In 2019, FEMA formed and Interagency Project Team (IPT) to update 
the standards and guidelines for 2D modeling

2



CASFM Virtual Conference 2020  

Overview

• 1D versus 2D modeling assumptions that affect 
floodway development

• Evaluating surcharges in a 2D model

• Two methods for delineating floodways in 2D models

3



CASFM Virtual Conference 2020  

1D versus 2D Modeling Assumptions

Hydraulic Variables One-dimensional (1D) Modeling Two-dimensional (2D) Modeling

Flow direction Assumed by user Computed

Flow paths Assumed by user Computed

Water surface elevation Assumed constant across cross 
sections Computed at each element

Flow velocity Averaged at each cross section
Assumed in one direction

Magnitude and direction Computed
at each element

Flow distribution Computed based on conveyance Computed based on continuity

Channel roughness Assumed constant between cross 
sections Represented at each element

Ineffective (blocked) flow areas Assumed by user Computed

Flow contraction and expansion through bridges Assumed by user Computed

4
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Case Study Project Example: Elkhorn River NE

• Q100 = 86,000 cfs
• ~9 mile reach
• Floodplain is 1.5 – 3 miles 

wide
• Project objective: US30 

road/bridge improvements

5Image Source: Nebraska Department of Highways

US30



CASFM Virtual Conference 2020  

Case Study Project Example: Elkhorn River NE

• Q100 = 86,000 cfs
• ~9 mile reach
• Floodplain is 1.5 – 3 miles 

wide
• Project objective: SR30 

roadway/bridge 
improvements

• Mesh developed using new 
feature delineation tools in 
SMS

• ~87,000 elements (3 ft –
200 ft)

• Calibrated to HWM data
• Model runtime (CPU) = 12 

minutes (20 hour steady 
state sim)

6Image Source: Nebraska Department of Highways
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Evaluating Surcharges with Evaluation Lines

BFE Contour Lines used 
as Evaluation Lines SMS Tools / Process

• Display linear WSEL 
Contours at desired spacing

• Save As .shp file (Mesh 
Contours -> Arc Shapefile

• Open new shapefile and 
convert it to a 1D XS 
coverage

• Define a centerline (for 
stationing)

• Generate a Summary Table 
of average WSELs for each 
scenario

• Compare results
Image Source: Nebraska Department of Highways 7
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Current Effective 1D Floodway Modeled in 2D

Current Effective 
1D Floodway

Image Source: Nebraska Department of Highways / FEMA Flood Hazard Map 8
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Current Effective 1D Floodway Modeled in 2D

FEMA Current Effective 
Floodway (1D)

SMS Tools / Process
• Floodway corridor defined in 

materials coverage
• The materials outside of 

floodway boundary are 
‘disabled’ using an 
unassigned material type

• Simulation is rerun 
• Results are compared

Image Source: Nebraska Department of Highways 9
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Current Effective 1D Floodway Modeled in 2D

Current Effective 1D 
Floodway Limits

• In many cases the floodway 
surcharges estimated with a 
2D model for current 
effective 1D floodways are 
higher than predicted with 
the 1D model

Point surcharge 
values

Resulting Surcharge in FW

Image Source: Nebraska Department of Highways 10
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WSEL Ave WSEL Ave Surcharge
(ft) (ft) (ft)

1158.00 1159.82 1.82
1160.00 1162.08 2.08
1162.00 1163.28 1.28
1164.00 1165.72 1.72
1166.00 1166.96 0.96
1168.00 1168.75 0.75
1170.00 1170.45 0.45
1172.00 1172.27 0.27
1174.00 1174.42 0.42
1176.00 1177.36 1.36
1178.00 1179.13 1.13
1180.00 1180.89 0.89
1182.00 1182.79 0.79
1184.00 1185.44 1.44
1186.00 1188.25 2.25
1188.00 1190.62 2.62
1190.00 1191.75 1.75
1192.00 1193.80 1.80

Q100 Base Flood 
Evaluation Lines

Current Effective 1D 
Floodway in 2D

Evaluating Surcharges in a 2D Model (1D Floodway)

FEMA Current Effective 
1D Floodway

Floodway Surcharge SummaryResulting Surcharge for 
1D Floodway Modeled in 2D

Evaluation Lines

Image Source: Nebraska Department of Highways 11


Elhorn Floodway Summary

		CL Station		Q100 Base Flood Evaluation Lines		Current Effective 1D Floodway in 2D				Equal Discharge Reduction Floodway				Unit Discharge 2D Floodway (q=5cfs/ft)



				WSEL Ave		WSEL Ave		Surcharge		WSEL Ave		Surcharge		WSEL Ave		Surcharge																								Equal Discharge FW								Unit Q FW

				(ft)		(ft)		(ft)		(ft)		(ft)		(ft)		(ft)						Reach		Station		Width		Discharge WSE				Reach		Station		Discharge WSE				Reach		Station		Discharge WSE				Reach		Station		Discharge WSE

		854		1158.00		1159.82		1.82		1158.70		0.70		1158.73		0.73						reach_1		854.254		7721.26		1159.82				reach_1		854.254		1158				reach_1		854.254		1158.7				reach_1		854.254		1158.73

		3897		1160.00		1162.08		2.08		1160.55		0.55		1160.52		0.52						reach_1		3896.64		9269.58		1162.08				reach_1		3896.64		1160				reach_1		3896.64		1160.55				reach_1		3896.64		1160.52

		6784		1162.00		1163.28		1.28		1161.92		-0.08		1162.19		0.19						reach_1		6783.98		1263.46		1163.28				reach_1		6783.98		1162				reach_1		6783.98		1161.92				reach_1		6783.98		1162.19

		7725		1164.00		1165.72		1.72		1164.48		0.48		1164.53		0.53						reach_1		7724.54		11176.48		1165.72				reach_1		7724.54		1164				reach_1		7724.54		1164.48				reach_1		7724.54		1164.53

		11154		1166.00		1166.96		0.96		1166.43		0.43		1166.48		0.48						reach_1		11153.6		520.76		1166.96				reach_1		11153.6		1166				reach_1		11153.6		1166.43				reach_1		11153.6		1166.48

		14159		1168.00		1168.75		0.75		1168.11		0.11		1168.16		0.16						reach_1		14158.9		14214.82		1168.75				reach_1		14158.9		1168				reach_1		14158.9		1168.11				reach_1		14158.9		1168.16

		17937		1170.00		1170.45		0.45		1170.00		0.00		1169.90		-0.10						reach_1		17937.4		7459.81		1170.45				reach_1		17937.4		1170				reach_1		17937.4		1170				reach_1		17937.4		1169.9

		21612		1172.00		1172.27		0.27		1172.09		0.09		1171.95		-0.05						reach_1		21612.2		11192.61		1172.27				reach_1		21612.2		1172				reach_1		21612.2		1172.09				reach_1		21612.2		1171.95

		24414		1174.00		1174.42		0.42		1174.21		0.21		1173.97		-0.03						reach_1		24413.8		3358.68		1174.42				reach_1		24413.8		1174				reach_1		24413.8		1174.21				reach_1		24413.8		1173.97

		28266		1176.00		1177.36		1.36		1176.66		0.66		1176.26		0.26						reach_1		28266		10507.84		1177.36				reach_1		28266		1176				reach_1		28266		1176.66				reach_1		28266		1176.26

		33195		1178.00		1179.13		1.13		1178.56		0.56		1178.24		0.24						reach_1		33194.6		10844.92		1179.13				reach_1		33194.6		1178				reach_1		33194.6		1178.56				reach_1		33194.6		1178.24

		36177		1180.00		1180.89		0.89		1180.69		0.69		1180.11		0.11						reach_1		36177.4		9774.49		1180.89				reach_1		36177.4		1180				reach_1		36177.4		1180.69				reach_1		36177.4		1180.11

		38807		1182.00		1182.79		0.79		1182.47		0.47		1182.06		0.06						reach_1		38807.3		9725.9		1182.79				reach_1		38807.3		1182				reach_1		38807.3		1182.47				reach_1		38807.3		1182.06

		45090		1184.00		1185.44		1.44		1184.58		0.58		1184.07		0.07						reach_1		45089.7		6027.67		1185.44				reach_1		45089.7		1184				reach_1		45089.7		1184.58				reach_1		45089.7		1184.07

		48630		1186.00		1188.25		2.25		1186.83		0.83		1186.12		0.12						reach_1		48629.7		4493.93		1188.25				reach_1		48629.7		1186				reach_1		48629.7		1186.83				reach_1		48629.7		1186.12

		53119		1188.00		1190.62		2.62		1188.77		0.77		1188.14		0.14						reach_1		53118.8		9612.55		1190.62				reach_1		53118.8		1188				reach_1		53118.8		1188.77				reach_1		53118.8		1188.14

		59384		1190.00		1191.75		1.75		1190.76		0.76		1190.08		0.08						reach_1		59383.7		8307.72		1191.75				reach_1		59383.7		1190				reach_1		59383.7		1190.76				reach_1		59383.7		1190.08

		62722		1192.00		1193.80		1.80		1192.80		0.80		1192.08		0.08						reach_1		62721.5		4949.17		1193.8				reach_1		62721.5		1192				reach_1		62721.5		1192.8				reach_1		62721.5		1192.08





Sheet1

		Station		Q100 Base Flood Evaluation Lines		FEMA 1D Floodway in 2D				Equal Conveyance 2D Floodway				Unit Discharge 2D Floodway (q=5cfs/ft)



				WSEL Ave		WSEL Ave		Surcharge		WSEL Ave		Surcharge		WSEL Ave		Surcharge

				(ft)		(ft)		(ft)		(ft)		(ft)		(ft)		(ft)

		1490		1158.00		1159.59		1.59		1158.51		0.51		1158.48		0.48

		4849		1160.00		1161.78		1.78		1160.46		0.46		1160.54		0.54

		7635		1162.00		1163.97		1.97		1162.48		0.48		1162.56		0.56

		8825		1164.00		1165.71		1.71		1164.51		0.51		1164.56		0.56

		12121		1166.00		1167.46		1.46		1166.62		0.62		1166.66		0.66

		15503		1168.00		1169.05		1.05		1168.44		0.44		1168.47		0.47

		20191		1170.00		1170.90		0.90		1170.49		0.49		1170.40		0.40

		23461		1172.00		1172.75		0.75		1172.66		0.66		1172.47		0.47

		25444		1174.00		1174.77		0.77		1174.52		0.52		1174.36		0.36

		29126		1176.00		1177.44		1.44		1176.74		0.74		1176.35		0.35

		34003		1178.00		1179.20		1.20		1178.66		0.66		1178.36		0.36

		37120		1180.00		1180.94		0.94		1180.72		0.72		1180.36		0.36

		39710		1182.00		1182.93		0.93		1182.63		0.63		1182.30		0.30

		45841		1184.00		1185.64		1.64		1184.67		0.67		1184.15		0.15

		49429		1186.00		1188.30		2.30		1186.86		0.86		1186.14		0.14

		53424		1188.00		1190.53		2.53		1188.72		0.72		1188.09		0.09

		60249		1190.00		1191.58		1.58		1190.76		0.76		1190.06		0.06

		63335		1192.00		1193.83		1.83		1192.79		0.79		1192.09		0.09





Sheet2

		March 2019 WSEL Comparison

						n0						n1				n2				n2				n3				base				n1

				Observed Values (ft)		HEC-RAS2D		Difference		HEC-RAS2D		Difference		HEC-RAS2D		Difference		HEC-RAS2D		Difference		HEC-RAS2D		Difference				SRH-2D		Difference

		1		1171.90		1171.53		-0.37		1171.69		-0.21		1172.02		0.12		1172.01		0.11		1172.19		0.29				1171.86		-0.05		1172.141		0.24

		2		1170.60		1169.65		-0.95		1169.82		-0.78		1169.93		-0.67		1170.13		-0.47		1170.33		-0.27				1170.24		-0.36		1170.52		-0.08

		3		1170.20		1168.83		-1.37		1169.02		-1.18		1169.41		-0.79		1169.37		-0.83		1169.67		-0.53				1169.69		-0.52		1169.959		-0.24

		4		1169.50		1168.85		-0.65		1169.02		-0.48		1169.32		-0.18		1169.38		-0.12		1169.61		0.11				1169.55		0.05		1169.444		-0.06

		5																				1167.38										1166.861

		6		1166.10		1164.86		-1.24		1165.05		-1.05		1165.38		-0.72		1165.38		-0.72		1165.58		1.28				1165.96		-0.14		1166.145		0.05

		7		1166.00		1164.99		-1.01		1165.17		-0.83		1165.48		-0.52		1165.50		-0.50		1165.71		-0.42				1165.77		-0.23		1166.025		0.03

		8		1166.40		1165.99		-0.41		1166.16		-0.24		1166.41		0.01		1166.45		0.05		1166.66		-0.69				1166.04		-0.36		1166.101		-0.30

		9		1165.40		1164.87		-0.53		1165.02		-0.38		1165.26		-0.14		1165.26		-0.14		1165.41		1.26				1164.42		-0.98		1164.696		-0.70

								-0.82				-0.64				-0.36				-0.33				0.13						-0.32				-0.13

		alfalfa				0.045				0.05				0.055				0.055				0.065						0.07				0.065		0.18

		barren				0.032				0.035				0.035				0.035				0.035						0.065				0.035		0.00

		corn				0.04				0.045				0.05				0.055				0.065						0.065				0.065		0.18

		open water				0.032				0.035				0.035				0.035				0.035						0.035				0.035		0.00

		other ag. lands				0.045				0.05				0.055				0.06				0.065						0.65				0.065		0.08

		potatoes				0.045				0.05				0.055				0.06				0.065						0.065				0.065		0.08

		range/pasture/grass				0.045				0.05				0.055				0.06				0.065						0.065				0.065		0.08

		riparian forest and woodlands				0.065				0.07								0.08				0.1						0.1				0.1		0.25

		small grains				0.045				0.05				0.055				0.06				0.065						0.065				0.065		0.08

		sorghum				0.04				0.045				0.055				0.06				0.065						0.065				0.065		0.08

		soy beans				0.04				0.045				0.055				0.06				0.065						0.065				0.065		0.08

		sugar beets				0.04				0.045				0.055				0.06				0.065						0.065				0.065		0.08

		summer fallow				0.035				0.04				0.055				0.06				0.065										0.065		0.08

		urban land				0.07				0.08				0.09				0.09				0.09						0.09				0.09		0.00

		wetlands				0.065				0.07				0.065				0.06				0.065						0.065				0.065		0.08









CASFM Virtual Conference 2020  

Two Methods for Delineating 2D Floodways

1. Equal Discharge Reduction 

2. Unit Discharge (Depth x Velocity)

12
Image Source: Nebraska Department of Highways



CASFM Virtual Conference 2020  

Equal Discharge Reduction Floodway Delineation

• Most consistent with 1D Equal Conveyance 
method

• Flow area is removed from either floodplain 
limit, based on equal discharge reduction, 
until a target rise is achieved

• Cross sections are required for evaluation, but 
alignment is not critical

SMS/SRH-2D  Tools and Process
• Define channel centerline and banks
• Add reference cross sections 
• Select Encroachment Method and 

appropriate data set and target surcharge
• An initial FW boundary and materials 

coverage are automatically generated
• Run encroachment simulation
• Review/compare results 
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Reference Cross 
Sections

Image Source: Nebraska Department of Highways
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WSEL Ave WSEL Ave Surcharge
(ft) (ft) (ft)

1158.00 1158.70 0.70
1160.00 1160.55 0.55
1162.00 1161.92 -0.08
1164.00 1164.48 0.48
1166.00 1166.43 0.43
1168.00 1168.11 0.11
1170.00 1170.00 0.00
1172.00 1172.09 0.09
1174.00 1174.21 0.21
1176.00 1176.66 0.66
1178.00 1178.56 0.56
1180.00 1180.69 0.69
1182.00 1182.47 0.47
1184.00 1184.58 0.58
1186.00 1186.83 0.83
1188.00 1188.77 0.77
1190.00 1190.76 0.76
1192.00 1192.80 0.80

Q100 Base Flood 
Evaluation Lines

Equal Discharge 
Reduction Floodway

Equal Discharge Reduction Method Results

Equal Discharge 
Reduction FW Boundary

Floodway Surcharge SummaryResulting Surcharge for 
2D Equal Discharge Reduction FW

Evaluation Lines

Image Source: Nebraska Department of Highways 14


Elhorn Floodway Summary

		CL Station		Q100 Base Flood Evaluation Lines		Current Effective 1D Floodway in 2D				Equal Discharge Reduction Floodway				Unit Discharge 2D Floodway (q=5cfs/ft)



				WSEL Ave		WSEL Ave		Surcharge		WSEL Ave		Surcharge		WSEL Ave		Surcharge																								Equal Discharge FW								Unit Q FW

				(ft)		(ft)		(ft)		(ft)		(ft)		(ft)		(ft)						Reach		Station		Width		Discharge WSE				Reach		Station		Discharge WSE				Reach		Station		Discharge WSE				Reach		Station		Discharge WSE

		854		1158.00		1159.82		1.82		1158.70		0.70		1158.73		0.73						reach_1		854.254		7721.26		1159.82				reach_1		854.254		1158				reach_1		854.254		1158.7				reach_1		854.254		1158.73

		3897		1160.00		1162.08		2.08		1160.55		0.55		1160.52		0.52						reach_1		3896.64		9269.58		1162.08				reach_1		3896.64		1160				reach_1		3896.64		1160.55				reach_1		3896.64		1160.52

		6784		1162.00		1163.28		1.28		1161.92		-0.08		1162.19		0.19						reach_1		6783.98		1263.46		1163.28				reach_1		6783.98		1162				reach_1		6783.98		1161.92				reach_1		6783.98		1162.19

		7725		1164.00		1165.72		1.72		1164.48		0.48		1164.53		0.53						reach_1		7724.54		11176.48		1165.72				reach_1		7724.54		1164				reach_1		7724.54		1164.48				reach_1		7724.54		1164.53

		11154		1166.00		1166.96		0.96		1166.43		0.43		1166.48		0.48						reach_1		11153.6		520.76		1166.96				reach_1		11153.6		1166				reach_1		11153.6		1166.43				reach_1		11153.6		1166.48

		14159		1168.00		1168.75		0.75		1168.11		0.11		1168.16		0.16						reach_1		14158.9		14214.82		1168.75				reach_1		14158.9		1168				reach_1		14158.9		1168.11				reach_1		14158.9		1168.16

		17937		1170.00		1170.45		0.45		1170.00		0.00		1169.90		-0.10						reach_1		17937.4		7459.81		1170.45				reach_1		17937.4		1170				reach_1		17937.4		1170				reach_1		17937.4		1169.9

		21612		1172.00		1172.27		0.27		1172.09		0.09		1171.95		-0.05						reach_1		21612.2		11192.61		1172.27				reach_1		21612.2		1172				reach_1		21612.2		1172.09				reach_1		21612.2		1171.95

		24414		1174.00		1174.42		0.42		1174.21		0.21		1173.97		-0.03						reach_1		24413.8		3358.68		1174.42				reach_1		24413.8		1174				reach_1		24413.8		1174.21				reach_1		24413.8		1173.97

		28266		1176.00		1177.36		1.36		1176.66		0.66		1176.26		0.26						reach_1		28266		10507.84		1177.36				reach_1		28266		1176				reach_1		28266		1176.66				reach_1		28266		1176.26

		33195		1178.00		1179.13		1.13		1178.56		0.56		1178.24		0.24						reach_1		33194.6		10844.92		1179.13				reach_1		33194.6		1178				reach_1		33194.6		1178.56				reach_1		33194.6		1178.24

		36177		1180.00		1180.89		0.89		1180.69		0.69		1180.11		0.11						reach_1		36177.4		9774.49		1180.89				reach_1		36177.4		1180				reach_1		36177.4		1180.69				reach_1		36177.4		1180.11

		38807		1182.00		1182.79		0.79		1182.47		0.47		1182.06		0.06						reach_1		38807.3		9725.9		1182.79				reach_1		38807.3		1182				reach_1		38807.3		1182.47				reach_1		38807.3		1182.06

		45090		1184.00		1185.44		1.44		1184.58		0.58		1184.07		0.07						reach_1		45089.7		6027.67		1185.44				reach_1		45089.7		1184				reach_1		45089.7		1184.58				reach_1		45089.7		1184.07

		48630		1186.00		1188.25		2.25		1186.83		0.83		1186.12		0.12						reach_1		48629.7		4493.93		1188.25				reach_1		48629.7		1186				reach_1		48629.7		1186.83				reach_1		48629.7		1186.12

		53119		1188.00		1190.62		2.62		1188.77		0.77		1188.14		0.14						reach_1		53118.8		9612.55		1190.62				reach_1		53118.8		1188				reach_1		53118.8		1188.77				reach_1		53118.8		1188.14

		59384		1190.00		1191.75		1.75		1190.76		0.76		1190.08		0.08						reach_1		59383.7		8307.72		1191.75				reach_1		59383.7		1190				reach_1		59383.7		1190.76				reach_1		59383.7		1190.08

		62722		1192.00		1193.80		1.80		1192.80		0.80		1192.08		0.08						reach_1		62721.5		4949.17		1193.8				reach_1		62721.5		1192				reach_1		62721.5		1192.8				reach_1		62721.5		1192.08





Sheet1

		Station		Q100 Base Flood Evaluation Lines		FEMA 1D Floodway in 2D				Equal Conveyance 2D Floodway				Unit Discharge 2D Floodway (q=5cfs/ft)



				WSEL Ave		WSEL Ave		Surcharge		WSEL Ave		Surcharge		WSEL Ave		Surcharge

				(ft)		(ft)		(ft)		(ft)		(ft)		(ft)		(ft)

		1490		1158.00		1159.59		1.59		1158.51		0.51		1158.48		0.48

		4849		1160.00		1161.78		1.78		1160.46		0.46		1160.54		0.54

		7635		1162.00		1163.97		1.97		1162.48		0.48		1162.56		0.56

		8825		1164.00		1165.71		1.71		1164.51		0.51		1164.56		0.56

		12121		1166.00		1167.46		1.46		1166.62		0.62		1166.66		0.66

		15503		1168.00		1169.05		1.05		1168.44		0.44		1168.47		0.47

		20191		1170.00		1170.90		0.90		1170.49		0.49		1170.40		0.40

		23461		1172.00		1172.75		0.75		1172.66		0.66		1172.47		0.47

		25444		1174.00		1174.77		0.77		1174.52		0.52		1174.36		0.36

		29126		1176.00		1177.44		1.44		1176.74		0.74		1176.35		0.35

		34003		1178.00		1179.20		1.20		1178.66		0.66		1178.36		0.36

		37120		1180.00		1180.94		0.94		1180.72		0.72		1180.36		0.36

		39710		1182.00		1182.93		0.93		1182.63		0.63		1182.30		0.30

		45841		1184.00		1185.64		1.64		1184.67		0.67		1184.15		0.15

		49429		1186.00		1188.30		2.30		1186.86		0.86		1186.14		0.14

		53424		1188.00		1190.53		2.53		1188.72		0.72		1188.09		0.09

		60249		1190.00		1191.58		1.58		1190.76		0.76		1190.06		0.06

		63335		1192.00		1193.83		1.83		1192.79		0.79		1192.09		0.09





Sheet2

		March 2019 WSEL Comparison

						n0						n1				n2				n2				n3				base				n1

				Observed Values (ft)		HEC-RAS2D		Difference		HEC-RAS2D		Difference		HEC-RAS2D		Difference		HEC-RAS2D		Difference		HEC-RAS2D		Difference				SRH-2D		Difference

		1		1171.90		1171.53		-0.37		1171.69		-0.21		1172.02		0.12		1172.01		0.11		1172.19		0.29				1171.86		-0.05		1172.141		0.24

		2		1170.60		1169.65		-0.95		1169.82		-0.78		1169.93		-0.67		1170.13		-0.47		1170.33		-0.27				1170.24		-0.36		1170.52		-0.08

		3		1170.20		1168.83		-1.37		1169.02		-1.18		1169.41		-0.79		1169.37		-0.83		1169.67		-0.53				1169.69		-0.52		1169.959		-0.24

		4		1169.50		1168.85		-0.65		1169.02		-0.48		1169.32		-0.18		1169.38		-0.12		1169.61		0.11				1169.55		0.05		1169.444		-0.06

		5																				1167.38										1166.861

		6		1166.10		1164.86		-1.24		1165.05		-1.05		1165.38		-0.72		1165.38		-0.72		1165.58		1.28				1165.96		-0.14		1166.145		0.05

		7		1166.00		1164.99		-1.01		1165.17		-0.83		1165.48		-0.52		1165.50		-0.50		1165.71		-0.42				1165.77		-0.23		1166.025		0.03

		8		1166.40		1165.99		-0.41		1166.16		-0.24		1166.41		0.01		1166.45		0.05		1166.66		-0.69				1166.04		-0.36		1166.101		-0.30

		9		1165.40		1164.87		-0.53		1165.02		-0.38		1165.26		-0.14		1165.26		-0.14		1165.41		1.26				1164.42		-0.98		1164.696		-0.70

								-0.82				-0.64				-0.36				-0.33				0.13						-0.32				-0.13

		alfalfa				0.045				0.05				0.055				0.055				0.065						0.07				0.065		0.18

		barren				0.032				0.035				0.035				0.035				0.035						0.065				0.035		0.00

		corn				0.04				0.045				0.05				0.055				0.065						0.065				0.065		0.18

		open water				0.032				0.035				0.035				0.035				0.035						0.035				0.035		0.00

		other ag. lands				0.045				0.05				0.055				0.06				0.065						0.65				0.065		0.08

		potatoes				0.045				0.05				0.055				0.06				0.065						0.065				0.065		0.08

		range/pasture/grass				0.045				0.05				0.055				0.06				0.065						0.065				0.065		0.08

		riparian forest and woodlands				0.065				0.07								0.08				0.1						0.1				0.1		0.25

		small grains				0.045				0.05				0.055				0.06				0.065						0.065				0.065		0.08

		sorghum				0.04				0.045				0.055				0.06				0.065						0.065				0.065		0.08

		soy beans				0.04				0.045				0.055				0.06				0.065						0.065				0.065		0.08

		sugar beets				0.04				0.045				0.055				0.06				0.065						0.065				0.065		0.08

		summer fallow				0.035				0.04				0.055				0.06				0.065										0.065		0.08

		urban land				0.07				0.08				0.09				0.09				0.09						0.09				0.09		0.00

		wetlands				0.065				0.07				0.065				0.06				0.065						0.065				0.065		0.08
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Unit Discharge Floodway Delineation

• Based on a user specified depth*velocity (DxV) 
threshold

• A specific unit discharge does not correspond to 
a specific rise

• Internal DxV ‘Islands’ are excluded
• An iterative process is needed to identify the unit 

discharge that corresponds with the desired rise

SMS Tools / Process
• Select Unit Discharge Method and 

appropriate data sets
• Set target Unit Discharge threshold
• An initial FW boundary and materials 

coverage are automatically generated
• Run encroachment simulation
• Review/compare results 
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Image Source: Nebraska Department of Highways

Outer limits of DxV = 
5 cfs/ft

Unit Discharge Contours 
(Depth x Velocity)
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WSEL Ave WSEL Ave Surcharge
(ft) (ft) (ft)

1158.00 1158.73 0.73
1160.00 1160.52 0.52
1162.00 1162.19 0.19
1164.00 1164.53 0.53
1166.00 1166.48 0.48
1168.00 1168.16 0.16
1170.00 1169.90 -0.10
1172.00 1171.95 -0.05
1174.00 1173.97 -0.03
1176.00 1176.26 0.26
1178.00 1178.24 0.24
1180.00 1180.11 0.11
1182.00 1182.06 0.06
1184.00 1184.07 0.07
1186.00 1186.12 0.12
1188.00 1188.14 0.14
1190.00 1190.08 0.08
1192.00 1192.08 0.08

Q100 Base Flood 
Evaluation Lines

Unit Discharge 2D 
Floodway (q=5cfs/ft)

Unit Discharge Floodway Delineation Method

FW Unit Discharge 
Boundary (5 cfs/ft)

Floodway Surcharge SummaryResulting Surcharge for 
2D Unit Discharge FW (5 cfs/ft)

Evaluation Lines

Image Source: Nebraska Department of Highways 16


Elhorn Floodway Summary

		CL Station		Q100 Base Flood Evaluation Lines		Current Effective 1D Floodway in 2D				Equal Discharge Reduction Floodway				Unit Discharge 2D Floodway (q=5cfs/ft)



				WSEL Ave		WSEL Ave		Surcharge		WSEL Ave		Surcharge		WSEL Ave		Surcharge																								Equal Discharge FW								Unit Q FW

				(ft)		(ft)		(ft)		(ft)		(ft)		(ft)		(ft)						Reach		Station		Width		Discharge WSE				Reach		Station		Discharge WSE				Reach		Station		Discharge WSE				Reach		Station		Discharge WSE

		854		1158.00		1159.82		1.82		1158.70		0.70		1158.73		0.73						reach_1		854.254		7721.26		1159.82				reach_1		854.254		1158				reach_1		854.254		1158.7				reach_1		854.254		1158.73

		3897		1160.00		1162.08		2.08		1160.55		0.55		1160.52		0.52						reach_1		3896.64		9269.58		1162.08				reach_1		3896.64		1160				reach_1		3896.64		1160.55				reach_1		3896.64		1160.52

		6784		1162.00		1163.28		1.28		1161.92		-0.08		1162.19		0.19						reach_1		6783.98		1263.46		1163.28				reach_1		6783.98		1162				reach_1		6783.98		1161.92				reach_1		6783.98		1162.19

		7725		1164.00		1165.72		1.72		1164.48		0.48		1164.53		0.53						reach_1		7724.54		11176.48		1165.72				reach_1		7724.54		1164				reach_1		7724.54		1164.48				reach_1		7724.54		1164.53

		11154		1166.00		1166.96		0.96		1166.43		0.43		1166.48		0.48						reach_1		11153.6		520.76		1166.96				reach_1		11153.6		1166				reach_1		11153.6		1166.43				reach_1		11153.6		1166.48

		14159		1168.00		1168.75		0.75		1168.11		0.11		1168.16		0.16						reach_1		14158.9		14214.82		1168.75				reach_1		14158.9		1168				reach_1		14158.9		1168.11				reach_1		14158.9		1168.16

		17937		1170.00		1170.45		0.45		1170.00		0.00		1169.90		-0.10						reach_1		17937.4		7459.81		1170.45				reach_1		17937.4		1170				reach_1		17937.4		1170				reach_1		17937.4		1169.9

		21612		1172.00		1172.27		0.27		1172.09		0.09		1171.95		-0.05						reach_1		21612.2		11192.61		1172.27				reach_1		21612.2		1172				reach_1		21612.2		1172.09				reach_1		21612.2		1171.95

		24414		1174.00		1174.42		0.42		1174.21		0.21		1173.97		-0.03						reach_1		24413.8		3358.68		1174.42				reach_1		24413.8		1174				reach_1		24413.8		1174.21				reach_1		24413.8		1173.97

		28266		1176.00		1177.36		1.36		1176.66		0.66		1176.26		0.26						reach_1		28266		10507.84		1177.36				reach_1		28266		1176				reach_1		28266		1176.66				reach_1		28266		1176.26

		33195		1178.00		1179.13		1.13		1178.56		0.56		1178.24		0.24						reach_1		33194.6		10844.92		1179.13				reach_1		33194.6		1178				reach_1		33194.6		1178.56				reach_1		33194.6		1178.24

		36177		1180.00		1180.89		0.89		1180.69		0.69		1180.11		0.11						reach_1		36177.4		9774.49		1180.89				reach_1		36177.4		1180				reach_1		36177.4		1180.69				reach_1		36177.4		1180.11

		38807		1182.00		1182.79		0.79		1182.47		0.47		1182.06		0.06						reach_1		38807.3		9725.9		1182.79				reach_1		38807.3		1182				reach_1		38807.3		1182.47				reach_1		38807.3		1182.06

		45090		1184.00		1185.44		1.44		1184.58		0.58		1184.07		0.07						reach_1		45089.7		6027.67		1185.44				reach_1		45089.7		1184				reach_1		45089.7		1184.58				reach_1		45089.7		1184.07

		48630		1186.00		1188.25		2.25		1186.83		0.83		1186.12		0.12						reach_1		48629.7		4493.93		1188.25				reach_1		48629.7		1186				reach_1		48629.7		1186.83				reach_1		48629.7		1186.12

		53119		1188.00		1190.62		2.62		1188.77		0.77		1188.14		0.14						reach_1		53118.8		9612.55		1190.62				reach_1		53118.8		1188				reach_1		53118.8		1188.77				reach_1		53118.8		1188.14

		59384		1190.00		1191.75		1.75		1190.76		0.76		1190.08		0.08						reach_1		59383.7		8307.72		1191.75				reach_1		59383.7		1190				reach_1		59383.7		1190.76				reach_1		59383.7		1190.08

		62722		1192.00		1193.80		1.80		1192.80		0.80		1192.08		0.08						reach_1		62721.5		4949.17		1193.8				reach_1		62721.5		1192				reach_1		62721.5		1192.8				reach_1		62721.5		1192.08





Sheet1

		Station		Q100 Base Flood Evaluation Lines		FEMA 1D Floodway in 2D				Equal Conveyance 2D Floodway				Unit Discharge 2D Floodway (q=5cfs/ft)



				WSEL Ave		WSEL Ave		Surcharge		WSEL Ave		Surcharge		WSEL Ave		Surcharge

				(ft)		(ft)		(ft)		(ft)		(ft)		(ft)		(ft)

		1490		1158.00		1159.59		1.59		1158.51		0.51		1158.48		0.48

		4849		1160.00		1161.78		1.78		1160.46		0.46		1160.54		0.54

		7635		1162.00		1163.97		1.97		1162.48		0.48		1162.56		0.56

		8825		1164.00		1165.71		1.71		1164.51		0.51		1164.56		0.56

		12121		1166.00		1167.46		1.46		1166.62		0.62		1166.66		0.66

		15503		1168.00		1169.05		1.05		1168.44		0.44		1168.47		0.47

		20191		1170.00		1170.90		0.90		1170.49		0.49		1170.40		0.40

		23461		1172.00		1172.75		0.75		1172.66		0.66		1172.47		0.47

		25444		1174.00		1174.77		0.77		1174.52		0.52		1174.36		0.36

		29126		1176.00		1177.44		1.44		1176.74		0.74		1176.35		0.35

		34003		1178.00		1179.20		1.20		1178.66		0.66		1178.36		0.36

		37120		1180.00		1180.94		0.94		1180.72		0.72		1180.36		0.36

		39710		1182.00		1182.93		0.93		1182.63		0.63		1182.30		0.30

		45841		1184.00		1185.64		1.64		1184.67		0.67		1184.15		0.15

		49429		1186.00		1188.30		2.30		1186.86		0.86		1186.14		0.14

		53424		1188.00		1190.53		2.53		1188.72		0.72		1188.09		0.09

		60249		1190.00		1191.58		1.58		1190.76		0.76		1190.06		0.06

		63335		1192.00		1193.83		1.83		1192.79		0.79		1192.09		0.09





Sheet2

		March 2019 WSEL Comparison

						n0						n1				n2				n2				n3				base				n1

				Observed Values (ft)		HEC-RAS2D		Difference		HEC-RAS2D		Difference		HEC-RAS2D		Difference		HEC-RAS2D		Difference		HEC-RAS2D		Difference				SRH-2D		Difference

		1		1171.90		1171.53		-0.37		1171.69		-0.21		1172.02		0.12		1172.01		0.11		1172.19		0.29				1171.86		-0.05		1172.141		0.24

		2		1170.60		1169.65		-0.95		1169.82		-0.78		1169.93		-0.67		1170.13		-0.47		1170.33		-0.27				1170.24		-0.36		1170.52		-0.08

		3		1170.20		1168.83		-1.37		1169.02		-1.18		1169.41		-0.79		1169.37		-0.83		1169.67		-0.53				1169.69		-0.52		1169.959		-0.24

		4		1169.50		1168.85		-0.65		1169.02		-0.48		1169.32		-0.18		1169.38		-0.12		1169.61		0.11				1169.55		0.05		1169.444		-0.06

		5																				1167.38										1166.861

		6		1166.10		1164.86		-1.24		1165.05		-1.05		1165.38		-0.72		1165.38		-0.72		1165.58		1.28				1165.96		-0.14		1166.145		0.05

		7		1166.00		1164.99		-1.01		1165.17		-0.83		1165.48		-0.52		1165.50		-0.50		1165.71		-0.42				1165.77		-0.23		1166.025		0.03

		8		1166.40		1165.99		-0.41		1166.16		-0.24		1166.41		0.01		1166.45		0.05		1166.66		-0.69				1166.04		-0.36		1166.101		-0.30

		9		1165.40		1164.87		-0.53		1165.02		-0.38		1165.26		-0.14		1165.26		-0.14		1165.41		1.26				1164.42		-0.98		1164.696		-0.70

								-0.82				-0.64				-0.36				-0.33				0.13						-0.32				-0.13

		alfalfa				0.045				0.05				0.055				0.055				0.065						0.07				0.065		0.18

		barren				0.032				0.035				0.035				0.035				0.035						0.065				0.035		0.00

		corn				0.04				0.045				0.05				0.055				0.065						0.065				0.065		0.18

		open water				0.032				0.035				0.035				0.035				0.035						0.035				0.035		0.00

		other ag. lands				0.045				0.05				0.055				0.06				0.065						0.65				0.065		0.08

		potatoes				0.045				0.05				0.055				0.06				0.065						0.065				0.065		0.08

		range/pasture/grass				0.045				0.05				0.055				0.06				0.065						0.065				0.065		0.08

		riparian forest and woodlands				0.065				0.07								0.08				0.1						0.1				0.1		0.25

		small grains				0.045				0.05				0.055				0.06				0.065						0.065				0.065		0.08

		sorghum				0.04				0.045				0.055				0.06				0.065						0.065				0.065		0.08

		soy beans				0.04				0.045				0.055				0.06				0.065						0.065				0.065		0.08

		sugar beets				0.04				0.045				0.055				0.06				0.065						0.065				0.065		0.08

		summer fallow				0.035				0.04				0.055				0.06				0.065										0.065		0.08

		urban land				0.07				0.08				0.09				0.09				0.09						0.09				0.09		0.00

		wetlands				0.065				0.07				0.065				0.06				0.065						0.065				0.065		0.08
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Comparison of Floodway Delineation Methods

Unit Discharge FW 
Boundary (5 cfs/ft)

Equal Discharge 
Reduction FW 

Boundary

FEMA Current 
Effective 1D 

Floodway

Image Source: Nebraska Department of Highways 17
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THANK YOU! 

Scott Hogan
FHWA Resource Center
Scott.hogan@dot.gov

(720) 575-6026

Image by John Gussman 
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Please contact me if you are interested in 
the following resources:

• 2D hydraulic modeling bi-monthly 
webinars on 2D modeling best practices

• Floodway modeling updates

• Two-Dimensional Hydraulic Modeling for 
Highways in the River Environment -
Reference Document (FHWA 2019)

• Training resources

• Tutorials and videos

www.fhwa.dot.gov/engineering/hydraulics/bridgehyd/bridge.cfm

mailto:Scott.hogan@dot.gov
http://www.fhwa.dot.gov/engineering/hydraulics/bridgehyd/bridge.cfm


2D NATIONAL EFFORTS

CASFM Virtual Conference

September 30th, 2020



Two-Dimensional 
Floodway Updates

FEMA Updates



Integrated Project Team (IPT)

CASFM Virtual Conference 2020

Executive Sponsor:

Luis Rodriguez, FEMA Risk Management Directorate

Executive Sponsor: 

Rachel Sears, FEMA Mitigation Directorate

Vice-Chair:

Laura Algeo, FEMA Risk Management Directorate

Membership: 

Production and Technical Services (PTS)

Cooperating Technical Partners (CTP) 

FEMA Regions

Federal Highway Administration (FHWA) 

Colorado 2-Dimensional Consortium (C2DC)

United States Army Corps of Engineers (USACE) 

Community Engagement and Risk Communication (CERC)

MEMBER SHIP

• Define recommendations for short-term changes 

and additions to existing standards and guidance.

• Define additional recommendations in the long-term 

for senior leadership on CFR changes.

OU TC OME

• Define how FEMA will evaluate regulatory 

compliance for floodways developed from 2D 

models. 

PU R POS E

Slide Source: FEMA, Two-Dimensional Floodway Modeling Presentation, ASFPM 2020



IPT Goals

CASFM Virtual Conference 2020

Revisiting Encroachment-Based Floodway

Alternatives to encroachment-based floodway that still help 

effectively manage floodplain development

Long-Term (Phase 2)Short-Term (Phase 1) 

Allowable Approaches

Determine allowable approaches to define floodway when base 

analysis has been performed in 2D (1D floodway, steady state 

equivalent, 2D unsteady only, etc.)

Training Needs

Identify training needs for floodplain managers to effectively administer 

and manage floodplains and floodways developed from 2D models

Code of Federal Regulations (CFR)

Definition of path to accomplish CFR changes

Guidance & Standards

Other 2D guidance/standards updates needed for how to 

display the results; such as profiles, Floodway Data Tables (FDT), 

Base Flood Elevation (BFE) on Flood Insurance Rate Maps 

(FIRM), etc.

Surcharge Compliance Criteria

Identify floodway surcharge compliance criteria (new floodways 

and no-rise) that will ensure we meet regulatory descriptions of 

compliance

Slide Source: FEMA, Two-Dimensional Floodway Modeling Presentation, ASFPM 2020



Timeline

CASFM Virtual Conference 2020

August 3rd – August 31st

July 1st – July 31st

• The monthly FEMA Engineering and Mapping Community of Practice meetings will announce 

the Public Review Periods to highlight internal/external comment collection on proposed 

revisions to identified Guidance & Standards

Slide Source: FEMA, Two-Dimensional Floodway Modeling Presentation, ASFPM 2020



IPT Future Considerations

CASFM Virtual Conference 2020

Testing Floodway Alternatives

Pushing New Tools to Expediate 2D Floodway 
Analysis

Continue identifying needed long term updates and 
best practices

Slide Source: FEMA, Two-Dimensional Floodway Modeling Presentation, ASFPM 2020



CASFM Virtual Conference 2020

THANK YOU!

QUESTIONS?

Isaac Allen
Water Resources Engineer

AECOM, a member of the Compass PTS JV
Isaac.allen@aecom.com

mailto:Isaac.allen@aecom.com
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High School
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Centaurus
High School

Harney‐Lastoka
Open Space



HWY 42

Main Street





2017 Project 
Awards 

Presentation





Sharing what we learned about trying to “naturalize” a confined system, and an interesting comparison of two contractors working side by side on the same project.

•Going to share a pair of stories from a project that was up for the CASFM Award back in 20XX.  During this project we had to present to the various open space advisory boards, and a 
common concern we heard was that we were going to build a bunch of concrete lined channels.  I’m not sure where they would ever get the idea that I like concrete lined channels.  No 
idea where that comes from….and yes, for those of you that haven’t seen me present before….that was a joke.

•Although we try and mimic natural stream processes wherever we can, we can’t be ignorant of the contexts we’re working in.  There is still a time and a place for sticking pipes in the 
ground – hopefully only in urban retrofit situations, but if that’s one end of the spectrum then a full HFLMS design is on the other end of the spectrum.  [example photos Dahlia, First 
Creek] AND there are situations in between these two extremes.  I’m going to talk about a project where we might’ve tried too hard to be on the naturalized end of the spectrum, given 
the context we were working in.  

•Context and Problem Statement

•Funny video of me caressing a concrete baffle block

•6 to 8 feet thick topsoil

•Boulders with gingivitis

•Two Contractors

•Construction Lessons Learned – the audience will care about this topic because we have some fuel for the fire if they are looking or arguments about why lowest bid isn’t always the best 
way to go.  Providing them with backup to use if they want to improve their own processes, to better control who gets to bid on their work.
• We measured some aspects of construction that don’t often get measured (Mark’s contractor comparison table).  Convert table into infographics (Stephanie).
• Ball valves on water services – not the right type of valve.
• Tightening the bolts on megalugs – when we dug up a water line they had installed, the bolts weren’t even broken off like they should’ve been.
• Redesign because of a misaligned sanitary sewer line.
• How long Short Street was torn up versus how long residents were told it would be torn up.

•Post Construction Lessons Learned
• Steepness
• Confinement
• Loose rock structures – shouldn’t be 2’ tall
• Lack of water ‐ all soaked in without any other pitfalls for 2 miles.
• There wasn’t even enough water for any of the channel but the very end to be jurisdictional.  With a fully built out watershed, at least what would get built out, this ended up 

mattering.











Open 
Space

Private
Property
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Over 1 mile
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LAFAYETTE LOUISVILLE



LOUISVILLE
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LAFAYETTE
(mowed)

LOUISVILLE
(unmowed)
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Gaps



HighEST Functioning and LowEST
Maintenance given the CONTEXT

What’s realistic?

Confinement, lack of water, fine 
material, channel slope
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Contractor I

Contractor II



A Tale of Two Contractors:
Lessons Learned from a 

$9 Million Drainage Project



Personnel Changes



Safety & Quality Issues



Change Order Requests



Contractor Requests







Reviews per Pay App



Emails per Day



Engineering Cost per Day







A Tale of Two Contractors:
Lessons Learned from a 

$9 Million Drainage Project
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Lessons Learned from a “Small Project”

CASFM 2020

House flooded seven times in 17 years, records 
show house was built 12” lower than it should 
have been based on the original drainage study

Crawl space constructed below grade but with 
vapor barrier, garage and living room slab on 
grade and less than required 18” inches above 
gutter flow line

Nearly 100 acres drained to a single inlet and 
24” pipe



Design, Construction and Success!? 

CASFM 2020

Project designed street-width gallery inlets 
and new 34” elliptical pipe threaded between 
other utilities

Design took just a few months and 
construction took just over seven weeks 
including several weather days

After a large rain in early July, the homeowner 
called us to say how pleased she was with the 
improvements and the project. 



A Little Rain Must Fall

CASFM 2020

An afternoon storm on August 10th brought 
1.5” rain in the first 15 minutes, 2” overall

Floatable debris at fence, high water line in 
garage and homeowner stated water in living 
room. Neighbors said water knee/thigh deep in 
street and they cleared debris from inlets. 

I shifted to forensic engineer mode, trying to 
gather information and determine cause. 
Neighbors and homeowners were upset and 
needed to vent.



The Aha Moment

CASFM 2020

Further investigation found construction per plan except for fence, bottom 
designed 18” above grade, constructed at 6”. Homeowner request to fence 
sub, City inspector and prime may have known, no engineers were aware 

One design flaw was exposed in the review, the back fence should have also 
had an opening to allow water to continue to flow and not pond in the yard. 

Post-storm flow modeling showed changes to fence would allow a 10-year 
flow in pipe, and up to 100-year flow in swale through yard before water 
would impact the house. This was the original level of protection intended

Design engineering firm, prime contractor and City each paid 1/3 of cost to 
repair damages



Takeaways

CASFM 2020

Take the time to explain design to ALL who are impacted long term, 
and ALWAYS get an agreement in writing

Don’t forget your sympathy/empathy, be able to take some venting 
and still be kind

Solutions don’t have to be perfect, know when to say good enough
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GROUTED RIPRAP

Wait…that is not what I 
designed!



• Client: 
• Municipal Maintenance Division
• Self Perform the work
• Desires Hard Improvement

• Problem
• Sediment Accumulation
• Floodplain issues



• Vegetated Void-filled Riprap lining



• NOT Vegetated VFR Lining



August, 2011
Thunderstorm 



August, 2011
Thunderstorm 



Stuck in the 
details!



Missed the 
big picture.

Keep it 
simple.



Missed the 
big picture.

Keep it 
simple.



Missed the 
big picture.

Keep it 
simple.



Lessons Learned

• Design:
• Step back
• Evaluate the Big Picture

• Project Management:
• Get team buy-in
• Ownership in “new” approach
• Manage for success



LEGAL ACTIONS
LESSONS LEARNED



EXAMPLE CASE

BACKGROUND IT WILL FEEL 
PERSONAL

LEGAL 
PROCESS

FOCUS ON 
THE FACTS



CDOT REGION 4 2D MODELING 
REVIEW AND THE D-27-G 
BRIDGE REPLACEMENT

Steven Griffin, PE, CFM

CDOT R4 Hydraulics

Steven.Griffin@state.co.us

970-350-2338

Anthony Alvarado, PE, CFM

Ayres, Hydraulics 

alvaradoa@ayresassociates.com

970-797-3501



TOUR OF COMING ATTRACTIONS

• History of 2D Models

• 2D Advantages

• 2D Challenges

• Common Pitfalls and the QC Review process

• Case Study – Wray, CO



CDOT REGION 4



HISTORY OF HYDRAULIC MODELING

SOURCE: FHWA TWO-DIMENSIONAL HYDRAULIC MODELING FOR HIGHWAYS IN THE RIVER ENVIRONMENT



THE 2D 
ADVANTAGE



Powerful New Tech 

+

New Users

+

New Reviewers

=

What Could Go Wrong?

THE PROBLEM



COMMON PITFALLS!

BAD
TOPO!

COARSE
TIMESTEP!

WHERE ARE
THE PIERS!?

NON-CONVERGING
SOLUTION OF PAIN!

WOODY
STREAM ROUGNESS
N=0.011…RIGHT?

SPECTACULAR
HAPPY 2D
SOLUTION!



REVIEW GUIDE TO COMMON MISTAKES



UPSTREAM 
BOUNDARY 

• Where water enters

• Location

• Data source

• Correct numbers

• Impacts to results



DOWNSTREAM 
BOUNDARY
• Where water exits

• Location

• Data source

• Elevation Datum

• Correct number

• Impact to results



ROUGHNESS

• Complete coverage

• Reasonable values

• Mesh sampling frequency



TERRAIN

• Elevation Datum

• Merging data sources

• Necessary resolution

• Dealing with missing data

• Check min/ max



MESH

• Extents

• Upstream / downstream

• Inundation

• Resolution

• Number of elements

• Mesh quality

• Size transitions

• Angles

• Maximum slope

• Holes in the mesh



STRUCTURES

• Vertical faces

• Snapping pressure flow to 
grid

• Representing piers:

• Mesh holes (best)

• Obstructions (ok-ish)

• Roughness (kind of bad)

• Neglect (Not OK)

• Culverts and HY-8



DO RESULTS EQUAL ANSWERS ?

• Stability and Convergence

• Monitor points

• Monitor Line

• Continuity

• Steady state



RESOURCES

• CDOT Region 4 SRH-2D QC Checklist 

• FHWA SRH-2D QC Checklist

• NHI Course 135095

• Bi-Monthy Webinars – Scott Hogan, FHWA

• https://www.fhwa.dot.gov/engineering/hydraulics/



CASE STUDY: D-27-G

• Timber Bridge replacement

• Wray, CO (Eastern Colorado)

• Assumed Design: Two Span bridge



US 34 BRIDGES OF WRAY





EXISTING 
CONDITIONS

• Timber Bridge

• Three 24-foot spans

• Wall piers



CDOT MODEL REVIEW

• Questioned source of terrain data

• Minor mesh quality issue

• Water touched model extents

• Questioned roughness

• Duration of 2.5-hour insufficient
Caught additional overtopping in 
500-year event  8-hour simulation

• Recommended additional monitor 
lines

2.5 hours

5 hours



2D MODEL RESULTS
• Passes the QA Checklist

• No adverse impact

• The 112ft Two span bridge works!

• So what’s wrong?

Velocity Map of 112ft, two span bridge



2D MODEL RESULTS
• Single Span, 80ft bridge

• Passes the QA Checklist

• No adverse impact

•  $400k Lower Cost

Velocity Map: 80ft single span bridge



SUMMARY
• Review checklist

• Avoid mistakes

• Save money



Steven Griffin, PE, CFM

CDOT R4 Hydraulics

Steven.Griffin@state.co.us

970-350-233

Anthony Alvarado, PE, CFM
Ayres, Hydraulics 

alvaradoa@ayresassociates.com

970-797-3501

CONTACT



Project: Reviewer:

River:

Date:

# Comment Action Needed Screen Shot

1

2 X

3 X

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

Datums verified

Source/Date

Datums verified

Do results contain any oddity's

Datums verified

Appropriate monitor lines (# and location)

Is culvert correctly represented

Downstream Boundary - Verify correct 

stage and type

Is pressure flow accounted for correctly

Are appropriate n values used

Bridge

Culvert

Hydraulic Analysis

Other Structures

Is structure correctly represented

Verify steady state conditions

Verify continuity

Are simulation settings reasonable

Is bridge geometry correct

Are pier locations correct

Are piers modeled correctly

Additional Survey

Bridge/Culvert/Structure Data

Mesh

Boundary Conditions

Structures

Is the upstream mesh limit sufficient

Is the downstream mesh limit sufficient

Source/Date

Source of material types (imagery)

Are the lateral extents sufficient

Does mesh accurately represent the site 

(are hydraulic controls represented)

Is mesh quality sufficient

Is mesh size reasonable (element count)

Upstream Boundary - Verify correct 

inflow(s) amount and type

Are material types correctly assigned

Source/Date

Item

2-D Hydraulic Model Review Checklist

Data

Topography

Bathymetry

Does final surface accurately represent site 

(are hydraulic controls represented)

Project Purpose:

Project Vertical Datum

Project Horizontal Datum

Source/Date

Stated Accuracy

Datums verified



47

48

49

50

51

52

53

Does model calibrate to known data

General Comments



Project (Sub-

Account and 

Description) 23010 Eastern Timber BR

Model Run 100 yr Existing

Str # and/or 

Reach G-21-A  Sand Creek

Review Date
Nov 11, 2019 Original Form (credit):  Clark Barlow, Atkins

Reviewer Steven Griffin, CDOT Form Revision Number:  1.0

SMS Version 13.0.10

Form Revision Date:  November 2019 by Steven 

Griffin

Comment 

Number
Review Item QC Comments Designer Response Follow Up Review Item

(Date of Response:                  )

2 Does the flowrate match the event being modeled?

3 Are the flowrate units correct?

4

Do the upstream boundary conditions in the BC 

coverage match the computed flowrates in the 

model as evidenced by monitoring lines, monitoring 

points, etc.?

6
Does the input downstream water level match the 

event being modeled?

7 Are the water level elevation units correct?

Region 4 Hydraulics Unit
SMS / SRH-2D Quality Check

Downstream Boundary Condition

Input Review

Boundary Conditions

Upstream Boundary Condition

Does the location of the inflow boundary condition 

seem appropriate?

Does the location of the outflow boundary 

condition seem appropriate?

1

5



Model Run 100 yr Existing

Str # and/or 

Reach G-21-A  Sand Creek

Review Date
Nov 11, 2019 Original Form (credit):  Clark Barlow, Atkins

Reviewer Steven Griffin, CDOT Form Revision Number:  1.0

SMS Version 13.0.10

Form Revision Date:  November 2019 by Steven 

Griffin

Comment 

Number
Review Item QC Comments Designer Response Follow Up Review Item

Region 4 Hydraulics Unit
SMS / SRH-2D Quality Check

Input Review

8

Does the downstream boundary condition in the BC 

coverage match the water surface elevation shown 

in the model at the model boundary?  (As 

evidenced by the output data)

9

Are the locations of the Monitor Lines and Monitor 

Points sufficient and appropriate?

10 Is the correct hot start file being used?

11 Is the hot start file working?

12
Are the correct scatter sets or terrain image data 

being interpolated to the mesh?

13

Are there any outliers in the scatter data (e.g. zero 

value elevations, high or low values relative to 

surroundings)?

Hot Start File

Terrain



Model Run 100 yr Existing

Str # and/or 

Reach G-21-A  Sand Creek

Review Date
Nov 11, 2019 Original Form (credit):  Clark Barlow, Atkins

Reviewer Steven Griffin, CDOT Form Revision Number:  1.0

SMS Version 13.0.10

Form Revision Date:  November 2019 by Steven 

Griffin

Comment 

Number
Review Item QC Comments Designer Response Follow Up Review Item

Region 4 Hydraulics Unit
SMS / SRH-2D Quality Check

Input Review

15 Have breaklines been employed where necessary?

16
Was the correct priority assigned when merging 

scatter sets (if applicable)?

17

Does the merged surface contain any artificial 

artifacts from the merge?  Significant "ledges" or 

drops in elevation across the merging boundary, 

etc.?

18
Is the terrain extent sufficient to cover the modeling 

domain?

19 Are the elevation units in the terrain data correct?

20 Are all significant mesh quality checks satisfied?

Mesh/Geometry

14 Does the scatter set triangulation seem reasonable?



Model Run 100 yr Existing

Str # and/or 

Reach G-21-A  Sand Creek

Review Date
Nov 11, 2019 Original Form (credit):  Clark Barlow, Atkins

Reviewer Steven Griffin, CDOT Form Revision Number:  1.0

SMS Version 13.0.10

Form Revision Date:  November 2019 by Steven 

Griffin

Comment 

Number
Review Item QC Comments Designer Response Follow Up Review Item

Region 4 Hydraulics Unit
SMS / SRH-2D Quality Check

Input Review

21
Are minimum and maximum element sizes 

appropriate throughout the model?

22
Is the model domain sufficiently large to contain the 

computational extent and the desired reach?

23

Are the roadway toes of slope, centerlines, edge of 

pavement, and other pertinent features correctly 

captured by the mesh?

25
Do the boundaries and extent of material polygons 

seem reasonable?

26
Do model control settings, particularly the time 

step, seem reasonable?

27

Have other settings been introduced to maximize 

model run efficiency?  Setting the Inflow BC to 

"steady" if a steady simulation etc. 

Do manning’s roughness values seem reasonable?

Model Control Inputs

Roughness

24



Model Run 100 yr Existing

Str # and/or 

Reach G-21-A  Sand Creek

Review Date
Nov 11, 2019 Original Form (credit):  Clark Barlow, Atkins

Reviewer Steven Griffin, CDOT Form Revision Number:  1.0

SMS Version 13.0.10

Form Revision Date:  November 2019 by Steven 

Griffin

Comment 

Number
Review Item QC Comments Designer Response Follow Up Review Item

Region 4 Hydraulics Unit
SMS / SRH-2D Quality Check

Input Review

28
Is the bridge deck included, and pressurized if 

necessary?

29
Are bridge abutments, retaining walls, and other 

bridge features represented appropriately?

30
Are the bridge piers correctly represented in the 

mesh and materials coverage?

31

Are all pertinent insurable structures blocked out 

within the mesh and unassigned via the materials 

coverage?

32

Are all culverts accounted for in the model, and has 

the culvert definition (arcs, HY-8 input) been 

verified?

33

Have other hydraulic structures (irrigation ditches, 

offtake gates or weirs, other features) been 

appropriately modeled?

34

Are any external references to aid in calibration and 

tie-ins present?  Cross-section locations, previous 

model results, observed WSE, etc.

35
Are there any warnings/messages in the SRH-2D 

output file?

36

Has a steady state solution been reached?  Do the 

INF file, monitor line/point files, HY output file, 

demonstrate convergence of the model?

Structures

Model Calibration

Numerical Health

Depths/Water Surface Elevations

Output Review



Model Run 100 yr Existing

Str # and/or 

Reach G-21-A  Sand Creek

Review Date
Nov 11, 2019 Original Form (credit):  Clark Barlow, Atkins

Reviewer Steven Griffin, CDOT Form Revision Number:  1.0

SMS Version 13.0.10

Form Revision Date:  November 2019 by Steven 

Griffin

Comment 

Number
Review Item QC Comments Designer Response Follow Up Review Item

Region 4 Hydraulics Unit
SMS / SRH-2D Quality Check

Input Review
37

Are there any abnormally high or negative depth 

values?

38 Are extracted water surface elevations accurate?

39 Are extracted flowrates accurate?

40
Are there any abnormally high velocities?  Any 

negative velocities?

42

Is there good "data hygiene" in the model?  (Are 

different data sets easily distinguished from one 

another, are there old model runs that need to be 

cleaned up or deleted, etc.)

Other Notes

Are pertinent data sets (i.e. Existing vs. Proposed) 

able to be directly compared via the data calculator 

or other appropriate method?

41

Froude Number

Flowrates

Velocities

Data Set Comparisons

43

Do Froude Numbers appear reasonable?



Model Run 100 yr Existing

Str # and/or 

Reach G-21-A  Sand Creek

Review Date
Nov 11, 2019 Original Form (credit):  Clark Barlow, Atkins

Reviewer Steven Griffin, CDOT Form Revision Number:  1.0

SMS Version 13.0.10

Form Revision Date:  November 2019 by Steven 

Griffin

Comment 

Number
Review Item QC Comments Designer Response Follow Up Review Item

Region 4 Hydraulics Unit
SMS / SRH-2D Quality Check

Input Review



HEC-HMS + HEC-RAS 2D for 
Rain-on-Snow-on-Grid with Uplands, too!
Case Study in the Sierra Valley, CA

September 30, 2020



Sierra Valley? 

– Approximately 50 miles NW of 
Reno, NV & 140 miles NE of 
Sacramento, CA

– Leeward slope of the Sierra 
Nevada range, mountains on 
all sides

– Surrounded by National 
Forests

– Headwaters of the Middle Fork 
Feather River

– 586 sq. mile watershed



Flooding History
– Driven by rain-on-snow from 

atmospheric rivers during Pineapple 
Express events from the Pacific Ocean

– Flood of record: February 10, 2017
Water
Year Date Peak Flow

(cfs)
2017 February 10, 2017 12,891
2007 November 16, 2006 6,918
2018 March 23, 2018 6,108
2019 March 1, 2019 5,652
2011 March 17, 2011 4,851
2016 March 15, 2016 1,649
2008 March 16, 2008 1,382
2012 March 19, 2012 1,342
2013 December 5, 2012 942
2009 March 5, 2009 881
2010 February 28, 2010 775
2015 February 10, 2015 706
2014 February 12, 2014 394

Annual Peak Flows for Middle Fork Feather River
CDWR Gage MFP at Portola, CA



Restudy Need

Significant Community 
Feedback:
– “Rain-on-snow assessment in 

earlier study did not 
sufficiently represent 
observed floods of record.”

– SNODAS predictive snow 
data could not be calibrated.

– Outdated Rainfall 



Hydrology – HEC-HMS Parameters 



Uplands Hydrology

– 86 Sub-Basins
– 36% above 6,000 feet
– NOAA Atlas 14, 24-hour Gridded Rainfall
– Initial & Constant Loss
– SCS Lag transform
– Constant baseflow
– Temperature Index Snowmelt
– Muskingum-Cunge Channel Routing
– 2 Reservoirs



Valley Floor Hydrology

– 3 Subareas 
– Very Flat topography
– NOAA Atlas 14 24-hour Gridded Rainfall
– Initial & Constant Loss
– Constant Baseflow
– Temperature Index Snowmelt
– No Routing



Source Data – 13 CDWR Gages!
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Gage

ID El
ev

at
io

n 
(fe

et
)

R
ai

n,
 In

cr
em

en
ta

l
(in

ch
es

, d
ai

ly
)

R
ai

n,
 A

cc
um

ul
at

ed
(in

ch
es

, h
ou

rly
)

Sn
ow

, D
ep

th
(in

ch
es

, m
on

th
ly

)

Sn
ow

, W
at

er
 

C
on

te
nt

(in
ch

es
, m

on
th

ly
)

R
es

er
vo

ir 
St

or
ag

e
(a

cr
e-

fe
et

, h
ou

rly
 &

 
da

ily
)

R
es

er
vo

ir 
El

ev
at

io
n 

(fe
et

, h
ou

rly
 &

 d
ai

ly
)

Ai
r T

em
pe

ra
tu

re
(d

eg
. F

, h
ou

rly
)

Fl
ow

, R
iv

er
 

D
is

ch
ar

ge
(c

fs
, 1

5 
m

in
ut

e)

Abbey ABY 5,560 -- -- 1963-
Present

1963-
Present -- -- -- --

Lake Davis (DWR) DAV 5,768 1987-
Present -- -- -- 1984-

Present
1984-

Present -- --

Frenchman Cove FCV 5,800 -- -- 1963-
Present

1963-
Present -- -- -- --

Frenchman Dam FRD 5,517 1987-
Present -- -- -- 1984-

Present
1984-

Present -- --

Grizzly Ridge GRZ 6,900 1987-
Present

1984-
Present

1965-
Present

1965-
Present

1999-
Present

Independence Creek INN 6,500 -- 1999-
Present

1937-
1995

1937-
1995 -- -- 1999-

Present --

Middle Fork Feather
River Near Portola MFP 4,850 -- -- -- -- -- -- -- 2006-

Present

Portola PRT 4,850 1989-
Present -- -- -- -- -- -- --

Rowland Creek RWL 6,700 -- -- 1950-
Present

1950-
Present -- -- -- --

Sierraville (USFS) SRR 4,975 1989-
Present -- -- -- -- -- -- --

Sierraville (DWR) SVL 4,975 1987-
Present

1984-
Present -- -- -- -- -- --

Vinton VNT 4,944 1989-
Present -- -- -- -- -- -- --

Yuba Pass YBP 6,700 -- -- 1937-
Present

1937-
Present -- -- -- --



Rainfall Temporal Distribution

100‐year, 24‐hour Precipitation from NOAA Atlas 14, Volume 6.

Grizzly Ridge Observed 24‐hour Precipitation 
Events vs. NOAA Atlas 14 Temporal Distributions.

Sierraville (SVL) Observed 24‐hour Precipitation 
Events vs. NOAA Atlas 14 Temporal Distributions.



Baseflow

– Field observations and review of 
stream gage record showed baseflow 
in the watershed

– Earlier study included it, but provided 
no source info

– Middle Fork Portola gage included 15-
minute data

– Average baseflow visually interpreted 
from Late Winter record.

– Unit Baseflow = Average 
baseflow/watershed area = 0.17 cfs/mi2



Snowmelt Inputs
Elevation Bands for 
Snow Assessment

Gage Name
Gage

ID
Elevation 

(feet)

Average March 
Snow Depth 

(inches)

Average March 
Snow Water 

Content
(inches)

Dominant
Aspect

Abbey ABY 5,560 31.3 10.1 North
Yuba Pass YBP 6,700 68.1 24.8 North

Grizzly Ridge GRZ 6,900 69.9 24.4* North
Frenchman Cove FCV 5,800 14.6 4.6 South

Independence Creek INN 6,500 35.5 12.0 South
Rowland Creek RWL 6,700 46.2 14.5 South

*Manually adjusted to 24.8 inches for use in the analysis to provide for a consistently increasing 
interpolation curve.

Average March Snow Depth and Water Content and Dominant Aspect

Assignment of generalized directional 
aspect of watershed areas.

– 6 gages evenly distributed around watershed, over the 
elevation range, and across the dominant aspects

– Observed Average March SWE and Depth used to 
develop rating curves across bands

– GIS methods used to 
– Estimate Snow Water Equivalent by Elevation & 

Aspect, composited to each band by aspect
– Locate Basin Centroid

– Initial Liquid Water = 0.4*Initial SWE
– Diurnal temperature series taken from 5-day period in 

March with widest range 



Hydraulics – HEC-RAS 2D Parameters



Mesh, Connections, Flows…
– Mesh 

– Initial 200-ft grid
– Breaklines placed to refine mesh at 

channels, ridges, roadways
– Region Connections

– Physical feature (roadway)
– Dummy storage areas (to resolve 

instabilities for direct connections)
– Flows/Boundary Conditions

– Rain-on-grid on Valley Floor
– 68 Hydrographs from Upland basins
– Used DSS file to connect HMS to 

RAS (Pro tip!)
– Adaptive timestep based on Courant 

number, 20 iterations
– Diffusion Wave Equation

Rain-on-Grid

Rain-on-Grid

Rain-
on-Grid

Hydrograph Boundary 
Conditions

Hydrograph Boundary 
Conditions



Calibration Parameters



Calibration Events
February 10, 2017 
– 12,891 cfs @ MFP
– 4-12 inches total rain over 

11 days
– 151-208% of February 

Average Snowpack
– Max temp above freezing 

for few days
March 23, 2018
– 6,108 cfs @ MFP
– 5-15 inches total rain over 

16 days
– 17-70% of March Average 

Snowpack
– Max temp above freezing 

for 8 days

2/2017 3/2018



Calibration Rainfall – Unit Hyetographs
– Selected storm for each calibration event
– Converted to unit hyetograph
– Used NOAA NEXRAD historical radar to 

review storm tracks and assign basins to 
gages

Grizzly Ridge

Sierraville

– Grizzly Ridge and Sierraville
– Accumulated data converted to 

incremental



Apply Observed Gage Data
– Rainfall

– Theissen Polygons used to 
spatially distribute gages to 
basins (GIS tool!)

– Estimate total basin rainfall
– Develop basin-specific 

hyetographs
– SWE, temperature applied directly 

using same methods as frequency 
events

– Baseflow event unit flow 
calculated and applied

– Reservoir storage; no outflow



Run the models! Both of them! Iterate!
– Calibrating to observed flow at MFP Portola
– Use Constant Infiltration, the land-use and soil-based parameter to calibrate
(Everything else from observed info!)

Ultimately….. 
– Reduced Constant Infiltration to 20% of original value
– Consistent with literature review for winter conditions

Calibration 
Storm

Middle Fork 
Feather River 
near Portola 

(MFP)

Hydraulic 
Model

Percent 
Difference

February 2017 12,891 12,255 4.9
March 2018 6,108 5,728 6.2

Calibration 
Storm

Middle Fork 
Feather River 
near Portola 

(MFP)

Hydraulic 
Model

Percent
Difference

February 2017 113,320 103,501 8.7
March 2018 44,963 44,431 1.2

Comparison of Observed Peak Volumes (ac‐ft) to 
Calibrated Model Volumes

Comparison of Observed Peak Flows (cfs) to 
Calibrated Model Flows

Winner! We’re 
calibrated!



Validation

Flooding at the A‐23 Bridge Over the Middle Fork Feather River

Widespread Flooding at along Harriet Lane



What’s next?

Possible Post-Fire Analysis…

20 sq. miles burned in the 
Loyalton fire in August



Questions?



Thank you!

Kimberley.Pirri@aecom.com
Lead Hydrologist
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