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START END LENGTH Session	No. TOPIC		(PRESENTER)

7:45	AM 8:30	AM 0:45 Check‐In	/	Continental	Breakfast

8:30	AM 8:35	AM 0:05
Welcome	&	Opening	Remarks	

Paul	Hindman,	Executive	Director,	UDFCD

8:35	AM 9:20	AM 0:45 Session	1
Floodplain	Management:		What’s	In	Your	Future?	

Bill	DeGroot	(UDFCD),	Michael	Gease	(FEMA	Region	VIII),	Jamie	Prochno	(CWCB)

9:20	AM 9:45	AM 0:25 Session	2
USDCM	Volumes	1	&	2:	An	Update	on	the	Update	

Holly	Piza	(UDFCD)

9:45	AM 10:00	AM 0:15 Morning	Break

10:00	AM 10:30	AM 0:30 Session	3
The	New	NOAA	Atlas	Rainfall	Atlas:		What's	Changed?	

Shannon	Tillack	(Wright	Water	Engineers),	Ben	Urbonas	(Urban	Watersheds,	LLC)

10:30	AM 10:55	AM 0:25 Session	4
No	Moss	Growing	Here

Shea	Thomas	(UDFCD),	Kyle	Hamilton	(CH2M	Hill)

10:55	AM 11:55	AM 1:00 Session	5
How	We	Violated	the	Clean	Water	Act,	and	How	You	Can	Avoid	Doing	the	Same
David	Bennetts	(UDFCD),	Richard	Clark	(EPA	Region	VIII),	Kiel	Downing	(USACE),	Mary	

Powell	(ERO)

11:55	AM 12:55	PM 1:00 Lunch

12:55	PM 1:20	PM 0:25 Session	6
Sculpted	Concrete	Drop	Structure	Design	Criteria	and	Construction	Guidance	

Chris	Kroeger	(Muller	Engineering)

1:20	PM 1:50	PM 0:30 Session	7
Current	Research	and	Software	Development	

Ken	MacKenzie	(UDFCD),	Amanullah	Mommandi	(CDOT),	Derek	Rapp	(Peak	Stormwater,	LLC)

1:50	PM 2:20	PM 0:30 Session	8
Real‐time	Flash	Flood	Forecasting	Using	New	Hydrologic	Models	

Kevin	Stewart	(UDFCD),	Baxter	Vieux	(Vieux,	Inc.)

2:20	PM 2:35	PM 0:15 Afternoon	Break

2:35	PM 3:50	PM 1:15 Session	9
Things	We	Learned	The	Hard	Way

UDFCD	Project	Engineers	Rich	Borchardt,	Barbara	Chongtoua,	Bryan	Kohlenberg,	Dave	
Skuodas

3:50	PM 4:10	PM 0:20 Session	10
UDFCD	Friend	of	the	District	Award	

Paul	Hindman	(UDFCD),	Jeff	Shoemaker	(Greenway	Foundation)	on	behalf	of	Joe	Shoemaker

4:10	PM 4:20	PM 0:10
Closing	Remarks

Paul	Hindman,	Executive	Director,	UDFCD
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SESSION 1 
 

Biggert‐Waters 12 Flood Insurance Reform Act‐Insurance Impacts and 
Benefits of NFIP Community Rating System Reforms  

 

Michael K. Gease, CFM, Natural Hazards Program Specialist,  
FEMA Region VIII 

 
ABSTRACT:   
 

Under the Biggert‐Waters Flood Insurance Reform Act of 2012, flood insurance premiums 

under the National Flood Insurance Program (NFIP) will be phased in to full actuarial rates in 

order to make the NFIP more fundamentally sound and reflect the true risk of flood prone 

area construction.  This will have dramatic implications for property owners, especially those 

who built in hazardous areas before NFIP flood maps were produced showing their flood risk, 

and those built in compliance with previous maps and now are impacted by new map 

changes. 

 In turn, under the NFIP’s Community Rating System (CRS), voluntary community participation 

and increased CRS class improvement can offset higher flood insurance costs by 

implementing freeboard, foundation design, fill protection, natural area protection, and other 

mitigation strategies that reduce rates but more importantly decrease risk and improve 

community resiliency.  New changes in the CRS Manual benefit Colorado communities.   

In this presentation FEMA Region VIII Staff will briefly outline the impacts of BW‐12 and the 

CRS reforms on flood risk and flood insurance. 
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SESSION 1 (continued) 
 

Update on the State Rules and Regulations for Floodplains in Colorado  
 

Jamie Prochno, National Flood Insurance Program Coordinator, Colorado Water 
Conservation Board 

 
ABSTRACT:   
 

The Colorado Water Conservation Board promulgated new Rules and Regulations for 

Floodplains in Colorado (Rules) that became effective January 14, 2011.   

The Rules contain higher standards for floodplain management that will help reduce flood 

losses, improving public safety and property protection.   

The major changes to the floodplain management regulations include the application of a 1 

foot freeboard, mapping of ½ foot floodway, LOMR‐F requirements and critical facilities 

protection.  

Communities in Colorado have three years from the effective date of the Rules to adopt the 

regulations, which means that all communities will need to update their floodplain 

management regulations by January 14, 2014.   

CWCB is providing outreach and technical assistance to help local officials meet this deadline. 

To assist communities in this process, the CWCB has developed a State Model Flood Damage 

Prevention Ordinance that contains all the requirements of the Rules and meets the National 

Flood Insurance Program standards.   

This presentation will introduce participants to the changes in floodplain regulations and will 

provide information about updating ordinances and municipal codes. 
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SESSION 2 
 

USDCM Volumes 1 and 2 Updates—Expanded guidance on Storage 
Facilities 

 

Holly Piza, UDFCD 
 

ABSTRACT:   
 
 
Volumes 1 and 2 of the Urban Storm Drainage Criteria Manual (USDCM) were last 
updated in 2001.  These volumes are currently undergoing another update in order to 
capture experience gained and incorporate relevant research conducted over the past 
decade.  This presentation will highlight changes and expanded guidance in the Storage 
chapter including: 
   
 
 Regional, subregional, and onsite Detention 

 Full spectrum detention as the recommended approach 

 Allowable vs. historic peak unit discharge 

 Incorporating full spectrum detention into various water quality BMPs 

 Sizing methods   

 Drop box configurations 

 Trash racks 

The presentation will also include findings from a recent investigation of over 20 
storage facilities throughout the UDFCD region. 
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SESSION 3 
 

The New NOAA Rainfall Atlas: What’s Changed? 
 

Shannon Tillack, P.E., Wright Water Engineers and  
Ben Urbonas, Urban Watersheds, LLC 

 
ABSTRACT:   
 

National Oceanic and Atmospheric Administration’s (NOAA) National Weather Service has 

issued a draft of NOAA Atlas 14: Precipitation‐Frequency Atlas of the United States, Volume 8 

Version 1: Midwestern States.  This is an update to the 1973 NOAA Atlas 2: Precipitation‐

Frequency Atlas of the Western United States, Volume III – Colorado which the Urban 

Drainage and Flood Control District (UDFCD) used to create the rainfall depth‐duration‐

frequency isopluvial maps presented in the Rainfall chapter of the Urban Storm Drainage 

Criteria Manual (USDCM). 

Based on the point precipitation depths from precipitation stations within UDFCD boundaries, 

the 2‐year and 100‐year, 1‐hour point precipitation depths in the new draft Atlas are lower 

when compared to the 1973 NOAA Atlas.   

This presentation will provide an overview of how the current rainfall depth‐duration‐

frequency figures in the Rainfall chapter were created using information from the 1973 NOAA 

Atlas and the differences in the point precipitation depths between the current Rainfall 

chapter of the USDCM and the new draft Atlas.  The technical issues being raised by UDFCD to 

NOAA inquiring about the differences will also be described, as well as the implications the 

changes in the point precipitation depths could have on stormwater and floodplain 

management within UDFCD. 
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SESSION 4 
 

No Moss Growing Here 
 

Shea Thomas, Master Planning Program 
Kyle Hamilton, CH2M Hill 

 
ABSTRACT:   
 

What did UDFCD shake up over the last year?  The Design, Construction, and Maintenance 

(DCM) Program will finally be implementing the long awaited revised specifications.  Learn 

what changes have been made and how other agencies can also utilize the specifications.  

The Bid Tabulations Program has also been revamped to better link and to provide more 

consistent bid items. Kyle will be discussing the updates to both the specifications and Bid 

Tabs. 

Master Planning is working on establishing a geodatabase for all of the improvements shown 

in existing master plans. With the assistance of Enginuity Engineering Solutions and Atkins 

Global, a GIS‐based program called SWIFT has been developed to help populate the database. 

This software will also be used for future master planning and design project deliverables to 

automatically update the database at the end of a project. Shea will discuss the goals of the 

database and describe how the product can be used by the public.   
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SESSION 5 
 

How We Violated the Clean Water Act and  
How You Can Avoid Doing the Same 

 

David Bennetts, UDFCD; 
Kiel Downing, US Army Corps of Engineers;  

Richard Clark, Environmental Protection Agency 
Mary Powell, ERO Resources 

ABSTRACT:   
 

During a sediment removal project last year, the District violated the Clean Water Act.  This presentation will 
discuss the project involved, the violation, and our interactions with the US Army Corps of Engineers 
(USACE) and the Environmental Protection Agency (EPA) to successfully resolve the situation.   

 
David Bennetts, UDFCD 
During completion of a sediment removal project on Piney Creek last April, the District violated the terms of 
our 404 permit with USACE.  The District has had two violations in its long history of doing projects in the 
nations waterways.  The presentation will briefly discuss both of these violations as well as the differing 
approaches and results in working to resolve them. 

Kiel Downing, USACE 
Presentation will provide a brief overview of the 404 permitting process, permits and requirements for doing 
sediment removals in drainageways, and explain USACE’s interaction with EPA once an enforcement action 
begins. 

Richard Clark, EPA 
Presentation will include a brief discussion on the relationship that EPA and USACE have in administering the 
Clean Water Act, Section 404 program requiring federal authorization for the discharge of dredged and fill 
materials into waters of the U.S.  It will also include how EPA handles Section 404 enforcement actions on 
unauthorized discharges into waters of the U.S.  

Mary Powell, ERO Resources 
Presentation will provide an outline of the new processes and procedures implemented by the District to avoid 
future violations on projects.  Some guidance and general recommendations will be provided regarding the 
404 permitting process. 

 
A question and answer session will follow the presentations, providing the opportunity to ask both 
USACE and EPA questions regarding permitting and enforcement actions. 
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SESSION 6 
 

Sculpted Concrete Drop Structure Design Criteria 
And Construction Guidance  

 

Chris Kroeger, Project Manager/Muller Engineering Company 
 

ABSTRACT:   
 

Sculpted concrete drop structures have been used for stream grade control since the late 

1990s in Denver metro area.  Much has been learned about the design and construction of 

these structures and the District’s updated Urban Storm Drainage Criteria Manual will soon 

include design criteria and guidance within the Hydraulic Structures chapter.   

This presentation will provide an overview of the draft criteria and guidance that is being 

prepared.   The discussion will include a brief description of what a sculpted concrete drop 

structure is and background on their use for grade control.  Information will be provided on 

how the design criteria was developed, and design details will be discussed which should 

benefit both design engineers and review agencies alike.  To achieve successful projects, it 

has been learned that the construction process itself may be as or more important than the 

design.   The presentation will conclude with a discussion on construction guidance, finishing 

techniques, and insight on how the design of sculpted concrete drop structures might evolve 

over the next 10 years.    
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    SESSION 7 
 

Internet‐Based Flood Database for Colorado  
 

Amanullah Mommandi, P.E. 
Senior Hydraulic Engineer (Hydraulic Program Manager),  

Colorado Department of Transportation 
 

ABSTRACT:   
 

The accuracy of flood‐frequency estimates can be greatly improved when historical flood 

information is included with systematically collected flood data (Interagency Committee on 

Water Data, 1982).  Although many reports contain flood information for streams in 

Colorado, there has historically been no centralized repository for this information, making it 

difficult to access flood data.  Prior to the completion the Web‐based flood database, much of 

the historical flood information for Colorado was stored in numerous published and 

unpublished reports and files in local, State, and Federal government agencies and the offices 

of engineering firms and universities.  

Although considerable research has been conducted using historical flood information in 

flood‐frequency analyses, this information is often underutilized because of the uniqueness of 

each site and a lack of knowledge of the site location.  Having an easy‐to‐use, Web‐based 

geodatabase of historical flood and paleoflood information with links to sources of flood data 

would allow engineers and water‐resource managers to fully use these data to provide 

information on the largest floods and would lead to improved flood‐frequency estimates of 

the largest floods in Colorado.   

The U.S. Geological Survey (USGS), in cooperation with the Colorado Department of 

Transportation, created a Web‐based geodatabase for information on floods from 1867 

through 2011 and information on paleofloods occurring in the past 5,000 to 10,000 years.  

The geodatabase was created using Environmental Systems Research Institute (ESRI) ArcGIS 

JavaScript Application Programing Interface (JavaScript API) 3.2.  Engineers, scientists, and 

water‐resource managers will be able to use these data for floodplain regulation, dam‐safety, 

infrastructure design, and other uses. 
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SESSION 7 (continued) 
 

User Interface and File Management Improvements to the  
Colorado Urban Hydrograph Procedure (CUHP)  

 

Derek Rapp, P.E., CFM, CPESC  
President, Peak Stormwater Engineering, LLC 

 
ABSTRACT:   
 

The Colorado Urban Hydrograph Procedure (CUHP) is an evolution of the Snyder unit hydrograph.  It 

has been calibrated to the Colorado Front Range using data collected by the USGS beginning in 1969.  

Data from 30 sites, representing a full range of land uses in the Denver Metro Area, was used to 

develop empirical relationships between the input hyetograph and observed output flows.  Since its 

conception in 1978, numerous modifications have been made to the CUHP program to adapt to 

changing computational requirements as well as to refine and expand its capabilities.   

At the request of CUHP modelers and project reviewers, an effort began in 2012 to once again update 

CUHP.  The goals of this update were to simplify the user interface, incorporate recent improvements 

to the Urban Storm Drainage Criteria Manual, provide compatibility with 64‐bit operating systems, 

and to provide advanced file‐management tools for large watershed studies. 

The user interface was simplified by reducing the number of worksheets in the Excel workbook and 

consolidating the user‐input cells.  Several tools were added including: the option to choose the input 

units for length and area (feet vs. miles, acres vs. square miles, etc.); a reasonableness check on user‐

inputs prior to running the model; and a check for consistency between the user‐entered SWMM 

nodes and the EPA SWMM interface file.  Also, the new CUHP workbook runs as a standalone Excel 

workbook and does not require separate code files.  This allows anyone with Excel to open and run 

the model without having to download and install the program first. 

The new CUHP also includes an advanced file management tab for engineers engaged in large 

watershed studies.  This tool allows the user to setup a single CUHP input file that can produce 

several output files for different scenarios with the click of a single button.  The different scenarios 

can include various combinations of land use (existing vs. future) and rainfall distributions (different 

return periods and area corrections).  This presentation will highlight the major changes in the new 

CUHP software which will be released in mid‐2013.  
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SESSION 8 

Real‐Time Flash Flood Forecasting Using New Hydrologic Models 
 

Kevin Stewart, Manager/UDFCD Information Services & Flood Warning Program 
Baxter Vieux, Professor/University of Oklahoma, Dept. of Civil Engineering 

and Principal/Vieux & Associates, Norman, OK 

 
ABSTRACT: 
Can anyone realistically and accurately predict a specific flash flood’s impact before heavy rainfall occurs?  

Many would like to believe that such predictions are possible, but few are willing to risk saying that they can 

do so lest they be judged misguided or worse.  If your leaning is toward the negative side, we only ask that you 

willingly suspend your belief for the next 30 minutes while we will attempt to show how the 2010 Fourmile 

Canyon wildfire in Boulder County provided a unique opportunity to push the limits of this dream. 

It is well‐accepted that hydrologic conditions after a severe wildfire increase the flood threat downstream for 

some period of time.  In the case of the Fourmile Burn Area (FMBA) this includes areas along Gold Run, 

Fourmile Creek, Fourmile Canyon Creek and Boulder Creek through the mountains of Boulder County and the 

City of Boulder. After the wildfire a new flood forecasting system was put into place by UDFCD composed of a 

physics‐based distributed hydrologic model, Vflo, with rainfall inputs derived from a combination of radar and 

real‐time gauge measurements called gauge‐adjusted radar rainfall (GARR).  The modeling approach integrates 

diverse information on the land surface with rainfall input from the GARR product to simulate the hydrologic 

effects of the FMBA wildfire. Predictive hydrologic information in real‐time was used to generate flood threat 

alerts based on discharge thresholds at critical locations in and downstream of the FMBA.  Due to the short 

hydraulic response of this mountainous watershed, any increase in forecast lead‐time would be useful for 

taking protective actions. 

Continuous simulation of flood potentials took place from May through August of 2011 and again in 2012.  

After the first significant runoff event on July 13, 2011, Vflo was adjusted to more accurately reflect the 

observed runoff characteristics from the FMBA. The model was initially deployed without calibration using 

physically realistic model parameters and assuming zero infiltration in the burn area. After the first significant 

runoff event on July 13 2011, the assumed infiltration rates were increased slightly, but after two more events 

in 2012, additional adjustment to parameters was deemed unnecessary. In 2012, initial tests revealed the 

potential benefit of adding radar‐based quantitative precipitation forecasts (QPF) for real‐time operations. QPF 

is obtained by projecting the movement of storm cells over the target watershed using prior radar scans. 

Through reanalysis of three events, a significant increase in lead‐time was possible through addition of QPF, 

but depends on individual storm formation and movement over the burn area. Even in fast‐response 

watersheds where minutes count, critical lead time could be gained by adding QPF. This presentation will 

demonstrate the applicability of the modeling approach and the potential benefits of adding QPF to extend 

warning lead‐times. 
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SESSION 9 
Things We Learned the Hard Way 

 

Barbara Chongtoua, Rich Borchardt, Bryan Kohlenberg, and Dave Skuodas  
Senior Project Engineers / Design, Construction, and Maintenance Program 

 
ABSTRACT:   
 

The project engineers in the Design, Construction, and Maintenance Program will be sharing some lessons 
they learned the hard way, including successes and failures.  The four specific topics that will be covered are 
described below: 
 
Barb Chongtoua:  Vegetated Hydraulic Systems – What we have GROWN to Know…is that we are Young in 
Our Understanding.  We acknowledge that vegetation is important to the hydraulic stability of drainageways, 
but we need to do more to attain its full potential by deliberately designing systems that incorporate 
vegetation as a functioning element.   Many questions and precautions will be raised such as “how can 
vegetated hydraulic systems” be designed using proven scientific methods. Is it sustainable especially since 
Colorado is in the arid west?  Is it cost effective when considering the life cycle of construction, operation, 
maintenance, and rehabilitation?  Our contemplation begins with reviewing project experiences, assessing 
project performances, and most importantly, learning from the “lessons”.   
 
Dave Skuodas:  Our Dealings with Cynomys ludovicianus.  We partnered with the City of Thornton on a 
stream restoration project along Grange Hall Creek, in a designated prairie dog habitat area.  This talk will 
focus on issues related to prairie dog management, including how they were “scooched” out of the work area 
prior to construction, how they were segregated during construction, and the efforts to keep them away from 
the newly planted trees and shrubs.  Three different types of fence were installed, select fumigation was used, 
and the aforementioned “scooching” was attempted in an effort to manage the prairie dogs.  The cost and 
effectiveness of these strategies will be discussed, along with how our 404 permit has been affected.   
   
Rich Borchardt:  Close Encounters of the Fence Kind.  There are many barriers to getting a drainage project 
from concept to completion.  One of the more pesky and frequent obstacles we face on projects is fencing.  
Most floodplain regulations don’t allow permanent fencing and the development codes require fence permits 
to be obtained for construction.  Is the problem solved or not?  Often times whether a fence remains or 
removed is the decision point on whether the needed property and permission is obtained to do a drainage 
project.  The path forward may require more than citing floodplain regulations and development 
requirements; an analysis of the benefits of the drainage project versus the risk of the fence usually helps in 
the decision process. 
 
Bryan Kohlenberg:  Beware!!  Low Flow Crossings Ahead!  One obstacle we face during channel improvement 
projects is the existence of private low‐flow crossings of small drainageways in older neighborhoods.  Property 
owners typically ask for these crossings to remain or to be improved to fit the proposed channel design, 
regardless if they meet local floodplain regulations.  In many cases these crossings are considered just as 
necessary to the homeowner as a fence.  We will examine a recent project on Lakewood Gulch and offer 
suggestions to consider for handling the tough decisions that need to be addressed. 
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SESSION 10 
 

William Joseph "Joe" Shoemaker (1924 – 2012) 
A True Friend to the Urban Drainage and Flood Control District 

 

Friend of UDFCD Award accepted by Jeff Shoemaker, Executive Director 
The Greenway Foundation 

ABSTRACT:   
 

Joe Shoemaker served as Chief of Staff for former Denver Mayor Batterton, Manager of Public 

Works for the City of Denver, and served in the Colorado Legislature as a state senator from 

1962 to 1976 including several terms as Chairman of the Joint Budget Committee. He 

practiced law with Robert S. Wham for 40 years. He founded the Greenway Foundation and 

the Foundation for Colorado State Parks as well as started and directed the Colorado County 

Officials and Employees Retirement Association (CCOERA).   

In addition to drafting the legislation that created the Urban Drainage and Flood Control 

District, he led the controversial effort in 1972 to create the Auraria Higher Education Campus 

and was appointed by Mayor Bill McNichols to chair the Platte River Development Committee 

in 1974, which later became the Greenway Foundation. 

State Senator Joe Shoemaker became involved with the Five County Engineer’s Council (later 

renamed the Metropolitan Urban Drainage Advisory Committee of the Denver Regional 

Council of Governments) in 1967.  In 1968 an article by Shoemaker entitled “An Engineering‐

Legal Solution to Urban Drainage Problems” which appeared in the Denver Law Journal 

became the framework for the formation of the Urban Drainage and Flood Control District.   

The Advisory Committee decided to pursue legislation in 1969 which would create UDFCD.  

Senator Shoemaker introduced the legislation in the Senate (Representative Ted Bryant 

introduced the legislation in the House), and it passed.  Governor Love signed the bill and 

UDFCD was created. 

Joe was a visionary who stood on the banks of the South Platte River, when there was not a 
single park or trail, when the river was so polluted that it was toxic to touch, when no one 
else thought the river had a chance of survival and said, “We can do better."  We did better, 
and we owe a great debt of gratitude to Joe Shoemaker. 
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Floodplain Management:  
What’s in your future?

April 2, 20132013 UDFCD Annual Seminar



Agenda

• Floodplain Management Program Update
• Michael K. Gease, CFM, Natural Hazards Program Specialist, 

FEMA Region VIII 
• Biggert-Waters 12 Flood Insurance Reform Act-Insurance Impacts 

and the Benefits of NFIP Community Rating System Reforms

• Jamie Prochno, National Flood Insurance Program 
Coordinator at the CWCB
• Update on the State Rules and Regulations for Floodplains 

in Colorado
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Recent publications

• The December, 2012 
issue of Flood Hazard 
News is now available 
on our website 
homepage
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Recent publications

• The March, 2013 
update of our Activity 
Summary is now 
available on our 
website homepage
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LOMC database
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Status of DFIRM updates

• City and County of Broomfield
• Projected effective date:  10/2/13

• City and County of Denver
• Projected effective date:  11/20/13

• Jefferson County
• Projected effective date:  12/13

• Douglas County
• Projected Preliminary Map date:  

Summer
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Status of LOMC reviews

• April 1, 2012 to March 31, 2013:  46 cases 
opened

• Baker is helping us through a grant funding 
problem

• Most of these cases were for public sector 
projects
• UDFCD and local partners
• RTD FasTracks projects
• SEMSWA
• Boulder, Westminster, Arapahoe County, 

others
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Other program areas

• Referrals from local governments for 
zoning, platting, drainage studies, etc. are 
way up

• Maintenance Eligibility Program activity 
is way up
• Referrals of construction drawings are 

increasing
• West Corridor drainage projects completed
• Eagle P3 design approvals completed and 

construction in progress
• We completed four Flood Hazard Area 

Delineation studies in 2012, and have 10 
underway

April 2, 20132013 UDFCD Annual Seminar



Final Thought
Don’t use riprap rundowns!
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Introduction to the NFIP’s 

COMMUNITY RATING SYSTEM

(CRS)



CRS Purpose

• Rewards Communities for pro-active local 
floodplain management programs with 
lower flood insurance premiums

• Similar to Fire Rating and Building Code 
Enforcement Rating

• Implemented by Insurance Services Office, 
Inc. (ISO)



CRS Goals

• Reduce Flood Damage to Insurable 
Property

• Strengthen and Support the Insurance 
Aspects of the NFIP

• Encourage a Comprehensive Approach to 
Floodplain Management



The CRS Discount for NFIP 
Insurance

• CRS Class Improvement for Each 500 CRS 
Points

• 5% Linear Discount per Class for SFHA 
Policies

• 5% Discount for Policies Outside the SFHA 
(10% for Classes 1-6) 



CRS Activities

• 300 Series - Public Information
• 400 Series - Mapping and Regulations
• 500 Series - Flood Damage Reduction
• 600 Series – Flood Preparedness



Activity 430 - Higher Regulatory 
Standards

• Freeboard
• Foundation Credit
• Cumulative 

Substantial 
Improvements

• Lower Substantial 
Improvements

• Protection for Critical 
Facilities

• Protection of Storage 
Capacity

• Natural & Beneficial 
Functions

• Enclosure Limits
• Other Higher 

Standards
• Building Code & 

Staffing



 

 

 

 

CRS Series

Organization Structure 

300 Series            

Public Information 

400 Series            

Mapping and Regs. 

500 Series            

Flood Damage Reduct. 

Activity 310           

Elevation Certificates 

Activity 320           

Map Service Info 

600 Series            

Flood Preparedness 

Activity 330           

Outreach Projects 

Activity 340           

Flood Hazard Disc. 

Activity 350           

Flood Protection Info 

Activity 360           

Flood Protect. Assist. 

Activity 370           

Promo. of Flood 

Activity 410           

Floodplain Mapping 

Activity 420           

Open Space Preserv. 

Activity 450           

Stormwater Manag. 

Activity 440           

Data Maintenance 

Activity 430           

Higher Reg. Standard  

Activity 510          

Floodplain Planning 

Activity 520           

Acquisition & Reloc. 

Activity 610           

Flood Warning & Resp.

Activity 620           

Levees 

Activity 530           

Flood Protection 

Activity 540           

Drainage Maint. 

Activity 630           

Dams 

        State Dam Safety  Dam Failure Threat 

Recognition           

Dam Failure Warning Dam Failure Response 

Operations 

Dam Failure Critical

Facilities Planning 

Example of 

elements within 

the 630 Activity 

and 600 Series 



COMMUNITY RATING SYSTEM US and COLORADO

• Class 1 (45%) (Roseville, CA)
• Class 2 (40%) (Tulsa, OK)
• Class 3 (35%) (none)
• Class 4 (30%) (Ft. Collins-tops in CO) 
• Class 5 (25%) (Arvada; Boulder-new!)
• Class 6 (20%) (Jefferson Co.)
• Class 7 (15%) (Littleton)
• Class 8 (10%) (Denver, Douglas Co.)
• Class 9 (  5%) (Morrison)
• More than 1200 communities nationally (46 in CO; 24 

within Adams, Arapahoe, Boulder, Broomfield, Denver, 
and Douglas Counties)    

• Represents 65-70% policies in force
• Annual savings to policyholders in Colorado >$1.45M; 

within UDFCD communities the savings is 1.2M!) 



New 2012 CRS Manual

• Changes support community resiliency
• Emphasis on Open Space Preservation
• Protecting Natural Floodplain Functions
• More attention to restrictions on fill
• Human/Life Safety
• Master Planning
• Promoting Flood Insurance (New 370)-

Think Flood Insurance as Mitigation!



2012 CRS Manual
www.crs2012.org

• Summary of Changes and download the 
new Manual (no longer in print)

• Technical Assistance From ISO 
• Kerry Redente #719-942-4092



Update on the State Rules and 
Regulations for Floodplains in 
Colorado
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Revised Rules and Regulations for 
Floodplains in Colorado

• Minimum effective 
standards for 
Colorado

• Effective date 
January 14, 2011, 
communities have 3 
years from that 
date to update local 
regulations

April 2, 20132013 UDFCD Annual Seminar



Colorado Rules vs
NFIP Minimum Requirements

Standard Colorado Rules NFIP Minimums

Freeboard 1 foot No freeboard
required

Floodway ½ foot surcharge 1 foot surcharge
Critical Facilities 2 foot freeboard No specific 

standards
LOMR-F areas New structures must 

have freeboard 
above previous BFE

Area is removed 
from SFHA and no 
standards apply
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Overview of the Colorado 
Model Ordinance

• Provides a 
template for 
local 
regulations

• Integrates 
State and NFIP 
standards

• Updates 
minimum 
requirements 
and definitions
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More information

• www.cwcb.state.co.us
• Rules and Regulations 

for Regulatory 
Floodplains in Colorado, 
dated November 17, 
2010

• Colorado Floodplain 
Damage Prevention 
Ordinance

• Technical Guidance 
Document, dated 
September 12, 2011
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Expanded Guidance on Storage 
Facilities
USDCM Volumes 1 and 2 Updates

2013 UDFCD Annual Seminar April 2, 2013



https://sites.google.com/a/udfcd.org/udfcd-criteria-manual/
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Agenda

• Full spectrum detention as the recommended 
approach
• Full Spectrum Detention 101
• Allowable vs. pre-development discharge
• Drop box considerations
• Sizing methods 

• Recent Findings 
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Full Spectrum Detention as the 
Recommended Approach

Policy Chapter:
Every urban area has an initial and major drainage system, whether 
or not they are actually planned and designed.
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Full Spectrum Detention - Advantages

• Addresses the flows responsible for carrying 
the most bed load 

• Better resembles pre-development conditions 
over an entire watershed, even with multiple 
independent detention facilities
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• Excess Urban Runoff Volume (EURV)
• Full spectrum detention (includes 100-year)

April 2, 20132013 UDFCD Annual Seminar

Full Spectrum Detention 101



Excess Urban Runoff Volume (EURV)
April 2, 20132013 UDFCD Annual Seminar
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Allowable vs. Pre-development Release Rates
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Replicating Pre-development Peak Discharge
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Drop Box Considerations
April 2, 20132013 UDFCD Annual Seminar

• Maintenance access
• Ensure neither the crest of the box nor the 

(partially clogged) grate limit flow
• Safety (trapping velocity): Use Volume 3 figure 

(OS-1) while ensuring that velocity does not 
exceed 2 fps.
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Sizing Methods
April 2, 20132013 UDFCD Annual Seminar



Recent Observations on Integrated Facilities 

• UDFCD Policy on Maintaining Criteria

2013 UDFCD Annual Seminar April 2, 2013



Review of 23 EDBs in the UDFCD region 

• Determine cause of clogging:
• Criteria can be improved 
• Criteria was not met 
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• Micropool not well defined 
(no initial surcharge volume)

• Soft bottom micropool
• Soft trickle channels



• No micropool or 
insufficient depth



• “Micropool”



• Lack of maintenance
• Orifice plate removed or 

modified
• None had gaskets
• 9 of 23 were loose (or off)



• Well Screen removed
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• Trash rack not 
appropriate for orifice 
diameter 
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• Unprotected orifice plate
• Insufficient trash rack width 



• Lack of micropool
maintenance



• Scary maintenance
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Questions…

April 2, 20132013 UDFCD Annual Seminar

Holly Piza, PE
hpiza@udfcd.org



The New NOAA 
Atlas: What’s 

Changed?

Shannon Tillack, P.E.
Wright Water Engineers, Inc.

Ben Urbonas, P.E., D.WRC
Urban Watersheds, LLC

2013 UDFCD Annual Seminar April 2, 2013
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NOAA Atlas 14: Precipitation-Frequency Atlas of the 
United states

Volume 8 Version 1: Midwestern States

• Fall 2012 NOAA released draft NOAA Atlas 14

• Peer review from October 11 – November 16, 2012
o Evaluate accuracy of metadata
o Evaluate reasonableness of point precipitation frequency estimates 

and their spatial patterns

• Received comments from 46 individuals including 
USACE, USGS, State Climatology Offices, Water 
Management Districts, etc.

• Final Atlas 14 published by mid-April 2013
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Isopluvials of 2-Year, 1-Hour Precipitation (inches)



Comparison of NOAA Atlas 2 to Draft NOAA Atlas 14
2-yr, 1-hour
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Comparison of NOAA Atlas 2 to Draft NOAA Atlas 14
100-yr, 1-hour
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Changes to Point Precipitation Depths Affect….. 

• The design of all 
stormwater management 
facilities

• The regulation of all 
future floodplain 
delineation and watershed 
master planning projects

• Sizing of the “minor” 
storm sewers

• Could result in facilities 
that provide less 
protection to the public 

• Delineation of flood 
hazard zones that could 
result in less adequate 
safeguards against flood 
damages

2013 UDFCD Annual Seminar April 2, 2013

Any significant changes to point rainfall values have to be fully 
defensible for UDFCD to adopt the draft Atlas values



Meeting with UDFCD, NOAA, NWS, CWCB, State 
Climatologist, City of Ft. Collins to discuss….

2013 UDFCD Annual Seminar April 2, 2013

• Differences between 
NOAA Atlas 2 and 
draft Atlas 14

• NOAA’s methodology 
in developing draft 
Atlas 14 point 
precipitation values

UDFCD provided comment letters to 
NOAA



1. Consider showing 
changes in the point 
rainfall information 
in the draft Atlas 
only if the 90% 
confidence intervals 
for the point rainfall 
depths from the 
1973 Atlas and the 
draft Atlas do not 
overlap.

Otherwise the shift 
in the mean is not 
statistically justified
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UDFCD Comment #1
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Mean Storm Depth using 1-hour Data

Period of 
Analysis:

08/02/1948 
to 

11/27/1990

08/02/1948 
to 

07/01/2011

08/01/1995 
to 

07/01/2011

Years in 
Record:

42 63 16

Mean 
Storm 
Depth

(inches)

0.42 0.36 0.24

2.   In 1995, the 
Denver Stapleton 
gage minimum 
reporting depth 
changed from 0.01 
inch to 0.1 inch.

The way the 
rainfall depths are 
recorded after 
1995 may be 
underestimating 
the true rainfall 
depths. 
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UDFCD Comment #2

Notes:
New storm defined by 6-hr of no rain
Includes only storm events > 0.1 inch



3.   Draft NOAA Atlas 
14 used annual 
maximum hourly 
clock precipitation 
depths vs. actual 
annual maximum 
1-hour precipitation 
depths (not hourly 
clock dependent).

2013 UDFCD Annual Seminar April 2, 2013

UDFCD Comment #3

• Used UDFCD’s ALERT data to 
determine the ratios between 1-hour 
clock depths and maximum depths 
recorded within 60 minutes
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• Kevin Stewart extracted 1-hour maximum depths recorded 
from 11 ALERT gages within a 2-mile radius of the NCDC 
reported gage site

• Compared these to the annual maximum hourly clock 
depths of the nearest NCDC gage

• Based on this analysis, the NOAA hourly clock-dependent 
annual maximum depths underestimate the actual 1-hour 
intensity (not clock dependent) by approximately 3% to 
38%.

Question the One-hour maximum rainfall depth
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Question the One-hour maximum rainfall depth

% Difference in Arithmetic Mean of Maximum 1-hour 
Precipitation Depths = 27% at Lena G. & 6th Ave. Gage



Next Steps
• NOAA has already responded to UDFCD’s comments

• They think the final numbers will be closer to Atlas 2

• Review final Atlas 14 point precipitation depths

• Review all of NOAA’s responses to UDFCD comments

• Identify and address issues that may affect UDFCD’s 
recommendations for:
• Sizing of facilities (storm severs, detention, etc.) 
• Delineation of flood hazard zones

• Work with cities/counties to identify what changes, if any, 
should be incorporated into the USDCM
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QUESTIONS?
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NO MOSS GROWING HERE
Kyle Hamilton – CH2M Hill
Shea Thomas – Master Planning
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Construction 
Specifications Update

• Updated to 
Construction 
Specifications 
Institute (CSI) format

• Front end documents, 
technical specs, and 
measurement and 
payment updated

• Sections are posted 
to UDFCD.org as 
they become 
available
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Electronic Bid Form

• Engineer prepares the E-Bid Form based on project elements
• Over 500 commonly used items are included
• Bid Item terminology and pay units are now standardized
• Non-standard items can be entered
• Integrates with Online Bidding
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Bid Tabs Program

• Database of 
UDFCD projects 
used for estimating 
construction costs

• Updated to use 
new Bid Item 
terminology

• Provides 
consistency with a 
new static 
Measurement and 
Payment 
specification
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Online Bidding

• Used by Contractors for 
bidding on projects

• E-Bid Form data is 
imported by UDFCD staff

• Contractor logs-in to 
QuestCDN via UDFCD.org

• Contractor uploads required 
bid documents and enters 
unit costs
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Bid Opening

• Bid period closes
• Conduct bid opening
• Bids reviewed by 

UDFCD
• Apparent low bidder 

published online
• Notice of Award 

provided to winning 
contractor
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Bid Tabs Integration

• Online bid data for all bidders is migrated into Bid Tabs
• New bid information is ready to use when estimating costs for 

future projects
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Schedule and Training

• New tools are 
expected to rollout 
this summer

• UDFCD will 
provide training to 
those that will 
regularly use the 
tools

• Go to 
www.UDFCD.org
for the latest updates
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NO MOSS GROWING HERE
Kyle Hamilton – CH2M Hill
Shea Thomas – Master Planning
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Master Planning

• Box Elder Creek MDP & FHAD

• Coal Creek/Rock Creek MDP & FHAD

• Dry Gulch OSP

• East Toll Gate Creek MDP & FHAD

• Town of Erie OSP

• Globeville/Utah Junction OSP

• Happy Canyon Creek MDP & FHAD

• Kalcevik Gulch MDP
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• Newlin Gulch MDP

• North Dry Gulch MDP

• Sand Creek MDP & FHAD

• Sanderson Gulch MDP & FHAD

• South Boulder Creek MDP

• Weir Gulch MDP & FHAD

• West Toll Gate Creek MDP & FHAD

• Westerly Creek MDP & FHAD
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“If you don’t have time to do it right, 

when will you have time to do it over?”

– John Wooden

Questions?



David Bennetts, UDFCD
Kiel Downing, Corps of Engineers 

Richard Clark, EPA 
Mary Powell, ERO Resources 
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How the District Violated the Clean 
Water Act, and How You Can Avoid 

Doing the Same
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Presentation Overview
Urban Drainage ‐ District’s History with 

Enforcement Actions

USACE – Sediment Removal Authorizations
Corps Role in Enforcement Actions

EPA – Role in Enforcement Actions

ERO Resources – General Guidance &       
Considerations for 404 Permits
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District has been in business for 44 years and actively 
doing construction projects for about 40 of those years

All of those projects were construction along the major  
drainageways, and requires review and approval from  
the USACE

Projects Funds Spent

CIP Over 600 $225,400,000

Maintenance & SPR Over 2500 $201,847,000

Totals Over 3100 $427,247,000
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Coal Creek, Boulder County – 1993

Piney Creek, Arapahoe County ‐ 2012

District  - 404 Permit Violations
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Coal Creek
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Coal Creek
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Coal Creek
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Coal Creek
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Coal Creek
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Coal Creek
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Piney Creek
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Piney Creek
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Piney Creek
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Piney Creek
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Piney Creek
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Piney Creek
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Piney Creek
Mitigation Project 

•Address adverse effects of sediment removal project

Supplemental Environmental Project (SEP)
•To Stabilize Banks on upstream reach of Piney Creek

Pay a Fine
•Offset by SEP

Improved Process at District
•Avoid future violations

Discuss at our Annual Seminar
•Educate Others
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Mitigation Project
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Supplemental Environmental 
Project
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Improved Processes at  District

New Clean Water Act Section 404 Protocol

 Each project reviewed by outside consultant with 
expertise in Section 404 Authorizations 

Consultant prepares all submittals to the Corps and 
facilitates coordination 

Consultant remains on the project team to address 
changes as they arise
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David Bennetts
dbennetts@udfcd.org



U. S. Army Corps of Engineers
Section 404 

Denver Regulatory Office
9307 S. Wadsworth Blvd

Littleton, CO  80128
303-979-4120

https://www.nwo.usace.army.mil/html/od-tl/tri-
lakes.html
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404 Jurisdiction
• Regulatory Jurisdiction

- based on activity being undertaken
- triggered by the placement of fill

• Geographical Jurisdiction
- Rapanos Guidance
- Isolated Waters
- Preamble Waters
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Jurisdictional Waters

• All surface waters such as rivers, creeks and tributaries
- jurisdiction based on flow regime
- duration, volume and frequency
- can include man-made tributaries

• All wetlands adjacent to these waters

• All impoundments of these waters
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Non-Jurisdictional Waters
• Isolated Waters with no nexus to interstate commerce

• Preamble Waters – case-by-case basis (no RPW flow)
- Non-tidal drainage and irrigation ditches excavated on dry land

• - Artificial lakes or ponds created by excavating and/or diking dry 
land to collect and retain water and which are used exclusively for 
such purposes as stock watering, irrigation, settling basins
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Non-Regulated Activities
Sediment Removal

• Dredging /Excavation– excavated material removed and placed 
in uplands

• Activity cannot push or scrape sediment into a pile

• No channel shaping or regrading of banks

• No temporary fill for access or dewatering
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NWPs

3 Maintenance
(a) repair/rehabilitation – no PCN
(b) sediment removal up to 200’ of structure – PCN
(c) temp work or structures

7 Outfalls
- require PCN
- activity must comply with NPDES Program
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NWPs
12 Utility Lines

- must restore to preconstruction contours

13 Bank Stabilization
- 500’ limit
- 1 cy per running foot, unless bioengineering techniques are 
used

18 Minor Discharges
- 25 cy discharge, 10cy PCN, no diversions
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NWPs

33 Temporary Construction/Access/Dewatering
- PCN

43 Stormwater Management Facilities
- 0.5 acre/300’ impact
- PCN for expansion or construction of facilities
- does not authorize construction in perennial      streams
- No PCN for maintenance
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Regulated Activities
NWP 3 – Maintenance

• Repair, rehabilitation, or replacement of structures (3a)
- currently serviceable
- only minor deviations from original design

• Removal of accumulated sediment and debris in the vicinity of 
existing structures (3b)

- Cannot exceed 200 feet linear from the structure
- New or additional riprap to protect the structure

• Allows temporary fills and structures during work (3c)
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Regulated Activities
NWP 43 – Sediment Removal

• Stormwater ponds and detention/retention basins
• construction
• maintenance (including maintenance dredging)

• <0.5 acre/<300 linear feet of impacts to WUS
• may be waived for intermittent streams at Corps’ discretion

• No new stormwater management facilities in perennial streams
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USACE Role in Enforcement
Actions

• Initial Investigations

• Referral to EPA

• Support and Assistance/Permitting of Completed Enforcement 
Actions  (NWP 32)
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USACE Lead Enforcement
Actions

• Voluntary Restoration

• Restoration Order or Settlement Agreement

• Civil Penalties ($32,500 per violation per day)

• Referral to DOJ
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U. S. Army Corps of Engineers
Section 404 

Kiel Downing
US Army Corps of Engineers
Omaha District – Denver Regulatory Office
9307 South Wadsworth Blvd.
Denver, CO  80128
kiel.g.downing@usace.army.mil
(303) 979-4120
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U.S. Environmental Protection 
Agency (EPA)

Richard Clark
Clean Water Act, Section 404 Enforcement Program

clark.richard@epa.gov
(303) 312‐6748



EPA Region 8 Clean Water Act Section 404 Program

The CWA Section 404 program is jointly administered by 
EPA and the Corps

• States covered by EPA Region 8 (Utah, Colorado, 
Wyoming, Montana, South Dakota and North Dakota)

• CWA Section 404 permit review

• CWA Section 404 enforcement 



When does EPA take an enforcement 
action?

• Repeat violator 

• Flagrant violator (knowing and willful)

• Requests specific cases or actions

• Impacts occurred to a high value ecological system



What does it mean when EPA takes a 
case?

• EPA does not issue permits.

• Violator in most cases will be required to

1. Remove the unauthorized fill from waters of the 
U.S.

2. Restore the area to it pre violation condition

3. Mitigate for impacts to waters of the U.S.

4. Penalty 



Richard Clark
clark.richard@epa.gov
(303) 312‐6748

Kenneth Champagne
champagne.kenneth@epa.gov
(303) 312‐6608

Monica Heimdal
(303) 312‐6359
heimdale.monica@epa.gov

Clean Water Act -
Section 404 Enforcement 
Program Contacts



ERO Resources

Mary Powell

mpowell@eroresources.com

(303) 830‐1188



NEW DISTRICT COMPLIANCE PROCEDURES

• All Projects Get Reviewed by Consultant

• Regulatory review

• Consistency

• Consultant is Primary Corps Contact

• Consistency

• Quarterly Lunch and Learns

• Regulatory updates and share knowledge
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To Permit or Not to Permit?

That is the Question…for the Corps.
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FIVE MINUTE VERSION

OF AN HOUR TALK ON 

SECTION 404 OF

THE CLEAN WATER ACT
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REGULATED ACTION
Discharge of dredged or fill material

• Addition of material – bank reconstruction, 
drop structure

• Redeposit of material – bulldozing material, 
shaping with bucket
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REGULATED AREAS

• 40 CFR 230.3(s) The term waters of the United States means:
• All waters which are currently used, or were used in the past, or may be susceptible to use in interstate or foreign 

commerce, including all waters which are subject to the ebb and flow of the tide;
• All interstate waters including interstate wetlands;
• All other waters such as intrastate lakes, rivers, streams (including intermittent streams), mudflats, sand flats, wetlands, 

sloughs, prairie potholes, wet meadows, playa lakes, or natural ponds, the use, degradation or destruction of which could 
affect interstate or foreign commerce including any such waters:

• (I) Which are or could be used by interstate or foreign travelers for recreational or other purposes; or
(ii)(From which fish or shellfish are or could be taken and sold in interstate or foreign commerce; or
(iii) Which are used or could be used for industrial purposes by industries in interstate commerce;

• All impoundments of waters otherwise defined as waters of the United States under this definition;
• Tributaries of waters identified in paragraphs (s)(1) through (4) of this section;
• The territorial sea;
• Wetlands adjacent to waters (other than waters that are themselves wetlands) identified in paragraphs (s)(1) through (6) of 

this section; waste treatment systems, including treatment ponds or lagoons designed to meet the requirements of CWA 
(other than cooling ponds as defined in 40 CFR 423.11(m) which also meet the criteria of this definition) are not waters of 
the United States.
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TYPES OF PERMITS
• Individual Permits

• Regional General Permits

• Nationwide Permits
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POST PERMIT CHANGES (Design or Field)

• ASK FIRST!!

• Coordinate with consultant

• Coordinate with the Corps
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MINOR vs. MAJOR AMENDMENT

• Minor
• Reduced impacts
• Small changes in location, details

• Major
• Increased impacts
• Different approach to solution
• Major amendment goes back to public 
notice
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DURING CONSTRUCTION
• Integrated Team

• Owner, Engineer, Consultant, Contractor

• Pre‐construction Meeting

• Identify permit requirements ‐ Legally binding

• Site Preparation

• Protect sensitive areas, clearing, dewatering, 
access

• On‐site Construction Monitoring

• Owner’s rep

• Immediate correction
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VIOLATIONS
• Unpermitted discharge

• Disclose minor discharges

• Permit violations

• Excess discharge/disturbance

• Not built to permit

• Monitoring
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LESSONS LEARNED
• Identify Potential WUS

• Is there a regulated area? ASSUME NOTHING!

• Coordinate with Agencies

• What is required?

• Continue to communicate

• Develop a Strategy

• Avoidance and Minimization

• Permitting Approach

• Compliance
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Keep current

Sooner is better than later

Do not let permits expire

Equity is in concrete

Resources can be dynamic

Construct what you 
permitted

Build credibility with agencies

Follow through on 
commitments

Include permitting and 
compliance in schedule

MORE LESSONS LEARNED



Sculpted Concrete 
Drop Structures
Design Criteria and Construction Guidance
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NOT THE ONLY OPTION !
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History
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• Soil Cement
• Early 1990s

Shop Creek, Cherry Creek State Park



History

Grange Hall Creek, City of Thornton
Sculpted Concrete, Late 1990s
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Additional Resources
• Sculpted Concrete

• Sculpted Concrete 
Finishing

• GFRC (Glass Fiber 
Reinforced Concrete) 

USDCM Update
2013 UDFCD Annual Seminar
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Background

• Denver metro area geology primarily consists of sedimentary rock.
• More than 12,000 feet of sedimentary rocks underlie Denver.

2013 UDFCD Annual Seminar

Types of Rock Description
Sandstone Grains of sand cemented together.
Shale Grains of silt and clay cemented together, usually breaking 

into flat slabs.
Conglomerate Sand and pebbles deposited as gravel and then cemented 

together.
Limestone A sedimentary rock composed mostly of calcite, deposited as 

a limy mud.  Usually white or gray, often containing fossils.
Claystone Composed of clay sized particles (less than 1/256 mm in 

diameter) cemented together.



Background

Exposed Sedimentary Rock
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Background

Exposed Claystone Layers
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Background
Red Rocks Park
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Simple Sculpted Concrete 
Drop Structures
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Simple Structure
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Plan View



Simple Structure
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Profile and 
Cross Sections



Complex Sculpted Concrete
Drop Structures
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Complex Structure
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Standard Plan View



Complex Structure
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Detailed View
• Point Elevations
• Slope Arrows
• Descriptions



Design Considerations
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Prioritize Safety! 
• Keep Vertical Step Heights less than 30 

inches
• Provide at least one 12 inch wide step 

for every 30 inches of vertical.
• Sloped Surfaces are Acceptable, Provide 

Roughened Surface Texture



Design Considerations
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• 10 inch Concrete 
Thickness

• No. 4 Steel bars at 
9-inch on Center, 
or Equivalent



Design Considerations
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Interface with Cutoff Wall
• Weld Steel to Sheet Pile
• Tie Cutoff Wall Steel to Structure Steel



Design Considerations
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Perimeter Edge Wall
• 2’-6” to 3’ Deep

Potential for ErosionBuried Riprap



Finishing
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• Stamping

• Troweling, Sculpting, and Carving

• Top Dressing with Sand, Gravel, 
Cobbles, or other Material

• Vegetation Seams, Pockets, or Beds

• Coloring/Staining



Stamping

Polyurethane Skin or Mats
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Troweling, Sculpting and 
Carving

Natural Rock
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Concrete



Top Dressing

Natural Rock
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Concrete



Vegetation
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Nature



Vegetation
Subgrade Preparation
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Vegetation

Form Pockets in Concrete
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Vegetation

Engineered
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• Landscape Architect
• Ecologist



Staining

• Concrete Stains
• Watered Down Latex Paint
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Bring it all Together



Bring it all Together
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Construction Guidance

Subgrade Preparation
• Dewatered Conditions

• +/- 2% Optimum Moisture and 95% Maximum Dry Density

• Cover Subgrade with Plastic to Prevent Excessive Drying
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Construction Guidance
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Shotcrete Skin Coat
• 1-2 inches of Shotcrete on Subgrade

• Protects the Subgrade

• Keeps Steel Reinforcement Clean

• Reduces Weather Delays



Construction Guidance
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Concrete Placement Tips
• Paint Texture Lines

• Distribute Example Photos

• Construct a Test Panel



Construction Guidance
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Construction Oversight
• Engineer/Designer

• Landscape Architect/Ecologist



What’s Next ?

Sculpted Concrete Jetty
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What’s Next ?

Sculpted Concrete Log Structure
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What’s Next ?
Learn from Others
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What’s Next ?
Is that Real Rock?
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Amanullah Mommandi, P.E. M.S.
CDOT
Hydraulic Program Manager
Tel: (303) 757-9044
amanullah.mommandi@state.co.us
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Step 1. Go to Google and Type: Colorado Flood 
Database
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Step 2: Click on
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Select
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Select place
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Adams county 
and then click on  

Select
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Dolores River 
near Slick 

Rock



Questions?
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User Interface and File Management 
Improvements to the Colorado Urban 

Hydrograph Procedure (CUHP)

Derek Rapp - Peak Stormwater Engineering
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Overview of CUHP Update
• Created a standalone Excel spreadsheet that does not 

require separate code files for the math engine
• Simplified the user interface by removing unnecessary 

worksheets and consolidating user-input cells
• Updated the rainfall depth-area reduction factors 

(DARFs) and effective imperviousness calculations to 
be consistent with recent USDCM updates

• Added tools to allow the user to change input units and 
to run reasonableness checks on these inputs

• Added a check to compare SWMM target nodes for 
consistency with the actual SWMM input file

• Ability to create a single input file and then run several 
CUHP scenarios to generate multiple output files
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Intro Sheet
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Intro Sheet

Time Step and 
File Settings have 
been moved to 
the Intro Sheet
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Intro Sheet

Shortcuts to other 
worksheets

• Raingages
• Subcatchments
• Multiple Runs
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Intro Sheet

New tool added 
to check 
Subcatchment 
input parameters 
for 
reasonableness
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Intro Sheet

New tool to 
check that user-
entered SWMM 
nodes are 
consistent with 
node names in 
SWMM input file 
(.inp)
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Raingages Sheet
Minor changes to 
the worksheet 
layout were made
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Raingages Sheet
Minor changes to 
the worksheet 
layout were made
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Raingages Sheet
Minor changes to 
the worksheet 
layout were made
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Raingages Sheet

However, the underlying rainfall distributions and depth-
area reduction factors (DARFs) were updated consistent 
with recent changes to the USDCM and the UD-Rain 
spreadsheet.
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Subcatchments Sheet
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Subcatchments Sheet

The SWMM Node corresponding to the Subcatchment 
Name has been has been moved into this worksheet.  
The Print Mode option has been removed and all 
subcatchments now use the old Option 3.
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Subcatchments Sheet

User can change 
units for input 
length and area 

Feet and Sq. Ft. Feet and Acres
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Subcatchments Sheet

User can check their inputs 
for reasonableness



2012 UDFCD Annual Seminar April 10, 20122012 UDFCD Annual Seminar April 10, 2012

Subcatchments Sheet

User can check their inputs 
for reasonableness
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Subcatchments Sheet

Highlights: A < 5 acres &  A > 5 sq.mi.  
In these ranges, special guidelines apply.
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Subcatchments Sheet

Acceptable Range is: 
Values less than 0.3 are questionable 
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Subcatchments Sheet

Acceptable Range is:   ;

values greater than 4 are questionable 
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Subcatchments Sheet

Highlights: S < 0.005 &  S > 0.08 ft/ft
In these ranges, results may not be accurate
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Subcatchments Sheet

When checking SWMM nodes for consistency, 
any nodes not found in the SWMM input file 
(.inp) will be highlighted
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Multiple Runs Sheet

Allows the user to create a single input file that 
will run several different scenarios and create 
multiple output files
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Multiple Runs Sheet

Allows the user to create a single input file that 
will run several different scenarios and create 
multiple output files
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Multiple Runs Sheet

These imperviousness values will be copied and 
pasted to the subcatchments sheet for each 
scenario.

The user can then enter existing and 
future percent imperviousness values
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Multiple Runs Sheet

The next step is to create a table of the 
available raingages with area correction
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Multiple Runs Sheet

The user can then fill 
out the table with the 
appropriate depths from 
UD-Rain or the NOAA 
Atlas
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Multiple Runs Sheet

The user can then fill 
out the table with the 
appropriate depths from 
UD-Rain or the NOAA 
Atlas
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Multiple Runs Sheet

The final step is create input file scenarios by 
selecting an ID, Landuse, return period and 
correction area for each scenario.



2012 UDFCD Annual Seminar April 10, 2012

Multiple Runs Sheet

The final step is create input file scenarios by 
selecting an ID, Landuse, return period and 
correction area for each scenario.
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Multiple Runs Sheet

Once all input scenarios are created, a push
of the button creates all of the output files.
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For each scenario 
CUHP creates the 
following files:
• database (.mdb)
• Output 

Summary 
(.xlsx)

• SWMM Inflow 
hydrographs 
(.txt)

Multiple Runs Sheet

A prefix is added to each output file in the form of:
RunID_Landuse_RetPeriod_CorrectionArea
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Summary
• Standalone Excel spreadsheet that anyone 

can open and run without installing software 
package.

• Simplified user interface with additional 
tools to check for reasonableness of inputs

• Updated code to be consistent with USDCM
• Tool to check consistency between SWMM 

nodes and SWMM input file
• Running multiple scenarios from a single 

input file enhances file management and 
prevents repetitive input mistakes for     
large watershed studies
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Questions ?
or

Comments !



Real-Time Flash Flood 
Forecasting Using New 
Hydrologic Models
Kevin Stewart, P.E. – Manager/UDFCD Information 
Services & Flood Warning Program
Baxter Vieux, Ph.D. P.E. – Principal/Vieux & Associates, 
Norman, OK
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Forecast locations and 
Fourmile Burn Area

Boulder Creek and 
Fourmile Burn Area

Forecast Seasons 
• 2011 and 2012
• Beginning 2013
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Radar/Gauge Technology

• NEXRAD radar 
provides detailed 
mapping of 
reflectivity

• Conversion to 
rainfall rates

• Adjusted to match 
rain gauge 
amounts (Alert)

• Gauge-adjusted 
radar rainfall 
(GARR)
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Alert

Radar



Modeling technology

• Vflo® is a gridded 
model that depends on 
hydraulics to predict 
flash floods

• Uses gauge-adjusted 
radar rainfall 
intensities

• Outputs hydrographs 
at locations within the 
drainage network.

• Email notifications of 
predicted flood stage.
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How much added lead-time?

Three storms produced 
some flooding
• July 13, 2011
• July 7, 2012
• July 30, 2012
Different predictability
• Depends on where 

the storm cell 
developed

• Its persistence and 
storm track over the 
burn area

April 2, 20132013 UDFCD Annual Seminar

QPF – evaluation



Quantitative Precipitation 
Forecasts – QPF

• Automated algorithm 
applied to 

• Motion detected 
from successive 
radar scans 

• Projected forward 
with 
intensification/dec
ay

• Generate forecast 
rainfall intensities

• Input added to 
GARR
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Lead-time until peak 
or a defined threshold
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Hydrologic lead-time
QPF + QPE

• Added 42 minutes of lead-time 
during the July 13, 2011 event 
and 

• 45 minutes during the July 7, 
2012 event, but minimal time 
during July 30, 2012
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Fourmile Canyon Creek at Broadway (9003) for July 13, 2011

a) Generated at 18:05 

b) Generated at18:50 

c) Generated at 18:55 



July 30, 2011 Fourmile Canyon 
Creek at Broadway, Boulder
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July 30, 2011 Fourmile Canyon 
Creek at Broadway, Boulder



Summary

Yes we can with a high resolution 
rain gauge/radar technology.

 It takes a distributed model to 
handle the variability of the 
rainfall.

Additional lead-time from QPF 
depends on where the storm cell 
forms

Even in the downstream areas 
from the Fourmile Burn Area 
there is time to take action.

Can we 
forecast a 
flood in real-
time?
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Things We Learned the 
Hard Way

2013 UDFCD Annual Seminar April 2, 2013

David Skuodas, Rich Borchardt, Bryan 
Kohlenberg, Barbara Chongtoua









Our Dealings with 
Cynomys ludovicianus
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David J. Skuodas
dskuodas@udfcd.org



Prairie Dogs



108th Ave



Existing Conditions
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Existing Conditions
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Existing Conditions
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108th Ave





Bank Protection Details

• Wrapped soil lifts
• Biolog toe 

protection
• Vegetated slopes 

with and without 
boulder toe

• Tie-ins between 
improvements 
and no 
improvements
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Prairie Dog 
Countermeasures

• “Scooching”

• Add’l Silt Fence

2013 UDFCD Annual Seminar April 2, 2013





Chicken wire almost as effective



During Construction
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Prairie Dog 
Countermeasures

• Add’l Silt Fence

• “Scooching”

• Prairie Dog Fence

• Fence Maintenance

• Select Fumigation
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Pre-Construction



Mid-Construction



Post-Construction







Prairie Dog Fence
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Prairie Dog Fence
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Prairie Dog Fence
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Fence Performance
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Fence Performance
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Fence Performance
2013 UDFCD Annual Seminar April 2, 2013





Fence Performance
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Fence Performance
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Prairie Dog 
Countermeasure Cost

• “Scooching” = $1,000
• Add’l Silt Fence = $12,615 

($1.50/LF)

• Prairie Dog Fence = $35,542 
($11.67/LF)

• Fence Maintenance = $4,275
• Fumigation = $5,518 

($250/month)

Total Cost 
= $58,950

Vegetation Cost 
= $350,000
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404 Permit Monitoring
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Benefits of 
Countermeasures
2013 UDFCD Annual Seminar April 2, 2013
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108th Ave



Conclusions

• Know your local politics
• Fence helps but will be compromised
• Buried fence works better but costs 

more (use metal T-posts)
• Fumigation helps but must be 

continuous
• Anything short of total extermination 

does not work (BE REALISTIC)
• Consider mitigation options –

mitigation credits? (~$65K/acre)

Do What’s 
Right for 

Your Project
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David J. Skuodas, dskuodas@udfcd.org
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Close Encounters of the Fence Kind
Richard G. Borchardt, rborchardt@udfcd.org
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Goldsmith Gulch – Peakview to Caley
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Goldsmith Gulch – Peakview to Caley
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The Problem with Fences…
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What does UDFCD think?

• Concrete Channel Section:
A 6-foot-high chain-link or comparable fence shall 
be installed to prevent access wherever the 100-year 
channel concrete section depth exceeds 3 feet. 
Appropriate numbers of gates, with top latch, shall 
be placed and staggered where a fence is required on 
both sides of the channel to permit good 
maintenance access. Fence is constructed on top 
culvert. Water pool and riprap in bottom of culvert.

• Storage Chapter :
Often designers use trash racks and/or fences to 
minimize hazards. These may become trap debris, 
impede flows, hinder maintenance, and, ironically, 
fail to prevent access to the outlet. On the other 
hand, desirable conditions can be achieved through 
careful design and positioning of the structure, as 
well as through landscaping that will discourage 
access (e.g., positioning the outlet away from the 
embankment when the permanent pool is present, 
etc.). Creative designs, integrated with innovative 
landscaping, can be safe and can also enhance the 
appearance of the outlet and pond. Such designs 
often are less expensive initially. 

General opinion is no fences in the floodplain is the preferred solution.
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No Problem…Bottom is break away.



Two homes are in the floodplain.
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What happens when the 
fence is an obstruction to the 
floodplain?



Houston…We Have a Problem.
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What do we do now?…Close Encounters of the 
Fence Kind.
2013 UDFCD Annual Seminar April 2, 2013

• Remove the Fence?
• Wait until something 

happens or changes?
• Call in extra 

terrestrial help?
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• Hire an experienced and 
innovative engineer…they can 
solve anything.

• A balanced approach…evaluate 
the risks and benefits of each 
decision and look for ways to 
minimize risks while 
maximizing benefits.  

• Work with patient and 
persevering local 
governments…who can 
navigate the land acquisition 
and public outreach.

What we did…
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What we did…

• Floodplain goes 
through 3’ (tall) by 
15’ (wide) 3-sided 
box culvert.

• Fence is constructed 
on top culvert. Water 
pool and riprap in 
bottom of culvert.



The Solution = Floodplain Management +
Managing Risks + Patience
2013 UDFCD Annual Seminar April 2, 2013

• Floodplain Management …use 
to avoid bigger problems later.

• A balanced approach manages 
risks…involves some 
compromise and additional 
expense.  Project moves 
forward if benefits outweigh 
risks.

• Waiting to do a project …the 
risks outweigh the benefits.  
Project waits for shift in 
circumstance to move forward.



Close Encounters of the Fence Kind
Richard G. Borchardt, rborchardt@udfcd.org
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BEWARE !!  LOW-FLOW 
CROSSINGS  AHEAD !

Bryan W. Kohlenberg, PE, CFM
DCM – Senior Project Engineer

bkohlenberg@udfcd.org
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BEWARE OF LOW-FLOW CROSSINGS?

SERIOUSLY ?  …WHAT ARE YOU 

TALKING ABOUT ?
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Go Big!
Obviously Not This
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Not This!
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Not Even This!
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YES…..  Like This One
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Lakewood Gulch

Lakewood Gulch 
at 8th and Teller Street

Lakewood – Jefferson County

What We Did, Why We Did It, 
What We Learned

(The Hard Way)



Lakewood Gulch
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Lot Lines

Older Residential Neighborhood

LKWD CC

Play Area



Lakewood Gulch
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100-Yr Floodplain LKWD CC

Older Residential Neighborhood

Q100 = 6,390 CFS
Q10 = 4,080 CFS
Q5 = 2,370 CFS
Q2 = 880 CFS



Lakewood Gulch – Existing Problems
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Failing BanksFailing Walls

Downstream



Lakewood Gulch – Existing Problems
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Sewer Protection

Foundation Protection

Upstream
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Lakewood Gulch - Existing

Subject Private Bridge To Backyard Play Area
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Lakewood Gulch - Existing

Upstream

Downstream

Neighbor Bridge Crossings
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Lakewood Gulch - Solution

Boulder Lined Channel Design Section 
Slightly Wider
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Lakewood Gulch

“Looks Great, But Where’s My Bridge?
I Can’t Get To My Property”
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Lakewood Gulch

POINT: The existing bridge will not fit the new widened 
channel section, but the homeowner insists upon having a 
bridge.
COUNTERPOINT: The District does not specifically 
address private bridges nor do most local, state, or federal 
floodplain regulations

WHAT WOULD YOU DO ?
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Lakewood Gulch

“The Zimmerman Family”
Remember… You’re dealing with them too!!
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1. Don’t construct project if property owner just can’t live without the 
bridge crossing.

2. Remove the bridge and place aside during construction.  Let 
property owner mysteriously deal with it.  If it comes back owner 
may be cited. 

3. Require property owner to re-design and build their bridge to 
comply with local floodplain regulations. 

4. Design and construct a permanent bridge that won’t become debris 
and won’t increase flood risks upstream.

5. Use breakaway/tethered bridges if local floodplain regulations 
don’t prohibit.

Possible Options:
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Lakewood Gulch

Concrete Box Low Flow Crossing 
The Permanent Solution!

HERE’S WHAT WE DID
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Lakewood Gulch

Everyone’s Happy!

Finished Low Flow Bridges
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Lakewood Gulch

6:30am call: “Help, Your Bridge Is Not Working !”

At Least This 
One’s Clear !!

June 6, 2012 Storm

4–ft deep scour hole
(Thankfully)

Debris 
Line

Qest. = 450 CFS
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Lakewood Gulch

June 6, 2012 Storm

4 houses upstream

Tethered upstream wooden bridge 
was unseated
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Lakewood Gulch

Bridge Removal

All Gone
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“My neighbors have a bridge - Why can’t we?”  
“It was there when we bought the place” 
“We have to have access to our backyard to 
maintain it” 
“Why can’t you build us a new bridge?”
“Can you reset the bridge after the flood?”

Owner’s Position:
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Things To Consider:

Don’t Replace Bridge
Don’t do project
Backyard property swap
Floodplain preservation

Replace/Build New Bridge
If the bridge opening becomes plugged where does the 
overflow go?  Is there overbank capacity?
Permanent vs. Tethered
Safety issues
Liability issues – Release of?
Debris potential
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Here’s What We Learned:

Floodplain preservation and backyard swap to eliminate 
bridge not popular with property owners, however, District 
encourages these techniques first.

Debris happens so plan for it – Just modeling small 
openings plugged may not be enough.

 It’s not all about the 100-year flood – Identify critical 
flow thresholds.

 Lighter (wood) bridges unseat easy, float and align with 
flow, but must be tethered to one side.

 Build relationships with property owners and educate.
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Lakewood Gulch

Completed Project
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Lakewood Gulch

In the end it fit!
Our Problem Solved?

FOR NOW!!!!!



Vegetation and Hydraulics –

Barbara Chongtoua, bchongtoua@udfcd.org
2013 UDFCD Annual Seminar April 2, 2013

What we have GROWN to 
know…is that we are saplings in 
our understanding
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Marcy 
Gulch,
Douglas 
County
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West Harvard Gulch,
Denver County



Consider the
Balance
of
Function 
(Hydraulics) 
and Form
(Vegetation)
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Fringe Benefits

Natural 
Shielding Layer

Natural Soil 
Binder
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Fringe Benefits
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Fringe Benefits



A Liability?
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A Liability?

Unintentional 
Obstruction 
resulting in severe 
erosion.



Willow Syndrome
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Willows



Willow Syndrome
April 2, 20132013 UDFCD Annual Seminar

Height > 8 ft

Floodplain goes beyond the 
limits of the photo.
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A Liability?

Channel

Actual Flow 
Route



April 2, 20132013 UDFCD Annual Seminar

Anything is a Liability.
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Just Need Balance
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Just Need Balance

Harden Section Limit
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Just Need Balance

100 Year 
Cottonwood
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Flow Path



Promising
Results
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Before

After

Original 
Toe of 
Slope
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Failing Drop Structure

Low Value Riparian

Before

After

Tree

Tree



Right 
Application?

Actual Vegetated Mats grown at Native Forks Nursery
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•Be deliberate in the selection of plant species 
considering hydrology, hydraulics, and location.

•Consider the application and mature state of 
vegetation.

•Willowsyndrome
•Herbaceous vs. Woody
•Clumps vs. Lineal

•Promote open discussions and collaboration 
amongst specialists.


