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SESSION 1 
 

The Urban Drainage and Flood Control District 
Creating a Safer Community 

 

By Paul Hindman, UDFCD, Scott Tucker, UDFCD Retired, and Ken Wright, Wright Water 
Engineers 

 
ABSTRACT:   

 
In 1969 the Colorado State General Assembly created the Urban Drainage and Flood 

Control District (UDFCD).  Early on several guiding principles were developed to lessen the 

destruction floods cause in the Denver Metro area.  The discussion for our session will 

highlight many of those processes and policies which are integral to good floodplain 

management.  The major items initiated were:  

• Maintenance Eligibility-Encourages local governments to develop within 

drainageways following District criteria. 

• Floodplain Preservation-Partners with local governments to purchase flood prone 

properties 

• Stream Stabilization-Prevents drainageways from aggrading or degrading so that 

property during a major flood is not severely damaged 

• Masterplan to Maintenance-The full cycle of master planning a drainageway, 

designing improvements, construction, and then maintaining those improvements. 

• Natural and Beneficial Uses of Floodplains-Incorporating all aspects of floodplains 

during design to maximize improvements not only financially but socially and 

environmentally. 

• Flood Warning-A network of monitoring equipment used by engineering and 

meteorological professionals to alert first responders of a pending flood.    

• Floodplain Regulation-Coordinating with local governments to responsibly develop in 

flood prone areas. 

None of the programs or processes mentioned above could, alone, protect the public from 

major damage during a flood, but combined the end result was a safer community for all of 

the citizens within the District boundaries.  Our discussion will be presented by current 

and former founding fathers of UDFCD who made it all work. 
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SESSION 2 
 

E. coli Mitigation Toolbox  
 

By Jane Clary, Wright Water Engineers 
ABSTRACT:   
 
Approximately 70 stream segments in Colorado are currently identified as impaired or in 

need of additional monitoring and evaluation due to elevated E. coli concentrations relative 

to recreational water quality standards. For streams identified as impaired on Colorado’s 

“303(d) List,” typically the next step is development of a total maximum daily load (TMDL), 

which determines the load reductions needed to stream to attain recreational water quality 

standards.  In urban areas, municipal separate storm sewer systems (MS4s) may have 

additional permit requirements to reduce E. coli loading as a result of these TMDLs.   

UDFCD and the City and County of Denver along with Wright Water Engineering are 

developing a “toolbox” to provide a consolidated resource to support MS4s working to 

reduce E. coli loading to impaired waterbodies.  Although the issue of E. coli impairment in 

urban areas is complex, this toolbox has been kept as simple as possible with the intention 

of providing readers with a broad range of backgrounds a resource to develop a general 

understanding of the issues and to provide tools that may be useful for reducing E. coli 

loads from urban areas.   
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SESSION 3 
 

State of the Science (SOS)—Recognizing Flood Threats 
Hours before the Rains Come 

 

By Kevin Stewart, UDFCD, and Dima Smirnov, Ph.D., Dewberry 
 

ABSTRACT:   
 
High resolution gridded weather 

forecast models compete to answer 

the question…which one is best? 

Weather news reports frequently call 

attention to differences between 

European models and those built in 

the U.S. Canada offers some nice 

options too and meteorologists all 

seem to have their personal 

preferences. With so much invested in this research, UDFCD chose to take a closer look in 

2015 by having meteorologists from Dewberry develop a website that leverages model 

outputs to advance the art of flash flood prediction. The website presents the collective 

results from 13 different quantitative precipitation forecast (QPF) models without favoring 

any particular model. Time series graphics are used to reveal agreement between the 

models. One-hour rainfall maximums are extracted from the models and presented 

geographically. Agreement between the models suggests the likelihood for flash flooding by 

addressing four crucial questions: 1) timing, 2) location, 3) intensity, and 4) confidence. 

The combined information presents a picture of where and when heavy rainfall is expected 

hours ahead of storm development and the impact-based threat levels corresponding to 

pre-defined forecast zones. Further analysis and refinement of this tool is anticipated for 

2016. 

 

This presentation will share what was learned from initial testing during the 2015 flood 

season, which delivered the highest number of heavy rainfall threat days in the past 37 

years. 
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SESSION 4 
 

Community CRS Support Initiative and Recent Developments in the 
LOMC Process 

 

By David Mallory, UDFCD and Jenelle Kreutzer, ERO Resources 
 

ABSTRACT:   
 
Community CRS Support Initiative 

In the last year, UDFCD has taken a more active role in supporting our communities with 

their own Community Rating System (CRS) efforts.  We have an updated UDFCD CRS 

Assessment Report that reviewed the District’s activities and assessed how they currently 

support community CRS efforts.  The new UDFCD CRS Support Committee will be 

reviewing the recommendations in the report and prioritizing potential projects from it in 

the upcoming year. 

 

UDFCD also facilitated the formation of the multi-jurisdictional CRS Program for Public 

Information (PPI) committee that is just finishing up their first PPI plan for coordinated 

public outreach efforts.  The multi-jurisdictional PPI is the first of its kind and required a 

tremendous coordination effort with the seven communities involved and the National 

Flood Insurance Program (NFIP) Insurance Specialist Officers that review the PPI for 

compliance with the guidelines. 

 

Developments in the LOMC Process 

FEMA has taken a revised stance on the process for ensuring Endangered Species Act (ESA) 

compliance with Conditional Letter of Map Change Requests (CLOMRs) over the past year.  

Documentation of Endangered Species Act Compliance for Conditional Letters of Map 

Change, was released in November 2015, and outlines the requirements and 

documentation necessary to meet this requirement depending on whether the proposed 

project has a federal nexus or is a completely private endeavor. 

 

FEMA is requiring property owner notifications for both changes between effective and 

proposed conditions, as well as increases in the 1% annual chance (base) water-surface 
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elevations between existing or pre-project conditions and proposed conditions to be sent 

at the CLOMR stage.  CLOMR notifications are being required for all changes to flood hazard 

data, no longer only when Section 65.12 is triggered. 

 

FEMA maintains guidelines and standards for the specific implementation of statutory and 

regulatory requirements for the NFIP in support of the Risk Mapping, Assessment and 

Planning (RiskMAP) program.  Mandatory requirements are found in the Policy for Flood 

Risk Analysis and Mapping that was published in 2013.  There is a maintenance plan in 

place to issue updates to the RiskMAP Guidelines and Standards on a semi-annual basis. 
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SESSION 5 
 

USDCM Volumes 1 and 2 Revisions – What’s New? 
 

By Holly Piza, UDFCD 
 

ABSTRACT:   
 

Over the last several years, UDFCD has been working on a major update of the Urban Storm 

Drainage Criteria Manual (USDCM) Volumes 1 and 2. UDFCD developed a group of 

stakeholders consisting of communities within the region, consultants, and other interested 

parties. Many provided input and review for the update. This presentation will include a 

summary of changes throughout the USDCM, which can now be freely downloaded as a PDF 

or purchased in 3-ring binders from UDFCD. 
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2016 FRIEND OF UDFCD AWARD 
 

 
UDFCD has a long history of working closely with the Colorado Department of Natural 

Resources’ Division of Water Resources.  We have partnered on many flood mitigation 

dams that fall under their jurisdiction, dams that have reduced the flooding risk for 

thousands of Coloradans. 

 

In 2014 and 2015, UDFCD worked with Kevin Rein, Dick Wolfe, and many others at the 

Division of Water Resources to enact new Colorado legislation that now protects 

municipalities and counties across Colorado in fulfilling their duty to provide responsible 

stormwater management.  For their effort on this critical endeavor; and for their tireless 

leadership and dedication to the health, safety, and welfare of the Citizens of Colorado, we 

present to them the 2016 Friend of UDFCD Award.   

Thank you, Colorado DWR! 
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SESSION 6 
 

When you Say “Rough”, We Want to Know “How Rough?” 
Connecting Vegetation Management to the Mapped Flood Risk 

 

By Dave Skuodas, UDFCD 
 

ABSTRACT:   
 
We map floodplains using a flood event based on specific rainfall intensity, volume, and 

duration, with static topography and fixed roughness values.  In reality, flood discharges 

don’t behave in a nice neat way, geomorphology and erosion lead to topography changes, 

and vegetation health and density can fluctuate wildly.  Vegetation changes are easy to 

observe, can have a significant impact on roughness values, and are something we should 

be able to manage to reflect the mapped flood risk.  There are frequent disconnects 

between planned roughness values and how vegetation actually develops in the channel, so 

how do we reconcile and manage these differences? 

 

This presentation will discuss ways we can be more strategic in modeling roughness values 

to account for mature vegetation, ideas for documenting roughness values to better inform 

how we manage vegetation, and will look at case studies of various streams to illustrate 

how sensitive flood elevations can be to changes in roughness. 
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SESSION 7 
 

Beyond Design: a Construction Manager’s Perspective 
 

By Joe Williams, Steve Materkowski, Jason Stawski, and Mike Sarmento, UDFCD 
 

ABSTRACT:   
 
Many of us don’t have the opportunity to go out into the field as much as we would like and 

we miss out on a very important aspect of our jobs, Construction!  Fortunately, at UDFCD 

we have Construction Managers who have strong field presence and knowledge-base to 

keep the project team informed and engaged throughout the project life-cycle.  During this 

session we will share a construction perspective on a few relevant topics.   

 

SOIL LIFTS TOP TEN LIST 

By Joe Williams 

Soil lifts are being incorporated into more designs as they offer a flexible option for bank 

edge treatment that can adjust to the changes in the stream.  The challenge with soils lifts is 

they are a customized tool based on site conditions, and need to be designed and installed 

with specific stream goals in mind.  With numerous projects in the ground, UDFCD has a 

good understanding of a successful formula for soil lift installation.  Joe Williams will reveal 

the top ten list of things to consider when implementing soil lifts into your project.   

 

FEMA FLOOD REIMBURSEMENT, TO DO OR NOT TO DO, THAT IS THE QUESTION   

By Steve Materkowski, EIT, CPESC, and Jason Stawski, EIT 

After the continual high flows experienced on the South Platte River this Spring and large 

summer storms, several systems suffered considerable damage.  The City and County of 

Denver applied for Federal Emergency Management Agency (FEMA) assistance for their 

recovery efforts.  Since UDFCD, on behalf of Denver, manages several stream management 

activities that involve the clean-up effort, we have had first-hand experience in the process.  

FEMA assistance should always be considered in a flood recovery situation, and a more 

thorough understanding of what is actually involved, the better.    Steve Materkowski and 

Jason Stawski will share their perspective from working to help the City of Denver submit a 

claim for flood damages, and provide insight to the FEMA reimbursement administration. 
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MEP FINAL ACCEPTANCE: SITE STABILITY AND REVEGETATION 

By Mike Sarmento, SET 

There are three phases to receiving maintenance eligibility as a part of the MEP: design 

approval, construction approval, and final acceptance. Many local governments, developers, 

and contractors mistakenly believe that once construction approval is received that the 

project is automatically eligible. Not so!!! Final acceptance may take several years 

depending on when the site exhibits structural stability and successful revegetation is the 

key. Mike Sarmento will discuss the importance of this often overlooked component and 

provide guidance on how to obtain that final certification in an ecologically-sound, as well 

as cost and time efficient manner. 
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SESSION 8 
 

Analyzing the Effects of Stormwater Detention on Water Balance and 
Water Rights along the Colorado Front Range 

 

By Andrew Earles, PhD, and Adam Kremers, Wright Water Engineers 
 

ABSTRACT:   
 
This study presents the results of a long-term hydrologic modeling study on the effects of 

full spectrum detention on downstream water rights users.  Full spectrum detention (FSD) 

is intended to reduce the flooding and stream degradation impacts associated with urban 

development by controlling peak flows in the stream for a range of events. 

 

FSD addresses limitations of traditional minor and major storm detention by controlling 

peak discharges over the full spectrum of runoff events from small, frequent storms up to 

the 100-year flood. FSD facilities produce outflow hydrographs that, other than a small 

release rate of the excess urban runoff volume (EURV), mimic the shape of pre-

development hydrographs. FSD modeling has been shown to reduce urban runoff peaks to 

levels similar to pre-development conditions over an entire watershed, even with multiple 

independent detention facilities. Because FSD capture and slowly release runoff, water 

rights users in the State of Colorado have raised questions related to evaporative losses of 

stored water and the timing and magnitude of releases. 

 

The objective of this investigation was to perform continuous simulation hydrologic 

modeling to evaluate changes in hydrology due to development with varying levels of 

imperviousness with and without FSD and how these changes affect downstream water 

rights users. Stormwater Management Model (SWMM) simulations were conducted for 

undeveloped, 20%, 35%, 50%, 65%, and 80% imperviousness scenarios, with and without 

FSD. The results of these SWMM model scenarios were used to evaluate the site water 

balance and to develop time series flow data for input into a water rights model to 

determine how downstream users would potentially be affected by the various scenarios. 

Water rights owners along the Front Range of Colorado are collaborating to address the 

increasing future demands of the over-appropriated South Platte Basin as part of the 
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Colorado Water Plan. Senate Bill 15-212 has raised concerns that FSD operations may 

reduce stream flows due to evaporative losses and modify the timing of available water 

from flood flows for junior water rights users causing increased supply gaps for the most 

agriculturally productive basin in the state. As a result, this water balance assessment and 

water rights analysis shows the timing and volume effect of temporary storage of urban 

runoff peaks for water users in the Big Dry Creek basin that would have otherwise been 

unable to divert water because of FSD. 
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SESSION 9 
 

Adventures in Master Planning 
 

By Shea Thomas, UDFCD 
 

ABSTRACT:   
 
There’s a lot going on in the world of master planning. As drainage and flood control 

projects have grown in size and scope, so have the associated components recommended in 

a master plan. UDFCD rarely manages a construction project that consists only of 

infrastructure; most projects are multi-functional, multi-purpose ventures that provide 

various amenities to the community in addition to flood protection. Our relationships with 

other departments within local government offices have grown, including parks and 

recreation, transportation and urban planning in an effort to better utilize public space to 

serve the community with more than just a single purpose. 

 

In recent master plans, we’ve had to get creative in finding solutions to difficult flooding 

problems, whether in fully developed urban areas or undeveloped watersheds with 

unstable drainageways, in order to reduce risk to residents and fulfill our goal of being 

good stewards of the drainageways by preserving or restoring healthy riparian corridors. 

This presentation will examine some of the unusual situations and planning elements that 

have gone into recent master plans that helped the communities involved achieve their 

goals and may offer insight or ideas for other communities with similar situations. From 

Aurora to Lakewood, Thornton to Douglas County, local governments have been receptive 

to trying new approaches to decades-old problems by first developing a plan that we can 

then implement together in the future. 
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SESSION 10 
 

Update on Regional Hydrologic Investigations 
 

By Ken MacKenzie, UDFCD and Gerald Blackler, Ph.D, Enginuity 
 

ABSTRACT:   
 
UDFCD and its partner communities along the South Platte River and Clear Creek have 

recently embarked on major revisions to the hydrologic models that define the regulatory 

flooding limits on these two major waterways, resulting in two Conditional Letters of Map 

Revision (CLOMRs).  The preliminary results of these CLOMRs show reduced flood flows 

and will result in more accurate flood predictions and more effective use of flood mitigation 

tax dollars. 

 

Additionally, work on a major recalibration of the Colorado Urban Hydrograph Procedure 

(CUHP) continues.  This last year’s recalibration effort included an extensive review of 

viable calibration gages, development of storms with Gage Adjusted Radar Rainfall (GARR), 

and extensive testing of multiple calibration parameters.  Rainfall depths from the GARR 

were put into CUHP to compare computed flows with recorded runoff for an array of basins 

within the District.  Each storm event tested CUHP’s performance when a large single or 

multiple basin analysis is applied versus smaller basins averaging 100 to 120 acres, which 

are commonly used for Major Drainageway Plans (MDPs) or Outfalls System Plans (OSPs).  

These results lead to the development of calibration parameters that effect peaking, timing, 

and also flow routing within CUHP and SWMM.  These parameters are currently being 

tested with design storm events to understand how they compare to the return frequency 

of design storms commonly used in the planning process.  This portion of the presentation 

will cover steps taken in the re-calibration process, observations noted during the effort, 

and provide a brief update on the study’s progress. 



0 

Creating a Safer Community 

 
Paul A. Hindman, Executive Director 
Kenneth R Wright, WWE 
L. Scott Tucker, Retired 

Ap
ril

 5
, 2

01
6 

20
16

 U
DF

CD
 A

nn
ua

l S
em

in
ar

 



1 

1864 Flood 

Ap
ril

 5
, 2

01
6 

20
16

 U
DF

CD
 A

nn
ua

l S
em

in
ar

 



2 

1912 Flood 

Ap
ril

 5
,2

01
6 

20
16

 U
DF

CD
 A

nn
ua

l S
em

in
ar

 



3 

1933 Flood 

Ap
ril

 5
,2

01
6 

20
16

 U
DF

CD
 A

nn
ua

l S
em

in
ar

 



4 
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1997 Flood 
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2013 Flood 
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Flood History-Totals 
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DAMAGES 

1. South Platte (1965) - $3b 

2. 2013 Flood – $1-3b (TBD) 

3. Pueblo (1921) – $1.1b 

4. South Platte (1973) - $570m 

DEATHS 

1. Big Thompson (1974) – 

144 

2. Pueblo (1921) – 78 

3. Bear Creek (1896) – 27 

4. Fort Collins (1995) – 21 

5. South Platte (1965) – 21 

… 2013 Flood - 11 
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Enjoy the Presentations 
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Urban Drainage 
History in the  
Metro Area 
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Photo: Denver Public Library 
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Photo: UDFCD 
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1894 Boulder Creek at Boulder 

Photo: FloodSafety.com 
 



16 

1894 12th Street, Boulder 

Photo: Denver Public Library 
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Photo:  Denver Public  Library 
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1896 Bear Creek Near Golden 

Article: UDFCD 
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Photo by Ed Maker/The Denver Post 
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Photo by David Mallory 
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Photo by David Mallory 
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Paul A. Hindman 
Executive Director 
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UDFCD Mission Statement 
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Two-Pronged Approach 
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Mitigation Preservation 
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Case Study-Westerly Creek 
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Westerly Creek, Aurora 
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PRESERVATION 
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Stapleton Redevelopment 2012 
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Stapleton Greenway 
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Stapleton Greenway-2013 
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MITIGATION 
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Kelly Road Dam Detention 
1950’s, Rehab 1994 
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Kelly Road Dam Detention 
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Kelly Road Dam Detention-
2013 
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Westerly Creek Dam-Detention 
1989 
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Westerly Creek Dam 
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Westerly Creek Dam-2013 

Ap
ril

 5
,2

01
6 

20
16

 U
DF

CD
 A

nn
ua

l S
em

in
ar

 



73 

 

Ap
ril

 5
,2

01
6 

20
16

 U
DF

CD
 A

nn
ua

l S
em

in
ar

 



74 

Expo Park Detention 
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Expo Park Detention-2013 
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Utah Park Detention-2009 
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Utah Park Detention 
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Utah Park Detention-2013 
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Jewell Wetlands Detention-
2001 
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Jewell Wetlands Detention 
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Jewell Wetlands Detention-
2013 
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Damages-Utah Park Spillway 
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S. Peoria St 
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Other areas without M&P-
2013 
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Other areas without M&P-
2013 
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Political Choice 
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PRESERVATION MITIGATION 

Hope! Hope! 
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Colorado E. coli Toolbox:  
A Practical Guide for MS4s 

 
Jane Clary, Wright Water Engineers 
Brandon Steets, P.E., Geosyntec Consultants 
 
Sponsored by 
Urban Drainage and Flood Control District 
City and County of Denver 
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Overview 
• Introduction  

• Colorado regulations 
• Extent of problem 
• TMDLs 

• Finding the sources 
• Developing a control 

strategy 
• Progression of controls 
• Modeling 

• Source controls 
• Structural BMPs 
• Regulatory 

considerations/site-
specific standards 
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Understanding Stream 
Standards and Impairment 

• Fecal indicator bacteria vs. 
pathogens (e.g., E. coli 
O157:H7) 

• EPA 2012 Recreational Water 
Quality Criteria 

• Colorado stream standards 
• Magnitude: 126 cfu/10 mL 
• Duration: Bimonthly 
• Frequency: Geometric mean 

not allowed to exceed 
standard 

• 303(d) List updated biennially: 
over 70 segments in Colorado 
impaired on M&E list for E. coli 

Colorado Use 
Classification 

E. coli 

(cfu/100 mL)  
Class E - Existing 
Primary Contact  

126 

Class P - 
Potential 
Primary Contact 

205 

Class N - Not 
Primary Contact  

630 

Class U - 
Undetermined  

126 
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Total Maximum Daily Loads 
(TMDLs) & Implications for MS4s 

 
TMDL = ΣWLA + ΣLA + MOS 

Where:  
• WLA =the sum of wasteload allocations (point sources such as 

permitted wastewater and stormwater discharges)  
• LA= the sum of load allocations (nonpoint sources and 

background) 
• MOS=the margin of safety 

• WWTPs typically not the source in Colorado 
• MS4s likely to have requirements in CDPS permits due to 

TMDLs  
• Nonpoint sources often significant  
• Alternatives to TMDL approach being explored on Lower Bear 

Creek 
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Load Duration Curves   
(a common characterization tool for Colorado TMDLs) 
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Flow Duration Interval (%) 



5 

Partners for Developing Effective 
E. coli Control Strategies 
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Long List of 
Potential 
Sources 
• Leaking sanitary 

infrastructure 
• Pets & wildlife 
• Dumpsters/trash 
• Mobilizing flows (e.g., 

irrigation) 
• MS4 infrastructure 

issues (e.g., illegal 
sanitary connections) 

• Hobby farms/horses 
• Open Space 
• Naturalized sources 

(e.g., soil, decaying 
plants) 
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Prioritizing Sources for Investigation 
• Dry vs. wet weather  
• Human health risk 

• Human origin (i.e., from the human body) 
• Anthropogenic, non-human origin 

(resulting from human activities, but not 
the human body)  

• Non-anthropogenic origin (independent 
of human activity) 

• Magnitude of loading 
• Geographical distribution relative to 

recreational use locations 
• Controllability/Ability to Implement 

(technical/design/fiscal/organizational) 
• Potential benefits (beyond bacteria) 
• Frequency of standards exceedances  
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Investigating Sources: 6-Step Process  
(following “SIP” by Griffith et al. 2013) 
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Source Identification Tools: 
Simple [$] to Complex [$$$$] 

• Visual Surveys of Potential Sources 
• GIS 
• Dry Weather Outfall Screening FIB (E. coli) 
• Chemical Indicators (Basic Flow Fingerprinting) 
• Chemical Indicators (Advanced Markers) 
• Canine Scent Tracking 
• CCTV 
• Electric Current Flow Method 
• Basic Dye Test 
• Smoke Test 
• Dye with Rhodamine Probe 
• Automated continuous flow gauges and 

autosamplers 
• Temperature Probes 
• Human-specific waste markers (DNA) 
• Other Emerging Advanced Technique (e.g., 

phylochip) 
Fecal waste in a storm drain 

(Geosyntec Consultants) 
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Developing a Control Strategy 
General Themes: 
• Address human 

source first, then 
other sources 

• Address dry 
weather first, then 
wet weather 

• Implement 
nonstructural/sour
ce controls, then 
structural 
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Conceptual Progression of 
Costs and Management Levels 

Source: Source: San Diego River Watershed Comprehensive Load Reduction Plan 
Phase II [TetraTech 2013])  
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Use of Models to Support BMP 
Implementation 

• “What is the best way to solve this water 
quality problem?” 
• What are the important contributors to this 

problem?  
• What are the best practices to implement?  
• Where are the best locations to install 

these practices?  
• How can practice effectiveness be 

evaluated (post-implementation)?  
• Understanding the limits of models and 

accounting for uncertainty are fundamental 
to developing a model useful for 
management decisions. 

• Model outputs should include estimates of 
uncertainty and should be treated as a 
planning resource, subject to change as 
more is learned.   
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--Daren Harmel, USDA-ARS 
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Source Control BMPs 
 • Education and Outreach 

• Repair of Aging Infrastructure and 
Correcting Illicit Connections 

• Maintenance of Storm Sewers 
and Stormwater Controls 

• Street Cleaning 
• Downspout 

Disconnections/MDCIA 
• Pet Waste Disposal and Pet 

Control Ordinances & 
Enforcement 

• Animal Facilities Management 
(Doggy Daycares, Hobby Farms) 

• Bird Controls 

• Urban Wildlife (Mammals) 
• Irrigation, Car Washing, Power 

Washing 
• Good Housekeeping/Trash 

Management (Dumpsters, 
Restaurants, Garbage Cans) 

• Mobile Sources of Human Waste:  
Portable Toilets and RV Dumping 

• Septic Systems /OWTSs 
• Homeless Encampment Outreach 

and Enforcement 
• River Cleanup 

Drawing upon existing Fact Sheets in 
UDFCD’s Volume 3, Colorado 
Stormwater Council, Others 
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Sanitary Sewer Lining 
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Other Examples of Source Controls 

Remote controlled goose hazing device, 
“Goosinator,” used to deter resident waterfowl 
in Denver Parks. 

Retrofitted storm drain inlet, City of Boulder, CO 
Waste management/trash collection programs, 
City and County of Denver. 

Public education campaigns. Program to end homelessness. 

Pet waste stations in parks. 
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Structural Control Practices 
• Passive Stormwater Structural 

BMPs 
• Urban Stormwater BMPs and 

Expected Effectiveness for 
Bacteria 

• BMP Performance Findings 
from the International 
Stormwater BMP Database 

• Optimizing BMP Designs to 
Enhance Bacteria Removal 

• Considerations for Evaluating 
Proprietary Devices 

• Low-Flow Diversions for Dry 
Weather Flows to Sanitary 

• Active Disinfection Practices Treatment Systems Being Pilot Tested in Denver 
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International Stormwater BMP 
Database: E. coli 
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International Stormwater BMP 
Database: E. coli (tabular results) 
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International Stormwater BMP 
Database: Fecal Coliform 
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Reducing Loads through Volume 
Reduction 

Source: Geosyntec and WWE 2011, www.bmpdatabase.org  
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Volume 3 BMPs: Expected Performance for Bacteria 
UFFCD Vol. 3 BMP Expected Effectiveness Dominant Removal Processes 
Grass Buffer Poor Infiltration 
Grass Swale Poor Infiltration 
Bioretention Moderate to High Infiltration, Filtration 

Biological Processes 
Green Roof Not Well Characterized Evaporation, Filtration 

Biological Processes 
Ext. Detention 
Basin 

Poor to Moderate 
(variable) 

Sedimentation 
Infiltration (limited) 

Sand Filter Moderate Filtration 
Retention Pond Moderate Sedimentation 

Biological Processes 
Constructed 
Wetland Pond 

Moderate Sedimentation 
Biological Processes 

Const. Wetland 
Channel 

Poor to High, depending 
on design 

Sedimentation 
Biological Processes 

Permeable 
Pavement 

Not Well Characterized Infiltration 
Filtration 

Underground/ 
Proprietary 

Variable Device-dependent 
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Improving BMP Performance for Bacteria: 
Optimizing Filtration Media and Design 
• Media amendments such as 

biochar and zeolite. 
• Vegetation with specific root 

structures to promote 
pollutant removal and 
infiltration. 

• Outlet control with sufficient 
contact time. 

• Presence of a saturated 
zone.  (“internal water 
storage zone”) 

Deletic et al. 2014, Monash University 
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Subsurface Flow Wetlands 
• Often recommended in California CLRPs. 
• Have been successfully used for wastewater. 
• Various constraints in Colorado (e.g., consistent supply of water (& 

water rights) to maintain aerobic conditions and support vegetation, 
adequate land area for equalization basins). 

Conceptual Subsurface Flow Wetlands (Source: Geosyntec 2015) 
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Regulatory Considerations/Site-
Specific Standards (EPA 2012 RWQC) 
 1. Epidemiological 

studies 
2. Quantitative 

Microbial Risk 
Assessment (QMRA) 

• EPA’s Framework for 
Use of QMRA for 
Developing Site-
Specific Standards 

• Practical 
Considerations for 
Monitoring to Support 
QMRA 

3. Alternative Indicators 
or Methods 

Source: Soller et al. 2010 
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QMRA/Site-specific Standard 
Candidates 
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Conclusions 
• An E. coli TMDL is likely coming soon to a community near you! 

• E. coli issues are complicated, not easily solved and potentially 
very expensive for local governments. 

• The Toolbox is a resource intended to support strategies to 
identify sources and work towards control of E. coli. 

• The Toolbox can provide a common foundation to support 
discussions and planning among multiple municipal 
departments and organizations. 

• Additional monitoring of source area runoff and BMP 
performance for E. coli is needed in Colorado. 
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Questions? 
Jane Clary 

Wright Water Engineers 
clary@wrightwater.com  

 
Holly Piza, P.E.  

UDFCD 
hpiza@udfcd.org  
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State of the Science (SOS)— 
Recognizing flood threats hours 
before the rains come  
 

Kevin Stewart, PE, Program Manager 

Dmitry “Dima” Smirnov, Ph.D., Meteorologist, Dewberry 
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Flood Warning Program 

A
p

ri
l 5

, 2
0

1
6

 
2

0
1

6
 U

D
FC

D
 A

n
n

u
al

 S
em

in
ar

 



2 

Focusing on PREDICTION 
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Using High-Resolution Quantitative Precipitation 

Forecasts for Heavy Rainfall Prediction in Colorado 
Dmitry Smirnov, Ph.D.  

Kevin Stewart, P.E. 

Stu Geiger, C.F.M. 

Source: NCAR 

UDFCD Annual Seminar 2016 



What makes a good forecast? 

WEATHER MODELS 

HYDRO-

METEOROLOGISTS 

OBSERVATIONS 



Outline 

 Brief  primer on weather models 

 Importance of  resolution 

 Defining an “Ensemble” 

 Applying models. Two real-world 

examples: 

1. Colorado Flood Threat Bulletin 

2. Urban Drainage and Flood Control 

District Heavy Rainfall Guidance 

 

 

 

• WHERE? 

• WHEN? 

• HOW MUCH? 

• HOW SURE ARE 

YOU?  



Lots of  data! 
MODEL RESOLUTION RUNS / DAY LEAD TIME ENS 

Nested NMM-B 1.33km 2 36H --- 

Univ. of Arizona WRF 1.8 / 5.4km 3 48H 2 or 3 

NCAR DART Ensemble 3km 1 48H 10 

High Resolution Rapid Refresh (HRRR) 3km 24 15H --- 

NSSL-WRF 4km 2 36H 8 

NCEP HIRES WRF (ARW & NMM) 4km 4 60H 2 

Dewberry Colorado WRF 4km 1 36H --- 

Canadian GEM 10km 4 87H --- 

North American Mesoscale 12km 4 84H --- 

Rapid Refresh 13km 24 18H --- 

Short-Range Ensemble Forecasts 16km 4 87H 21 

CMC NAEFS 60km 4 10D 20 

Global Forecast System 12 / 28km 4 16D 21 

ECMWF 16 / 32km 2 15D 51 

NCEP Climate Forecast System 100km 1 9M 4 

ECMWF  70km 1/month 7M 51 



What is an ensemble? 

Thanks to: Tom Hamill, NOAA-ESRL 



1. Colorado Flood Threat Bulletin 



Colorado Flood Threat Bulletin 

Chance of Precip Prime Time Discussion 

>90% 11AM – 1AM 
HIGH flash flood threat: High antecedent rainfall along 
with 2-3 inches of additional rainfall will cause 
widespread street and stream flooding. 

Forecast for May 9, 2015 

@COFloodUpdates 

• Specifies: 

• Location 

• Timing 

• Intensity 

• Confidence 

• Includes: 

• Riverine flooding 

• Flash flooding  

 (esp. urban) 

• Snow-melt 

• Drought 

• Tools: 

• Processed high-res 

model guidance 

www.coloradofloodthreat.com 



Flood Threat Bulletin QPF Viewer 

www.coloradofloodthreat.com 



2. Heavy Rainfall Guidance Tool 

 Overview & Features 

 Overall performance in 2015 

 Examples of  several events 

 Improvements for 2016 



Domain 
District domain ~1,600 sq. miles 

Tool domain ~7,650 sq. miles 



Forecast Zones  



Data & Methods Used 

 13 operational and research weather models 

 Spatial resolution: 4km (2.5 miles) 

 Time resolution: 1 hour 

 Lead time: 24 hours 

 Ensemble processing techniques 

> 1in/hour “QPF-Max” 

QPF = Quantitative 

Precipitation Forecast 



Translating rainfall to threat 

Duration Intensity Threshold 

1-hour 1 inch 

3-hour 2.5 

6-hour 3.5 

24-hour 4.5 



Tool Overview: Daily Summary 

http://54.215.135.182/UDFCD_QPF/


Tool Overview: Zone forecasts 

Probability of  

exceeding 1 in/hr 



Performance in 2015 



Timing 



Location 



Intensity 



Confidence: Reliability Diagram 

No reliability 

If  the forecast for exceeding 0.5 inches per hour today is X%, how 

often is that forecast actually observed? 



Examples of  specific events 



June 4, 2015 

1-hr QPEMAX 

0 

0 

0 

40 
20 

20 

1-hr QPFMAX 



June 10, 2015 

20 

20 

80 

80 
50 

20 

1-hr QPEMAX 1-hr QPFMAX 



June 15, 2015 

30 

10 

30 

70 30 

30 

1-hr QPEMAX 1-hr QPFMAX 



August 11, 2015 

60 

10 

70 

30 
30 

0 

1-hr QPEMAX 1-hr QPFMAX 



Take-aways 

• Tool has so far achieved one of  its main goals: 

provide an realistic estimate of  the daily “worst-case 

scenario” 

• Spatial accuracy is not perfect, but can be greatly 

supplemented with knowledge of  probability 

• Analysis of  timing, location, intensity and confidence 

verification showed favorable results for first year in 

real-time setting 

 

 

 



Improvements are underway 

1. Model Weighting: Is there evidence to move away 

from “every model is equally realistic?” 

2. Historically-based Bias Correction: Post-process 

model output using historical observations over the 

1980-2015 period (e.g. precipitable water) 

3. (2017) Sub-hourly guidance: Use archived 

ALERT data to develop 5-, 15- and 30-minute 

guidance 
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http://alert5.udfcd.org  
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http://alert5.udfcd.org/
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Community CRS Support 
& 

Recent Developments in the 
LOMC Process of Interest to 

YOU 
 
Jenelle Kreutzer, ERO Resources 
David Mallory, Floodplain Management Program 
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Adam Thane Paterson 
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Great Smoky Mountains NP 
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Here’s What We Thought 
Would be of Interest to Y’all 
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• Community Rating System (CRS) Support Initiative 
• Program for Public Information (PPI) Committee 
• How You comply with the Endangered Species Act (ESA) when 

you submit a Conditional Letter of Map Revision (CLOMR) 
• Recent Changes in Property Owner Notification requirements 

for CLOMRs 
• A Few Words on Revisions to FEMA’s Mapping Guidelines and 

Specifications 
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Community Rating System 
• Voluntary Incentive Program 
• Part of National Flood 

Insurance Program (NFIP)  
• Reduced flood insurance 

premiums for better floodplain 
management 

Ap
ril

 5
,2

01
6 

20
16

 U
DF

CD
 A

nn
ua

l S
em

in
ar

 



5 

3 Goals 
• Reduce and avoid flood 

damage to insurable 
property 

• Strengthen and support 
insurance aspects of the 
NFIP 

• Foster comprehensive 
floodplain management 
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 4,500+ points 
 
 

<500 points 

 0% Reduction 
 
 

45% Reduction 

CRS Rating 
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= Class 1 

= Class 1 

= Class 10 

= Class 10 
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Activities 
• Public Information 
• Mapping & Regulations 
• Flood Damage Reduction 
• Flood Preparedness Ap
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Public 
Information 

Mapping & 
Regulations 

Flood Damage 
Reduction 

Flood 
Preparedness 

CRS 
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Colorado CRS Communities 
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Colorado CRS Savings 
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POLICIES PREMIUM CRS SAVINGS  

15,000 $11.5 million $1.5 million 

$ 
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Other rewards 
• Raise risk awareness 
• Increase public safety 
• Reduced damages 
• Evaluate floodplain program Ap
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Resources 
• CRS Resources 

• CRS Manual 
• Webinars 

• Emergency Management Institute  
4-Day CRS class – FREE to government 

• CASFM 
• CRS Committee 
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Community CRS Support 
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Community CRS Support 
• UDFCD Adapting to Flood Insurance Changes 
• CRS credits for UDFCD Activities  
• Point of contact: CRS Support Committee 
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Credit for UDFCD Activities 
• Floodplain Mapping 
• Public Information 

Activities 
• Geographic Information 

System 
• Website 
• Flood Warning 
• Stormwater Management  
• Water Quality Activities 
• Watershed Planning 
• Flood Protection Projects 
• Stream Corridor 

Maintenance Activities 
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http://udfcd.org/services/floodplain-mapping/ 
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Program for Public 
Information (PPI) 
• Public Outreach Plan 
• Defined Messaging 
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Program for Public 
Information (PPI) 
• CRS Extra Credit! – Outreach & Flood Response 
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Denver Metro PPI 
• Multijurisdictional 

within UDFCD 
Boundaries 

• 7 Communities 
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Annual Flood Risk Brochure 
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Community side 
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CURRENT RESIDENT 
1801 CENTAUR CR 
LAFAYETTE, CO 80026 
 



20 

Messaging 
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How Do I Get on the Right Side 
of the Endangered Species Act? 
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Navigating ESA Compliance 
• What Are The Regulations? 

• Endangered Species Act 
• FEMA’s guidance documents 

• Private Actions vs Non-FEMA Federal Actions 
• USFWS Colorado Field Office Guidance 

• Federal Nexus 
• Lead Federal Agency 

• How Do We Navigate The Process? 
• Available Tools 
• Compliance Scenarios 

• Take Away Message 
• Resources and Timing 
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What Are The Regulations? 
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What Is The Endangered Species Act? 
The ESA was passed in 1973 to provide protections to 
species of wildlife and plants (listed as endangered or 
threatened) and the ecosystems upon which these 
species depend   
• The USFWS and the NMFS are the agencies responsible for 

implementing the ESA  
• Mandates all Federal Departments and Agencies to 

conserve listed species and to utilize their authorities in 
furtherance of the purposes of the ESA (Section 7) 

• Private individuals, State, and Local Governments must 
comply with the ESA  (Section 7/10) 
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ESA - Section 7  
• Requires federal agencies to develop a 

conservation program for listed species (Section 
7(a)(1)) 

• Requires a federal agency to insure that any 
action it authorizes, funds, or carries out is not 
likely to jeopardize the continued existence of 
any listed species or result in adverse 
modifications of designated critical habitat 
(Section 7(a)(2)) 
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ESA - Section 7 Cont. 
• Effects determination: 

• No effect 
• May affect, but not likely to adversely affect 
• May affect, likely to adversely affect 

• No species or critical habitat “No Effect” = 
no further consultation required 

• May affect = consultation required 
(informal or formal process) 
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ESA - Section 7 Cont. 
• May affect, but not likely to adversely 

affect 
• Beneficial, discountable, or insignificant 
• Informal process – No Biological Opinion (BO) 

required 
• No “take” can occur under this category 
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ESA - Section 7 Cont. 
• May affect, likely to adversely affect 

• Formal consultation with USFWS required 
• Consultation would be concluded with the 

USFWS issuing a BO  
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ESA - Section 9  
Prohibits against “take of” or “harming” 
listed species of wildlife and plants 

• Harm can arise from habitat modifications that 
could significantly impair behavior patterns of 
a listed species 

• If an action might harm a species, an incidental 
take authorization is required  
• Incidental Take Statement - Section 7 
• Incidental Take Permit - Section 10 
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ESA - Section 10  
If a non-federal action will result in “take” or 
“harm” of a listed species, a permit from 
the USFWS is required 

• Provides guidelines under which a permit may 
be issued to non-federal parties to authorize 
prohibited activities 

• Requires a Habitat Conservation Plan (HCP) 
• Time and labor intensive process 
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FEMA ESA Compliance - Prior to 2010   

What’s ESA Compliance? 
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FEMA – ESA Compliance 
April 2010 – Procedure Memorandum 64 
• Address potential adverse impacts to listed 

species before construction activities occur 
• Required a Requestor to provide ESA compliance 

documentation from USFWS 
• FEMA’s role “action” in ESA compliance (Section 

7) vs the Requestor’s role in the process (Section 
10) 
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USFWS – Denver Field Office   
June 2015 – Regional Guidance 

• Is there a Federal “action” and who is the Lead 
Federal Agency? 
• Section 404 Permit – Corps  
• CLOMR – FEMA 

• Will no longer providing Technical Assistance 
directly to a non-federal entity 

• Requires the Lead Federal Agency (Corps or FEMA) 
to name a non-federal designee to do parts or all 
of the Section 7 consultation with the USFWS on 
the lead agencies’ behalf 
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FEMA – ESA Compliance  
November 2015 – Clarifications to Memo 64 
• Defines Roles and Responsibilities 

• Will no longer act as a facilitator  
• Will still require documentation of ESA compliance for 

the proposed project before processing a request 
• Private Actions and Non-FEMA Federal actions— 

compliance the sole responsibility of the Requestor 
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                 Provides comments 
FEMA Actions                Not approvals – No  
                 ESA Compliance  
 
Private Actions or    Section 9 - No   
Non-Federal Actions    “take” or  
      Section 10 - HCP 
 
Non-FEMA Federal Actions   Section 7 
Corps – Section 404 Permit   
      

 
 

Summary - FEMA ESA Compliance Process  
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What is the USFWS’ Position on FEMA’s 
Memorandum 64? 
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USFWS’ Position on FEMA’s Memorandum 64? 
             Provides comments 
FEMA Actions            Not approvals 
             No ESA Compliance  
 
 
Private Actions            Section 9 - No “take” or 
Non-Federal Actions          Section 10 - HCP  
         
 
Non-FEMA Federal Actions          Section 7  
    

 
 

“FEMA is responsible for demonstrating compliance with Section 7 for all 
projects proposed within Special Flood Hazard Areas where a CLOMR or 
CLOMR-F request is made for FEMA’s review” 



37 

Navigating ESA Compliance 
• Tips and Tools to Address ESA Compliance 

 
• Consultation Scenarios 

 
• Take Away Message 
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Navigating ESA Compliance 
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How do I determine if there are 
threatened or endangered species or 
critical habitat in my project area? 
• Websites: 

• Species present in the county where the project is taking place: 
http://ecos.fws.gov/ecp/ 

• ITPs and USFWS: www.fws.gov/endangered/what-we-do/hcp-
overview.html 

• Data is only useful if you know what is means and how it is applied 

• Contact the USFWS Directly: 
• USFWS Office Directory: www.fws.gov/offices/ 
• Very slow response time 

 

 
 
 

http://ecos.fws.gov/ecp/
http://www.fws.gov/endangered/what-we-do/hcp-overview.html
http://www.fws.gov/endangered/what-we-do/hcp-overview.html
http://www.fws.gov/offices/
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Navigating ESA Compliance 
Consultation Scenarios 
Scenario 1 - The project area associated with the CLOMR 

has no habitat for any threatened or endangered 
species 

Scenario 2 - The project area associated with the CLOMR 
has the potential to impact habitat for a PMJM, but the 
impact is likely “insignificant and discountable” 

Scenario 3 - The project area associated with the CLOMR 
will impact habitat for a threatened or endangered 
species, such as Preble’s, and no Corps action (i.e., 404 
permit) is needed 
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Navigating ESA Compliance 
Consultation Scenarios 
Scenario 1 - The project area associated with the 

CLOMR has no habitat for any threatened or 
endangered species.  
• Submit a HA letter requesting no further consultation 

required (“no effect”) and get the stamped letter back 
from the Service indicating “no concerns”. 
• Provide a copy of the original HA letter and the stamped letter 

correspondence from the Service to FEMA. 
• Based on the Service’s response, translate it into the “no take” 

language, if required by FEMA. 
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Navigating ESA Compliance 
Consultation Scenarios 
Scenario 2 - The project area associated with the CLOMR 

has the potential to impact habitat for a PMJM, but the 
impact is likely “insignificant and discountable” 

• The project is not at the “take” level, which would require an Incidental 
Take Permit (Section 9) from the Service, but it also doesn’t fit the “no 
take” category 

• FEMA will accept an “insignificant and discountable” effects 
determination from the USFWS 

• Assumes the USFWS will provide technical advice on ESA compliance for 
the project without knowing if there is another federal agency involved 

• Non-federal entities legally can’t make effects determinations, including 
take or no take statements 
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Navigating ESA Compliance 
Consultation Scenarios 
Scenario 3 - The project area associated with the CLOMR will impact 

habitat for a threatened or endangered species, such as Preble’s, and 
no Corps action (i.e., 404 permit) is needed 

• FEMA’s guidance requires applicant to go through Section 10 
consultation, which would require a Habitat Conservation Plan (HCP) 

• Similar to FEMA, the local Service office has limited resources and staff 
available to address the volume of applications this level of consultation 
would require 

• Currently, the HCP process takes several years to permit through the 
Service and this timeline would likely increase if more CLOMR projects 
have to go through the Section 10 consultation process 

• What happens if the Service does not concur with FEMA’s guidance?  
• The local Service field office views CLOMRs as a federal action that 

would require FEMA to consult with them directly under Section 7 of 
the ESA 

• Projects could result in a stalemate 
• Potential for legal actions 
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Agencies don’t agree on ESA process 
 
Seek Professional Services early in the 
process 
 
Build extra time and money in the 
compliance review process 
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Questions For Jenelle? 
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Property Owner Notification 
Requirements for CLOMRs 
• Previously Focused on Pre-Project to Post-Project 

changes 
• Now includes Effective to Post-Project changes 
• Notifications include: 

• Individual Legal Notifications for properties affected by 
proposed work in the floodway (NFIP 65.12).  
Requester can certify. 

• All property owners adversely affected by increases in 
the SFHA or BFEs.  Can be public notice, certified by 
requester or community. 

• All property owners affected by floodway changes.  
Can be public notice, certified by the community. 
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Operation & Maintenance 
Plans Detention Basins 
• Any new or revisions to existing Regional Detention Basins 

that attenuate peak flow rates require an O & M Plan 
• Please utilize the O & M template on the UDFCD website Ap
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Revisions to FEMA’s Mapping 
Guidelines and Standards 
 • FEMA has separated Guidelines (friendly suggestions) from 

Standards (must do unless granted a variance from FEMA 
Headquarters) 

• Guidelines and Standards are updated twice a year, fall and 
spring 

• The November 2015 cycle included the latest guidance on ESA 
compliance discussed in Jenelle’s remarks 

• Proposed May cycle changes were distributed for comment 
• Expect an emphasis on Community Engagement and Risk 

Communication 
• https://www.fema.gov/guidelines-standards-maintenance  
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https://www.fema.gov/guidelines-standards-maintenance
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Questions??? 
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USDCM Volumes 1 and 2 
Revisions – What’s New 

 
Holly Piza, PE, Project Manager 
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The Team 

Public Agency 
Contributors 28 

Individuals 
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Chapter 1, Policy 
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Also in Policy… 
Master Plan Floodplain Easements 
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Also in Policy… 
Publically Accessible UDFCD Library 
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Chapter 2, Law 

• Reviewed and Updated case law.   
• Added CRS 37-92-602 (8). 
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Chapter 2, Law 
• Added CRS 37-92-602 (8). 
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Chapter 3, Planning 
 
• Master planning 

process 
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Chapter 4, Flood Risk Management 
• Fundamentals of floodplain management 
• Floodplain mapping changes and admin. 
• Flood insurance 
• UDFCD, Local, and State programs 
• Floodproofing 
• Assistance for property owners 
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Chapter 5, Rainfall 
New depth reduction factors (DRFs) for frequent events  
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Carlton 2010 
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Chapter 5, Rainfall 
Continued use of NOAA 
Atlas 2 rainfall. 
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Chapter 5, Rainfall 
New UD-Rain workbook 
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Chapter 6, Runoff 
• New runoff coefficients 
• New time of concentration 

equation 
• (peak flow and volume 

comparisons between 
Rational/FAA and CUHP) 
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Chapter 6, Runoff 
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Chapter 6, Runoff 
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Chapter 7, Streets, Inlets, and 
Storm Drains 
Integration of physical model results 

 
 Ap

ril
 5

, 2
01

6 
20

16
 U

DF
CD

 A
nn

ua
l S

em
in

ar
 



17 

Chapter 7, Streets, Inlets, and 
Storm Drains 
Improvements to UD-Inlet 
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Chapter 8, Open Channels 
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(Natural) 
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“Helpful Mindsets” 
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Chapter 8, Open Channels 
Swales (not “major” drainage) 
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Chapter 8, Open Channels 
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• Guidance for HEC RAS users 
• Detail on evaluating roughness 

coefficients 
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Chapter 8, Open Channels 
• Void-filled riprap 
• Mild and steep slope riprap sizing 
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Chapter 8, Open Channels 
Expanded guidance on bank protection 
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Chapter 9, Hydraulic Structures 

Added Sculpted 
Concrete Drop 
structures 
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Chapter 9, Hydraulic Structures 
Updated concepts and figures  
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Chapter 9, Hydraulic Structures 
Better defined when the simplified method for design is 
appropriate. 
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Chapter 10, Stream Access and 
Recreational Channels 
• Design of paths adjacent to streams 
• Other safety related criteria 
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Chapter 10, Stream Access and 
Recreational Channels 
Boatable channels 
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Chapter 11, Culverts and Bridges 
Clarified safety grate recommendations 
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Chapter 12, Storage 

Added guidance for incorporating FSD within different WQ BMPs. 
 

 
 
 

Ap
ril

 5
, 2

01
6 

20
16

 U
DF

CD
 A

nn
ua

l S
em

in
ar

 



32 

Chapter 12, Storage 
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Chapter 12, Storage 
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New Tools for Storage 
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Other changes in Storage 
• New predevelopment runoff equations 
• New EURV equations 
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Chapter 13, Revegetation 

Upland/Riparian/Wetland 
• Site Prep 
• Plant Material and 

Installation 
• Mulching 
• Maintenance 
• Post-Construction 

Monitoring 
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Next steps: 

• Education and outreach 
• Three-minute workbook 

videos 
• UD-Rational 
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Thank You! Holly Piza, UDFCD 
hpiza@udfcd.org 
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Flood Documentation 
 
David Skuodas, PE, Project Manager 
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Source: OMEGA 































NEXT STEPS… 
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When you Say “Rough”, We 
Want to Know “How Rough?” 

 

Connecting Vegetation 
Management to the Mapped 

Flood Risk 
David Skuodas, PE, Project Manager 
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Modeling  
Roughness 

Case Studies 

Documenting & 
Using Roughness 
Values 

Ap
ril

 5
, 2

01
6 

20
16

 U
DF

CD
 A

nn
ua

l S
em

in
ar

 

















Trapezoidal  
Section 

Open Floodplain 

Walled Section 



Trapezoidal  
Section 

Open Floodplain 

Walled Section 



























































3.7’ 
6t

h  
A

ve
nu

e 

G
ra

nt
 

Lo
ga

n 

















































































116 

When you Say “Rough”, We 
Want to Know “How Rough?” 

 

Connecting Vegetation 
Management to the Mapped 

Flood Risk 
David Skuodas, PE, Project Manager 
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ENGINEER SAYS: “NO COMMENT" 
Lorem Ipsum In libris 
graecis appetere mea. At 
vim odio lorem omnes, pri id 
iuvaret partiendo. Vivendo 
menandri et sed. Lorem 
volumus blandit cu has.Sit 
cu alia porro fuisset.  

Ea pro natum invidunt 
repudiandae, his et facilisis 
vituperatoribus. Mei eu 
ubique altera senserit, 
consul eripuit accusata has 
ne.  

In libris graecis appetere 
mea. At vim odio lorem 
omnes, pri id iuvaret 
partiendo. Vivendo menandri 
et sed.  

In libris graecis appetere 
mea. At vim odio lorem 
omnes, pri id iuvaret 
partiendo. Vivendo menandri 
et sed. Lorem volumus 
blandit cu has.Sit cu alia 
porro fuisset.  

Ea pro natum invidunt 
repudiandae, his et facilisis 
vituperatoribus. Mei eu 
ubique altera senserit, 
consul eripuit accusata has 
ne.  

Ea pro natum invidunt 
repudiandae, his et facilisis 
vituperatoribus.  

THE DAILY NEWS 
www.dailynews.com THE WORLD’S FAVORITE NEWSPAPER - Since 1879 
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Soil Lift’s Top Ten List 
(Just a discussion) 

 
Joe L. Williams, Jr., Senior Construction Manager 
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What goes into making one happen? 
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Soil Lifts Top 10 List 
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1. Communication 
2. Layout 
3. Foundation 
4. Soil Conditions 
5. Fabric 
6. Lift filler material 
7. Transitions 
8. End Treatments 
9. Growing Media 
10. Long Term Management 
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Preconstruction meeting 
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• Are all of the needed materials on site? 
• Overall layout of soil lifts. 
• Transition points. 
• Time frame for completing the section(s) of soil lifts? 
• Discussion of worse case scenarios. 
• Daily communication. 
• Review the layout of the soil lifts with contractor. 
• Tie in points of the lift section end. 
• The first soil lifts dictates the entire look of the soil lift sections. 



4 

Grange Hall Creek at 108th Avenue 
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Grange Hall Creek at 108th Avenue 
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Foundation, foundation, foundation! 
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The first one counts! 
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Soil Conditions 
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Forms, Fabric and growing media 
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Fabric 
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Growing media 
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Lift filler material 
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Transition points 
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Long Term Management 
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Before and After 
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Before and After 
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Soil Lifts Top 10 List revised 4/5/16! 
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1. In Lieu of Other Bank Protection Measures 
2. To Take Up Grade at a Steeper Slope (2:1) 
3. Foundation 
4. Fabric 
5. Transitions and End Treatments 
6. Soil Conditions (not too wet, not too dry) 
7. Growing Media 
8. Plant Selection and Care 
9. Layout 
10. Long Term Management 
11. If you don’t install soil lifts correctly… 
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You too, like Dave 
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Could end up 
in a Baffle Chute Drop 

 

Ap
ril 

5, 
20

16
 

20
16

 U
DF

CD
 A

nn
ua

l S
em

ina
r 

DON’T GET 
THROWN 
IN A 
BAFFLE 
CHUTE DROP 
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The End 
(In more ways than one!) 
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 FEMA FLOOD 

REIMBURSMENT 
 

TO DO OR NOT TO DO?  
 

 
Steve Materkowski, EI, CPESC, Senior Construction Manager 
Jason Stawski, EI, CFM, Construction Manager 
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OVERVIEW 
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• Introduction 
• June/July 2015 Disaster Declaration 
• FEMA Process 
• Procurement Standards 
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June/July 2015 
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RAIN 
 

FLOOD 
 

DAMAGE 
 

NOW WHAT? 
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GOLDSMITH GULCH 
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LAKEWOOD GULCH 
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MONTBELLO 
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CHERRY CREEK 
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CHERRY CREEK 
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CHERRY CREEK 
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SOUTH PLATTE RIVER 
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Who’s This? 
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SOUTH PLATTE RIVER 
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SOUTH PLATTE RIVER 
• June 24, 2015:  Peak at Confluence Park approx. 15,000 cfs 
• June 5, 2015:  Peak at Dartmouth approximately 6,000 cfs 
• Chatfield releases, May – July  ranged 2,000-4500 cfs 
• Releases + Increased Rainfall = Higher sustained flows 
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SOUTH PLATTE RIVER 

Ap
ril

 5
,2

01
6 

20
16

 U
DF

CD
 A

nn
ua

l S
em

in
ar

 



14 

SOUTH PLATTE RIVER 

Ap
ril

 5
,2

01
6 

20
16

 U
DF

CD
 A

nn
ua

l S
em

in
ar

 



15 

SOUTH PLATTE RIVER 
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SOUTH PLATTE RIVER 
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SOUTH PLATTE RIVER 
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SOUTH PLATTE RIVER 
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THE FEMA PROCESS 
is not like……….. 
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THE FEMA PROCESS 
• Pre-event Conditions 
• Document Event (might there be a Disaster Declaration?) 
• Document post-event 

• Georeferenced photos or GPS 
• Tree sizes (base diameters) 
• Damage quantities (CY, SY, LF, etc.) 
• Debris within 100 yards upstream of improved 

structure qualifies 
• Debris adjacent to areas of public use (i.e. improved 

trails) qualifies 
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THE FEMA PROCESS 
• Preliminary Damage Assessment (PDA) 
• If you get a Declaration, you will have to go back in this 

process (i.e. Pre-event conditions, event conditions, etc.) 
• Trash/Debris/Tree removal 

• Cubic Yard calculations 
• Dump tickets 
• Invoices 

• Document everything 
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PROCUREMENT STANDARDS 
2 C.F.R. § 200.318 – 326 & Appendix II 
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GENERAL PROCUREMENT 
STANDARDS 
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COMPETITION 
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METHODS OF PROCUREMENT 
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CONTRACT COST AND PRICE 
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OTHER PROCUREMENT 
SECTIONS 

• Contracting with small and minority businesses, women’s 
business enterprises, and labor surplus area firms 

• Procurement of recovered materials 
• Awarding agency and pass-through entity review 
• Bonding requirements 
• Contract provisions 
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THE WAITING PLACE 
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MEP Final Acceptance: Site 
Stability and Revegetation 

 
Mike Sarmento, Senior Construction Manager 

msarmento@udfcd.org 
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UDFCD Organization 

DCM 

FPM 

MP Master Planning 
• Master Plan Reports 
• Criteria Manual 
• WQ Research 
• Design Software 

Floodplain Management 
• FHAD Studies 
• LOMC Coordination 
• MEP 
• CRS Assistance 

Design Construction & 
Maintenance 
• CIP 
• Maintenance 
• South Platte River 
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Maintenance Eligibility Policy 

“Facilities constructed by or approved 
for construction by a local public body 
after March 1, 1980, must be 
approved by the District in order for 
these facilities to be eligible for 
District maintenance assistance.” 

MEP specifically deals with developer and local government 
projects and should NOT be confused with DCM-constructed 

projects which are automatically MEP eligible. 
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MEP Phases 

Phase 1 – 
Referral 
• Plats,  
• Site Plans 
• Zoning Plans 

Phase 2 – 
Design 
Approval 
• Construction 

Plans 

Phase 3 – 
Construction 
Approval 
• Construction 

Phase 4 – Final 
Acceptance 
• Vegetation 

Established/Site 
Stabilized 

David Mike Mike &  
Teresa Teresa 
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Construction Approval Letter 

SPECIAL NOTE:  Construction Acceptance does NOT mean you’ve 
achieved Final Acceptance for MEP! 
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Structural Integrity: What are We Looking for? 

• Stream improvements and adjacent disturbed areas! 
• Structural integrity 

• Damage  
• Overall Stability 

• Maintenance  
• Sediment removal 
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Keys to Success for Site Stability 

• MONITOR the site 
 

• Set an inspection schedule 
 

• Types of Problems: design/construction, 
unanticipated disturbances 
 

• Communicate issues 
 

• Site Remediation prior to acceptance 
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Final Stabilization Examples 

The Good The Bad 
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Keys to Success for Revegetation 

• Pre-construction site survey 
• Formal restoration plan 
• Avoid canned/”cookbook” seed mixes 
• Monitor construction progress 
• Review final grades before equipment 

demobilized 
• Use a QUALIFIED revegetation contractor 
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Keys to Success for Reveg (Cont.) 

• Monitor the Reveg installation 
 

• Post-revegetation monitoring 
 
• Replace dead/severely stressed trees PRIOR 

to the warranty inspection 
 

• Replace mulch and/or repair blankets 
 
• UNDERSTAND that it takes time! 
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Other Examples 
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• Bear Creek upstream of 
Lowell Blvd 

• Goldsmith Gulch at Cook park 
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A Word on Weed Management 
• #1 - Disturbance promotes weed growth!  

 
• Plan Ahead! 

 
• Weeds are the competition! 

 
• Bare areas are anchor opportunities  

 
• Constant vigilance pays off! 
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Weeds Won’t Work ! 
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Final Acceptance Issues 
• Requesting final acceptance before site is 

ready:  
• Vegetation too sparse 
• Bank erosion and/or channel 

erosion/sedimentation 
• Dead/dying trees and shrubs 

 
• Sediment accumulation in WQ structures 
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Final Acceptance! Now what? 
• Eligible for maintenance assistance from UDFCD 

 
• Local Government MUST request and submit a 

maintenance request to UDFCD’s DCM program. 
 

• Acceptance based on: 
• Local Government prioritization 
• DCM Program funding 
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What’s Our Goal: 
The Final Acceptance Letter 

15 

= 
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Full Spectrum 
Detention and Water 
Rights 
Ken MacKenzie, P.E., UDFCD, Master Planning Program Manager 
& 
Dr. Andrew Earles, P.E. and Adam Kremers, P.E., Wright Water Engineers, Inc. 
 
April 5, 2016 
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Overview of Presentation 
• Objectives and Approach 
• SWMM Water Balance Modeling 
• Water Rights Analysis 
• Conclusions 



2 OBJECTIVES & APPROACH 
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Colorado Revised Statute (CRS) §37-92-
602 (8) 
• UDFCD legislative effort in 2015 session 
• Provides legal protection for stormwater detention and infiltration facilities 

meeting criteria: 
1. Owned or operated by a governmental entity or subject to oversight 

by governmental entity (e.g., required under MS4 permit)  
2. Continuously releases or infiltrates at least 97% of all runoff from a 

rainfall event < = 5-year storm within 72 hours after the end of the 
event  

3. Continuously releases or infiltrates as quickly as practicable, but in all 
cases releases or infiltrates at least 99% of the runoff within 120 
hours after the end of events > = 5-year storm  

4. It operates passively and does not subject the stormwater runoff to 
any active treatment process 

5. If located in Fountain Creek watershed (tributary to the Arkansas 
River), facility must be required by or operated in compliance with 
MS4 permit 
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Objectives 
• Conduct long-term water balance analysis to quantify 

changes to the quantity and timing of water available to 
water rights users. 

• Quantification of water balance differences between 
undeveloped, developed, and developed with FSD. 

• Evaluation of changes in balance (evaporation, ET, 
infiltration, surface runoff) for varying levels of 
imperviousness. 

• Examine effects of timing of runoff/releases from FSD 
facilities. 

• Evaluate effects on downstream water users. 
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Approach 

• Combine hydrology model (SWMM) with water rights model 
(spreadsheet) 

• Model “typical” developments scenarios for hypothetical 
watershed (range of imperviousness) 

• UDFCD spreadsheets for conceptual FSD sizing 
• Water Rights model to assess downstream effects of SWMM 

scenarios 
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Watershed Parameters 
• 1-square mile “typical” watershed 
• Imperviousness 2%, 20%, 35%, 50%, 65%, 80% 
• Sub-basin parameters from 2006 Big Dry Creek Northern Tributaries OSP 
• Horton infiltration using parameters from USDCM 

Climate Data 
• Hourly Precipitation 
• Daily Min and Max Temperatures 
• Wind Speed 
• Evaporation/ET calculated by model 

SWMM 

Water Rights Spreadsheet 

Aquifer Parameters 
• Porosity 
• Field Capacity 
• Wilting Point 
• Upper/ lower zone water 

availability for ET 

Water Rights Accounting 
• Streamflow 
• Diversion Records 
• Return Flows 
• Calls 

Daily Time Series Output from SWMM 
• Outflow 
• Evaporation/ET 
• Storage 

Output from Water Rights Spreadsheet 
Water shortage or water surplus 



8 SWMM WATER BALANCE MODELS 
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Fundamental Model Assumptions 

• One square mile watershed (major drainage scale, typical 
of large scale development projects) 
• Use Big Dry Creek Northern Tributaries OSP as starting point for 

“typical” model parameterization 
• 160 acre sub-basins (similar to UDFCD master plan modeling) 
• Assume directly tributary to waterway 

• Imperviousness varied from undeveloped (2%) to dense 
development (80%) 

• Climate data (hourly rainfall, temperature, wind speed, 
etc.) from NOAA GHCN-D climate data files  
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Fundamental Model Assumptions (cont.) 

• Horton Loss parameters (guidance from USDCM), assume HSG 
C. 

• Evaporation occurs from surface water (e.g. depression 
storage, runoff). 

• Shallow aquifer beneath site – fraction of water in upper soil 
zone is available for ET between events: 
• Aquifer is “bucket” and change in aquifer storage represents 

shallow (tributary) groundwater recharge or depletion 
• Aquifer ET parameters “calibrated” for undeveloped scenario to 

yield results where ET ~ PET for native plants, with infrequent 
runoff. 

• Snowmelt incorporated for runoff timing effects – not a 
sensitive parameter. 
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Fundamental Model Assumptions (cont.) 

• Assumes dry land/native land use prior to development. 
• Additional irrigation water not accounted for in model: 

• Model provides capabilities to evaluate alternate scenarios, 
including return flows from irrigated land; however, scope of this 
assessment did not include irrigation. 

• Results from 1 square mile are scalable to larger areas. 
 



12 

SWMM Layout for Model with No FSD 
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SWMM Model Layout with FSD 
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Precipitation, ET & System Outflow, 1949 - 2013 
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FSD Inflow and Outflow September 
2013, 50% IA 
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Modeled FSD Inflow and Outflow, July 
2005, 50% IA 
 



17 



18 

Ap
ril

 7
,2

01
5 

20
15

 U
DF

CD
 A

nn
ua

l S
em

in
ar

 

50% IA 

50% IA + FSD 

Undeveloped 
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Variables Undev 20% IA 20% IA + 
FSD

35% IA 35% IA + 
FSD

50% IA 50% IA + 
FSD

65% IA 65% IA + 
FSD

80% IA 80% IA + 
FSD

Number of Events 4931 4931 4931 4931 4931 4931 4931 4931 4931 4931 4931

Mean Daily Precip (in) 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19

Max Daily Precip (in) 3.39 3.39 3.39 3.39 3.39 3.39 3.39 3.39 3.39 3.39 3.39

Variables Undev 20% IA 20% IA + 
FSD

35% IA 35% IA + 
FSD

50% IA 50% IA + 
FSD

65% IA 65% IA + 
FSD

80% IA 80% IA + 
FSD

Number of Events 163 5545 5871 5652 6372 5738 6852 5838 7361 5927 7812

Mean Daily Outflow (cfs) 12.2 1.3 0.6 2.1 0.9 3.0 1.2 3.9 1.4 4.4 1.7

Peak Daily Outflow (cfs) 196 264 228 365 352 523 433 697 511 851 516

Mean Daily Outflow (ac-ft) 8.9 0.9 0.7 1.5 1.2 2.2 1.7 2.9 2.2 3.5 2.6

Max Daily Outflow (ac-ft) 77 94 72 113 96 129 102 144 125 158 133

Precipitation

System Outflow

Results – Precipitation & Outflow 
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Variables Undev 20% IA 20% IA + 
FSD

35% IA 35% IA + 
FSD

50% IA 50% IA + 
FSD

65% IA 65% IA + 
FSD

80% IA 80% IA + 
FSD

Number of Events 20689 22032 22833 22443 22443 23529 23529 23707 23707 23707 23707

Daily Mean Evap (in) 0.043 0.036 0.036 0.042 0.042 0.038 0.038 0.038 0.038 0.039 0.039

Peak Daily Evap (in) 0.228 0.228 0.228 0.228 0.228 0.228 0.228 0.228 0.228 0.228 0.228

Variables Undev 20% IA 20% IA + 
FSD 35% IA 35% IA + 

FSD 50% IA 50% IA + 
FSD 65% IA 65% IA + 

FSD 80% IA 80% IA + 
FSD

Number of Events 0 0 6080 0 6569 0 7044 0 7858 0 7972

Daily Mean Storage (ac-ft) 0 0.0 0.2 0.0 0.6 0.0 1.1 0.0 1.4 0.0 1.9

Daily Peak Storage (ac-ft) 0 0 12 0 23 0 35 0 47 0 59

Evaporation

Storage

Results – Evaporation/ET and Storage 
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System Outflow 
Histogram & 
Data 
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27 WATER RIGHTS ANALYSIS 
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Objectives 

• There’s more water, but is there really? 
• Colorado’s water landscape depends on snowpack, runoff and 

return flows for a healthy watershed. 

• Big Dry Creek flows support South Platte River diversions 
• Historical river calls impact on Big Dry Creek 
• Water rights holders and Big Dry Creek diversions 
• Who benefits from FSD as a result of recent legislation? 
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Where is the Water on Big Dry Creek? 

• USGS & DWR stream gages in Westminster and Ft. Lupton. 
• Gaining reach due to non-native flows. 

• Transbasin diversions, reservoir releases and municipal waste 
water treatment effluent. 

• No river calls on Big Dry Creek. 
• Big Dry Creek serves as a conduit for augmentation deliveries 

and releases made to the South Platte. 
• Big Dry Creek diversion structures divert both native and non-

native flows. 
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• Colorado’s Decision Support System 
• State supported and publicly available data for Colorado’s 

climate, streamflow and diversion records 
• Water rights related transactions and net decreed amounts 

relative to the Big Dry Creek system 
• Colorado’s Division of Water Resources 

• Call chronology of Colorado’s river basins 
• South Platte River Basin’s Division 1 office for municipalities 

accounting submittals 
• Outflow from full spectrum detention and runoff as a result of 

development in the Big Dry Creek basin 
• Evapotranspiration from rainfall events 
• Lagged groundwater returns to Big Dry Creek and the South 

Platte River 
 

Where is the Water on Big Dry Creek? 
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USGS Gaged Streamflow - Big Dry Creek at 
Westminster 

06720820 - BDC @ Westminster
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Average Monthly Inflows on Big Dry Creek 

Northglenn Thornton Broomfield Westminster Standley Release
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Water Rights on Big Dry Creek  
Decreed Amount (cfs) 

Structure 
ID Water Right Name Appropriation 

Date 
Administration 

No. Case No Decreed Use Absolute Conditional Alternate 
Point 

872 German Ditch 1885-11-30 13118.00000 CA8568 Irrigation 0.99     

871 Bull Canal (Whipple Ditch) 1885-12-31 13149.00000 CA8568 Irrigation 0.99     

871 Bull Canal (Whipple Ditch) 1884-09-01 15895.12663 CA54658 Irrigation 5     

872 German Ditch 1885-11-25 15895.13113 01CW0273 Irrigation 40     

873 Big Dry Creek Ditch 1889-12-15 15895.14594 CA54658 Irrigation 36.66     

874 Yoxall Ditch 1896-07-27 17010.00000 CA40750 Irrigation 16.8     

880 Thornton Golf Course Pipeline 1987-12-10 50382.00000 96CW0244 

Irrigation, 
Recreation, 

Other Beneficial 
Uses 

5   140 

880 Thornton Golf Course Pipeline 1996-12-31 53691.00000 96CW1116 Municipal     130 

871 Bull Canal (Whipple Ditch) 2004-11-15 56567.00000 04CW0310 Municipal   31   

871 Bull Canal (Whipple Ditch) 2004-12-20 56602.00000 04CW0310 Municipal     21 
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Average Monthly Big Dry Creek Diversions 
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USGS Gaged Streamflow - Big Dry Creek at Ft. Lupton 

06720990 - BDC nr Ft. Lupton
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Return Flow and ET 
• Colorado water rights holders depend on subsurface flows as 

a result of rainfall, reservoir seepage and irrigation use. 
• Farm irrigation is large contributor to groundwater return flows. 
• Undeveloped scenario losses are a result of evapotranspiration. 

• Development removes the lagged component of native ET 
from the system. 
• Long-term ET is re-timed through FSD and available to water 

rights holders in greater and more immediate quantities. 
• The lagged component returning to the stream is de minimis 

relative to an undeveloped area. 



37 

Effects of FSD 
• Colorado water rights holders 

• Municipalities 
• Augmentation Plans 

• Peak flow from rainfall events increase physical flow in 
subsequent days 

• Big Dry Creek and South Platte River water rights may divert 
more water 
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Increase in Runoff due to Development - June 2002 Event 

6/3/2002 6/4/2002 6/5/2002
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Increase in Runoff due to Development - July 2012 Event 

7/7/2012 7/8/2012 7/9/2012 7/10/2012
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Increase in 2002 Irrigation Season Streamflow  
as a Result of Development 

Streamflow Undeveloped 20% - IA 20% - IA+FSD 35% - IA 35% - IA+FSD

50% - IA 50% - IA+FSD 65% - IA 65% - IA+FSD 80% - IA 80% - IA+FSD
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Admin # Call Structure Days Percent Undeveloped 20% - IA 20% - IA+FSD 35% - IA 35% - IA+FSD 50% - IA 50% - IA+FSD 65% - IA 65% - IA+FSD 80% - IA 80% - IA+FSD
13,883 60% 728 2,553 2,380 4,512 4,583 6,762 7,003 9,328 9,622 11,297 12,498

5803.00000 FARMERS INDEPENDENT DITCH 50 0.22% 0 3 1 5 2 8 3 11 4 13 6
5965.00000 MEADOW ISLAND 1 DITCH 190 0.82% 18 46 39 76 67 107 89 142 124 170 161
5967.00000 MEADOW ISLAND DITCH 143 0.61% 24 63 52 103 93 147 128 195 166 234 210
5969.00000 HEWES COOK DITCH 146 0.63% 0 12 9 24 17 39 26 56 34 67 44
7671.00000 PLATTEVILLE DITCH 10 0.04% 0 0 0 0 0 0 0 0 0 0 0
7739.00000 LUPTON BOTTOM DITCH 1 0.00% 0 0 0 0 0 0 0 0 0 0 0
7892.00000 HEWES COOK DITCH 126 0.54% 5 23 13 43 19 62 24 83 43 100 67
7948.00000 EVANS NO 2 DITCH 1,476 6.35% 145 343 265 552 446 782 594 1,039 796 1,236 1,038
7975.00000 BRIGHTON DITCH 375 1.61% 0 37 28 73 54 117 86 167 127 205 175
8127.00000 FARMERS HIGHLINE CNL 53 0.23% 0 12 10 25 21 41 32 60 45 75 59
8218.00000 BRANTNER DITCH 32 0.14% 0 2 2 4 3 6 7 8 10 10 11
8659.00000 LUPTON BOTTOM DITCH 136 0.58% 65 111 87 161 128 213 151 270 191 317 237
8689.00000 PLATTEVILLE DITCH 109 0.47% 55 87 66 121 94 157 111 195 144 226 181
9075.00000 UNION DITCH 196 0.84% 12 48 35 88 65 128 93 173 136 209 186
9597.00000 MEADOW ISLAND DITCH 3 0.01% 0 0 0 0 0 0 0 0 0 1 1
9686.00000 FULTON DITCH 501 2.15% 12 98 68 189 120 292 177 406 271 497 386
9821.00000 FARMERS INDEPENDENT DITCH 271 1.17% 0 34 28 67 61 107 100 154 132 189 171

10180.00000 LOWER LATHAM DITCH 243 1.05% 48 141 92 238 157 345 212 460 289 558 371
10184.00000 CHURCH DITCH 1 0% 0 0 0 0 0 0 0 0 0 0 0
10215.00000 MEADOW ISLAND DITCH 26 0.11% 0 2 2 4 3 6 5 9 7 10 9
10480.00000 DENVER CONDUIT NO 20 2 0.01% 0 0 0 0 0 0 0 0 0 0 0
10546.00000 CHURCH DITCH 1 0% 0 0 0 0 0 0 0 0 0 0 0
10610.00000 HIGHLINE CNL 93 0.40% 87 133 122 187 183 237 213 290 281 332 328
10901.00000 FULTON DITCH 15 0.06% 0 7 2 15 3 24 5 34 9 43 17
11139.00000 DENVER CONDUIT NO 20 5 0.02% 0 1 0 1 1 2 1 2 2 3 2
11338.00000 BRANTNER DITCH 68 0.29% 0 3 3 6 7 10 14 15 19 17 23
11620.00000 LOWER LATHAM DITCH 156 0.67% 2 32 27 63 57 99 92 140 131 173 171
11629.00000 UNION DITCH 2 0.01% 0 0 0 0 0 0 0 0 0 0 0
11807.00000 MEADOW ISLAND 1 DITCH 15 0.06% 0 0 0 0 0 0 0 0 0 0 0
13108.00000 BURLINGTON D RIVER HEADGATE 2,164 9.31% 63 409 360 769 698 1,187 1,063 1,665 1,435 2,031 1,899
14423.00000 CHEESMAN RES 106 0.46% 0 13 9 25 17 41 26 59 37 72 53
14519.00000 DENVER CONDUIT NO 20 0 0.00% 0 0 0 0 0 0 0 0 0 0 0
15585.00000 DENVER CONDUIT NO 20 6 0.03% 0 0 0 0 0 0 0 0 0 0 0

BDC Ditch 15973.00000 CHEESMAN RES 23 0.10% 75 90 75 108 106 123 121 138 137 151 156
18018.00000 DENVER CONDUIT NO 20 26 0.11% 0 0 0 0 0 0 0 0 0 0 0
19055.00000 CROKE CANAL 18 0.08% 0 0 0 0 0 0 1 0 2 0 3
21150.00000 BURLINGTON D RIVER HEADGATE 21 0.09% 0 1 1 2 1 2 2 3 3 4 4
21252.00000 BURLINGTON D RIVER HEADGATE 102 0.44% 0 13 11 25 21 41 33 59 46 71 59
21562.00000 BURLINGTON D RIVER HEADGATE 1,313 5.65% 4 141 132 283 280 453 465 649 673 798 891
21698.00000 MILTON RES 139 0.60% 0 6 6 12 12 20 20 29 32 35 46
21709.00000 EVANS NO 2 DITCH 9 0.04% 0 0 0 1 1 1 1 1 1 1 2
22239.00000 BURLINGTON D RIVER HEADGATE 115 0.49% 0 2 2 4 4 7 6 9 9 11 11
22254.00000 DENVER CONDUIT NO 20 20 0.09% 0 0 0 0 0 0 0 0 0 0 0
22355.00000 HORSE CREEK RES 48 0.21% 0 6 6 11 17 18 27 26 37 31 48
22370.00000 MARSTON RES FROM (SEE 0903501) 15 0.06% 0 4 2 8 5 13 9 19 15 23 23
25050.21709 EVANS NO 2 DITCH 33 0.14% 0 6 7 13 18 21 30 30 31 38 39
46748.00000 CHATFIELD RESERVOIR 137 0.59% 5 32 27 61 59 92 92 126 117 153 143
47481.40987 DENVER CONDUIT NO 20 7 0.03% 0 0 0 0 0 0 0 0 0 0 0
48974.00000 BURLINGTON D RIVER HEADGATE 12 0.05% 0 2 2 4 3 6 6 9 7 11 9
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Platte River Call 

Meadow Island Ditch 
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Conclusions 
• Development increases impervious area which decreases 

evaporation/ET and increases runoff 
• Surface water yield from undeveloped to developed 

conditions changes dramatically, more so at higher impervious 
levels 

• Evaporation/ET in model is not sensitive to effects of FSD 
• Depression storage following rainfall 
• Soil moisture availability for ET (upper aquifer zone) 

• FSD attenuates peak discharges and extends release 
hydrographs 
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Conclusions 
• SWMM Model trends follow expected patterns with 

increasing imperviousness 
• FSD primarily affects the timing of runoff (relative to same 

scenario) without FSD, quantity effects are minor 
• Increased flow along the Front Range is coveted and will help 

water rights holders reduce the supply/demand gap 
• Following rainfall events in dry years, water rights holders will 

benefit from increased flow in subsequent days as a result of 
FSD 
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Questions & Comments? 
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Shea Thomas, PE 
Project Manager 
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Mitigation Preservation 



3 

Douglas County: Duke of Hazards 

Ap
ril

 5
, 2

01
6 

20
16

 U
DF

CD
 A

nn
ua

l S
em

in
ar

 



4 

Ap
ril

 5
, 2

01
6 

20
16

 U
DF

CD
 A

nn
ua

l S
em

in
ar

 

Plum Creek 
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coloradohazardmapping.com 
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Boulder County: Back to the Future 
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Boulder Creek 



13 

Ap
ril

 5
, 2

01
6 

20
16

 U
DF

CD
 A

nn
ua

l S
em

in
ar

 



14 

Ap
ril

 5
, 2

01
6 

20
16

 U
DF

CD
 A

nn
ua

l S
em

in
ar

 



15 

Ap
ril

 5
, 2

01
6 

20
16

 U
DF

CD
 A

nn
ua

l S
em

in
ar

 



16 

Ap
ril

 5
, 2

01
6 

20
16

 U
DF

CD
 A

nn
ua

l S
em

in
ar

 



17 

Ap
ril

 5
, 2

01
6 

20
16

 U
DF

CD
 A

nn
ua

l S
em

in
ar

 



18 

Ap
ril

 5
, 2

01
6 

20
16

 U
DF

CD
 A

nn
ua

l S
em

in
ar

 



19 

Ap
ril

 5
, 2

01
6 

20
16

 U
DF

CD
 A

nn
ua

l S
em

in
ar

 



20 

Ap
ril

 5
, 2

01
6 

20
16

 U
DF

CD
 A

nn
ua

l S
em

in
ar

 



21 

Ap
ril

 5
, 2

01
6 

20
16

 U
DF

CD
 A

nn
ua

l S
em

in
ar

 



22 

Ap
ril

 5
, 2

01
6 

20
16

 U
DF

CD
 A

nn
ua

l S
em

in
ar

 

Federal Heights/Thornton:  
Predicting the Future 
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Niver Creek 



24 

Ap
ril

 5
, 2

01
6 

20
16

 U
DF

CD
 A

nn
ua

l S
em

in
ar

 

36 



25 

Ap
ril

 5
, 2

01
6 

20
16

 U
DF

CD
 A

nn
ua

l S
em

in
ar

 



26 

Ap
ril

 5
, 2

01
6 

20
16

 U
DF

CD
 A

nn
ua

l S
em

in
ar

 



27 

Ap
ril

 5
, 2

01
6 

20
16

 U
DF

CD
 A

nn
ua

l S
em

in
ar

 



28 

Ap
ril

 5
, 2

01
6 

20
16

 U
DF

CD
 A

nn
ua

l S
em

in
ar

 



29 

Ap
ril

 5
, 2

01
6 

20
16

 U
DF

CD
 A

nn
ua

l S
em

in
ar

 



30 

Ap
ril

 5
, 2

01
6 

20
16

 U
DF

CD
 A

nn
ua

l S
em

in
ar

 



31 

Ap
ril

 5
, 2

01
6 

20
16

 U
DF

CD
 A

nn
ua

l S
em

in
ar

 



32 

Ap
ril

 5
, 2

01
6 

20
16

 U
DF

CD
 A

nn
ua

l S
em

in
ar

 



33 

Ap
ril

 5
, 2

01
6 

20
16

 U
DF

CD
 A

nn
ua

l S
em

in
ar

 



34 

Lakewood: All In 
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North Dry Gulch 
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Public 
awareness 

Increased 
safety 

Riparian 
habitat 

Water 
quality 

Overbank storage 

Freeboard 

Groundwater recharge 

Education 

Reduced blockage 

Trail connectivity 
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Where it applies: 
Anywhere an undersized pipe/culvert has been 
installed to convey major drainageway flows 
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Years later 

yaaaaaaaay 

Thank you. 
Questions? 

Shea Thomas 
sthomas@udfcd.org 
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Update on Regional 
Hydrologic Investigations 

 
Ken A. MacKenzie, P.E., UDFCD 
Gerald Blackler, P.E., PhD, Enginuity 
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Typical Municipal Criteria:  
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Flood Channels:  

• Freeboard: 1-2 feet  

Detention Basins:  

• May only include ½ WQCV (or EURV) in 

100-Year Volume 

• Freeboard: 1 foot  
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Channel Freeboard 
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100-Year Channel Becomes? 

• 1’ of freeboard ≈ 140% increase in capacity 
• 2’ of freeboard ≈ 190% increase in capacity 

 
 

• 1’ of freeboard ≈ 500-year channel 
• 2’ of freeboard ≈ 1,000-year channel 

 
Freeboard is a Safety Factor 
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• ½ WQCV & 1’ freeboard ≈ 140% increase 
• ½ EURV & 1’ freeboard ≈ 160% increase 

 
 

• ½ WQCV & 1’ of freeboard ≈ 500-year 
storage 

• ½ EURV & 2’ of freeboard ≈ 1,000-year 
storage 
 

Detention Freeboard 
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100-Year Detention Becomes? 
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Conservativism vs. Accuracy 
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Hydraulics:  
• We want to be conservative  
• i.e., safety factor to hedge uncertainty 

 

Hydrology: 
• We want to be accurate 
• i.e., right, based on known events 
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Conditional Letters of Map Revision 
(CLOMRs) based on Hydrology 
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 3 Methods: 
 

1. Statistical extrapolation of gage data  
 

2. Regression equations 
 

3. Rainfall—runoff  models 
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Conditional Letters of Map Revision 
(CLOMRs) based on Hydrology: Partners 
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South Platte River 
• Adams County 
• Arapahoe County 
• Brighton 
• Columbine Valley 
• Commerce City 
• Denver 
• Douglas County 
• Englewood 
• Fort Lupton 
• Jefferson County 
• Littleton 
• Sheridan 
• Thornton 
• Weld County 

 

Clear Creek 
• Adams County 
• Arvada 
• Denver 
• Golden 
• Jefferson County 
• Wheat Ridge 

 

Both 
• CWCB 
• FEMA 
• USGS 
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South Platte River CLOMR 
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Clear Creek CLOMR 
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CUHP Update (Year’s Progress) 
• 10 basins were tested using GARR Rainfall Developed by Rainvieux.   
• Each analysis compared: 

• Larger CUHP Basins, 
• Smaller basins averaging 100 acres, 
• New calibrated Cp and Ct values,  
• Testing the effects of Routing. 

• This resulted in over 60 storms being analyzed between 2013 and 
2015 for each scenario creating more than 240 comparisons. 

• Data was paired down based on correlation between rainfall, runoff, 
and some were eliminated by obvious gage recording errors. 

• Paired down data results in 41 data sets to date of Selected Data. 
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Calibration Process 

1. Select Recorded Flows of Interest 
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Calibration Process 

2. Compare GARR Rainfall with Selected Flows 
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Calibration Process 

3. Develop Single Basin Model 
• Develop basins that are not greater than 5 square miles and are 

within reasonable shapes (L^2/A) 
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Calibration Process 

4. Review MDP / OSP Small Basin Model 
• If model needs re-developed, develop a new small basin model 

averaging 100 acres per UDFCD Standards. 
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Calibration Process 

5. Develop a Dynamic Model from MDP / OSP Kinematic Wave 
Model to compare Routing Sensitivity 
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Calibration Process 

6. Run CUHP Models and Selected Storms for the Following: 
1. Single / Large Basin Analysis 
2. MDP / OSP Small Basins 
3. MDP / OSP Small Basins with Adjusted Cp and Ct 
4. MDP / OSP Small Basins Dynamic Wave Routing 
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Calibration Process 

7. Compare Computed Peak Flows with Recorded Flows 
 



18 

Calibration Process 

8. Review Recorded Data for Consistency, Eliminate Bad Data 
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Preliminary Results 
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• Even with the large amount of gauges 
available, only six (6) so far were considered 
viable: 
• Period of record with GARR 
• Location and placement of gauge (Example, 

ponds) 
 

Image of Gauge Location for No Name at Quincy Drainageway 
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Preliminary Results 
• Large deviation of data: 

• Can sometimes be a gauge reading or measurement 
error 

• GARR reduces rainfall error, but storms still move more 
dynamically than 1 or 2 hyetographs can represent. 
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Preliminary Results 
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Ongoing Work 
• Currently Testing a few Recommendations and Hypotheses 

with storm frequency. 
• General Findings: 

• The original calibration of CUHP produced a good product that is 
unique and specific to Denver. 

• Re-examination of CUHP did not produce any startling results 
(Good Job Ben!). 

• The usage of small basins in our MDP process does appear to 
increase flows when compared to the gauges. 

• What to expect: 
• No major decisions have been made at this time. 
• It is likely that there will be some modifications, how big or small 

those are is still being decided. 
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