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Technical Session 1: 
Developing New Depth Area Reduction Factors for the Urban 

Drainage & Flood Control District  
 

Ben Urbonas, Urban Watersheds, LLC, part of Wright Water Engineers, Inc. Team 
 

ABSTRACT:   
 

Currently the Urban Drainage and Flood Control District (UDFCD) uses and recommends 

Depth Area Reduction Factors (DARFs) based on NWS TP40 report (also NOAA Atlas).  

NWS DARFs are geographically‐based reduction factors for storm durations of 30‐, 60, 

120‐, 360‐, and 720‐minutes.  UDFCD extrapolated and developed a 15‐minute DARF 

using this NWS information and published them in its Urban Storm Drainage Criteria 

Manual (USDCM) in 1984.  

In 2011, Carlton Engineering, Inc. completed a report for the City of Colorado Springs on 

rainfall characteristic of the City and El Paso County (Carlton, 2011; Fountain Creek 

Watershed Rainfall Characterization).  The study supporting this report included the 

development of local cell‐centered (as opposed to geographically‐based) DARFs based 

on radar images of rainstorms in Eastern Colorado and El Paso County.  Dan Bare, P.E., 

Senior Civil Engineer with the City of Colorado Springs Engineering Department, 

generously gave UDFCD permission to use the information in this report to see if it could 

be applied to the UDFCD region.   

Wright Water Engineers, Inc. (WWE) was asked by UDFCD to analyze the findings of 

Carlton’s team to assess applicability to the UDFCD region engaged Ben Urbonas, P.E. of 

Urban Watersheds, LLC, as a sub‐consultant to perform this assessment.  This 

presentation reports on the findings of the investigation of how to apply Carlton’s 

findings, how they were used to develop recommended new DARFs for use within the 

UDFCD region and the application of them to 5‐year and smaller design storms for 

inclusion in the ongoing update to Volumes 1 & 2 of the USDCM.     
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Technical Session 2: 
Temporary Diversion Sizing When Working in Waterways 

 

David Bennetts, UDFCD  
Shannon Tillack, Wright Water Engineers 

 
ABSTRACT:   
 

The Urban  Storm Drainage Criteria Manual  (USDCM) Volume 3 provides  guidance on 

temporary diversion channel sizing criteria when working in or around a waterway.  The 

current temporary diversion channel sizing criteria suggest using a curve that estimates 

the 2‐year peak flow rates based on watershed  imperviousness for small waterways (< 

12 square miles).  This 2‐year peak flow rate temporary diversion channel sizing criteria 

is adopted by reference  to Volume 3  in many Front Range MS4 permits and has been 

applied  to  projects,  regardless  of  size,  duration  and  other  factors  that  affect  costs, 

benefits and risks of temporary diversions.   Requiring complete diversion of the 2‐year 

peak flow rate for all projects requiring diversions  is too general and does not address 

important  factors  including  the  temporal  length  of  the  project,  the  time  of  year  for 

construction, current condition of the stream channel, and the different types of work 

(bank stabilization,  roadway crossings, below‐stream utility placement, etc.)  that have 

different corresponding diversion needs, and other factors.       

The U.S. Geological Survey  (USGS) has been collecting Crest Stage  Indicator  (CSI) data 

for  the  Urban  Drainage  and  Flood  Control  District  (UDFCD)  for  over  30  years  at 

approximately 29  sites  in  the metropolitan area.   A  flood‐flow‐frequency analysis and 

probability distribution analysis was performed for all monthly data for each month for 

which  data  were  available.    This  analysis  was  conducted  for  both  base  flows  and 

monthly peak flows.  For projects that are not likely to exceed several weeks in duration 

in times of the year when wet weather  is not generally anticipated, a  linear regression 

equation with a seasonal safety factor coefficient can be used to determine the revised 

temporary diversion channel sizing criteria, based on project‐specific characteristics. 
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Technical Session 3: 
Updating Volumes 1 and 2 of the Urban Strom Drainage Criteria 

Manual (USDCM)  
 

Holly Piza, UDFCD 
ABSTRACT:   
 

Volumes 1 and 2 of the Urban Storm Drainage Criteria Manual (USDCM) were last 
updated in 2001.  These volumes are currently undergoing another update in 
order to capture experience gained and incorporate relevant research conducted 
over the past decade.  This presentation will highlight significant changes, many of 
which are tied to the following goals for this project:  
 
 
 Expand guidance on drop structure selection and design. 

 Provide more guidance for full spectrum detention and EURV. 

 Incorporate inlet research from the CSU hydraulics lab. 

 Provide better guidance for bioengineering. 

 Update the current details with the most current recommendations.  

 Provide guidance on trail design next to streams.   

The update process is guided by two committees – the stakeholder’s group and 
the technical advisory committee. The technical advisory committee is further 
divided into the following core workgroups:  

 Major Drainage  

 Hydraulic Structures  

 Streets‐Inlets‐Storm  

 Storage  

 Revegetation  

 Trail Criteria  

All interested parties will have the opportunity to review and comment on the 
manual as it develops. To find out more, please visit: www.udfcd.org to stay 
current on this project. 
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Technical Session 4: 
Floodplain Delineation Modeling: 2D or not 2D?  

 

Shea Thomas, UDFCD & Alan Turner, CH2M HILL 
 

ABSTRACT:   
 

Riverine hydraulic modeling within the United States has been largely dominated by the 

use of one‐dimensional (1‐D) analysis programs, such as the U.S. Army Corps of 

Engineers (USACE) HEC‐RAS River Analysis System software or the Environmental 

Protection Agencies (EPA) Storm Water Management Model (SWMM). With the 

advancement in remote sensing technology that provides detailed and accurate terrain 

models, hydraulic analyses and floodplain delineations have become more accurate. 

With improved topographic mapping and the increased accuracy of hydraulic modeling, 

complex flow splits with multiple flow directions are more easily identified. A 1‐D model 

is limited in accurately analyzing these complex situations due to the fundamental 

assumption that flow is in a single direction.  

With increased computational power that is now available, the use of two‐dimensional 

(2‐D) hydraulic models can be quickly created and run to represent complex flow 

situations. Current regulations for floodplain modeling are generally geared toward 1‐D 

modeling with kinematic wave routing assumptions. Many flooding scenarios are better 

represented by 2‐D models than 1‐D models; in particular areas of split flows caused by 

hydraulic structures, urban flooding areas, and alluvial fan analysis.  

The purpose of this presentation is to provide guidance on when 2‐D models should be 

utilized and how to correctly develop a 2‐D model for riverine systems. In addition, in 

light of the current regulatory environment where most legacy models are 1‐D and 

many regulations are geared toward 1‐D modeling results, this presentation will offer 

guidelines on how the results of a 2‐D hydraulic model can be used to quickly and 

efficiently develop 1‐D models acceptable to regulatory agencies and municipalities for 

riverine systems.   
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Technical Session 5: 
Hydraulic Efficiency of CDOT Type C and D Inlets  

 

James C.Y. Guo, PhD, Professor and P.E. U of Colorado Denver 
Amanullah Mommandi, Hydraulic Engineer, CDOT 

 
ABSTRACT:   
 
This presentation summarizes the theoretical derivation, laboratory data collection, modeling 
calibration, and design application developed for designs of CDOT Type C and D inlets. 
 
Type C and D inlets (TY C, TY D) are often installed at a low point for runoff collection from a 
large depressed area or in a highway median. According to the Hydraulic Design Manual issued 
by the Colorado Department of Transportation (CDOT), a TY C has a standard frame size of 3-ft 
by 3-ft with I-beam bars to support the loadings on its top. A TY D inlet is formed by two TY C 
inlets lined in series or in parallel with a standard dimension of 3-ft by 6-ft.  A TY C or D inlet is 
often operated with a headwater ranging from 0.5 to 3 feet to increase its flow interception 
capacity. A depressed TY C or D inlet often entrains highway debris carried in the runoff flows. 
The flow eddies and swirls circulate twigs and leaves between the I-beam bars. The accumulated 
debris tends to clog the grate surface. As a result, an inclined Type D is preferred to reduce the 
clogging potential. 
 

Laboratory Model for Inclined Type D Inlet  Laboratory Model for Flat Type D Inlet  

 

In this study, a set of new formulas was derived to design Type C and D inlets. The values of 
flow coefficient, Cd, orifice coefficient, Co, and weir coefficient, Cw, were derived from 92 sets 
of laboratory data.  In comparison, a flat Type C inlet has the highest flow interception capacity 
compared to the inclined. The laboratory data indicate that there is a tradeoff between the 
reduction on clogging coefficient and the decrease in flow interception. With the recommended 
coefficients, the engineer can select the design parameters based on the optimal performance of 
the inlet under the specified condition in the field.     
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Technical Session 6: 
New Detention Sizing Methods  

 

Ken MacKenzie & Ryan Taylor, UDFCD 
Jim Wulliman, Muller Engineering Company 

 
ABSTRACT:   
 

As part of the Urban Storm Drainage Criteria Manual (USDCM) update, we have been re‐

evaluating our detention sizing and design methods.  The Storage Chapter Technical 

Advisory Committee has provided valuable insight and guidance through this process 

and we are excited about some new developments. After providing a brief background 

on the issues and developments associated with detention practices, this presentation 

will go through our newly‐proposed design criteria, including: 

 New assumptions for historic peak unit runoff rates based on the one‐hour point 

precipitation and hydrologic soil group including the derivation of new general 

equations to estimate these runoff rates. 

 A new, simplified equation to estimate the required storage volume to safely and 

efficiently manage runoff events up to and including the 100‐year storm in a full 

spectrum detention basin. 

 An evaluation of alternative configurations for water quality outlet structures, 

including an option referred to as an elliptical slot weir.  

 A new Microsoft Excel program to size and analyze full spectrum detention basins 

by utilizing the modified‐puls routing method. The embedded design storm 

hydrographs resulted from rainfall depths ranging from 0.6 inches to 2.6 inches. 

 An evaluation of inclined overflow grates associated with extended detention 

basins resulting from computational fluid dynamics models analyzed by ARCADIS. 
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Technical Session 7: 
Floodplain Management Program Update 

 

Bill DeGroot & David Mallory, UDFCD 
 
 

ABSTRACT:   
 

The Floodplain Management Program was established in 1974 to prevent new flood 

damage potential from being introduced into the especially hazardous area of the 

floodplain (aka 100‐year floodplain) while encouraging the utilization of non‐structural 

methods of flood damage mitigation.  One major area of activity is overseeing the 

District’s Maintenance Eligibility Program (MEP). 

In 1980, the District’s Board of Directors adopted the 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.”  We have periodically issued MEP 

Guidelines in order to help folks through the program and gain eligibility for their 

projects.  The guidelines were last updated in 2006, so we thought it appropriate to 

issue a new version. 

This presentation will focus on major changes in the guidelines as well as tips for 

gracefully getting through the design review, construction and final acceptance phases.  

The role of sustainable natural systems in resilient communities is becoming widely 

recognized.  There is mounting evidence that good stewardship of the natural 

environment provides a level of protection against the extremes of nature.  We will 

discuss how the MEP leverages good floodplain management techniques and the 

legitimate profit motive of community builders that results in safe and proper 

development in and adjacent to floodplains. 
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Technical Session 8: 
The 2010 Fourmile Canyon Fire—One Year and One Flood Later 

   

Kevin Stewart, UDFCD 
 

ABSTRACT: 
 

The 2010 Labor Day Fourmile Canyon Fire in Boulder County has been labeled 

Colorado’s most destructive wildfire, not because the burn area was so large, but 

because such a large number of homes were destroyed.  As bad as this fire was for 

those homeowners, the increased flood threat may prove be the fire’s most serious 

consequence. 

This presentation will share some personal and professional insights beginning with a 

highly debated flood risk assessment and the implementation of two real‐time 

hydrologic models that lacked supporting rainfall/runoff data for calibration.  Adding to 

the debate was the fact that the largest flood on Fourmile Creek in the past 75 years did 

not likely exceed 500 cfs.  Convincing residents that a life‐threatening flash flood was 

likely in the next few years was not an easy task and there were many non‐believers at 

the beginning of the 2011 flood season.  In adjusting to the increased flood threat, 

decision‐makers increasingly relied on real‐time radar, rainfall measurements and 

stream level data to develop a common operating picture.  Team building and 

developing relationships were of vital importance including interactions with the 

meteorologists and hydrologists from the National Weather Service, the Urban Drainage 

and Flood Control District and local government engineers.  Enhancement of early 

notification and emergency response procedures combined with a well‐targeted public 

education effort ultimately paid dividends when the system was tested by a dangerous 

flash flood resulting from a relatively small rainstorm on July 13, 2011.  With the 

increased flood threat expected to continue unabated for a number of years to come, 

subsequent planning activities remain underway to further improve services and 

maintain high levels of trust among all parties concerned. 
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Technical Session 9: 

UDFCD Revised and Updated Construction Specifications 
 

David Bennetts, UDFCD 
 
ABSTRACT:   
 
 

The Design, Construction, and Maintenance (DCM) program recently completed 
an update to our standard specifications.  These specifications are used for all 
construction projects the District builds, as well as by others both inside and 
outside of the District.  The specifications cover standard construction activities, 
products, and installation for work in drainageways.   

Revisions and updates to the standard specifications included: 

 Complete review by District Staff 

 Update to the revised CIS format 

 Specifications for new construction techniques or materials 

 Legal references and insurance limits 

 Updated Criteria Manuel references 

 Changes to better facilitate a ‘paperless process’ 

The revised specifications have been reviewed by several outside consulting firms, 
legal council, several drainageway contractors, and major suppliers of material 
such as rock and pipe; and comments received were included in the revisions.   

The new specifications will be posted on the District’s website for all to use.  This 
will eliminate the need to develop a full set of specifications for each individual 
project, and better facilitate the revised bidding process the District has been 
using. 
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Technical Session 10: 

A 360 Degree Discussion of Erosion and Sediment Control in 
Drainageway Construction 

 

Laura Kroeger & Barbara Chongtoua, UDFCD 
Erik Nelson & Ryan Adrian, Douglas County 
Jerry Naranjo, Naranjo Civil Constructors 

 
ABSTRACT:   
 
 

At last year’s UDFCD annual seminar one of the topics presented was on how 
stream stabilization projects are actually (and should be considered) permanent 
best management practices (BMPs).  With the approach that a BMP is a 
technique, process, activity, or structure used to reduce pollutant discharges in 
storm water (as defined in the USDCM Volume 3), stabilizing or repairing streams 
with active erosion significantly reduces the pollutant discharge.   

The previous presentation suggested that we need to come into a better balance 
with implementing MS4 permits, when it applies to an eroding drainageway.  The 
imbalance stems from well‐meant but costly erosion and sediment control permit 
processes that divert money from construction of stream stabilization as a 
permanent BMP in order to spend more on temporary construction BMPs that 
are sometimes of dubious merit.   The argument can be made that for actively 
eroding channels, the temporary impacts of construction may not cause pollution 
in a manner worse than the pre‐construction condition.  With that said, all parties 
agree that temporary construction BMPs are necessary, but more flexibility and a 
streamlined process would help reduce costs that, in return, would leave more 
money to go toward building the ultimate permanent solution.   

The purpose of this panel discussion is: 

1.  A follow up on how the District has been working with MS4 permit holders 
to streamline the erosion and sediment control permit process, and 

2.  A look at future opportunities to focus more tax dollars on stream 
stabilization as the permanent BMP.   

Hear from a local permit holder, a storm water inspector, a contractor, and a 
UDFCD project engineer on how we can all continue to strive for a better balance 
to meet permit requirements in a very cost effective manner. 
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• 1969 UDFCD contracted with the USGS to collect 
rainfall/runoff data from urban catchments. 

• 1977 UDFCD started to analyze this data. Goal: 
• Develop more reliable urban runoff simulation 

techniques for UDFCD region
• Design storms were also analyzed

• USGS obtained hourly rainfall data from NWS
• 73 years of continuous hourly data 
• 5-minute data for 3 largest storms for each of 

the 73 years 

History of UDFCD Hydrology



1979 Comparison of 30 minute Depths 
73 years of Data, NOAA Atlas, UDFCD Manual 
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Original Pre‐1979 
Design Storm Procedure

1. User picked off 5-minute through 2-hour rainfall 
depths from isopluvial maps in USDCM

2. Plot a depth-duration curve

3. Segregated the values into 5-minute depths

4. Rearrange the 5-minute incremental depths into a 
“logical” temporal arrangement by placing the 
highest depth increment at 30 or 35 minutes from 
start of storm (depending on return period). 



UDFCD Design Storm 
Analysis for 1979 Update

1. Calibrated CUHP model using recorded simultaneous 
rainfall/runoff data for a variety of land uses

2. Used the calibrated CUHP to process three larges 
storms with 5-minute data for 73 years of data

3. Picked off the largest 73 runoff peaks and volumes 

4. Performed Log-Pearson Type III frequency analysis 

5. Results became the basis for comparing peaks and 
volumes form existing and new design storms



1978 Calibrated CUHP
Recorded vs. Calculated Peak Flows 
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Post 1979 
UDFCD Design Storms

1. Developed using 73 years of rainfall to model runoff 
peaks using calibrated unit hydrograph model 

2. 2-hour duration front-loaded design storm pattern
was selected after studying 73 years of storm patterns
• 3- and 6-hour durations were developed for large catchments  

3. Design storm distributions were adjusted to 
produce runoff peaks that best match runoff peaks
at all return periods



Redesigned Design Storm Peaks vs. 
Runoff Peak Statistics (250 ac & 40% Imp.)

2 5 10 25 50 100
100

200

300

400

600

800

100

D
is

ch
a r

g e
 - 

cf
s

Retrun Period - Years

 Calibrated Model Peaks
 Ignoring Antecedent Precip

 Calibrated Model 
 Peaks

 UDFCD Design  
 Storm  

 NOAA Design  
 Storm   

NOAA Design 
Storm

UDFCD Design 
Storm

Calibrated Model Peaks
Ignoring Antecedent Precip

1000

Calibrated Model Peaks

Redesigned UDFCD
Design Storms



2 5 10 25 50 100
100

200

300

400

600

800

D
is

ch
ar

ge
 - 

cf
s

Retrun Period - Years

 Calibrated Model 
 Peaks

 UDFCD Design  
 Storm  

 NOAA Design  
 Storm   

NOAA Design 
Storm

UDFCD Design 
Storm

Calibrated Model 
Peaks

Redesigned Design Storm Peaks vs.
Runoff Peak Statistics (90 ac & 97% Imp.)

Redesigned UDFCD
Design Storms



UDFCD Depth Area Reduction 
Factors (DARFs) in Use Today

1. Current UDFCD DARFs are based on NOAA Atlas 
and are geographically-based types

• 30-, 60, 120-, 360-, and 720-minute DARFs from NOAA 

• UDFCD extrapolated 15-minute DARF

2. Applied each duration DARF to internal durations 
of UDFCD design storms

3. Protocols for doing this are published in USDCM 
and are a part of UDFCD’s USDCM spreadsheets



New DARFs 
Recommended for 
UDFCD Region

for 
10‐year and smaller
design storms 



New DARFs for UDFCDs
10‐year and Smaller Storms 

Wright Water Engineers, Inc. (WWE) was asked by 

UDFCD to review the report prepared by Carlton 

Engineering, Inc. team for the City of Colorado Springs 

on the rainfall characteristics of El Paso County. 

Carlton (2011). Fountain Creek Watershed 

Rainfall Characterization

WWE subcontract with me to help with this work.  
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DISCLAIMER .

The recommendations and findings are those of 
the WWE  team and do not necessarily reflect the 
conclusions and assessments reached by City of 
Colorado Springs and how it may apply the 
DARFs recommended in the Carlton to adjust City 
of Colorado Springs’ design storms



Scope of the UDFCD Project
1. Conduct a detailed review of the Carlton Report and 

related materials developed for Colorado.
2. Determine if “Eastern Colorado” or the “El Paso 

County” findings are more appropriate to use for 
UDFCD region

3. Work with UDFCD to determine how to most 
economically transform the cell-centered DARFs in 
Carlton Report to geometrically-fixed DARFs 

4. Develop recommendations for updated DARFs for use 
to adjust 10-year and smaller design storms for the 
UDFCD Region



Key Findings of Carlton Study
1. Cell-Centered DARFs in Colorado Springs and El Paso 

County significantly differ  from National Weather Service 
(NWS) DARFs.

2. DARFs developed by Carlton Team were Cell-Centered ones

3. DARFs were found to vary with recurrence interval and 
location. 

4. Geographically-fixed and Storm-centered methods of 
computed DARFs produce different results. 

Geographically-fixed DARFs decrease less rapidly with 
increasing area than Storm-centered DARFs.



Example Radar Cell Images 
Enclosed by Fitter Ellipses

(Ref.: Carlton 2011)

• Storm-centered DARF development follows the cell and 
computes average depths of expanding area of the cell.

• Geographically-fixed DARF development looks at fixed 
areas on the ground and computes storm averages 
depths within fixed areas. 



Carlton Study Data

1. Included 14 years of radar data from 
• June, 1994 to Sept, 2008

2. Entire data set was screened 

3. Select 24 months of rainstorm data 
• Ones with greatest amount of rainfall 
• Approximately 300,000 individual 

storm cells analyzed



15‐Minute Peak Intensity vs. 15‐Minute Cell Size

Observation:   El Paso County cell sizes are more compact than 
Eastern Plain cells for short duration rainfall storms. 
That is not the case for longer duration storms.   

Eastern Colorado

El Paso County



Comparison of DARFs for 2‐year intensities 
Eastern Colorado and El Paso County 

Ref.: Carlton (2011) 

Observations:  Differences in DARFs are:
1. Significant for short duration rainstorms
2. Insignificant for longer duration storms
3. Use El Paso Co findings instead of Eastern CO.



Comparing
El Paso County Cell‐Centered and Current UDFCD 

2‐year Storm Duration DARFs 



Comparing 1‐Hour DARFs for El Paso County 
with Geronimo (2004) Denver DARFs

Ref.: (Carlton, 2011)
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Cell‐Centered vs. Geographically‐Fixed 
DARFs for UDFCD 

1. Cell-Centered DARFs do not represent what is 
happening on the ground

2. Geographically-Fixed DARFs decay slower

3. Literature search did not provide guidance of converting 
one to the other type

4. Options were examined, including costs

5. UDFCD staff & WWE agreed to a pragmatic approach to 
develop Geographically-Fixed DARFs

i.e., Use curves ½ way between NWS Geographically-
Fixed and El Paso Co Cell-Centered DARFs



Adjusting Cell‐Centered to 
Geographically‐Fixed DARFS
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Recommended DARFs for UDFCDs
10‐year and Smaller Design Storms 
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Table Values of Recommended DARFs 
for UDFCDs

5‐yr and Smaller Design Storms 

Duration, minutes
Area  

sq.mi. 15 30 60 120 180 360
1 1 1 1 1 1 1
2 1 1 1 1 1 1
5 0.857 0.888 0.910 0.935 0.949 0.972
10 0.744 0.798 0.843 0.885 0.908 0.950
15 0.674 0.739 0.802 0.853 0.881 0.934
20 0.603 0.681 0.762 0.821 0.854 0.917
30 0.542 0.628 0.719 0.785 0.825 0.895
40 0.480 0.575 0.677 0.750 0.795 0.872
50 0.419 0.521 0.635 0.715 0.765 0.849



Applying the Recommended 

DARFs  to UDFCDs

10-year, and Smaller, 

Design Storms 



Example of Developing correction factors 
2-hour design storm & 10-sq. mi. area

 
Existing Design 

Storm 
DARF Adjusted 

Storm DARF Values for Each Duration 

Time 
Depth 
Factor 

Sub-
Total 

Corrected 
Factor 

Sub-
Totals 

Calculated DARF 
Value 

Expected DARF 
Value 

0:05 0.02 0.020   

0:10 0.04 0.040   

0:15 0.084 0.080   

0:20 0.16 0.119   

0:25 0.25 0.186   

0:30 0.14 0.55 0.104 0.409 0.744 0.744 
0:35 0.063 0.060   

0:40 0.05 0.747 0.047 0.596 0.798 0.798 
0:45 0.03   0.032       

0:50 0.03 0.032   

0:55 0.03 0.032   

1:00 0.03 0.927 0.030 0.781 0.842 0.843 
1:05 0.03 0.030   

1:10 0.02 0.020   

1:15 0.02 0.020   

1:20 0.02 0.020   

1:25 0.02 0.020   

1:30 0.02 0.020   

1:35 0.02 0.020   

1:40 0.02 0.020   

1:45 0.02   0.020       

1:50 0.02 0.020   

1:55 0.01 0.018   

2:00 0.01 1.157 0.015 1.024 0.885 0.885 



10‐year and Smaller Design 
Storms 

Correction Factor by Watershed Area in Square Miles
Time 5 10 15 20 30 40 50
0:05 1.00 1.00 1.00 1.00 1.00 1.00 1.00
0:10 1.00 1.00 1.00 1.00 1.00 1.00 1.00
0:15 0.986 0.949 0.924 0.9 0.854 0.8 0.793
0:20 0.857 0.744 0.67 0.65 0.615 0.58 0.57
0:25 0.857 0.744 0.674 0.603 0.542 0.48 0.419
0:30 0.857 0.744 0.674 0.603 0.542 0.48 0.45
0:35 0.977 0.949 0.924 0.9 0.854 0.825 0.793
0:40 0.977 0.949 0.924 0.9 0.854 0.825 0.8
0:45 1.00 1.05 1.10 1.10 1.05 1.00 1.00
0:50 1.00 1.05 1.10 1.10 1.05 1.00 1.00
0:55 1.00 1.05 1.10 1.00 1.00 1.00 1.00
1:00 1.00 1.05 1.10 1.00 1.00 1.00 1.00
1:05 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1:10 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1:15 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1:20 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1:25 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1:30 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1:35 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1:40 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1:45 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1:50 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1:55 1.00 1.00 1.00 1.00 1.00 1.00 1.00
2:00 1.00 1.00 1.00 1.00 1.00 1.10 1.10

2:05-3:00 N/A N/A 0.88 0.94 0.95 0.95 0.96
3:05-6:00 N/A N/A N/A 1.01 1.03 1.05 1.06



Completing Previous Table
1. Developed all correction factors for the UDFCD design 

storms for areas ranging from 5 to 50 sq. miles 

• covers most watershed sizes in UDFCD

• these DARFs are for 10-year and smaller storms only 
affecting only pipes and low-flow channels

2. Discovered minor inconsistencies in 50 to 60 min. 
duration storm depths 

• Graphically smoothed our the initial correction 
factors to arrive at final recommendations



How to Apply the Resultant Design 
Storms in Large Catchment?

1. Run rainfall/runoff model (CUHP, SWMM, other) 
without corrections.  Use results for catchments of 2 
sq. mi. or smaller

2. Run model with 5 sq. mi. correction.  Use results to 
waterways between 2 and 5 sq. mi. limits

3. Repeat step 2 for 10, 20, 30 and 50 sq. mi. corrections 
and apply each to the waterways serving intervening 
catchment areas.  

4. These will provide peak flow information to develop 
peak flow profiles along the waterways that my be 
used on planning and design. 
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???
QUESTIONS?

???
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URBAN DRAINAGE  AND F LOOD CONTROL  D IS TR ICT

SHANNON TILLACK
W R I G H T  W A T E R  E N G I N E E R S

Temporary Diversion Sizing 
When Working in Waterways
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Evolution of 
Temporary 

Diversion Sizing 
Methods

Contractor’s 
Judgment

Contractor developed diversions 
based on a number of factors:

 Time of Year

 Duration of project

 Base flow of drainageway

 Area of Project site

 What they were building and how

 General concurrence of owner

 Amount of risk they were willing to 
assume



2012 UDFCD Annual Seminar April 10, 2012

Evolution of 
Temporary 

Diversion Sizing 
Methods

Examples
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Evolution of 
Temporary 

Diversion Sizing 
Methods

Examples
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Evolution of 
Temporary 

Diversion Sizing 
Methods

Changes in 
Construction 
Stormwater 

Management

MS4 Permits

 Erosion
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Evolution of 
Temporary 

Diversion Sizing 
Methods

Changes in 
Construction 
Stormwater 

Management

Construction BMP’s

 District developed guidance 
on construction BMP’s in 
Volume 3 of Criteria Manual

 Guidance in sizing temporary 
diversions
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Evolution of 
Temporary 

Diversion Sizing 
Methods

District 
Volume 3 
Criteria 
Manual

TDC Fact 
Sheet – SM8

Consider a number of options 
when sizing a temporary 

diversion 

 Time of Year

 Duration of project

 Base flow of drainageway

 Site disturbance

 Type of work being done

 TDC sizing procedure using 
Nomograph
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Evolution of 
Temporary 

Diversion Sizing 
Methods

MS4 Permits 

2 year 
diversion 

requirement

Requirement to size all TCD using 
2-year peak flows

 Disturbance to site

 Additional Costs

 One size does not fit all
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Evolution of 
Temporary 

Diversion Sizing 
Methods

Examples
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Evolution of 
Temporary 

Diversion Sizing 
Methods

Examples
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Evolution of 
Temporary 

Diversion Sizing 
Methods

Examples
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Design Process

Step 1:
Determine if diversion 

is appropriate

Step 2:
Determine project 

duration

Step 3:
Determine time of 

year of construction

Step 4:
Gather diversion 
sizing parameters

Step 5:
Perform sizing 

calculations & use 
engineering judgment

Step 6:
Determine 

appropriate method 
of diversion
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Step 1: 
Determine If 
Diversion Is 
Appropriate

Factors to 
Consider…

1. Cause greater environmental 
impacts than without 
diversion

2. Consequences of exceeding 
diversion capacity

3. Cost to construct diversion

4. Availability of space/limited 
ROW

5. Permitting requirements
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Short Duration ProjectsShort Duration Projects Long Duration ProjectsLong Duration Projects

 Completed within 
one month or less

 Lasts longer than 
three months

Step 2: Determine Project Duration

Interim Duration Projects
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Step 3: 
Determine 

Time of Year of 
Construction

Step 4: 
Gather 
Sizing 

Parameters

November – March: Lower risk of 
rainfall/runoff events

April – October: Higher risk of 
rainfall/runoff events

1. Tributary area

2. Imperviousness

3. Project duration safety factor

4. Seasonal sizing coefficient
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Step 5: Perform Sizing Calculations

Short Duration 
Projects

Long Duration 
Projects

Interim  
Duration 
Projects

USE 
ENGINEERING 
JUDGMENT!
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Basis of Sizing 
Criteria

Crest Stage Indicator (CSI) Data:

 30 years, 21 gages in 
metropolitan area

 Estimate of peak flow for 
each month from April 
through September

 Observation of the conditions 
at the site

 Estimation of baseflow at 
time of visit
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Sizing 
Methodology: 
Short Duration 

Projects

• Tributary Area, A 

• Safety Factor, C

• Sizing Coefficient, K

Time of 
Year

Project 
Duration

Safety 
Factor, C

Sizing 
Coefficient, 

K
November -

March < 2 weeks 1.0 0.2

November -
March 2 weeks –

1 month 1.5 0.2

April -
October

< 2 weeks 
(during dry 

weather 
conditions)

1.0 0.5

April -
October 2 weeks –

1 month 1.5 0.5

Calculated Diversion 
Design Flow (cfs):
Q = C • K • A
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Example: Goldsmith 
Gulch Bank Stabilization

Example: Goldsmith 
Gulch Bank Stabilization

Factors for Short Duration 
Projects

Factors for Short Duration 
Projects

 0.12 acres of 
disturbance

 Completed within 2 
weeks during Nov –
March time period

 Tributary Area = 6.2 mi2

Example:
Short Duration Project

Time of 
Year

Project 
Duration

Safety 
Factor, 

C

Sizing 
Coefficient, 

K
Nov -

March
< 2 

weeks 1.0 0.2

Q = C • K • A
Q = 1.0 • 0.2 • 6.2 mi2

Q = 1.3 cfs
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Sizing 
Methodology: 
Long Duration 

Projects

In-Progress
Temporary Diversion Method Sizing 

Nomograph for Long Duration Projects 
Based on 2-Year Peak Flows
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Lakewood Gulch
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Example: Rock Creek at 
Rock Creek Farm

Example: Rock Creek at 
Rock Creek Farm

Factors for Long Duration 
Projects

Factors for Long Duration 
Projects

 Tributary Area = 3 mi2

 Watershed 
Imperviousness = 10%

Q = 50 cfs

Example:
Long Duration Project
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Sizing 
Methodology: 

Interim 
Duration 
Projects

 Combination of sizing 
methods

 Weigh flow rates in 
combination with site-specific 
factors

 Apply engineering judgment
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Step 6: Determine Method of Diversion

1. Temporary Diversion 2. Coffer Dam or Berm
Channel
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Step 6: Determine Method of Diversion

3. Piped Diversion 4. Pumped Diversion
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REVISED FACT 
SHEET

Available in 

Summer 2012
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Dave Bennetts: dbennetts@udfcd.org

Shannon Tillack: stillack@wrightwater.com
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UPDATE ON THE UPDATE!

USDCM Volume 1 and 2 
Updates



2012 UDFCD Annual Seminar April 10, 2012

Update on the Update!

 What are criteria?
 Survey results
 Importance of Safety
 Additions to the criteria
 Trails adjacent to streams criteria



2012 UDFCD Annual Seminar April 10, 2012

What are “criteria”?

 Provides design standards and guidance
 Identifies additional resources
 Based on detailed analysis using a range of values
 Based on published work by others 
 Based on standard practice
 Based on experience
 Based on judgment
 Requires additional analysis and good engineering 

judgment by the user
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What are “criteria”?

 When USDCM criteria is followed does it make a 
project eligible for UDFCD maintenance?

 Do UDFCD projects always follow USDCM 
criteria?
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Which of the following areas do you believe 
would benefit from more guidance?

Early
planning for
site designs
integrating

water
quantity and

quality;
holistic
design

principles

Full
spectrum

detention /
EURV

Use of green
infrastructur

e
approaches

with
streets/inlets

/storm
sewers

Integrating
water

conservation
principles

with
revegetation

guidance

Transportati
on-related
drainage
projects

Maintenance Safety

No adverse
impact and

other
floodplain

issues

Series1 58.1% 60.8% 58.1% 31.1% 56.8% 47.3% 23.0% 25.7%

0.0%

10.0%

20.0%

30.0%

40.0%
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Safety
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Safety

 Hydraulic Structures
 Trash Racks
 Drops
 Walls

 Ponds
 Trails
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Trail Safety
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Safety
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Which of the following chapters do you 
believe need major, substantive revisions? 

0.0%

10.0%

20.0%

30.0%
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50.0%

60.0%

USDCM Volumes 1 and 2
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Additions to Criteria

 Revised DARF for the events up to the 10-year
 Improved Simplified Equation for sizing basins
 Sculpted Concrete Drop Structures
 Incorporate CSU Inlet Study
 Void-filled riprap for channel lining
 Expanded outfall details and guidance
 Trails adjacent to streams
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Trails Adjacent to 
Streams Criteria
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Frequency of Inundation
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Edge Treatment Criteria

Photo Courtesy Muller
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Edge Treatment Criteria

Photo Courtesy Architerra Group
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Rails, Curb Rails, and Rumble Strips
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Rail Design
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Typical Trail Width and Material
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Photo Courtesy Architerra Group
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Overtopping Protection
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Proprietary Surfaces 

 The surface should 
provide a structurally 
sound, maintainable 
surface allowing for 
frequent inundation 
without requiring 
repair.
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Drafts
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Questions

Holly Piza
hpiza@udfcd.org
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P R E S E N T E D  B Y :

S H E A  T H O M A S  – U D F C D
A L A N  T U R N E R  – C H 2 M  H I L L

2D or Not 2D?
Guidance for 2-Dimensional Floodplain Modeling 
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Outline

• Purpose 

• Case Studies 

• 2D modeling basics 

• Keys to Success 

• Using 2D before 1D 

• 2D in UDFCD studies 
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Purpose for study

• 2D emerging locally in industry – 2 use or not 2 use?

• What is the difference in results between 1D and 2D models?

• When should a 2D model be used in a floodplain study?

• What are some tips for setting up a 2D model for floodplain analysis?

Ultimate goal:

Provide guidance for using 2D results 
to enhance a 1D model
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Willow Creek

Area = 6,047 acres

Average slope = 0.8%

Stream length = 5 mi.

Peak Q = 9,000 cfs

Watershed:
Nearly full buildout, 
residential and 
commercial

Floodplain:
Mostly confined 
within channel
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Coal Creek

Area = 16,835 acres

Average slope = 1.2%

Stream length = 1 mi.

Peak Q = 3,770 cfs

Watershed:
Undeveloped upper; 
low density residential 
lower

Floodplain:
Split flows outside 
channel banks
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Little Dry Creek

Dam breach analysis

Average slope = 0.6%

Stream length = 9 mi.

Peak Q = 100,000 cfs

Watershed:
Fully developed, 
residential, 
commercial and 
industrial

Floodplain:
Urban flow beyond 
channel
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Kinematic vs. Dynamic Wave

Kinematic:
Passage of flood wave appears as a 
uniform rise and fall in the water 
surface over a relatively long period 
of time
Froude number < 2

Dynamic: 
Higher velocities and quicker 
attenuation
Example – large flood wave in a 
wide river

Flood flows for smaller watersheds are generally 
dominated by kinematic waves

USACE TD-10
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Flow in 1D modelsFlow in 1D models Flow in 2D modelsFlow in 2D models

Model basics
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Differences in terrain and water surface representationDifferences in terrain and water surface representation

Model basics
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Bathymetric terrain dataBathymetric terrain data Land use dataLand use data

Model basics

Additional 2D data requirementsAdditional 2D data requirements
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Traditional routingTraditional routing 2-Dimensional routing2-Dimensional routing

 Use CUHP and SWMM

 Calibrated to published 
results

 Kinematic routing

 Hydrograph from CUHP or 
SWMM place at 1 or more 
grid cells

 Model can develop 
hydrology

 Dynamic wave routing

Model basics
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Routed hydrographRouted hydrograph

Model basics

8559 cfs

5800 cfs
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Modeling hydraulic structuresModeling hydraulic structures

Model basics

 1-D Models 
 Internal Hydraulic 

Culvert and Bridge 
Routines

 Account for  
Headwater and 
Tailwater Conditions
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Modeling hydraulic structuresModeling hydraulic structures

Model basics

 2-D Models 
 Computed with Rating 

Curves
 Coupled with 1-D 

Channels
 “Burned” Into Terrain
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Hydrograph loadingHydrograph loading

 Hydrograph Loading is  

associated with a grid cell

 Placement can affect floodplain

 Loading points need to represent 

hydraulic conditions

Keys to Success
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Manning’s n value selectionManning’s n value selection

 Each grid cell is assigned an 

n value

 Urban areas and streets 

can impact flow paths

Keys to Success
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y = 33.428x - 4.3291
R² = 0.9979
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Run Time to Grid Size Relationship

Manual recommends 
0.1 to 1 cfs / sq. ft.

i.e. for Q = 100 cfs
use 10’ x 10’ grid

Little Dry Creek 
example: 

Q = 68,000 cfs  250’ 
grid (recommended)

300’ grid cell
0.75 cfs/sq.ft.
Run time=2 minutes

50’ grid cell
264.2 cfs/sq.ft.
Run time=15 hours

Run time

100’ grid cell
6.6 cfs/sq.ft.
Run time=4 hours
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300’ grid

100’ grid

50’ grid

Resolution
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Approach to modeling structuresApproach to modeling structures

Keys to Success
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Case Study Summary

Willow Creek Coal Creek Little Dry Creek

Watershed Area 6,047 acres 16,835 acres Dam breach

Grid Size 18 ft 14 ft 50 ft

# of Cells 169,000 43,000 191,000

Structures 10 0 0

Model Run Time 14 hours 7 hours 15 hours

Effort to 
develop model Extensive Minimal Minimal
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Flow path and cross sectionsFlow path and cross sections

Using 2D before 1D

FEMA Centerline

Refined Centerline
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Split flow rate determinationSplit flow rate determination

Using 2D before 1D

2D Flow Rate 1D Flow Rate

Use 
Qsplit/Qtotal ratio 
from 2D model, 
not resultant peak 
flow value
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Additional cross sectionsAdditional cross sections

Using 2D before 1D
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UDFCD studies using 2D

• Pine Gulch Dam Emergency Action Plan

• Park Hill Outfall Systems Plan

• Globeville-Utah Junction Outfall Systems Plan

• South Boulder Creek Mitigation Plan

• Twomile Canyon Creek Floodplain Mapping*

*regulatory model will be HEC-RAS
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Pine Gulch Dam EAP
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Park Hill OSP
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Globeville - Utah Junction OSP
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South Boulder Creek Mitigation Plan
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Conclusions

For riverine systems, 2 Dimensional models:

• Do help reduce 1D model development time for complex systems 

by eliminating guesswork and assumptions

• Do provide information to develop more accurate 1D models

• Don’t produce the same hydrology as other accepted models 

which may result in smaller infrastructure

• Don’t model crossing structures well

• Don’t ensure accurate results (easily manipulated)
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Questions?

Shea Thomas, PE
Urban Drainage and Flood Control District
sthomas@udfcd.org

Alan Turner, PE
CH2M Hill
alan.turner@ch2m.com

“Guidance for 2-Dimensional Model Development in Riverine Systems”
www.udfcd.org





Inlets - Type 13 and Type 16 (van grate )
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Combination Inlets
ONE  and TWO grates
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Inlet Type – R 
5 and 10 ft.
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Type C and D Inlets 

Type C = 3‐ft by 3‐ft Grate

Type D=3‐ft by 6‐ft Grate
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CURRENT CDOT DEISGN PRACTICE 
for Type C and Type D Inlets
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Two  Type C ‘s  = 1.8 x Single Type C
Three  Type C’s = 2.5 x Single Type C

Speculated based on Orifice Flow 



In a Sump

Hydraulics 
Flat Type C

Cw=? Co=?
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Type C on a Grade with an Inclined Angle

On a Grade
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Type D Model Inlets laid in Series

Flow Direction
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Type D Model Inlets laid in Parallel (Rotated)

Flow Direction
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Setup in the Hydraulic Laboratory
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How to Collect Flow Data

Working
With Hands‐in  

Fishing
With Hands‐out
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Summary of Data Collections
Model Scale = 1/3 using Froude Number Similarity
Matrix of Inlet Parameters
Inlets = Type C or Type D
Depression Depth = 0 or 1 foot.
Inclined angles= 0, 10, 20, and 30 degrees
Orientation = In-series or In-parallel (Rotated) 
A total of 96 data sets was collected, and each data set includes:

(1) flow intercepted by the model inlet and 
(2) flow depth at the front of the model inlet. 

Flow Depth Discharge Intercepted

Min Max Min Max

feet feet cfs cfs

Model 0.32 1.38 1.11 17.29

Prototye 0.96 4.14 7.93 123.55
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Theoretical Capacity –
Type C = Inclined Outlet Box for Detention  

When water depth <Ht (submerged) or >Ht (un‐submerged)
Qsw = weir flow on two submerged sides
Qbw = weir flow on the submerged base width
Qo    = orifice flow for the submerged area

Design Q = min (2Qsw+Qbw, Qo)
142012 Annual UCFCD Conference 
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Data Analysis – Type C inlet – Flat W/O Depression
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Data Analysis – Type C inlet – Flat W 1-ft Depression
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Data Analysis – Type D inlet with Various Inclined Angles
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Data Analysis – Type D inlet – 1-ft Depression
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Flow Coefficients for Type D Inlet
W and W/O One-ft Depression
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Flow Coefficients for Type D Rotated Inlet
W and W/O One‐ft Depression
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Comparison with current practice

232012 Annual UCFCD Conference 

Single Double Triple Ratio Ratio

Type C Type C Type C 2 to 1 3 to 1

cfs cfs cfs

13.10 18.56 24.02 1.42 1.83

32.43 52.50 67.94 1.62 2.10

45.86 91.71 137.57 2.00 3.00

56.16 112.33 168.49 2.00 3.00



Debris Clogging ‐‐
Effective Orifice Area and Wetted Weir Length 
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From Theory to Practice
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Flood during construction 

262012 Annual UCFCD Conference 



Flood due to clogged drain 
OVERLOADED SEDIEMNT FROM CONSTRUCTION SITE
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Damage due to Bridge Deck Drains
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Erosion due to Bridge Deck Drains
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Project Sponsors:  UDFCD+CDOT  and Others
Model Design:  Ken MacKenzie, UDFCD
Data Collection:  Brendan C. Comport, Amanda L. Cox, 

CSU Hydraulic Laboratory 
Theory & Data Analysis: James C.Y. Guo, UC‐Denver
Project Reviewer:  Amanullah Mommandi, CDOT

Field Work 
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K E N  A .  M A C K E N Z I E ,  P . E . ,  C F M
U D F C D ,  D E N V E R ,  C O

J I M  W U L L I M A N ,  P . E .
M U L L E R  E N G I N E E R I N G  C O M P A N Y ,  L A K E W O O D ,  C O

R Y A N  J .  T A Y L O R ,  E . I . T ,  
U D F C D ,  D E N V E R ,  C O

New Detention Sizing 
Methods
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2004 - Initial Concept Development
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2006 – Design of First FSD Facilities

PINE LANE EXTENSION
EAST POND

PINE LANE EXTENSION
CHALLENGER PARK POND
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2007 – Continuous Simulation Study
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2010 – First Master Plan Based on FSD

Lower Cottonwood 
Creek OSP

2-Year Peak Flows
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2011 – McMurdo Gulch Study
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2012 – East Toll Gate Creek Study
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2012 – Historic Peak Unit Runoff Rates

General Equations based on point precipitation

*Only valid for one-hour rainfall depths of 0.94 – 2.72 inches
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2012 – Historic Peak Unit Runoff Rates
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2012 – UD-ResRoute

• Modified Puls Reservoir Routing for Full-Spectrum Detention

• 3 Methods
1. Conceptual Design
2. User Defined Input
3. Hybrid User Input
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UD-ResRoute - Conceptual Design Method

• Routes Multiple Storm Hydrographs From CUHP
• 16,000 Storm Hydrographs Embedded In Workbook
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UD-ResRoute - Conceptual Design Method
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UD-ResRoute - User Defined Input Method

• Analyze Previously Built EDBs 
• Stage - Area
• Stage – Discharge
• Polynomial Regression Using 
Multiple Curves
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UD-ResRoute - Hybrid User Input Method

• Stage – Area
• Polynomial Regression Using Multiple Curves
• Modified Puls Routing for Discharge Based 
on Hydraulic Structure
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UD-ResRoute – Hybrid User Input Method

Hydraulic Structure Input

Polynomial Regression Matching
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UD-ResRoute - Output
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UD-ResRoute - Output
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UD-ResRoute - Output
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UD-ResRoute - Output

Drain Time vs Ponding Depth

Inflow & Outflow Hydrographs



2012 UDFCD Annual Seminar April 10, 2012

Simplified Volume Equations
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ARCADIS Flow-3D CFD Model
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Flow-3D CFD Outlet Structure

Water Surface Cutaway (colored by velocity)

Velocity
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Flow-3D CFD Outlet Structure

Velocity

Water Surface Cutaway (colored by velocity, low head)
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Elliptical Slot Weir

ARCADIS CFD Modeling
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Elliptical Slot Weir

Video of Elliptical Weir During Testing
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Thank You

Questions…
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W H A T  Y O U  N E E D  T O  K N O W
T O  F I N D  E N L I G H T E N M E N T ,  T R U E  H A P P I N E S S ,

G R E A T  W E A L T H  A N D  T H E  R E S P E C T  O F  Y O U R  P E E R S

B I L L  D E G R O O T ,  P E
D A V I D  M A L L O R Y ,  P E

Floodplain Management
Maintenance Eligibility

Updates
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FLOOD HAZARD NEWS
FLOOD HAZARD INFORMATION BROCHURE

FLOOD HAZARD AREA DELINEATION STUDIES
DFIRM MAINTENANCE PROJECTS

LOMC REVIEWS
LOMC DATABASE

Floodplain Management 
Updates
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2011 Flood Hazard News

 Available on our website home page.
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Flood Hazard Information Brochures

 2012 versions going in the mail next week
 58 different versions
 22,000 total brochures being mailed
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Flood Hazard Area Delineation studies 
(FHAD’s)

 Piggyback on master plans
 In progress:  6
 Completed in last year:  6
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Digital Flood Insurance Rate Map (DFIRM) 
Maintenance Projects

 Broomfield:  
 Advertising for 90-day appeal period to 

begin about May 1

 Denver:  
 In the middle of 30-day review of 

preliminary products

 Jefferson County
 30-day review should begin later this month

 Douglas County
 Headed for a fall preliminary map
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Letter Of Map Change (LOMC) Reviews

 Started in 2001
 We have completed 387 cases 

in that time
 Opened 42 cases in the last year
 17 open cases 
 Digital LOMC Guidelines
 Save trees
 Save storage space
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LOMC Database
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LOMC Database
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 Terri Fead, Project Engineer
 Joanna Czarnecka, Construction Engineer

 David Mallory, Senior Project Engineer
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MAINTENANCE ELIGIBIL ITY GUIDELINES 
UPDATED MARCH 2012
THE EDM AND THE MEP

GOOD NEIGHBOR POLICY
FLOODPLAIN PRESERVATION BROCHURE

Maintenance Eligibility 
Program Updates



2012 UDFCD Annual Seminar April 10, 2012

Maintenance Eligibility Program

 Originally established to offer communities 
assistance in maintaining major drainageways 
constructed after March 1, 1980 in order to 
minimize maintenance requirements and 
enhance maintenance access.

 Projects are submitted through local 
government referrals and reviewed for 
conformance with the USDCM.

 Construction must complete the approved 
design, and satisfactory maintenance access 
provided.
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Goals of the MEP

 Promote and encourage good floodplain 
management practices.  Protect property, 
save lives.

 Preserve and enhance natural stream corridors 
to the extent possible.

 Implement District sponsored drainageway 
master plans and supervise necessary revisions 
in order to accommodate development.

 Mentor the design and construction phases of 
major drainageway infrastructure 
development, funded by others.
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Maintenance Eligibility Program Benefits

 Additional major drainageway plan 
review resources.

 Coordinated implementation of District 
sponsored master plans.

 Coordination with the FEMA review 
process for Letters of Map Change. 

 Additional drainageway maintenance 
funding.
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Section 404 Permit Considerations

 Projects being considered for maintenance 
eligibility may also require a permit under 
Section 404 CWA.

 Meeting District design criteria and Section 404 
permit requirements are not mutually exclusive.

 The District and USACE have never failed to find 
consensus on major drainageway projects 
when early consultation was sought.



2012 UDFCD Annual Seminar April 10, 2012

Final Plans and Construction Documents

 Visit the site.
 Assume the District’s Master Plan will be 

Implemented.
 Use enlarged details.
 Provide hydrologic and hydraulic data.
 Plan & profile sheets needed even for 

floodplain preservation projects.
 Prudent use of computerized results.
 Generous use of report text and tables.
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Colorado State Board of Registration 
Rules of Conduct for Professional Engineers

3.1.1 – Primary Obligation of Licensees.
Licensees shall at all times recognize that their 
primary obligation is to protect the safety, health, 
property, and welfare of the public.  If their 
professional judgment is overruled under 
circumstances where the safety, health, property, 
or welfare of the public is endangered, they shall 
notify their employer or client and/or such other 
authority as may be appropriate.
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Post Approval Process

 Significant role of local government.
 Periodic construction site visits are made.  These 

site visits are not a substitute for local government 
observation.

 Completion walk through & punch list developed.
 Construction accepted.
 Revegetation & maintenance access confirmed.
 Maintenance eligibility certified.  
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Common Construction Problems

 Grade Control Structures.
 Pre-grout inspection for all grouted boulder 

installations.
 Soil riprap placement.
 Absent design consultant.  We do not 

interpret or revise plans in the field.
 Completing a MEP project should not pre-

qualify a contractor for public sector 
projects.
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EDM with MEP Layer Enabled
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EDM with MEP & Floodplain Layer Enabled
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Available Documents for Newlin Gulch
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Good Neighbor Policy
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Good Neighbor Policy

 Major Drainageway projects are designed and 
constructed, by necessity for rare events.

 The District works with Local Governments to 
enhance projects to make them more valuable 
to constituents on a daily basis.

 NBF of drainageways and floodplains, including 
trails, parks, wildlife habitat, flood storage, and 
water quality enhancement, add value to the 
community.
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Good Neighbor Policy

 Floodplain Management Program will continue 
to identify areas that are hazardous (1% and 
0.2% floodplains) to development.

 Work with Local Governments to encourage 
safe and proper development, and

 Maximize the floodplain preservation and the 
natural and beneficial functions of the 
floodplain resource.
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Urbanization Impacts Natural Drainageways

 Development projects are responsible for a 
significant portion of our Major Drainage 
Infrastructure.

 Increases watershed imperviousness, which 
increases drainageway runoff volumes.

 Decreases naturally occurring overbank storage.
 Dramatically accelerates the natural stream 

degradation process.
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District Preference for Floodplain Preservation 
over Channelization

 More compatible with communities’ open space 
and multi-use goals.  Increases property values.

 Promotes flood attenuation, wildlife habitat, 
groundwater recharge, and water quality 
enhancement.

 Generally favored by federal permit programs 
(Section 404 CWA).

 Low flow stabilization  (grade controls) and 
maintenance access are usually all that’s required 
for maintenance eligibility.

 Channelization is a single purpose approach that 
usually destroys stream corridors.
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What are we trying to protect?

Riparian areas comprise less than one 
percent of the land area of most 
western states, yet up to 80 percent of 
all wildlife species in this region of the 
country are dependent upon riparian 
areas for at least part of their life cycles.

Robert H. Wayland III, EPA
Congressional Testimony, June 26, 1997
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Our Approach to the Private Sector

• Developers are in the business to make money.
• If there is money to be made developing in the 

floodplain, they will do it.
• So, we need to show them how to make 

money by preserving the floodplain instead of 
destroying it.
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Public Sector Perspective

• Local governments depend on 
development to provide the tax revenues 
which sometimes leads to decisions that are  
damaging to the floodplain resource.

• So we need to show them how to have 
development that provides the tax revenue, 
but also develops floodplains into a 
community amenity and asset.
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We Had Great Examples
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And Then, Not So Much

In spite of our best efforts, 
many projects were still less 
than inspiring.
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Early Influence of Entitlement Process

 We had a “good examples” 
page on our website, but it 
had limited success.

 We saw an opportunity to 
prepare a brochure which 
would market the floodplain 
as an asset to developers 
and communities.

 Distributed at the pre-
application meeting. 
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Trail Criteria, Underpass

 Using Draft Trail 
Criteria dated 
January, 2012

 Preference for 
Bridges at grade 
separations.
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Trail Criteria, Underpass

 Next is Three-sided 
Arches or Box 
Structures.

 Single-barrel box 
culverts are less 
desirable, but still 
better than…..
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Trail Criteria, Underpass

 Least desirable is the 
pedestrian/higher flow 
combo.

 Continual safety and 
maintenance problems.

 Arrangements that 
require floodwalls will not 
be eligible.
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Grade Control Structures

 Preference for driven and 
capped sheet pile 
structures (PZ 22 min).  
Minimum cutoff depth is 10 
feet.

 Where soils allow an open 
trench, concrete is 
acceptable.  Minimum 
cutoff depth is 6 feet.
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Grade Control Structures

 District does not 
endorse  the use 
of concrete 
spread footings 
or stem walls.

 Intent is to 
minimize
disturbance to 
the stream.
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Grade Control Structures

 Check structures 
really work!

 Eight feet of 
down-cut into 
the bedrock 
zone.
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Boulder Jetties

Contemplative Viewing Areas Wildlife ViewingRaccoon Tracks

Meadowlark Riparian Planting

Photos courtesy of Michelle Slovensky

Thank You!



…a retrospective look at the 2011 flood 
season and the flash flood of July 13, 2011

Kevin Stewart, P.E.
Program Manager, Information Services & Flood Warning Program
Urban Drainage and Flood Control District

The 2010 Fourmile Canyon Fire—
One Year and One Flood Later 

UDFCD Annual Seminar
April 10, 2012



Urban Drainage & Flood Control District 
Flood Warning Program

Serving the greater Denver/Boulder metropolitan area since 1979
in cooperation with NOAA’s National Weather Service

A Federal/Regional/Local 
Early Warning Partnership



Provide local governments with 
early notifications of potential and 
imminent flood threats (primarily 
flash flood threats) in time to take 
appropriate defensive actions…

Flood Warning Program
Primary Mission

…to  protect lives and property



UDFCD’s ALERT System



Crisman, Colorado
1891-1893

On the Cover
SOURCE: Denver Public Library Website 



A MINDSET TO OVERCOME

How bad of a threat is this really.  We just had our 
disaster.  The worst is certainly over.



THE FIRE
Labor Day

September 6, 2010



Acres burned:
Total: 6,181
First 14 hours:  ~6,000  (~429 acres per hour)

Structures threatened: 500
Structures lost: 169
Structures damaged: 14

People evacuated: 3000

Cost: $10,800,000

Firefighter injuries: 7 (all minor)
Fatalities: 0

The Initial Impact



Memories of past floods fade quickly.



City of Boulder is rated Colorado’s highest flash 
flood risk, but has experienced very few floods.

Year Date(s) Brief Description

1894 May 29 -
June 2

RECORD FLOOD on Boulder Creek, 4.5” to 6” totals west of 
Boulder, many bridges lost, extensive property and 
agricultural damage, one death, slow onset, South Boulder, 
Left Hand, Four Mile Canyon and St. Vrain also impacted.

1896 August 19 Fourmile Creek flash flood, storm center near Magnolia, rain 
amount unknown, road and property damage at Salina.

1914 June 1-2 Snowpack 50% above normal; heavy rain in mountains; 
worst Boulder Creek flood since 1894; damage to bridges, 
farms and Boulder’s water system.

1921 June 2-7 Record flow since 1916 at Orodell stream gage on Boulder 
Creek (June 6); 5-days of general rainfall over 520 sq. mi. of 
SPR basin, Longmont recorded 4.3” in 6 hours.

1929 July 31 Storm center near Bummers Gulch, heavy rain also in 
Boulder, flooding on Boulder, S. Boulder, Four Mile Canyon 
and Gregory Creeks; 4.8” rain, damage to streets, lawns, 
bridges, RR and at 9th & Arapahoe

1938 September 2 Record flood on South Boulder Creek; extensive damage at 
Eldorado Springs; 6” rains reported west of town.

1969 May 7 Long duration storm (May 4-8); 7.6” to 9.3” rain totals; most 
notable flooding along South Boulder Creek and Thunderbird 
Lane (Foothills Parkway area)—also downstream.



The Fourmile Burn Area & 
Affected Watersheds

4,577 acres

389 ac

1,145 ac



Only 3%...so what’s the problem?



A Flood Hazard Inventory

http://fhitflex.gisworkshop.com/



Three commercial properties along Fourmile
Creek at risk from flood flows ranging from 500
to 6,000 cfs. The Boulder Mountain Lodge is the
highest risk facility of the three.



A FLOOD RISK ASSESSMENT
some facts & opinions

 One-hour rainfall measurements from the ALERT System exceeded 0.9” (2-year frequency, 
50% annual probability) on 40 days in the past 22 years within a 5-mile radius of the FMBA. 

 1” to 1.5” in 1hour over the FMBA is capable of producing a flood peak on Fourmile Creek that 
could overtop SH 119 (Qcap ~2,000 CFS unobstructed)

 As little as 100 CFS will threaten existing private drive crossings along Fourmile Creek and is 
likely from 1-hour rainfalls exceeding 0.5”

 Many private homes (~80) and one 30-unit lodge are at risk from flooding in the FMBA and 
along Fourmile Creek downstream of the FMBA.

 The Boulder Mountain Lodge is located a short distance upstream of SH 119 where 
floodwaters can reach depths of 19-feet or more. 

 Unsecured liquid propane tanks present serious concerns.

 The May 30, 1995 flood on Fourmile Creek (est. 400-500 CFS) was caused by a combination of 
general widespread rainfall and snowmelt.  This was likely the largest event on Fourmile Creek 
and Fourmile Canyon Creek in at least the past 75 years according to the USGS.  The July 13, 
2011 flood  was about twice that magnitude (~800 CFS).

 The May 15, 2003 storm produced a 100-year rainfall at Betasso (2.35” in 1hr) and a peak 
flow of only 400 cfs in Fourmile Creek at its Boulder Creek confluence.   Today that much rain 
over the FMBA would be a disaster for the immediate area and the City of Boulder.

 One-hour rainfall measurements from the ALERT System exceeded 0.9” (2-year frequency, 
50% annual probability) on 40 days in the past 22 years within a 5-mile radius of the FMBA. 

 1” to 1.5” in 1hour over the FMBA is capable of producing a flood peak on Fourmile Creek that 
could overtop SH 119 (Qcap ~2,000 CFS unobstructed)

 As little as 100 CFS will threaten existing private drive crossings along Fourmile Creek and is 
likely from 1-hour rainfalls exceeding 0.5”

 Many private homes (~80) and one 30-unit lodge are at risk from flooding in the FMBA and 
along Fourmile Creek downstream of the FMBA.

 The Boulder Mountain Lodge is located a short distance upstream of SH 119 where 
floodwaters can reach depths of 19-feet or more. 

 Unsecured liquid propane tanks present serious concerns.

 The May 30, 1995 flood on Fourmile Creek (est. 400-500 CFS) was caused by a combination of 
general widespread rainfall and snowmelt.  This was likely the largest event on Fourmile Creek 
and Fourmile Canyon Creek in at least the past 75 years according to the USGS.  The July 13, 
2011 flood  was about twice that magnitude (~800 CFS).

 The May 15, 2003 storm produced a 100-year rainfall at Betasso (2.35” in 1hr) and a peak 
flow of only 400 cfs in Fourmile Creek at its Boulder Creek confluence.   Today that much rain 
over the FMBA would be a disaster for the immediate area and the City of Boulder.



City of Boulder Floodplains



16 ALERT rain gages within 5-mile 
radius of the Fourmile Burn Area



YEAR DATES YEAR DATES

1990 5-28,30 7-11,16,19,20  8-5,11,16  
9-2,5,6

2001 4-11  7-8,11  
8-5,7,8,11,15

1991 5-15,16,22  6-13  7-25,26  9-9,11 2002 5-24 8-5  9-10,12

1992 6-27  9-24,29 2003 4-24  6-17,19  7-27  8-30

1993 4-22  6-7,11,17  7-13  9-14,17 2004 4-4,5 5-1  6-8,9,27,29  7-19,23,28  9-19,30

1994 4-30  5-11  6-2,18,20,21  7-31
8-10,11,13  9-13

2005 4-11  6-3  8-10,22,23  9-14

1995 5-18,29  6-17  7-14 8-19,24  9-14 2006 4-26  7-2,25 8-13

1996 4-8, 5-23,  6-12,16,21  7-9  9-18 2007 5-5,6 6-12  7-7,27,30  8-15,17,24  9-5,24

1997 4-13,25 6-7,10,12,13  8-3,4,5  9-
11

2008 8-6,9

1998 4-3,26 7-22,26,30  8-1,4 2009 4-19  5-23  6-24,26  7-27  9-8

1999 5-11,20,24  7-8,16,17,24,29 
8-5,10 9-2,24,29

2010 4-21  5-14  6-23,26  7-7  8-6,9

2000 8-16 2011 6-19  7-14,17

One-Hour Rainfall >0.5” & < 0.9”
within 5-mile radius of the FMBA

154 days between 1990 & 2011
15 days in April
18 days in May
30 days in June
33 days in July
34 days in August
24 days in September



YEAR DATES & TIMES

1990 Jul-4@1828, Aug-17@1300

1991 May-31@2101, Jun-1@1413, Jul-22@1358, Aug-3@1051

1996 Jul-28@1918, Sep-14@1834

1997 Jun-6@1548, Jul-30@1559

1998 Jul-8@2352, Jul-24@1915, Jul-25@1814

1999 Jul-19@1556, Jul-28@1738, Jul-30@1618, Jul-31@1536, Aug-4@1614, Aug-7@1531, Aug-27@1449

2000 Jul-16@2101

2001 Aug-9@1931, Aug-30@1912

2002 Jun-3@1954

2003 May-15@2047, Jun-18@2328, Jul-29@1352, Aug-29@2146

2004 Jul-16@1431, Aug-18@1617

2005 Jul-25@1708

2006 Jun-24@1841, Jul-20@1544, Aug-14@1510

2007 Jul-26@2316, Jul-29@1559

2010 Jul-4@2032

2011 Jul-7@1836, Jul-13@1856, Jul-19@1609

One-Hour Rainfall > 0.9”
within 5-mile radius of the FMBA

40 days between 1990 & 2011

2 days in May
5 days in June
23 days in July
9 days in August
1 day in September

The May 30, 1995 flooding was caused by more general 
widespread rains with snowmelt runoff near record levels.



Opinions varied…
no absolute consensus

Peak discharge estimates in CFS from runoff models for the 4,577-acre 
burn area portion of the Fourmile Creek watershed. 



A conclusion held by a few believers prior to 
the 2011 flood season.

Houston, we have a 
problem!



THE 2011 FLOOD SEASON

June 19

July 7



The July 13, 2011 Flash Flood
A relatively small event with serious impacts





The Morning Forecast

HPO Msg Potential HIGH: AFTERNOON/EVENING 
THUNDERSTORMS... MORE HEAVY RAINFALL POSSIBLE 07/13/11 911 AM

STORM RAINFALL POTENTIAL AND DURATION: 
Weak to moderate thunderstorms will produce 0.10-0.60” 
in 10-30 minutes. Strong thunderstorms will have the 
potential to produce 0.60-1.60" in 10-30 minutes.

WORST CASE SCENARIO: A slow moving thunderstorm 
complex or "training" thunderstorms may result in up to 
2.50" in 45-60 minutes.



July 13 Timeline

5:24pm   first message concerning FMBA heavy rain threat
5:53pm   NWS issues small stream flood advisory for FMBA
6:06pm   first ¼” rainfall rate alarm within 5 miles of FMBA
6:15pm   first ¼” rain alarm in FMBA at Gold Hill
6:17pm   NWS issues flash flood warning for FMBA
6:22pm   ¼” rain alarm in FMBA at Sunshine
6:28pm   first ½” rain alarm at Gold Hill
6:33pm   ½” rain alarm at Sunshine
6:47pm   first ¾” rain alarm at Gold Hill
6:50pm   ¾” rain alarm at Sunshine
6:54pm   Fourmile Creek at Salina gage detects small rise
6:55pm   1” rain alarm at Sunshine
7:05pm   FM Creek at Logan Mill Road gage detects rise
7:20pm   FM Creek at Logan Mill peaks showing 4’ rise.  

Actual peak time was later estimated to have occurred at 
7:17pm and 0.8’ higher than the 7:20 pm measurement.



Hydro-modeling in Real-Time

Leonard Rice Engineers (Denver, CO)
&

Vieux (Norman, OK)





Can impacts like this be 
forecast with enough lead 
time for people to protect 
themselves and their 
loved ones?





A Distributed Continuous 
Simulation Model

(Drainage network derived from 10m DEM)

FMCC

FMC

Bummers



Vflo before 7/13 calibration



Vflo after 7/13 calibration



Vflo after 7/13 calibration



Lessons Learned in 2011

…from the technologies used and 
from the people affected.



Live Steaming Video



Eye-witness Reports
July 13, 2011

 12 people stranded behind a washed out road were found safe.

 4 people covered head-to-toe with mud treated for exposure and minor 
injuries at Gold Hill. 

 Cars trapped by lots of debris, trees, mud and rock on roads. 

 Bridges and roads washed out. 

 Large debris easily conveyed downstream by Fourmile and Fourmile 
Canyon Creeks. 

 At least 10 private homes sustained damage. 

 Fire department vehicle in route to rescue was washing off Gold Run 
Road by raging floodwaters. Damages to vehicle totaled $1,500. No 
one was hurt. 

 Surprisingly slow moving 6’ to 10’ high “walls of water” were reported by 
fire and sheriff’s department officials at a number of locations.  Ingram 
Gulch was one of those locations. 



July 13 was not the most intense rainfall
event of 2011 in Boulder County.

10 Minute Peak Intensities
Station Date Tips Inches in/hr

4730 7/7/11 6:12 PM 22 0.866 5.20
4130 7/7/11 6:08 PM 19 0.748 4.49
4570 7/7/11 6:00 PM 19 0.748 4.49
4520 7/11/11 3:44 PM 15 0.591 3.54
4190 7/13/11 6:37 PM 14 0.551 3.31
4260 7/17/11 5:36 PM 14 0.551 3.31
4860 7/12/11 10:19 PM 55 0.550 3.30
4080 7/19/11 3:48 PM 13 0.512 3.07
4090 6/19/11 10:44 PM 13 0.512 3.07
4090 7/14/11 5:03 PM 13 0.512 3.07
4200 7/13/11 7:06 PM 13 0.512 3.07
4340 7/7/11 6:48 PM 13 0.512 3.07
4350 7/10/11 7:24 PM 13 0.512 3.07
4750 7/9/11 5:38 PM 13 0.512 3.07
4300 7/12/11 10:02 PM 12 0.472 2.83
4520 7/7/11 6:30 PM 12 0.472 2.83
4030 8/19/11 5:12 PM 11 0.433 2.60
4200 7/7/11 6:29 PM 11 0.433 2.60
4220 7/12/11 10:04 PM 11 0.433 2.60
4220 7/17/11 4:28 PM 11 0.433 2.60
4260 7/12/11 3:52 PM 11 0.433 2.60
4710 7/12/11 9:51 PM 11 0.433 2.60
4070 7/7/11 5:49 PM 10 0.394 2.36
4110 7/7/11 6:24 PM 10 0.394 2.36
4160 7/13/11 6:52 PM 10 0.394 2.36

1 Hour Peak Intensities
Station Date Tips Inches

4570 7/7/11 6:14 PM 40 1.57

> 1"/hr

4730 7/7/11 6:53 PM 39 1.54
4160 7/13/11 7:05 PM 34 1.34
4200 7/13/11 7:16 PM 34 1.34
4190 7/13/11 7:00 PM 31 1.22
4130 7/7/11 6:57 PM 29 1.14
4520 7/11/11 4:21 PM 26 1.02
4080 7/7/11 6:36 PM 25 0.98

> 0.75"/hr

4080 7/19/11 4:09 PM 23 0.91
4260 7/17/11 5:38 PM 23 0.91
4150 7/13/11 6:56 PM 22 0.87
4300 7/12/11 10:22 PM 22 0.87
4340 7/7/11 6:52 PM 22 0.87
4360 7/7/11 6:35 PM 22 0.87
4750 7/9/11 5:54 PM 21 0.83
4090 6/19/11 10:46 PM 20 0.79
4090 7/7/11 6:30 PM 20 0.79
4200 7/7/11 6:52 PM 20 0.79
4220 7/17/11 4:44 PM 20 0.79
4260 7/12/11 4:35 PM 20 0.79
4490 7/11/11 4:05 PM 20 0.79
4520 7/7/11 7:18 PM 20 0.79



The EOC
Where critical decisions are made.

Gaining situational awareness, a common 
operating picture, leaning forward & using 
plain language



RESIDENTS TELL 
THEIR STORIES

The July 13, 2011 Flash Flood



MORE BELIEVERS NOW
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DAVID BENNETTS
P R O G R A M  M A N A G E R

DES IGN,  CONSTRUCT ION,  &MAINTENANCE  
P R O G R A M

UDFCD Updated Specifications
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UDFCD 
Specifications
Update

Need for 
Update

 Change in CSI Format
 Specifications Outdated
 Not Complete
 Changes in the Law
 Eliminate Misuse
 Move to Paperless Process
 Provide Specifications on

Website
 Future Revisions & Updates
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UDFCD 
Specifications
Update

Review Process

 Update and Review by District 
Consultant (CH2M Hill)

 Review by District Staff
 Review for Criteria 

Compliance
 Legal Review
 Contractor Review
 Supplier Review

 All comments compiled into 
final set of specifications
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UDFCD 
Specifications
Update

Project Status

Completed to Date

 Divisions  2 – 33
 Includes 42 specifications

Still in development

 Revised Instructions for Use
 Division 0 - Boiler Plate
 Division 1
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UDFCD 
Specifications
Update

Division 1 
Specifications

 01 11 00 Summary of Work

 01 13 00 Site Conditions

 01 14 19 Use of Site

 01 18 00 Project Utility Sources

 01 25 00 Substitution Procedures

 01 26 00 Contract Modification Procedures

 01 29 00 Payment Procedures

 01 31 19 Project Meetings

 01 32 00 Construction Progress Documentation

 01 32 13 Schedule of Work

 01 33 00 Submittal Procedures

 01 35 13 Special Project Procedures 

 01 42 19 Reference Standards

 01 45 23 Inspection and Materials Testing

 01 52 00 Owner Field Offices

 01 55 26 Traffic Control

 01 56 39 Temporary Tree and Planting Protection

 01 57 19 Temporary Environmental Controls

 01 58 00 Project Sign

 01 66 00 Product Delivery, Storage, and Handling

 01 71 13 Mobilization

 01 71 23 Field Engineering and Surveying

 01 77 00 Closeout Procedures
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UDFCD 
Specifications
Update

Questions?

Thanks!

dbennetts@udfcd.org
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KEN MACKENZIE
LAURA KROEGER

o WHERE WE LEFT  OFF  LAST  YEAR
o WHAT HAS HAPPENED 
o WHAT IS  GOING ON LOCALLY
o WHAT IS  GOING ON WITH YOU
o FUTURE  THOUGHTS

360° Discussion of Erosion and 
Sediment Control in 

Drainageway Construction
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Bestest BMP
Stream Stabilization is a 
permanent BMP

Offers big bang for 
buck in water quality

Not recognized as a 
BMP in MS4 process

Implementation of 
permit process can 
impede maximizing 
permanent BMP

Moving forward, how 
to meet permit 
requirements while 
keeping the focus on 
the ultimate solution of 
stabilizing the stream

Confluence of South Platte River and Marcy Gulch
(no construction activity)
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NAFSMA Annual MeetingNAFSMA Annual Meeting Water Environment 
Research Foundation (WERF)
Water Environment 
Research Foundation (WERF)

 RFP Issued research 
funding

 Michael Baker Jr., 
“Protocol and 
Guidance for BMP 
Credits for Stream 
Restoration”

Nationally
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Problem Statement

 It is widely recognized that urban streams 
contribute significant sediment and 
phosphorus to receiving waters.  Several 
studies have shown that streambank 
sediments may have significant phosphorus 
components.  Traditional approaches and 
regulations that focus stormwater
management quality controls on impervious 
surfaces only may miss opportunities to 
address a primary source of sediments and 
nutrients.  
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Cherry Creek Stewardship Partners
Bill Ruzzo’s Presentation: The WQCC Control Regulation, Our Friend

 One size fits all mentality 
 “Being effective is about doing the right things, while 

being efficient is about doing the rights things in the right 
manner.”

 MS4’s forced to manage regulations not water 
quality
 Approval process, Maintenance and inspection records
 Missing big picture

 Maximum Extent Practicable morphed into “zero-
risk” mentality
 Zero risk means no thinking required
 Even WQCV is probability based approach and not
zero-risk.
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Don’t Lose Site of the Big Picture

Grange Hall Creek
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Seeking on 
District Stream 
Stabilization 
Recognition we are 
different than other 
permit applicants

Streamline application 
process, especially for 
maintenance activities

Adopt a partnering 
philosophy so can 
utilize entire teams 
knowledge and 
experience

Flexibility to adapt in 
the field to conditions

Keep the most tax 
payer dollars in the 
permanent BMP 
solution

Coyote Gulch
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ER IK  NELSON,  DOUGLAS COUNTY
RYAN ADRIAN,  DOUGLAS COUNTY
BARBARA CHONGTOUA,  UDFCD
JERRY NARANJO,  NARANJO CIVIL  CONSTRUCTORS
YOU…

360° Discussion
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Colorado Chapter International 
Erosion Control Association 
(IECA)

Colorado Chapter International 
Erosion Control Association 
(IECA)

StormConStormCon

Future Engagements

 Case Study on Marcy Gulch
 Stream erosion significant 

source of sediment and 
pollutants

 Importance of restoring 
streams to the natural 
ecological and hydraulic 
function
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Don’t Lose Site of the Big Picture

Big Dry Creek (Arapahoe)
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