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Laura Kroeger 
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Barbara Chongtoua 
Mike Sarmento 
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Shea Thomas 
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Melanie Chenard, Muller Engineering 
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Bill DeGroot 
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1:45 – 2:20 PM Accessing Our Documents and Data on the 

Web 
Kevin Stewart 
Julia Bailey 
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David Bennetts 
Laura Kroeger 
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Ken MacKenzie 
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THE NEW URBAN STORM DRAINAGE CRITERIA MANUAL, VOLUME 3  
 

Holly Piza, UDFCD 
 

The Urban Storm Drainage Criteria Manual (USDCM) Volume 3 Best Management 
Practices (BMPs) was first published in 1992.  The manual was updated in 1999 
with several BMPs added.  Now in 2010, we are wrapping up a rewrite which will 
also include new BMPs.  The process began with a survey of over 200 Volume 3 
users, from which the goals of the rewrite were developed.  This presentation will 
revisit those goals and will prepare the users of Volume 3 with an introduction to 
the new manual.  The presentation will highlight significant changes, additions, 
and new tools including: 
 
 New Organization, 

 Increased Emphasis of the Four Step Process, 

 BMP Selection including Whole Life Cycle Cost considerations, 

 Calculation of Volume Reduction with LID practices, 

 Treatment BMPs, 

 Source Control BMPs, 

 Construction BMPs, and 

 BMP Maintenance. 
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The New Urban Storm Drainage Criteria Manual, Volume 3 

Holly Piza, UDFCD 

Notes: 
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CONSTRUCTION BEST MANAGEMENT PRACTICES 

 

Andrew Earles, PhD, Wright Water Engineering 
Matt Czahor, Colorado Department of Public Health and Environment 

 
 
ABSTRACT:   
 

Andrew Earles is working with UDFCD to update the Urban Storm Drainage Criteria 

Manual, Volume 3.  There have been many changes to the way construction sites must 

be managed and many more on the way, as the Clean Water Act rules grow ever more 

restrictive, (and in many cases, prescriptive).   Andrew will go over the highlights of what 

is going into the new chapter on construction best management practices, and the 

theory and reasoning behind the changes. 

 

Matt Czahor has been with the Colorado Department of Public Health and Environment 

(CDPHE) for several years and is an expert in what does and what does not work 

regarding construction site stormwater runoff quality.  Matt has given extremely 

valuable input into the construction chapter development and we at UDFCD are 

honored to have his assistance in this important work. 

 

 

 

 

 



 

UDFCD Annual Seminar 2010 

 

Construction Best Management Practices 

Andrew Earles, PhD, Wright Water Engineers,  

Matt Czahor, CDPHE 

Notes: 
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Pedestrian Below Grade Crossing Maintenance Considerations  
 

Laura Kroeger, UDFCD & Jeff Fisher, UDFCD 
 
There are hundreds of miles of trails in the metro area and many are adjacent to 

drainageways.  When the drainageway crosses under a roadway, pedestrian 

below grade crossings are often considered.  There are many advantages to this 

arrangement such as traffic safety, continuous trail connection and multi‐use of a 

structure.  But what many people do not recognize is the maintenance 

component of these crossings.   

This discussion will not focus on the inherent public safety concerns regarding 

people near drainageways and in a confined space during a flood event.  What 

will be discussed are ways to maintain and retrofit existing pedestrian below 

grade crossing to alleviate continuous maintenance problems.  The most frequent 

problem with these systems is water and/or sediment on the trail.  This leads to 

unsafe trail conditions for pedestrian users.   

The District does not currently have design criteria for below grade pedestrian 

crossing, but there is a preference to use a bridge structure.  A bridge option can 

span the floodplain and also provide space underneath for a trail.  The advantage 

to this choice is that the trail is not confined by walls on both sides, allowing the 

trail to drain freely.  If a box culvert must be used, the preference is for a large 

single cell (as opposed to one cell for the stream and one for pedestrians).  This 

again allows for the trail to drain back into the drainageway.   

Most maintenance problems occur when the trail is placed in a cell of its own and 

is confined on both sides.  Due to the general layout of pedestrian below grade 

crossings they are in the low point of the surrounding area where everything 

drains towards them.  Managing the stormwater as well as groundwater is 

challenging and often times overlooked in design. 



 

Annual Urban Drainage and Flood Control District Seminar 
April 29, 2010 

The District has retrofitted many below grade crossing over the years to improve 

the drainage and maintenance of these structures.  Typical tools we employ in 

this work include:  

 Routine sediment removals, 

 Construction of stem walls,  

 Regrading and/or realigning the channel, and  

 Installation of trench drains.  

Often, a combination of tools is needed to alleviate the problem.   

Our goal of this talk is to share our experiences and make designers aware of the 

maintenance issues that accompany these structures, such that designers may 

incorporate solutions to these challenges in their designs.  We also want to give 

good practical examples to public works officials who maintain these crossings 

and who may be looking for solutions to existing pedestrian below grade crossing 

maintenance problems.   
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UDFCD Annual Seminar 2010 

 

Pedestrian “Below Grade” Crossing Maintenance Considerations 

Laura Kroeger, UDFCD  

Jeff Fisher, UDFCD 

Notes: 
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Design,  

CONSTRUCTION*  
*(maintenance) 

 
Barbara Chongtoua, UDFCD 
Mike Sarmento, UDFCD 

 
ABSTRACT:   
 
What is the DCM Program? What are some of the challenges and solutions? The 

“natural” flow is design, construct, and maintain. What are the benefits of 

“reverse” engineering from maintenance to design? 

 

Our Maintenance challenge: Is maintenance ever routine? What facilitates good 

maintenance? Maintenance is rarely routine for the District. Steep banks, limited 

access, and other challenges confront District maintenance contractors. Keeping 

these challenges in mind during design can reduce costs and improve service to 

our local governments. 

 

Maintenance is dependent upon good Construction. Revegetation and 

landscaping are not the final part of the of the design or construction process. 

Successful revegetation and efficient, low‐cost maintenance depend on careful 

design and consideration throughout the design and construction process. Design 

drainageway improvements with Maintenance contractor in mind. 

What do we mean by the Construction in the DCM program? Challenges during 

Construction. Designer, contractors, and inspectors learn by “stubbing their toes” 

how to build a good project. What is a “good” drainageway project? Should 

Construction be used as the catch‐all? (We’ll fix or figure that out when we go to 

construction!!). The main complaints of the Construction Contractor on 

drainageway projects are water control, access and staging, permit compliance, 

and construction specifications. What can the District, local governments, and 

consulting engineers do to reduce these problems and contain costs? 

Design “Remedies”. How do we design a project for better construction and 

simpler maintenance? This presentation will answer these questions. 
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Design, CONSTRUCTION*     *(maintenance)   

Barbara Chongtoua, UDFCD  

Mike Sarmento, UDFCD 

Notes: 
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EFFECTIVENESS OF REGIONAL DETENTION  

ON FLOOD CONTROL AND WATER QUALITY 

Shea Thomas, UDFCD, Derek Rapp, Wright Water Engineers,  
Melanie Chenard, Muller Engineering 

 
ABSTRACT:   
 
UDFCD has been advocating for regional flood control detention since its 
inception in 1969 as a means for reducing peak flows to prevent flooding and 
reduce the conveyance capacity required immediately downstream. Many local 
communities have adopted the policy and have implemented regional detention 
facilities. The Big Dry Creek Major Drainageway Plan, by Wright Water Engineers, 
analyzes a 67 square mile watershed including 22 major drainageway tributaries 
with 69 outfalls to the main stem of Big Dry Creek. Incorporated into the baseline 
hydrologic model were 73 existing regional detention facilities – 70 located on 
tributaries and only 3 on the Big Dry Creek main stem.  The effect of regional 
detention facilities on the major drainageway immediately downstream has 
always been apparent in modeling and in practice. What the Big Dry Creek Major 
Drainageway Plan has shown is the effect that implementation of a regional 
detention policy in a watershed has on the receiving waters at a point 23 miles 
downstream. 
 
In 2007, the concept of Full Spectrum Detention was added to the Urban Storm 
Drainage Criteria Manual to reduce stormwater runoff flow rates for the larger 
design storms as well as for the smaller, more frequent storms. Full Spectrum 
Detention involves capturing a volume of runoff defined as the Excess Urban 
Runoff Volume (or the difference between urban and pre‐development runoff 
volumes) and releasing it over 72 hours.  The concept was developed by Urbonas 
and Wulliman and tested through modeling of a generic watershed. The 
Cottonwood Creek Outfall Systems Plan, by Muller Engineering Company, 
recommends building 9 new EURV detention facilities and retrofitting 12 existing 
detention facilities to incorporate the EURV. The results from modeling these 
facilities show the effect of Full Spectrum Detention on peak flows in a 
drainageway in comparison to historic flows for six different return periods. 
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Effectiveness of Regional Detention on Flood Control and Water 
Quality 

Shea Thomas, UDFCD,  

Derek Rapp, Wright Water Engineers,  

Melanie Chenard, Muller Engineering 

Notes: 
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Submittal Guidelines 

For 

Digital Letters of Map Change 

 
Bill DeGroot, UDFCD 
David Mallory, UDFCD 

Craig Jacobson, ICON Engineering, Inc. 
 

ABSTRACT:   
 
In ancient times, consulting engineers had to first grow a tree in order to make 
the reams of paper necessary to print the HEC‐RAS results, forms and all the other 
required components of a Letter of Map Revision (LOMR) submittal.  A new age 
has dawned.  While the Federal Emergency Management Agency (FEMA) must 
still accommodate hard copy submittals, the District has developed a procedure 
for largely digital submittals that will save time on submittal preparation, but 
more importantly improve the quality of submittals.  Anyone who has submitted a 
LOMR or a conditional LOMR (CLOMR) will report that inevitably they must redo 
and resubmit at least some items before the technical review commences. 
 
The digital letter of map change (DLOMC) procedure includes: 
 

 Standardized report text and FEMA forms in pdf format 

 Electronic submittal of hydrologic/hydraulic models with a specified file 
structure and user‐generated reports 

 Construction plans (both proposed and as‐built) submitted in pdf format 

 Supporting documentation, including property owner notifications 
submitted in pdf format 

 Electronic and hardcopy submittal of workmaps and annotated FIRMS 
 
We will introduce the use of comparison tables, agreement tables and submittal 

checklists.  These items are all related to quality control, this means the submittal 

will be checked by the engineer before it reaches us.  The digital submittals 

coupled with improved quality of submittals will save time and money on both 

sides of the review.  We are hopeful this initiative will serve as a national model. 
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Submittal Guidelines for Digital Letters of Map Change 

Bill DeGroot, UDFCD  

David Mallory, UDFCD 

Craig Jacobson, ICON Engineering, Inc. 

Notes: 
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Accessing Our Documents and Data on the Web 
 

Kevin Stewart, UDFCD 
Julia Bailey, UDFCD 

 
 

ABSTRACT:   
 
Since 2008  the Electronic Data Management  (EDM)  interface has been a major 
aspiration of  the District. District staff,  local governments and consultants often 
make use of reports and design drawings available at the District’s website. The 
majority of  these documents pertain  to  specific geographic  locations which are 
categorized and searched through a web‐based mapping interface. 
 
With  the help of CH2M Hill,  the District has been able  to produce  critical base 
layers to support development of the EDM interface. Base layers include: stream 
network, basin boundaries, and hyperlinks representing individual design drawing 
pages on the map.   
 
Late  in 2009 an EDM mapping  interface was built  in ESRI’s ArcGIS  Server using 
Adobe’s  Flex  Viewer  technology.  The main  webpage  will  eventually  include  a 
series of tabs dedicated to the various District programs.  
 
The first task in the project involved creating a document search tab. Much like a 
Google  Maps  interface,  users  can  easily  zoom  and  pan  through  the  District 
boundary  or  enter  an  intersection  or  address  to  zoom  to.  In  addition,  stream 
confluences and road crossings can also be entered to quickly find documents of 
interest.  
 
Clicking anywhere on  the map will query a MySQL database used  for accessing 
documents and return search results related to that area. Once the search results 
window appears, the user is able to sort or narrow the search by document type, 
year, drainageway, basin, sponsor and author. A keyword search is also available 
if the user prefers not to navigate the map. 
 
The EDM webpage  is a work  in progress with new  functionality and  information 
being  added  for  years  to  come.    User  feedback  is  always  welcome  and 
encouraged. 
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Accessing Our Documents and Data on the Web 

Kevin Stewart, UDFCD 

Julia Bailey, UDFCD 

Notes: 
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HIGHLIGHTS OF THE DESIGN, CONSTRUCTION,  
AND MAINTENANCE PROGRAM 

 

David Bennetts, UDFCD 
Laura Kroeger, UDFCD 

 
ABSTRACT:   
 

Storm Sewer Pipe Material Technical Memorandum:  
  
In March of 1998 the District partnered with several local governments in the metro 

area in updating the “Storm Sewer Pipe Material Technical Memorandum”, the original 

memorandum was published in 1987.  Since that update there have been changes to 

the products being offered on the market and several local governments have expressed 

an interest in updating the report.  The District, again working with several local 

governments and pipe manufacturers, is in the process of completing a second update 

to the memorandum.  The primary purpose of the latest update is to include new 

products that have been introduced in the region and provide guidance in selecting the 

right pipe material for the project. This update will also include new case studies, as well 

as follow‐ups to the previous studies.  It is anticipated that this project will be complete 

and posted on the District’s website by August 2010.  

DCM Research Topics: 
 

The DCM Program created a budget for research in 2009 to study design and 

construction techniques that are of interest to the District. Topics that are currently 

under study include vegetated drop structures, log drop structures, vinyl sheet pile, 

outlet structure configurations, void filled riprap, porous landscape detention, and full 

spectrum detention.  This presentation will provide an update on these research topics. 
 

Routine Maintenance Changes: 
 

The DCM Program is in the process of changing the way we provide routine 

maintenance services to the drainageways in the Metro area.  The goal is to shift away 

from heavily manicured environments toward restoring the natural look and functions 

of the drainageways.  The changes will provide better services to the local governments, 

make better use of limited resources, improve water quality and habitat, and provide 

maintenance services in a more sustainable manner.  An outline of these proposed 

changes will be presented.   
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Design, Construction, and Maintenance Program Highlights 

David Bennetts, UDFCD 

Laura Kroeger, UDFCD 

Notes: 
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POST‐CONSTRUCTION BEST MANAGEMENT PRACTICES  
 

Holly Piza, UDFCD 
 
This presentation will include an overview of updates and additions to the post‐
construction BMPs in Volume 3 of the Urban Storm Drainage Criteria Manual 
(USDCM).   In addition to new recommendations in design criteria, the UD‐BMP 
workbook has been significantly modified to both incorporate the new criteria 
and follow the same design steps outlined in the text of the manual.  The 
presentation will specifically highlight changes and provide background 
information relevant to: 
     
 Grass Buffers and Swales, 

 Extended Detention Basins,    

 Porous Landscape Detention/Rain Gardens, 

 Permeable Pavements, and 

 Sand Filters. 

In addition to changes for the above listed BMPs, new BMPs to the manual 

consisting of Green Roofs and Underground BMPS will be presented. 
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Post-Construction Best Management Practices 

Holly Piza, UDFCD 

Notes: 
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 The Continuing Saga of the UDFCD Street Inlet Study:  

The Final Chapter (or is it?) 

James C.Y. Guo, PhD & P.E., University of Colorado at Denver,  
Ken A. MacKenzie, UDFCD 

 
ABSTRACT:   
 
In 2005, UDFCD set out on an ambitious mission – to quantify the interception 
capacity of three inlets commonly used in Colorado.  Up to that time, the best 
guidance available was from the Federal Highway Administration, namely the 
"Urban Drainage Design Manual” (Hydraulic Engineering Circular No. 22, 2002, 
a.k.a. HEC‐22). 
 
In Colorado, the three most commonly used inlets are: 
 

 CDOT Type 13, in valley or combination with curb opening 

 Denver No. 16, in valley or combination with curb opening 

 CDOT Type R curb opening (and its cousin the Denver No. 14 curb opening) 
 
The problem with using HEC‐22 to size these inlets is that the FHWA physical 
modeling that was the basis for their inlet sizing procedures was not done on any 
inlets that are representative of those we use.  A literature search indicated that 
no one else had better data.   
 
UDFCD sought and received numerous donations from local governments in 2005 
to make this $200,000 project a reality (see presentation for full list). 
 
In 2006 a contract was signed with the Colorado State University.  From that time 
until December 2009, UDFCD, CSU, and Dr. James Guo with the University of 
Colorado at Denver have been working together to model street inlets in sump 
conditions and in “on‐grade” conditions.  We have learned a lot about the 
behavior of these inlets and are currently updating the inlet sizing program “UD‐
Inlet” to more economically size street inlets.  This new program will be ready in 
June 2010.  
 
This presentation will summarize what we learned and how we are going to 
better size inlets in the future. 
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Street Inlets – Results of Our Research 

James Guo, PhD, University of Colorado 

Ken MacKenzie, UDFCD 
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The New USDCM Volume 3The New USDCM Volume 3The New USDCM Volume 3The New USDCM Volume 3
Prepared by Holly Piza, P.E.

Presented by Ken Mackenzie, P.E. and 
Jane Clary, Wright Water EngineersJ y, g g



The ProcessThe Process

Technical Advisory Committee (TAC)

Lots of 
Comments

Core Groups
Permeable Pavements
Vegetated BMPs
Detention\Retention\Wetland Ponds

Posted for 
Stakeholder 
ReviewDetention\Retention\Wetland Ponds

Manufactured BMPs
Decision Support System (DSS)
Credits (LID)
C t ti  BMPConstruction BMPs

Draft Documents
UDFCD

WWE Consultant Team



GoalsGoalsGoals Goals 
(Based on a survey of over 200 respondents)

 Format
 Content
 Software



USDCM Volume 3 History and FundamentalsUSDCM Volume 3 History and Fundamentals

• First Release in 1992
• No Change in Concept

The Four Step Process



Overview of ManualOverview of ManualOverview of ManualOverview of Manual
1. Stormwater Management and Planning1. Stormwater Management and Planning
2. BMP Selection
3 Water Quality Capture Volume (WQCV) and 3. Water Quality Capture Volume (WQCV) and 

Runoff Reduction
4. Treatment BMPs4. Treatment BMPs
5. Source Control BMPs
6 Construction BMPs6. Construction BMPs
7. Maintenance
Also Supporting Materials  (spreadsheets   etc )Also Supporting Materials  (spreadsheets,  etc.)



New Features/EnhancementsNew Features/EnhancementsNew Features/Enhancements New Features/Enhancements 
 Builds on existing technical foundation AND 

i   h i l lremains a technical manual
 Updated criteria/new technical information where 

needed
 More on site selection, designing for maintenance, 

construction considerations, sustainability
 Self-contained Fact Sheets 

Treatment BMPs

• Grass Swales

Source Control BMPs

• Covering Storage & 

Construction BMPs

• Inlet Protection
• PLD
• EDB
• (and so on)

g g
Handling Areas

• Disposal of 
Household Waste

• (and so on)

• Stockpile Storage
• Sediment Basins
• (and so on)

( )



Other New FeaturesOther New FeaturesOther New FeaturesOther New Features
 Supplemental information 

Examples of Stormwater 
“Hotspots”

Fl t t

Examples of Stormwater 
“Hotspots”

Fl t t Supplemental information 
provided in call-outs
 Key references for more 

Fleet storage areas

Solid waste facilities

Wastewater treatment plants

Composting facilities

Fleet storage areas

Solid waste facilities

Wastewater treatment plants

Composting facilities
y

information
 “Green” tips

S l t l l ti
Phosphorus

Composting facilities

(etc.)

Composting facilities

(etc.)

 Supplemental explanation
 Installation tips to avoid 

common problems

Phosphorus is commonly 
overused and application should 
always be based on soil tests.  
Phosphorus washing into surface 
waterbodies leads to excessive common problems

 More photos
algae growth. Phosphorous does 
not move out of the soil like 
nitrogen, so constant additions 
are unnecessary.



Integrating Recent ResearchIntegrating Recent Researchg gg g

 BMP Performance
 UDFCD /local 

experience
 Design Design
 Installation
 Maintenance
 Monitoring

 Intl. Stormwater BMP 
Database

 Roesner/Olson—CSU 
Life Cycle Costs
B i  t  LID Barriers to LID



BMP SelectionBMP SelectionBMP SelectionBMP Selection
Site Conditions
• Size 

Treatment Processes
• Sedimentation

• Soils
• Contributing Drainage Area
• Groundwater
• Base flows

Sedimentation
• Straining
• Infiltration or filtration
• Evapotranspiration

Bi l i l U k• Base flows
• Watershed Development Activities

• Biological Uptake

Land Use
• Ultra Urban
• High Density Mixed Used
• Campus

I d t i l• Industrial
• Low Density Mixed Use
• Residential
• Parks and Open Spacep p



Tributary impervious area1 > 1 ac
Depth to 
bedrock (or 
clay layer) or 

Start

Y

N

Decision Tree Identifying Potential BMPs for Conventional Sites

Impervious clay layer) or 
seasonal high 
groundwater > 
5 feet and 
NRCS A or B 
soils beneath 
BMP?

Tributary impervious area1 > 5 
ac

Water available for ET?

Y N

N

Y

Y

N
N

p
area, not
total area

Step 1‐‐MDCIA/Volume Reduction‐‐No WQCV

Grass Swale      
Grass Buffer  
C t t d W tl d Ch l2 2 2 2 2 2 2

Y
Is BMP in a developing 
watershed? Y

N

Constructed Wetland Channel2 2 2 2 2 2 2

Permeable Pavement Partial or No WQCV—Full Infiltration5,6 
Permeable Pavement with Partial or No WQCV—No Infiltration or Partial 
Infiltration5,6 
Green Roof with Partial WQCV5 3 3

Step 2—WQCV

Permeable Pavement with Full WQCV Full Infiltration6 Permeable Pavement with Full WQCV—Full Infiltration 
Permeable Pavement with Full WQCV--No Infiltration or Partial 

Infiltration6 
Bioretention—Full Infiltration6 
Bioretention—No Infiltration or Partial Infiltration6 
Extended Dry Detention Basin    
Constructed Wetland Basin2  Constructed Wetland Basin  
Retention Pond  

Sand Filter Extended Detention     
Green Roof with Full WQCV 3 3

Regional Water Quality Treatment  4 4 4 4 4 4

Notes
1 “Tributar  imper ious area” refers to the imper ious area draining to the BMP  not the total area of the project site1 Tributary impervious area  refers to the impervious area draining to the BMP, not the total area of the project site.
2 For a successful wetland channel or basin, a water source (groundwater or baseflow) will be required.
3 In the Front Range of Colorado, irrigation, at least periodically in dry times, will be required to sustain a green roof.
4 If a regional facility will be used to provide the WQCV, some degree of onsite treatment/MDCIA will still likely be required.
5 For some types of BMPs, including permeable pavements and green roofs, the BMP may provide the full WQCV, a portion of the WQCV or no WQCV depending on the 

design.  For a BMP to satisfy Step 2 requirements, the full WQCV must be provided.
6 No Infiltration = underdrain and liner, Partial Infiltration = underdrain and no liner, Full Infiltration = no underdrain and no liner



HSG A or B soils? NY

Depth to Depth to 

BMP Selection Flow Chart for Highly Urbanized Sites

p
Bedrock > 5 

ft?

Are BMPs 

Y

p
Bedrock > 5 

ft?

Are BMPs 

Y

YN

NN

Allowed in 
ROW?

Y

Allowed in 
ROW?

YN

N

Step 1‐‐MDCIA/Volume Reduction‐‐No WQCV

Permeable Pavement with Partial or No
WQCV—Full Infiltration4,5  

Permeable Pavement with Partial or No 
WQCV P ti l I filt ti N I filt ti 4 5   

Notes
1 In the Front Range of Colorado, 
irrigation, at least periodically in dry 
times, will be required to sustain a green 
roof.

2 Underground BMPs should only be WQCV—Partial Infiltration or No Infiltration4,5

Green Roof with Partial WQCV4  1 1 1 1

Step 2—WQCV

Permeable Pavement with Full WQCV—Full
Infiltration5  

Underground BMPs should only be 
considered when surface-based BMPs 
are not practicable.  See the 
Underground BMP Fact Sheet for 
additional restrictions on use.

3 If a regional facility will be used to 
provide the WQCV, some degree of 
onsite treatment/MDCIA will still likely Permeable Pavement with Full WQCV‐-Partial

Infiltration or No Infiltration4,5   

Bioretention—Full Infiltration5  

Bioretention—Partial Infiltration or No
Infiltration4,5   

1 1 1 1 1

onsite treatment/MDCIA will still likely 
be required.

4 For some types of BMPs ,the BMP may 
provide the full WQCV, a portion of the 
WQCV or no WQCV depending on the 
design.  For a BMP to satisfy Step 2 
requirements, the full WQCV must be 

id dGreen Roof with Full WQCV  1 1 1 1 1

Underground BMPs with Full WQCV 2 2

Regional Water Quality Treatment 3 3 3 3 3

provided.
5No Infiltration = underdrain and liner         
Partial Infiltration = underdrain and no 
liner 
Full Infiltration = no underdrain and no 
liner





Effective Impervious Effective Impervious 
C l l i d LIDC l l i d LIDCalculations and LIDCalculations and LID

Conserve 
Existing 

AmenitiesAmenities

Minimize 
Impacts

LID
p

MDCIA

Provide 
Infiltration/Filtration 

( d St )(and Storage)



Conceptual ModelConceptual Model
UIA

Co ceptua odeCo ceptua ode

UIA = Unconnected Impervious Area RPA = Receiving Pervious AreaUIA = Unconnected Impervious Area
DCIA = Directly Connected Impervious Area

RPA = Receiving Pervious Area
SPA = Separate Pervious Area



Effective Imperviousness Adjustments for Level 2 Effective Imperviousness Adjustments for Level 2 
MDCIAMDCIA

(Planning Level)(Planning Level)(Planning Level)(Planning Level)
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Dimensionless AnalysisDimensionless Analysisyy
• Conveyance-based BMPs:

d fF
),(),( rr

d A
I

f
FctA

P

F
FctK 

• Storage-based BMPs:

)(
WQCV

AA
F

FctK d ),,(
P

AA
P

FctK dr
d

K = Imperviousness reduction factor
F P i i fil i l (i )Fd = Pervious area infiltration loss (in)
f = Pervious area infiltration rate (in/hr) corresponding to saturated hydraulic 
conductivity
P = Design rainfall depth (in)g p ( )
I = Rainfall intensity (in/hr)
Ar = RPA/UIA
Ad = RPA



ConveyanceConveyance--based Imperviousness Reduction Factorbased Imperviousness Reduction Factor
(Site Level) (Site Level) 
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Area-weighted Imperviousness of Disconnected Portion (%) = g p ( )
UIA/(UIA+RPA)

f/I = 0.5 f/I = 1.0 f/I = 1.5 f/I = 2.0



StorageStorage--based Imperviousness Reduction Factorbased Imperviousness Reduction Factor
(Site Level)(Site Level)(Site Level)(Site Level)
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Area-weighted Imperviousness of Disconnected Portion (%) = 
UIA/(UIA+RPA)

f/I = 0.5 f/I = 1.0 f/I = 1.5 f/I = 2.0



More on Volume 3More on Volume 3More on Volume 3More on Volume 3

CASFM 2010 

UWRI  9/30/2010 10/1/2010UWRI  9/30/2010 - 10/1/2010

hpiza@udfcd.org hpiza@udfcd.org 



Urban Drainage and Flood Urban Drainage and Flood 
Control District (UDFCD) Volume 
3 Update3 Update
Construction BMPs

Ken Mackenzie, P.E. & Holly Piza, P.E.
UDFCD
&&
Andrew Earles, Ph.D., P.E., CPESC & Jane Clary, CPESC, LEED AP
Wright Water Engineers, Inc.

April 29, 2010



S  f U dScope of Update

L k i t t ith BMP F t Sh t h i  • Look consistent with BMP Fact Sheet approach in 
rest of Volume 3.

“B  f h  B ” BMP D il  f  i i  • “Best of the Best” BMP Details from existing 
manuals and recent manuals in metro area (Aurora, 
Douglas County, Arapahoe County, Parker and 

th )others).

• USLE guidance.

• “Double Duty” Stormwater Management Plan 
(SWMP) guidance.( ) g



Scope of Update (cont )Scope of Update (cont.)

• Guidance on new Effluent Limitation Guidelines (ELGs)• Guidance on new Effluent Limitation Guidelines (ELGs).

• Advanced Treatment Systems/Chemical Treatment.

• Improved Guidance on BMPs and construction phasing.

• Construction dewatering.

• Working in waterways• Working in waterways.

• Linear projects.

















BMP Selection GuidanceBMP Selection Guidance



Revised Universal Soil Loss EquationRevised Universal Soil Loss Equation



Questions and Acknowledgements

• UDFCD reviewers
CDPHE• CDPHE

• Excellent local criteria manuals & construction 
site programssite programs

• WWE construction BMP project team: Jon 
Jones, P.E., Jennifer Keyes, CPESC, Hayes , , y , , y
Lenhart, EIT, Shannon Tillack, EIT



Below Grade Pedestrian Crossing Below Grade Pedestrian Crossing 
M i C id iM i C id iMaintenance ConsiderationsMaintenance Considerations

Jeff Fisher
Construction Manager
Design, Construction &
Maintenance Program

Laura Kroeger
Assistant Manager
Design, Construction &
M i t PMaintenance Program



Below Grade Pedestrian Crossing Below Grade Pedestrian Crossing 
M i C id iM i C id iMaintenance ConsiderationsMaintenance Considerations

 Introduction to Below Grade Pedestrian 
Crossings

 Description of Maintenance Problem

T l  t  S l All i t  P bl Tools to Solve Alleviate Problem

 Permitting g

 Project Solutions



DisclaimerDisclaimerDisclaimer Disclaimer 
 There is an inherent danger in having people 

 t  d b i  i   fi d  near streams and being in a confined space 
during a flood event.

 District does not currently have design criteria 
for below grade pedestrian crossings   for below grade pedestrian crossings.  

F  ill b   h i   i  i   Focus will be on sharing our experience in 
resolving frequent maintenance problems



Below Grade Pedestrian CrossingBelow Grade Pedestrian CrossingBelow Grade Pedestrian Crossing Below Grade Pedestrian Crossing 

Trails follow Drainageways



Below Grade Pedestrian CrossingBelow Grade Pedestrian CrossingBelow Grade Pedestrian Crossing Below Grade Pedestrian Crossing 
 Drainageway crossings under roads provide 

opportunity to also bring trails below gradeopportunity to also bring trails below grade
 Safer Pedestrian/Traffic Crossing
 Continuous Movement along Trail Continuous Movement along Trail
 Multi-Use of Structure



Description of Maintenance Description of Maintenance 
P blP blProblemProblem

 Since 2007 – 8 priority requests from local  Since 2007 8 priority requests from local 
governments in Jefferson and Douglas 
Counties 

 Water and Sediment Frequently Inundates 
Trails causing 
 Mud
 Slimy Surface

I Ice
 Unsafe Conditions



Description of Maintenance Description of Maintenance 
P blP blProblemProblem

 Why  Why 
 Trail in low area, 

everything drains to it
 High water table
 Height Constraints of 

Road ProfileRoad Profile



Description of Maintenance Description of Maintenance 
P blP blProblemProblem

 Channel Condition



Tools toTools to SolveSolve Alleviate ProblemAlleviate ProblemTools to Tools to SolveSolve Alleviate ProblemAlleviate Problem
 Maintenance Preferences

 Bridges  Bridges 
 Single Cell Box Culverts



Tools toTools to SolveSolve Alleviate ProblemAlleviate ProblemTools to Tools to SolveSolve Alleviate ProblemAlleviate Problem
 Sediment Removal

Restore
Conveyance

Keep water 
moving



Tools toTools to SolveSolve Alleviate ProblemAlleviate ProblemTools to Tools to SolveSolve Alleviate ProblemAlleviate Problem
 Re-establish Channel Alignment and Grades

Redirect Flow
Away from
Trail

Grade
Downstream to
keep water p
moving



Tools toTools to SolveSolve Alleviate ProblemAlleviate ProblemTools to Tools to SolveSolve Alleviate ProblemAlleviate Problem
 Stem Wall

Not recommended
for new design

Create separationCreate separation
between channel
and trail

Need to provide
drainage 



Tools toTools to SolveSolve Alleviate ProblemAlleviate ProblemTools to Tools to SolveSolve Alleviate ProblemAlleviate Problem
 Trench Drain

C ll t iCollect nuisance
water 

Needs an outfall



Tools toTools to SolveSolve Alleviate ProblemAlleviate ProblemTools to Tools to SolveSolve Alleviate ProblemAlleviate Problem
 Trench Drain



Tools toTools to SolveSolve Alleviate ProblemAlleviate ProblemTools to Tools to SolveSolve Alleviate ProblemAlleviate Problem
 Drain Valve 



Tools toTools to SolveSolve Alleviate ProblemAlleviate ProblemTools to Tools to SolveSolve Alleviate ProblemAlleviate Problem
 Drain Pan

Cross slope into
pan 

Pan longitudinalPan longitudinal 
Slope to drain

Keeps nuisance 
water off trail

Need to provide
outfalloutfall



Tools toTools to SolveSolve Alleviate ProblemAlleviate ProblemTools to Tools to SolveSolve Alleviate ProblemAlleviate Problem
 Combine Tools for Results



404 Permitting404 Permitting404 Permitting404 Permitting
 Unregulated Activity – Upland to Upland Removal

Equipment is out of the 

ordinary high water markordinary high water mark

Scooping out and placing 

in an upland area/haul off

No filling or moving soil 

around



404 Permitting404 Permitting404 Permitting404 Permitting
 Regulated Activity – Everything Else…

 Nationwide Permit No. 3 – Maintenance
 No. 3 A - Repair of an Existing Structure

 Needs NO Notification (unless disturbing wetland)Needs NO Notification (unless disturbing wetland)

 No. 3 B - Sediment Removal

 Needs Notification, allows riprap placement 200 ft either direction

 Nationwide Permit No. 18 – Minor Discharges/Excavation
 Discharge Less than 25 cy below Ordinary High Water Mark (OHWM)

 Needs Notification if discharge exceeds 10 cy OHWM or in wetlandsNeeds Notification if discharge exceeds 10 cy OHWM or in wetlands



Best Management Practices Best Management Practices 
(BMP )(BMP )(BMPs)(BMPs)

• Review as-built drawings if availableg
• Understand design elevation in relation to existing 

conditions
I l  k  f  i  fl• Isolate work area from active flows

• Install temporary BMPs as needed
– Vehicle tracking padVehicle tracking pad
– Silt fence
– Isolation barriers, i.e. plastic lined jersey barriers

t– etc.
• Inspect and maintain all temporary BMPs      

during constructiong



Requirements for Retrofitting Requirements for Retrofitting 
E i i C iE i i C iExisting CrossingsExisting Crossings

• Activity may require permitting under the 404y y q p g
• Always notify the Corps of Engineers of your plan
• Identify and comply with local government y p y g

requirements
• Create a traffic plan specifically identifying 

pedestrian detour routes
• Close the trail if you have any doubts about public 

safetysafety
• Choose your contractor carefully for this             

type of projecttype of project



Winter WorkWinter WorkWinter WorkWinter Work



Sediment RemovalSediment RemovalSediment RemovalSediment Removal



Temporary Separation BarrierTemporary Separation BarrierTemporary Separation BarrierTemporary Separation Barrier



Walk behind skid steerWalk behind skid steerWalk behind skid steerWalk behind skid steer







Sediment RemovedSediment RemovedSediment RemovedSediment Removed



Stem WallStem WallStem WallStem Wall





Good Time To InspectGood Time To InspectGood Time To InspectGood Time To Inspect





Concrete and BouldersConcrete and BouldersConcrete and BouldersConcrete and Boulders



BouldersBouldersBouldersBoulders



Alignment of Stem WallAlignment of Stem WallAlignment of Stem WallAlignment of Stem Wall



Establish Channel Alignment and Establish Channel Alignment and 
G dG dGradeGrade



Inlet/Trench DrainInlet/Trench DrainInlet/Trench DrainInlet/Trench Drain



Winter WorkWinter WorkWinter WorkWinter Work















Drain PansDrain PansDrain PansDrain Pans

















Drain ValveDrain ValveDrain ValveDrain Valve

























Deflection PlateDeflection PlateDeflection PlateDeflection Plate





Sealing the JointSealing the JointSealing the JointSealing the Joint















Questions ?Questions ?Questions ?Questions ?



Design,                        *

(or How To Design with Maintenance in Mind)

Michael Sarmento, Senior Construction Manager
Barbara Chongtoua, Senior Project Engineerg , j g

*Maintenance



1.  Introductions
a.  DCM = Design, Construction, and Maintenance 

Program
2 Maintenance2. Maintenance

a.  The Ailments
i.  Is maintenance “Routine”?

ii.  Maintaining maintenance
iii  Th  N biii. The Numbers

3. Construction
a.   The Symptoms

i.  Revegetation.  evegetat o
ii.  Utilities
iii.  Dewatering and SWMP
iv.  Permits

  C t t D tv.  Contract Documents
vi.  Communication

4.  Design
a.  The Remedyy

i.  Maintenance Plan



What is the DCM Program?

 DCM program responsible for all Capital, Restoration, 
and Maintenance projects within District boundary.

 Teams consist of a Project Engineer, Construction 
Manager, and Intern.  Teams assigned to specific 
counties and all municipalities within those counties. 
Program guided by a Manager & Assistant ManagerProgram guided by a Manager & Assistant Manager.

 DCM uses consulting engineering firms to design the  
majority of drainage improvements. All construction  

d i  j  f d b  i  and maintenance projects performed by private 
contractors.

 For smaller projects DCM contracts annually with two p j y
on-call engineering firms and several construction/
maintenance companies. DCM provides accelerated  
service to the local government and community.



“What is Maintenance and Why Do We Do It?”y

District contracts with maintenance contractors to 
perform annual maintenance.  Contractors uniquely 

qualified to work in drainageways

Most visible 
program 

i hi  

Maintenance 
Program  

 f  

qualified to work in drainageways.

within 
UDFCD.  
Operates 
within 

contracts for 
debris removals 
and mowing, 
revegetation, w t  

residential 
greenbelts, 
parks, and 

 

evegetat o , 
weed control, 
and other misc. 
work items.

open space.

Service provided to the local government and community 
which provides a system of regularly maintained which provides a system of regularly maintained 
drainageways and other flood control facilities.



“What is Maintenance and Why Do 
W  D  It?” We Do It?” 

Multi-jurisdictional boundaries

“I tit ti l K l d ” f “Institutional Knowledge” of 
most drainageways due to 
design and construction

Provide rapid response to as-
needed maintenance requests. 

Inspectors and 
Contractors serves as the Contractors serves as the 
“eyes and ears” for the 
local government and 
community.



“What is Maintenance and Why Do We Do It?”

Restoration DCM has annual 
contracts with projects may  

consist of 
sediment 
removals, tree 

contracts with 
approximately 
ten  private 
contractors to removals, tree 

thinning, bank 
and channel 
stabilization, 

d th  

provide 
construction, 
revegetation, and 
utility locating and other 

structural  
work. 

utility locating 
services. 

DCM contractors are pre-qualified to conduct drainageway 
maintenance and repairs. This provides rapid, and cost-
efficient response to ordinary and emergency situations. 



Vegetation Maintenance

Native vegetation requires less 
maintenance  (and less resources such as (
water, fertilizer, etc.) =  sustainability!

hTree thinning maintains  
hydraulic efficiency and 
promotes better 
maintenancemaintenance



General Maintenance

Tree removal prevents blockages 
and damage to structures

Tree trimming around base to 4-5 
feet above grade.

Fence Repair for Public SafetyFence Repair for Public Safety
(but how do we get down to 
the channel?)



Our Latest “on-call” Project 



“The Ailments”
Is Maintenance  Ever Routine ??

The Contractor’s “Wish-List”
#1.  Access, access, and more 
access.
#2  Water Control or “How much 
water comes Thru Here?”
# 3 “We Can Talk Volumes About 
Debris”

The “Numbers” or “What does 
Maintenance cost?”

DO we design DO we design 
for 
maintenance??



CONSTRUCTION or “The Symptoms”

Drainageway construction IS different 
(and often difficult)( )

What is a good project?  Depends on 
who you ask!

Good Construction Leads to Better 
Maintenance!

Design Modification 
Or

“We’ll Fix That When We 
G C ”Get To Construction”



CONSTRUCTION or “The Symptoms”

II. Utilities :
“It’s NOT Where They Said It Would Be”

III. Permits:

“How Do I 

I. Reveg:

“Can’t See 
The Bid This 

Thing?
or

“I Have to 

The 
Forest 
for the 
Trees 

d h I Have to 
Do 

WHAT?”

and the 
Grass 
Just 
Won’t 

IV.  Contract Documents:  “Where Does It Say 
THAT??”

Won t 
Grow”

V.  Communication: “Nuff Said”



Design, *Design,

Is the Access accessible?

Access above 
base flows and 
storm flows

*Maintenance



Appropriate Access 
A i t  ?Appropriate ?

Min Width = 10’



Natural Areas and 
Parks

Vegetation 
Management Management 
Manageable?



We can talk volumes about Debris?



We can talk volumes about Debris?



Ideal 
Size=8’x8’

Frequency of 
Maintenance

Id l 

Managing Sediment

Ideal 
Width=4’

Managing Sediment



Managing Sediment



Maintenance Site Plan

We Are Here



Maintenance Site Plan

Owner Contact InformationOwner Contact Information

Hydraulic Information

•Online vs. Offline

•Baseflow rates

•Storm flow rates

•Pond Elements



Maintenance Site Plan

Type of Vegetation

•Seed Mix

T•Trees 

•Shrubs



Maintenance Site Plan

Maintenance Information

•Equipment Requirement

•Maintenance Schedule•Maintenance Schedule



Maintenance Site Plan

Maintenance Procedure

•Dewatering

•Vegetation Management

S di t R l•Sediment Removal

•Debris Removal



Maintenance Site Plan

Max 
Reach

AccessDepth 
M kMarkers



“Q” AND “A”

We Take Drainageway Maintenance A Few Steps Further!



EFFECTIVENESS OF REGIONAL DETENTION EFFECTIVENESS OF REGIONAL DETENTION 
ON FLOOD CONTROL AND WATER QUALITYON FLOOD CONTROL AND WATER QUALITY

Shea Thomas, UDFCD
Derek Rapp, Wright Water Engineers

Melanie Chenard, Muller Engineering Company



Flood ControlFlood ControlFlood ControlFlood Control

Big Dry Creek Major Drainageway Plan

Project Sponsors
UDFCD

City of Westminster
City of ThorntonCity of Thornton
Adams County



Study AreaStudy AreaStudy AreaStudy Area



StatisticsStatisticsStatisticsStatistics

W h d A  67  il Watershed Area – 67 square miles

 Main Stem Length - 23 miles

 Major Drainageway Tributaries - 22

 Outfalls to BDC - 69

 Structure Crossings of Main Stem - 56g



Previous StudiesPrevious StudiesPrevious StudiesPrevious Studies
 Big Dry Creek Main Stem

 1973 Big Dry Creek Master Plan
 1986 Big Dry Creek FHAD (I-25 to 168th Avenue)

1986/1988 Big Dry Creek FHAD (Standley Lake to I 25) 1986/1988 Big Dry Creek FHAD (Standley Lake to I-25)

 Tributaries to Big Dry Creek Tributaries to Big Dry Creek
 1979 FHAD/1985 OSP for Gay Res., Westlake, Windmill
 1989 OSP for Southern Tributaries
 2001 OSP for Quail Creek and McKay Lake Basins
 2006 OSP for City Park Basin & Drainageway 3207
 2007 OSP for Northern Tributaries 2007 OSP for Northern Tributaries





ComplicationsComplicationsComplicationsComplications
 Previous studies  Previous studies 
 Rainfall adjustment





ComplicationsComplicationsComplicationsComplications
 Previous studies  Previous studies 
 Rainfall adjustment
 Calibration of tributaries Calibration of tributaries
 Detention 



Detention ConsideredDetention ConsideredDetention ConsideredDetention Considered
 Exists at time of study

 Adequate assurance it will exist and be maintained in 
perpetuity

O d b   d di t d t  l l t• Owned by or dedicated to local government
• Maintained by local government or has a legally 

enforceable mechanism
 Other study-specific rules of thumb

• Tributary drainage area > 100 acres
R li bl t l di h  i f ti• Reliable stage-area-volume-discharge information

• Volume and release rate sufficient to impact
peak flows on BDC main stemp





ComplicationsComplicationsComplicationsComplications
 Previous studies  Previous studies 
 Rainfall adjustment
 Calibration of tributaries Calibration of tributaries
 Detention 
 Reservoir release Reservoir release
 Mainstem calibration



ResultsResultsResultsResults

 Average reduction on tributary outfalls: 40%



Tributary Watershed Undetained
(cfs)

Detained 
(cfs)

Reduction
(%)

Ketner Tributary 1698 585 66%

Airport Creek 3332 1550 52%

C C T ib t 3 1857 279 85%Cozy Corner Tributary 3 1857 279 85%

Drainageway 3207 3002 1620 44%

Gay Reservoir & Westlake 2101 694 67%y

Quail Creek 4215 1343 68%

Lake Erie Tributary 4 1342 554 58%

McKay Lake Basin 2348 901 60%

Lake Erie Tributary 1 2361 1108 53%

Sack Creek 2670 1409 47%Sack Creek 2670 1409 47%



ResultsResultsResultsResults

 Average reduction on tributary outfalls: 40%

 Average reduction on main stem: 12%





ResultsResultsResultsResults

 Average reduction on tributary outfalls: 40%

 Average reduction on main stem: 12%

 Reduction at UPRR:  30%



Water QualityWater QualityWater QualityWater Quality

Cottonwood Creek Outfall Systems Plan

Project SponsorsProject Sponsors
UDFCD

Southeast Metro Stormwater AuthoritySoutheast Metro Stormwater Authority
Douglas County



Study AreaStudy AreaStudy AreaStudy Area



Full Spectrum DetentionFull Spectrum DetentionFull Spectrum DetentionFull Spectrum Detention
Excess Urban Runoff Volume (EURV) – difference Excess Urban Runoff Volume (EURV) difference 

between urban and pre-development runoff volume

 SEMSWA and Douglas County criteria
 Tributary to Cherry Creek Reservoir Tributary to Cherry Creek Reservoir
 Easily retrofit existing ponds
 Implement for entire watershed Implement for entire watershed



Master PlanMaster PlanMaster PlanMaster Plan



Master Plan DetentionMaster Plan DetentionMaster Plan DetentionMaster Plan Detention

 3 existing WQ ponds to remain

 12 existing ponds retrofit to FSD ponds

 4 planned FSD ponds upstream of study limits

 5 new FSD ponds



Detention ProvidedDetention ProvidedDetention ProvidedDetention Provided



100100--Year ResultsYear Results100100 Year ResultsYear Results



5050--Year ResultsYear Results5050 Year ResultsYear Results



2525--Year ResultsYear Results2525 Year ResultsYear Results



1010--Year ResultsYear Results1010 Year ResultsYear Results



55--Year ResultsYear Results55 Year ResultsYear Results



22--Year ResultsYear Results22 Year ResultsYear Results



100100--Year FSD vs. WQCVYear FSD vs. WQCV100100 Year FSD vs. WQCVYear FSD vs. WQCV



2525--Year FSD vs. WQCVYear FSD vs. WQCV2525 Year FSD vs. WQCVYear FSD vs. WQCV



22--Year FSD vs. WQCVYear FSD vs. WQCV22 Year FSD vs. WQCVYear FSD vs. WQCV



PROJECT WEBSITESPROJECT WEBSITESPROJECT WEBSITESPROJECT WEBSITES
 Big Dry Creekg y

www.bigdrycreek.org/majordrainageplan/home.html

C tt d C k Cottonwood Creek
projects.udfcd.org/lowercottonwood/

QUESTIONS?QUESTIONS?QUESTIONS?QUESTIONS?



April 29, 2010



 For anybody who didn’t know this, we  For anybody who didn t know this, we 
have been reviewing Letters of Map 
Change (LOMC’s) for FEMA since 2001.

 LOMC’s are either Letters of Map 
Revision (LOMR’s) or Conditional 
Letters of Map Revision (CLOMR’s)

 We do not review any other types of 
 h  LOMR F’   LOMA’requests, such as LOMR-F’s or LOMA’s









 Save applicants time and money in  Save applicants time and money in 
preparing complete applications

 Save the District time and money in y
conducting technical reviews and 
preparing LOMC exhibits

 Allow FEMA to issue LOMC’s quicker
 Allow projects to move forward 

sooner
 Save the trees



 Submit two copies of everything and a  Submit two copies of everything and a 
check made out to National Flood 
Insurance Program to the Floodplain 
Management Program

 A link to the current fee schedule is 
included in the guidelines



 Report text Report text
 Hydrologic and/or Hydraulic Models





 Proposed Construction Plans  Proposed Construction Plans 
(CLOMR’s)

 As-Built drawings, signed and sealed g , g
by a Colorado PE (LOMR’s)

 FEMA MT-2 forms
 Evidence that NFIP requirements 

have been met (links to key 
requirements are provided)

 Floodplain workmaps





 Annotated FIRM panels Annotated FIRM panels
 Comparison Tables (example to follow)
 Annotated Floodway Data Table Annotated Floodway Data Table
 Agreement Checklists (example to 

follow)follow)
 Other items

 Previous studiesPrevious studies
 Correspondence
 Etc.





5710 5711 5712 5713 5714
5716
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Fl dFloodway
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 Consultants will be able to prepare a  Consultants will be able to prepare a 
complete submittal quicker and cheaper

 We will be able to complete our technical p
reviews quicker and cheaper

 We will be able to prepare the LOMC p p
exhibits and submit to FEMA quicker 
and cheaper

 FEMA will be able to issue the LOMC’s 
sooner, and…





Kevin Stewart, Manager
Julia Bailey, Information Services Engineer 

Information Services and Flood Warning Program 
Urban Drainage and Flood Control DistrictUrban Drainage and Flood Control District

Accessing our documents Accessing our documents gg
and data on the weband data on the web



DataDataDataData







Past Online Access to DataPast Online Access to DataPast Online Access to DataPast Online Access to Data
 Limited organization capabilities Limited organization capabilities

 Categorized by document type
 Listed by document namey

 Where would you go if you were looking for 
all documents related to a single stream? 
Authored by a consulting firm? Sponsored by a 
l l t?local government?



Initial GoalsInitial GoalsInitial GoalsInitial Goals
 Employ Geographic Information Systems (GIS)  Employ Geographic Information Systems (GIS) 

for effective data management
 Spatial query for documentsy
 Keyword search of metadata
 Map navigation

 Electronic Data Management (EDM) 
application



ProgressProgressProgressProgress
 With the help of CH2MHILLp

 Critical data layer development
 Document organization

 Contracted GIS Workshop late in 2009
 EDM Webpage – Document Search going live
 Front page button link at udfcd.org



EDM First View and ToolsEDM First View and ToolsEDM First View and ToolsEDM First View and Tools



EDM Aerial ViewEDM Aerial ViewEDM Aerial ViewEDM Aerial View



EDM Aerial ViewEDM Aerial ViewEDM Aerial ViewEDM Aerial View



EDM Terrain ViewEDM Terrain ViewEDM Terrain ViewEDM Terrain View



EDM Map SearchEDM Map SearchEDM Map SearchEDM Map Search



EDM Search ResultsEDM Search ResultsEDM Search ResultsEDM Search Results



EDM Search ResultsEDM Search ResultsEDM Search ResultsEDM Search Results



Work in ProgressWork in ProgressWork in ProgressWork in Progress
 Additional data and features for the document  Additional data and features for the document 

search tab
 Legendg
 Highlighting map features that return data
 Clickable streams that retrieve related docs
 Zoom to blink indicator
 Zoom to municipality or county

B tt  t  l  d h lt Button to clear narrowed search results
 Acronyms possible keyword in text search
 “Loading ” splash screen Loading …  splash screen



Future DevelopmentFuture DevelopmentFuture DevelopmentFuture Development
 Consolidated floodplain  Consolidated floodplain 
 Routine maintenance

 Searchable for maintenance inspection recordsSearchable for maintenance inspection records
 Maintenance eligibility



Consolidated Floodplain and Consolidated Floodplain and 
M i Eli ibili T bM i Eli ibili T bMaintenance Eligibility TabsMaintenance Eligibility Tabs

 Floodplain layer – “unofficial” Floodplain layer unofficial
 Currently available at udfcd.org in SVG or KML 

formats
 Address locator
 Transparency controlled by slider bar

l b l l Maintenance eligibility layers 
 Acceptance symbology

L d Legend



Routine Maintenance TabRoutine Maintenance TabRoutine Maintenance TabRoutine Maintenance Tab
 Display layers Display layers

 Debris Pick-up 
 Mowingg

 Record Database
 Click a feature for maintenance inspection p

records



Comments and SuggestionsComments and SuggestionsComments and SuggestionsComments and Suggestions
 User feedback is always welcome and  User feedback is always welcome and 

encouraged
 Please email jbailey@udfcd.org with your ideasj y g y



DataDataDataData



Highlights of the DesignHighlights of the DesignHighlights of the Design, Highlights of the Design, 
Construction, and Construction, and 

Maintenance ProgramMaintenance Program

David Bennetts
Laura Kroeger



Highlights of the DesignHighlights of the DesignHighlights of the Design, Highlights of the Design, 
Construction, and Construction, and 

Maintenance ProgramMaintenance Program
DCM Program Reorganization

Pipe Material Technical Memorandump
DCM Research Update

DCM Sustainability EffortsDCM Sustainability Efforts



Design, Construction, and Design, Construction, and es g , Co st uct o , a des g , Co st uct o , a d
Maintenance ReorganizationMaintenance Reorganization



Storm Sewer Pipe Material Storm Sewer Pipe Material 
T h i l M d U dT h i l M d U dTechnical Memorandum UpdateTechnical Memorandum Update

 Purpose of Memorandum

 New Materials Added New Materials Added

 Highlights of Updates

 USDCM Volume 2

M i  F d Moving Forward



Pipe Material Technical Pipe Material Technical 
M dM dMemorandumMemorandum

 Not CRITERIA
 Purpose

 Establishes a systematic and consistent approach to pipe 
material selection for designers, inspectors, review agencies, ate a  se ect o  o  des g e s, specto s, ev ew age c es, 
and local governments

 Provides

 Background information and in ground history for selected 
materials

 Pipe material selection guidesPipe material selection guides

 Specific design and service characteristics for each material

 Standard specifications and details

 Installation guide with inspection checklists



Pipe Material Technical Pipe Material Technical 
M dM dMemorandumMemorandum

 Highlights  Highlights 
 Listing of Pipe Materials marketed in the Denver 

area that have an AASHTO and ASTM standard

Reinforced Concrete Pipe (RCP)

l d l ( )Aluminized Steel Pipe (ASP)

Polymer Coated Steel Pipe (PCSP) – New 

Corrugated Aluminum Pipe (CAP) - New

Polyvinyl Chloride Pipe (PVC )

High Density Polyethylene Pipe (HDPE)



Pipe Material Technical Pipe Material Technical 
M dM dMemorandumMemorandum

 Highlights  Highlights 
 Comparison Table

Minimum – Maximum Pipe Size (Inches)Minimum – Maximum Pipe Size (Inches)

AASHTO  and ASTM Standard

Manning’s “n” Value

Joints

Typical Manufactured Length (feet)

Mi i  S iff  ( i)Minimum Stiffness (psi)

Minimum and Maximum Bury Depth (Feet)

Chemical, Abrasion and Corrosion Resistance,

Connection



S l ti  Q ti ?

Pipe Material Selection Guide
Flow Chart

Selection Questions?

Pipe greater than 144” diameter

Fill Height
Permitted by wall thickness

Soil pHSoil pH

Soil Sulfate Level

Minimum Cover

Velocity during minor event

*Acceptable, means
meets AASHTO &
ASTM National
S d d llStandard, still
needs Local Gov.
or CDOT approval



Bedding Detail RCPBedding Detail RCPgg



Bedding Detail HDPEBedding Detail HDPE



Pipe Material Technical Pipe Material Technical 
M dM dMemorandumMemorandum

 Highlights 
 Listing of Pipe Materials marketed in the Denver Listing of Pipe Materials marketed in the Denver 

area that have AASHTO and ASTM standards
 Pipe Material Selection Guide - Flow Chart
 Bedding Detail
 Follow up to case studies on 

R i f d C t  Pi  (RCP) Reinforced Concrete Pipe (RCP)
 High Density Polyethylene Pipe (HDPE)
 Aluminized Steel Pipe (ASP)p ( )



Drainage Criteria ManualDrainage Criteria ManualDrainage Criteria ManualDrainage Criteria Manual
 Purpose of the Criteria is to provide Minimum  Purpose of the Criteria is to provide Minimum 

Standards, additional design is always 
encouraged

 Urban Storm Drainage Criteria Manual g
Volume 2 will address
 Maximum Velocities 
 RCP is tried and true 
 Provide Bedding Detail



Moving ForwardMoving ForwardMoving ForwardMoving Forward
 Memorandum will be available soon on 

websitewebsite
 What was not done?

 Literature search on new studies that have been  Literature search on new studies that have been 
completed by others since 1998

 Did not specifically coordination with CDOT on 
their new Pipe Material Selection Policy, December 
2009

 When will new materials get in memorandum? When will new materials get in memorandum?
 Took 10 years to do this update…



DCM Research UpdateDCM Research UpdateDCM Research UpdateDCM Research Update



DCM R h U d tDCM R h U d tDCM Research UpdateDCM Research Update

Case StudiesCase Studies

C i iCriteria



DCM R h T iDCM R h T iDCM Research TopicsDCM Research Topics
Criteria:

V id Fill d RiVoid Filled Riprap
Riffle Drops

S l t d C t  D  St tSculpted Concrete Drop Structures

Addendum to Criteria ManualAddendum to Criteria Manual
Next Year



DCM R h T iDCM R h T iDCM Research TopicsDCM Research Topics
Void Filled Riprapp p



DCM R h T iDCM R h T iDCM Research TopicsDCM Research Topics
Riffl  DRiffle Drops



DCM R h T iDCM R h T iDCM Research TopicsDCM Research Topics
Sculpted Concrete Drop StructuresSculpted Concrete Drop Structures



DCM R h T iDCM R h T iDCM Research TopicsDCM Research Topics
Case Studies:Case Studies:

Hybrid Drop StructuresHybrid Drop Structures
Log Drop Structures

GFRC Panels in Dropsp
Floating Vegetated Island

Outlet Structure Configurations



DCM R h T iDCM R h T iDCM Research TopicsDCM Research Topics
Hybrid Drop Structuresy p



DCM R h T iDCM R h T iDCM Research TopicsDCM Research Topics
L  D  St tLog Drop Structures



DCM R h T iDCM R h T iDCM Research TopicsDCM Research Topics
GFRC Panels in Dropsp



DCM R h T iDCM R h T iDCM Research TopicsDCM Research Topics
Fl ti  V t t d I l dFloating Vegetated Island



DCM R h T iDCM R h T iDCM Research TopicsDCM Research Topics
O l S C fOutlet Structure Configurations



Di i S i biliDi i S i biliDistrict SustainabilityDistrict Sustainability

Mission StatementMission Statement

Achieve a sustainable network of safe, efficient, and 
environmentally sensitive drainage and flood control facilities to 
best serve an urban community that is aware of its flood best serve an urban community that is aware of its flood 
risks. Lead the region and the nation by implementing 
innovative thinking and technology and by promoting wise use 
of public and private lands, while providing unsurpassed service f p p p g p
to the community



District SustainabilityDistrict Sustainability
A.S.C.E.

S t i bl  i il i f t t  id  i t l  i  d i l llSustainable civil infrastructure provides environmental, economic and social well-
being, now and for the future.   

A.P.W.A.

The fundamentals of sustainability center on creating balanced solutions, solutions 
that deliver services at levels citizens expect; doing so in an environmentally and 

i ll  ibl   d th t i i  th  b t i  h i  i  th  l  socially responsible way and that insuring the best economic choice in the long 
term. 



District SustainabilityDistrict SustainabilityDistrict SustainabilityDistrict Sustainability
Floodplain Preservation BrochureFloodplain Preservation BrochureFloodplain Preservation BrochureFloodplain Preservation Brochure



District SustainabilityDistrict Sustainability

APWA 
Framework forFramework for 
Sustainability



DCM S t i bilit Eff tDCM S t i bilit Eff tDCM Sustainability EffortsDCM Sustainability Efforts
Routine MaintenanceRoutine Maintenance



DCM S t i bilit Eff tDCM S t i bilit Eff tDCM Sustainability EffortsDCM Sustainability Efforts
Routine MaintenanceRoutine Maintenance



DCM S t i bilit Eff tDCM S t i bilit Eff tDCM Sustainability EffortsDCM Sustainability Efforts



DCM S t i bilit Eff tDCM S t i bilit Eff tDCM Sustainability EffortsDCM Sustainability Efforts



DCM S t i bilit Eff tDCM S t i bilit Eff tDCM Sustainability EffortsDCM Sustainability Efforts



DCM S t i bilit Eff tDCM S t i bilit Eff tDCM Sustainability EffortsDCM Sustainability Efforts



PostPost--Construction BMPsConstruction BMPsPostPost Construction BMPsConstruction BMPs
Holly Piza, P.E.



Chapter 4, Treatment BMPsChapter 4, Treatment BMPs

 Good—Capable of serving function and BMP is generally effective for removing 

targeted pollutant.targeted pollutant.

◐ Moderate—Provides moderate function or pollutant removal.     

Var. = Highly variable based on the design or device.

 Poor—Does not provide function.  Pollutant removal effectiveness not demonstrated 

by data.



Grass SwaleGrass SwaleGrass SwaleGrass Swale
Increase Flexibility while 
Maintaining Existing Criteria

Design Summary

i

Design Flow
Residence 

Time

Maximum 

Froude 

Number

Maximum 

Velocity

Maximum 

Flow Depth
u be

2-year event 5 Minutes* 0.5 1 fps 1 foot



Grass BufferGrass BufferGrass BufferGrass Buffer

Photo Courtesy Muller Engineeringy g g

Simplify the Design

Include Guidance for When a Level 
Spreader may be Needed



Permeable Pavement SystemsPermeable Pavement SystemsPermeable Pavement SystemsPermeable Pavement Systems

Photo Courtesy SEH



Filter and Drain DesignFilter and Drain Design

Class C Filter Material

Sieve Size
Mass Percent Passing 

Square Mesh Sieves

19.0 mm (3/4") 100
4.75 mm (No. 4) 60 – 1004.75 mm (No. 4) 60 100
300 µm (No. 50) 10 – 30
150 µm (No. 100) 0 – 10
75 µm (No. 200) 0 - 3

Pipe 
Size

Slot 
Length

Slot 
Width

Slot 
Centers

Open 
Area

4" 1-1/16" .031" .413" 1.90

Slotted Pipe Dimensions

6" 1-3/8" .031" .516" 1.98



Filter and Drain DesignFilter and Drain DesignFilter and Drain DesignFilter and Drain Design

U S  A  t l (1971)U.S. Army et al (1971)

U.S. Bureau of 
Reclamation (1973)

Class C Filter Material 
D85 ( i )  2 60 

Maximum acceptable slot 
idth b d  U S  D85 (min) = 2.60 mm

D85 (max) = 11.00 mm
width based on U.S. 
Reclamation criteria is 0.051”



Sand FiltersSand FiltersSand FiltersSand Filters

Photo Courtesy Fred Bromberger



BioretentionBioretention (Rain Gardens or PLDs)(Rain Gardens or PLDs)BioretentionBioretention (Rain Gardens or PLDs)(Rain Gardens or PLDs)



BioretentionBioretentionBioretentionBioretention
Why not Peat?

E i l I• Environmental Impacts
• Peat is not produced in 

Colorado

Why Paper?

• Compost alone leaches 
more nutrients than desiredmore nutrients than desired

• Paper captures nutrients 
from the compost for slow 
release to roots

• Paper temporarily slows the  
infiltration rate of the 
media and retains 
moisturemoisture



Extended Detention Basin (EDB)Extended Detention Basin (EDB)Extended Detention Basin (EDB)Extended Detention Basin (EDB)

 Expand criteria for various size EDBs
 Primarily related to forebay size, depth and outlet into the trickle 

channel 

 Include guidance on Full Spectrum 
Detention
 Includes integration with UD-BMP

 Increase Flexibility 
 Guidance on Soft Bottom Trickle Channels and Micropools



Extended Detention Basin (EDB)Extended Detention Basin (EDB)Extended Detention Basin (EDB)Extended Detention Basin (EDB)

Most Common Mistakes
 No micropool
 Well Screen does not extend into the micropool
 No bottom Stage (initial surcharge volume)



Full Spectrum DetentionFull Spectrum DetentionFull Spectrum DetentionFull Spectrum Detention
Most Common Misconceptionsp

 Does not result in a larger pond
 UDFCD does not recommend adding part or all of the 

WQCV (or the EURV) to the 100 yr detention volumeWQCV (or the EURV) to the 100-yr detention volume
 Recommended drain times are approximate
 Specific design for metering other storm events is not p g g

necessary



Green RoofsGreen RoofsGreen RoofsGreen Roofs



Green RoofsGreen Roofs
Design and Maintenance 
Guidelines for Green Roofs in 
h  A id d S i A id Wthe Arid and Semi-Arid West

I l d   t  f  EPA  Includes a quote from EPA, 
Region 8 on using green roofs to 
satisfy capture of the WQCV

Contains over a dozen Denver 
area green roofs case studies 
including:including:

• Residential (SF and MF)
• Commercial
• Municipalp
• Federal



Underground BMPsUnderground BMPs
 Not all BMPs are created equal

 Why underground BMPs have 
not previously been included

 When should underground BMPs 
be considered

 Guidance on evaluating data
TARP Ti  2 (fi ld d ) TARP Tier 2 (field data)

 What’s included:



Thank you!Thank you!Thank you!Thank you!

Q ti ?¿Questions?



Ken MacKenzie, P.E., CFM
Urban Drainage and Flood Control District 

and
James C.Y. Guo, PhD & P.E.

University of Colorado Denver



A Little History…A Little History…yy
In 2001 we converted 

the 1987 UD-Inlet 
computer program to 

an Excel-based 
applicationapplication.

The performance 
parameters and 
math came frommath came from 
the FHWA HEC-
22 publication.p



A Little History…A Little History…yy
HEC-22 came from 

HEC-12.  

HEC-12 came from a 
1977 Physical model 

t dstudy.

“Someone” 
questioned the 
validity of the 

underlying 
tiassumptions we 

borrowed from FHWA 
HEC-22.



A Little History…A Little History…yy

These inlet grates 
just don’t look likejust don t look like 
the inlets we most 

commonly use y
today…at least on 
the Colorado front 

range.



A Little History…A Little History…yy
CDOT Type 13 Grate

CDOT Type R CurbCDOT Type R Curb-
opening

These are what 

Denver No. 16 Combination

most of us use 
around here.



A Little History…A Little History…yy
Our inlets are not those for which the FHWA 
(or anyone else) has data(or anyone else) has data.

Which means we don’t know the level of risk we 
are assuming with our inlet sizing:

A d i i h f ki• Are we under-sizing, therefore taking on 
unnecessary risk?

• Or, are we over-sizing, therefore spending
unnecessary tax dollars on inlets?unnecessary tax dollars on inlets?



A Little History…A Little History…yy
So how do 
we get from g

here…

To here?



We Need Research Study -- $$$
UDFCD $75,000

CDOT $40,000

Denver $20 000Denver $20,000

Adams County $10,000

Arapahoe County $10,000

Arvada $10 000Arvada $10,000

Douglas County $10,000

Jefferson County $10,000

Boulder $5 000Boulder $5,000

Golden $5,000

Lafayette $5,000

Lakewood $5 000Lakewood $5,000

Littleton $5,000

Lone Tree $2,500

TOTAL $212 500TOTAL $212,500



Circulation System
Flow MeasurementFlow Measurement

Sump Inlet
100% collection

On-grade Inlet
Collection vs Bypass

Scale?



1/3 Scaled Model Inlets1/3 Scaled Model Inlets



Changes of Flow Pattern on Type 13 Bar GrateChanges of Flow Pattern on Type 13 Bar Grate

0.095 ft

0.115 ft 0.142 ft

0.158 ft
0.194 ft 0.24 ft

0.304 ft

Weir Flow Mixing Flow Orifice Flow Orifice +Vortex Flow



Observation of Type 13 Inlet Hydraulics in Field

Weir Flow

Vortex + Orifice Flow



Changes of Flow Pattern on Type 16 Grate Inlet

Weir Flow

Mixing Flow

Orifice Flow

g



Observed vs. UDObserved vs. UD--Inlet: SumpInlet: Sumppp



Observed vs. UDObserved vs. UD--Inlet: SumpInlet: Sumppp



Observed vs. UDObserved vs. UD--Inlet: SumpInlet: Sumppp



Observed vs. UDObserved vs. UD--Inlet: SumpInlet: Sumppp



Observed vs. UDObserved vs. UD--Inlet: SumpInlet: Sumppp



Observed vs. UDObserved vs. UD--Inlet: SumpInlet: Sumppp



For CDOT Type 13 and Denver No. 16 grates  in sump condition:

Guo, James C.Y. and McKenzie, K, and Mommandi, A. (2008)
“Sump Inlet Hydraulics”, ASCE J. of Hydraulic Engineering, Vol 135, No 1, Nov.



New UDNew UD--Inlet Equations : SumpInlet Equations : Sump



New UDNew UD--Inlet Equations : SumpInlet Equations : Sump



New UDNew UD--Inlet Equations : SumpInlet Equations : Sump
5 ft C b O i i S5-ft Curb Opening in Sump
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Observed vs. UDObserved vs. UD--Inlet: On GradeInlet: On Grade



Observed vs. UDObserved vs. UD--Inlet: On GradeInlet: On Grade



New Splash-over 
Velocity Formula for 13 

and 16 Grate inlets.



Comparison between UDINLET and Observed Data 
using the new empirical formula for splash-over velocity



Comparison between UDINLET and Observed Data 
using the new empirical formula for splash-over velocity



Observed vs. UDObserved vs. UD--Inlet: On GradeInlet: On Grade



Comparison between UDINLET and Observed Data 
using the new empirical formula
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Clogging 
Factor?Factor?

Guo, James C.Y. (2006). “Decay-based Clogging Factor for Curb Inlet Design”, 
Vol 132, No. 11, ASCE J. of Hydraulic Engineering, November. 
 
Guo, James C.Y. (2000). “Street Storm Water Conveyance Capacity,” ASCE J. of , ( ) y p y,
Irrigation and Drainage Engineering, Vol 126, No 2, Mar/Apr, 
 
Guo, James C.Y. (2000).  “Street Storm Water Storage Capacity”, J. of Water 
Environment Research, Vol 27, No 6., Sept./Oct. 
   
Guo, James C.Y. (2000). “Design of Grate Inlets with a Clogging Factor,” 
Advances in Environmental Research, Vol 4, Elsvier Science, Ireland. 
 



More Work to doMore Work to do

Research Report
Collection of Feedback
Revision of Drainage Manualg
Revision of UD-INLET
Implementation of New Methods






