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Medicare and Medicaid signed into law
First American combat troops arrive in Viet Nam
Beatles perform first stadium concert at Shea 

Stadium in New York
Edward White is first American to walk in space
 I graduated from high school
Many of you were a twinkle in your daddy’s eye
Major floods in Colorado













Zymurgy’s Seventh Exception to 
Murphy’s Law:

When it rains it pours



Five County Engineer’s Council
• County engineers from Adams, Arapahoe, Boulder, 

Denver and Jefferson Counties

• Also engineers from Public Service Company, Mountain 
Bell, Denver Water Board, Littleton, Englewood, 
Portland Cement Association and Wheat Ridge Water 
and Sanitation District

• State Senator Joe Shoemaker became involved in 1967



The Five County Engineer’s Council became 
the Metropolitan Urban Drainage Advisory 
Committee of the Denver Regional Council of 
Governments (DRCOG)

DRCOG hired Wright-McLaughlin to prepare 
an Urban Storm Drainage Criteria Manual

The Advisory Committee helped DRCOG 
with policy questions during preparation of the 
Manual



The policy decisions and an article by 
Shoemaker entitled “An Engineering-Legal 
Solution to Urban Drainage Problems” which 
appeared in the Denver Law Journal became the 
framework for the formation of the District

The Advisory Committee decided to pursue 
legislation in 1969 which would create an 
Urban Drainage and Flood Control District



Senator Shoemaker introduced the legislation 
in the Senate, and it passed 26 to 7 with 2 
absent

Representative Ted Bryant introduced the 
legislation in the House, where it was going 
nowhere

Then, on a Saturday in May it began to rain.  It 
rained all weekend and gave no sign of letting 
up







Representative Bryant advised the House that if 
they wanted the rain to stop they should pass the 
bill, which they did, 49 to 14 with 2 absent

Governor Love signed the bill and the District 
was born

The District began operations later in 1969 with a 
staff of two and authorization to levy up to 0.1 
mills for general fund operating expenses



The District assumes responsibility for the 
Urban Storm Drainage Criteria Manual







Longmont and surrounding areas removed 
from the District



The Master Planning Program was begun
• The first master planning study was for Weir Gulch and 

Sanderson Gulch
Decision to use future conditions hydrology 

was made



Master Planning Program Key Policy Decisions
• Each master plan must be requested by local 

governments and be multi-jurisdictional

• Completed by consultants acceptable to all parties

• District provides mapping and 50% of consulting costs.  
Local sponsors pay other 50%

• Final plan must be acceptable to all affected local 
governments









Project REUSE (Renewing the Environment 
through Urban Systems Engineering) was 
begun
• Sponsored by HUD ($200,000), DRCOG ($60,000) 

and the District ($40,000)

• Dual program directed at metropolitan urban drainage 
and metropolitan solid waste disposal problems



Purposes of the project were:
• Analyze the existing situation
• Develop recommendations for immediate projects
• Establish priorities for future planning
• To prepare a 20-year planning and implementation program 

for urban drainage and solid waste management

Most important to the District was the 
opportunity to identify drainage and flood control 
problems, and identify strategies to address those 
problems



Project REUSE results:
• Inventory of drainage basins
 Drainage basins divided into sub-basins of 1000 to 3000 

acres
 A numbering system was developed which is still used today

• A master planning methodology

• An understanding of the existing situation on the 
ground

















Based on the Project REUSE findings the 
District adopted a two-pronged approach of 
fixing existing problems while working to 
prevent new ones from being created.

• Design and 
constructionRemedial

• Floodplain 
ManagementPreventive



The District requested that the legislature 
authorize 0.4 mill for design and construction 
projects, which it did, effective in 1974

The Floodplain Management Program was 
authorized to begin in 1974
• Funded out of the existing 0.1 mill levy



 After the legislature authorized the construction mill levy, 
the Board of Directors established the 

 “Capital Improvements Expenditure Policy”
• The proposed improvements must be requested by local public 

bodies
• The proposed improvements must have been master planned
• The local public bodies must share 50% of the cost of the project
• The local public bodies must agree to own and maintain the 

completed facilities
• Revenues received from each county will be spent for 

improvements benefitting that county over a period from 1974 
to five years in the future

• The District will not develop a public works department but will 
rely on existing local government public works departments





Miller’s Law:
You can’t tell how deep a puddle is 
until you step in it



Floodplain Management Program
• National Flood Insurance Program
• Floodplain Regulation
• Flood Hazard Area Delineation (FHAD)
• Flood Warning
• Flood Damage Surveys
• Reviews of Proposed Developments
• Public Information



The Board authorized design and construction 
projects for
• Englewood and Holly Dams
• Niver Creek
• Viele Channel

Authorized design for Weir Gulch











FPM began a concerted effort to complete 
FHAD studies of undeveloped floodplains

Cooperative efforts with Colorado Water 
Conservation Board, Corps of Engineers and 
Soil Conservation Service.



Decision was made to publish separate Master 
Planning and Flood Hazard Area Delineation 
reports

Decision was made to not show floodways on 
the FHAD maps but to put them in a table 
instead



 0.5 ft. rise in WSEL
 Don’t show floodway on 

the maps
 Put in table in report

 Reasoning:  To put a 
floodway on the map is 
to send the message “Fill 
to this line.”



Teamed with the Federal Insurance 
Administration (FIA) to work with local 
governments with defined floodplains to adopt 
adequate floodplain regulations

All local governments with FIA published 
Flood Insurance Maps were in compliance with 
National Flood Insurance Program 
requirements.





Began a planning study for a flood warning 
system for Boulder Creek



Board of Directors decided to make a special 
effort  to notify occupants of floodplains of the 
flood potential they faced



Board decided to request maintenance funding 
from the 1977 legislature



The initial flood warning system was 
implemented in the Boulder Creek watershed





Legislature refused to authorize maintenance 
funding



Board of Directors authorized funds from the 
Capital Improvements Budget to assist local 
governments with maintenance of District funded 
facilities with the following policy decisions
• Revenues received from each county will be spent for 

maintenance in that county
• Local governments will not be required to match District 

funds
• Contract for maintenance activities (no public works 

department)

Decided to again request maintenance mill levy 
from the legislature



Maintenance Program was started

Legislature approves 0.4 mill levy for 
maintenance and preservation of floodplains 
and floodways
• Limited to three years (1981-1983)



Maintenance Eligibility Program started for 
facilities constructed by or approved for 
construction by local governments

Requirements
• Approve construction plans

• Observe construction

• Accept construction

• Approve the project for maintenance eligibility





Legislature authorized 0.1 mill levy for South 
Platte River (excluding Boulder County, and 
later, Broomfield)



District began its involvement in stormwater 
quality activities (in the Master Planning 
Program) in response to CWA amendments
• Coordinated Phase I communities for 

consistency of NPDES 
permit applications.

• Later did the same for 
Phase II communities

• Also, stormwater quality 
research and BMP’s



District adds approximately 400 square miles 
to the east and southeast



Taxpayer’s Bill of Rights (TABOR) adopted by 
the voters

This freezes District revenues at inflation plus 
growth

Effectively ends future additions to service 
area by the legislature



Urban Storm Drainage Criteria Manual  Volume 3, 
Best Management Practices is published for the 
first time



Leo Miser’s First Computer Axiom:
When putting it into memory, 
remember where you put it.



District becomes FEMA’s first Cooperating 
Technical Partner (CTP)



 Information Services and Flood Warning 
Program was spun off from Floodplain 
Management Program
• Manages all District internal and external information 

services
• Manages the District’s Flash Flood Prediction Program







Design and Construction, Maintenance and 
South Platte River Programs combined into 
the Design, Construction and Maintenance 
Program



1969 2011

Mayor and 3 council members from 
Denver

Mayor or Deputy Mayor and 3 council 
members from Denver

One county commissioner from each of 
Adams, Arapahoe, Boulder, Douglas and 
Jefferson Counties

Same

One mayor from an incorporated area in 
each of Adams, Arapahoe, Boulder and 
Jefferson Counties appointed by the 
Governor

Same

Two PE’s selected by the Board Same

Mayor or Deputy Mayor of Broomfield

Mayor or Deputy Mayor of each city with 
population > 100,000 people

Total 15 Total 22





YEAR POPULATION POPULATION 
INCREASE

PERCENTAGE  
INCREASE

1960 934,253 318,618 51.8

1970 1,238,273 304,020 32.5

1980 1,618,461 380,188 30.7

1990 1,848,319 229,858 14.2

2000 2,302,650 454,331 24.6

2007 2,760,000
(est.)

457,350 19.9

Source:  Denver Regional Council of Governments

1969 –
District 
created



Through planning, design, construction, 
maintenance, and floodplain management by 
the District and its local government partners 
we have reduced the number of units in 
defined 100-year floodplains by about 5000 
units while our population has tripled.



1974 Photo 2009 Photo



1978 Floodplain
UDFCD
USACE
CWCB



2009 Floodplain



Both floodplains



1974 Photo 2009 Photo



1978 Floodplain



2009 Floodplain



Both floodplains





















•Meadowood Golf 
Course



•Left half of photo is ‘80’s 
channelization philosophy

•Right half of photo is 
basically a preservation 
option with trail



Preservation





Naeser’s Law:
You can make it foolproof, but you 
can’t make it damnfoolproof





•Columbine 
Country Club

•Dutch Creek 
Capital 
Improvements



•Columbine 
Country Club

•Three Lakes 
Tributary 
Capital 
Improvements





















Matz’s Maxim:  
A conclusion is the place where you 
got tired of thinking.





US Environmental Protection Agency
Region 8
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 Stormwater Program Background
◦ History of Stormwater Program

◦ Green Infrastructure Approaches

 Proposed Stormwater Rulemaking 
◦ Key Stormwater Rulemaking Activities

◦ Rulemaking Options Under Considerations

 Potential Impacts on State and Local Governments

 Questions
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 The National Pollutant Discharge Elimination System 
(NPDES) permit program, authorized under the Clean 
Water Act (CWA), regulates point sources that 
discharge pollutants into waters of the United States 

 Certain  sources of stormwater discharges, including 
those from municipal separate storm sewer systems 
(MS4s), construction activities, and industrial activities 
are regulated under the NPDES permit program

 Most states are authorized to provide oversight and 
issue NPDES stormwater permits

 EPA Region 8 remains the NPDES permitting authority 
at Federal Facilities in CO and all Indian Country in CO, 
MT, ND, SD, UT, WY
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Stormwater Program 
Background

Proposed 
Stormwater 
Rulemaking

Potential Impacts for 
S/L Governments Discussion



 Finalized in 1990

 Regulates stormwater discharges from:
◦ 11 categories of industrial operations, including construction activity 
disturbing 5 acres or more

◦ Medium and large municipal separate storm sewer systems (MS4s) that 
serve 100,000 or more people

 Established:
◦ Permit application requirements and deadlines
◦ Requirements for a municipal stormwater management plan 
◦ Permit exclusion for industrial activities that are not exposed to 
stormwater

 761 Phase I MS4s Nationally 
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Stormwater Program 
Background

Proposed 
Stormwater 
Rulemaking

Potential Impacts for 
S/L Governments Discussion



 Finalized in 1999

 Regulates stormwater discharges from:
◦ Small MS4s, defined as:

 An MS4 not already covered by an MS4 permit and 
 Located in an “urbanized area” as defined by the Bureau of Census, or
 Designated by the NPDES permitting authority on a case‐by‐case basis.

◦ Construction activities disturbing between one and five acres

 Established six minimum control measures for small MS4 permits:
1. Public Education & Outreach
2. Public Participation/Involvement
3. Illicit Discharge Detection & Elimination
4. Construction Site Runoff Control
5. Post‐Construction Runoff Control
6. Pollution Prevention/Good Housekeeping

 Approximately 6,675 Phase II MS4s Nationally 
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Stormwater Program 
Background

Proposed 
Stormwater 
Rulemaking

Potential Impacts for 
S/L Governments Discussion
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Much progress has been made; however, significant 
challenges remain to protect waterbodies from the impact 
of stormwater discharges. 

According to EPA’s 2004 Water 
Quality Inventory, urban 
stormwater discharge is the 
source of impairment in:
•22,559 miles, or 9.2% of all 
impaired rivers and streams
•701,024 acres, or 6.7% of all 
impaired lakes
•867 square miles, or 11.3% of all 
impaired estuaries

Stormwater Program 
Background

Proposed 
Stormwater 
Rulemaking

Potential Impacts for 
S/L Governments Discussion
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3. Which can lead to stream degradation and 
increased pollutants entering waterbodies

1. Increased amounts of 
stormwater and pollutants…

2. Enter the municipal separate storm 
sewer system (MS4) or is directly 
discharged to a nearby waterbody…



 Findings:
◦ Current approach unlikely to produce an accurate picture of the problem 
and unlikely to adequately control stormwater’s contribution to waterbody
impairment

◦ Requirements leave a great deal of discretion to dischargers to ensure 
compliance

◦ Poor accountability and uncertain effectiveness

◦ A more straightforward way to regulate stormwater would be to use flow or 
a surrogate, like impervious cover, as a measure of stormwater loading

 Recommendation:
◦ Stormwater control measures that harvest, infiltrate, and evapotranspirate
stormwater are critical to reducing the volume and pollutant loading of 
small storms.

 The NRC Report confirmed EPA’s beliefs that current stormwater 
control efforts are not adequate
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Stormwater Program 
Background

Proposed 
Stormwater 
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S/L Governments Discussion
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Stormwater Program 
Background

Proposed 
Stormwater 
Rulemaking

Potential Impacts for 
S/L Governments Discussion



 Shift from the concept of moving stormwater as far 
away as quickly as possible in large, buried 
collection, storage & conveyance systems.

 Shift towards the concept of managing stormwater 
where it falls; using infiltration, evapotranspiration, 
and harvesting/use.
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Stormwater Program 
Background

Proposed 
Stormwater 
Rulemaking

Potential Impacts for 
S/L Governments Discussion
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 Bioretention
 Permeable pavements
 Green roofs
 Cisterns & rain barrels
 Trees & expanded tree 
boxes

 Reforestation & restoration
 Parking & street designs
 Water Conservation

Infiltration - Evapotranspiration - Capture & Use

Stormwater Program 
Background

Proposed 
Stormwater 
Rulemaking

Potential Impacts for 
S/L Governments Discussion
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Green roof, Washington, DC

Vegetated swale, Lenexa, KS

Bioretention, Portland
Rain garden, Philadelphia

Parking lot swale 
Santa Monica, CA 

Disconnected downspout 
Emeryville, CA
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Open swale, Portland, OR

Permeable pavement, Seattle
Large cistern, Chicago

Terraced open swale, Washington, DC

Porous pavers, Philadelphia



 States are integrating green infrastructure principles into their permits
◦ North Carolina ‐Montana ‐Maryland
◦ New Jersey ‐ Oregon ‐Wisconsin
◦ Ohio ‐ Connecticut ‐ Colorado
◦ West Virginia ‐Maine  ‐Washington
◦ California ‐ Vermont  ‐ Kansas
◦ Massachusetts ‐ New York

 Communities are adopting green infrastructure approaches
◦ Philadelphia, PA ‐ Portland, OR ‐Washington, DC
◦ Kansas City, MO ‐ Chicago, IL ‐ Richmond, VA
◦ Milwaukee, WI    ‐ Louisville, KY ‐ Seattle, WA
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Stormwater Program 
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Proposed 
Stormwater 
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 EPA is considering developing performance standards for 
discharges from new and redevelopment that promote 
green infrastructure practices that mimic natural processes 
to infiltrate and recharge, evapotranspire, and/or harvest 
and use precipitation. 

 As part of this effort, EPA is also:
◦ Exploring options for expanding the universe of federally regulated 

municipal separate storm sewer system (MS4s), 
◦ Exploring the desirability of establishing different requirements for 

transportation facilities, 
◦ Evaluating options for establishing retrofit requirements on MS4s, 
◦ Evaluating additional provisions specific to the Chesapeake Bay 

 EPA intends to propose a rule in September 2011 and to 
take final action by November 2012.
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Stormwater Program 
Background

Proposed 
Stormwater 
Rulemaking

Potential Impacts for 
S/L Governments Discussion



 Proactively Protects Local Water Quality

◦ Development and sprawl are increasing at a rate faster than population growth. Increased 
impervious cover associated with this development impacts water quality by increasing 
pollutant loadings and stormwater discharges that cause stream erosion. 

◦ EPA's rule seeks protect water quality from these adverse water quality impacts.  

 Helps to Restore Impaired Waters

◦ Stormwater discharges are a primary cause of water quality impairment.  
◦ One goal of EPA’s rule is to restore these impaired waters by establishing standards that 

must be met as redevelopment occurs and by promoting retrofits of stormwater practices 
that have not been effective in protecting streams from stream erosion and pollutant 
loading.

 Green infrastructure provides a cost‐effective means of protecting water 
quality from stormwater discharges
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Stormwater Program 
Background

Proposed 
Stormwater 
Rulemaking

Potential Impacts for 
S/L Governments Discussion



 Cities should also realize other benefits from a rule that promotes green 
infrastructure.  Green infrastructure:
◦ Reduces the amount  of rainwater that enters sewer systems, thereby reducing overflows 

of raw or partially treated wastewater
◦ Increases job diversity by creating a demand for certified installers, operations and 

maintenance staff, and landscape architects  
◦ Creates more liveable communities by providing more trees, vegetation and open space
◦ Mitigates urban heat island effects
◦ Reduces energy usage
◦ Recharges groundwater and restores depleting groundwater supplies
◦ Creates more habitat for wildlife
◦ Improves air quality

 Green infrastructure offers cities a holistic approach to solving many problems. 

 EPA’s stormwater rule aims to provide standards with appropriate flexibility so that 
states and cities can tailor solutions and take advantage of the benefits of green 
infrastructure in a way that best meets their needs.  
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Stormwater Program 
Background

Proposed 
Stormwater 
Rulemaking

Potential Impacts for 
S/L Governments Discussion



 No change – 2010 Urbanized Area defined by Census.  

 Extend coverage to jurisdiction boundaries of the Phase II 
MS4s rather than urbanized area boundary 

 Extend coverage to urbanized area plus the urbanized clusters 
defined by Census*

 Extend coverage to regulate all MS4s in HUC 12 watershed 
which overlap with currently regulated area*

* May include a provision that excludes places with a minimum population  (for 
example, less than 5,000 people)
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Stormwater Program 
Background

Proposed 
Stormwater 
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Potential Impacts for 
S/L Governments Discussion



 Natural hydrology with regard to discharge volume, rate and 
duration must be maintained or restored for discharges from 
newly developed sites using practices that infiltrate, 
evapotranspire, or harvest and use the discharge volume.

 This could be based on the hydrology of the land before 
construction (e.g., forest, prairie, meadow).
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Stormwater Program 
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Proposed 
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Potential Impacts for 
S/L Governments Discussion



1. Permitting authorities must, in their permits or state rule, establish 
specific numeric standards that ensure compliance with the 
requirement 

Note: EPA plans to provide guidance to states to assist them in 
developing the numeric standard.

2. Permitting authorities must, in their permits or state rule, comply 
with the requirement by either: 

a. Adopting the numeric criteria in the federal rule, or 
b. Developing State‐specific numeric criteria that are as 
protective as the criteria in the federal rule
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Stormwater Program 
Background

Proposed 
Stormwater 
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Potential Impacts for 
S/L Governments Discussion



 For all options, there could be exceptions if the numeric 
standard cannot be met. For example,
◦ groundwater pollution concern for source water protection 
◦ conflict with water rights
◦ site constraints, especially for new transportation projects

 Permitting authority could develop offsite mitigation or 
payment in lieu programs, develop an alternative standard 
or develop another mitigation measure
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 EPA could apply the requirement to sites discharging to 
the MS4 AND sites outside regulated MS4s

 EPA expects to establish a size threshold of sites 
 EPA could allow states to approve a numeric standard 
developed for a specific site with unique conditions using 
an EPA calculator as an alternative to meeting state’s 
numeric standard
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State or Locality 
(date enacted)

Size Threshold Standard

Vermont (2003, draft 2010) 1 acre Capture 90 percent of the annual storm events

New Hampshire (2009) 1 acre/ 100,000 
sq ft outside MS4

Infiltrate, evapotranspire or capture first 1.0 inch from 24‐hr 
storm

Wisconsin (2010) 1 acre Infiltrate runoff to achieve 60% ‐90% of predevelopment volume 
based on impervious cover level 

West Virginia (2009) 1 acre Keep and manage on site 1” rainfall from 24‐hour storm preceded 
by 48 hours of no rain

Montana (2009) 1 acre Infiltrate, evapotranspire, or capture for reuse runoff from first  
0.5” of rain

Portland, OR (1990) 500 sq ft of 
impervious cover

Infiltrate 10‐yr, 24‐hr storm 

Anchorage, AK (2009) 10,000 sq ft Keep and manage the runoff generated from the first 0.52 inches 
of rainfall from a 24 hour event preceded by 48 hours of no 
measureable precipitation.

Stormwater Program 
Background

Proposed 
Stormwater 
Rulemaking

Potential Impacts for 
S/L Governments Discussion



1. Redevelopment standard is the same as the standard for 
new development, however additional exceptions are 
provided

2. Same as Option 1, except that credits are given for 
developing in certain areas (e.g., brownfields)

3. Redeveloped sites must be designed and constructed to 
reduce by 20% (or other percent reduction) the impervious 
cover from the preconstruction condition

4. Combination of (1) and (3) – some states already have this
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State or Locality 
(date enacted)

Size Threshold Redevelopment Standard

Vermont (2003, draft 2010) 1 acre Reduce impervious cover by 20% or treat 20% of WQ
volume

New Hampshire (2009) 1 acre/ 100,000 sq ft 
outside MS4

Same as new development

Wisconsin (2010) 1 acre 40% TSS reduction from parking areas and roads or 
MEP

West Virginia (2009) 1 acre 0.2” reduction of 1” on site retention standard and 
additional 0.2” reductions exist

Montana (2009) 1 acre Same as new development

Portland, OR (1990) 500 sq ft of 
impervious cover

Same as new development

Anchorage, AK (2009) 10,000 sq ft Same as new development

Stormwater Program 
Background

Proposed 
Stormwater 
Rulemaking

Potential Impacts for 
S/L Governments Discussion



 Proactive performance standards for new and redevelopment will prevent future stormwater 
and reduce some impacts as development occurs but does not address existing development 
which is the largest source of stormwater impacts

 To meet water quality goals addressing stormwater discharges from existing development is 
necessary

 What could a municipal retrofit plan look like? 
◦ Identification of sensitive waters
◦ Identification of stormwater contribution to degradation or impairment
◦ Development of goals and milestones for reducing stormwater contributions
◦ Identification of priority projects and initiatives to meet permit‐term milestones including 

retrofits for public sites undergoing redevelopment or routine repair and maintenance
◦ Development of incentives for retrofits on private property
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 Replace the SIC code system with the NAICS system to modernize the 
identification of industrial discharges covered by NPDES stormwater 
regulations. 

 Phase II MS4 carry out industrial program as described in Phase I 
requirements. 

 Clarify that stormwater discharges from government owned/operated 
maintenance yards are industrial stormwater discharges.

o Vehicle and equipment maintenance is a regulated industrial activity, except for municipal 
maintenance yards

o These facilities often are given public administration SIC codes or some other non‐
regulated code not representative of their industrial nature

o Other industrial activities that are federally, state, or municipally owned  that meet the 
description of industrial stormwater must obtain permits
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 Conducted listening sessions and national webcasts

 Distributed questionnaires to regulated MS4s, transportation‐related 
MS4, unregulated MS4s, NPDES permitting authorities and 
owners/developers of developed sites to gather information ‐
Summer and Fall 2010)

 HQ had sites visits to collect data

 HQ has monthly meetings with States

 Developing models to analyze the costs and pollutant reductions 
associated with stormwater control options; to evaluate the impacts 
of stormwater under baseline conditions and each control option; 
and to assess the financial impact of each control option

 Rulemaking is still being formulated, no decisions have been made at 
this time.  

www.epa.gov/npdes/stormwater/rulemaking
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 Benefits
◦ Water Quality
◦ Many others

 Costs
◦ Increased number of MS4 permits
◦ New requirements for direct discharges to waters of the U.S. and direct 
discharges to MS4s

◦ Retrofits

 EPA is conducting a thorough analysis of the costs and 
benefits of all of the rulemaking options
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Stormwater Program 
Background

Proposed 
Stormwater 
Rulemaking

Potential Impacts for 
S/L Governments Questions

Amy Clark 
USEPA Region 8 

clark.amy@epa.gov
303‐312‐7014



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

Fourmile Canyon Post‐Fire 
Flood Risk Assesment

Kevin Stewart, P.E.
Information Services & 
Flood Warning Program



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

Saving lives and property





Big Thompson River 
at Canyon Mouth

July 31, 1976

MOTIVATION FOR F2P2
1976 Big Thompson Canyon Flash Flood

19-foot flood depth



A NEW CHALLENGE

The Fourmile Canyon Fire
Labor Day

September 6, 2010



THE FIRE
September 6, 2010



Conditions 
10 am, September 6, 2010

Temperature: 63 degrees
Humidity: 7%
Wind: 12-15 mph WSW

gusts to 35 mph
Fire danger rating: High
Red Flag Warning: Yes
Haines Index: 4
Probability of Ignition: 80%
Rainfall since Aug 1: 1.3” (avg 2.5”)



Fire Behavior
 Unstable air masses
Wind driven
 Creeping, backing surface fires
 Running surface fires with occasional torching
 Running crown fires (360o)
 Intense
 Fire Whirls
 Extreme Fire Behavior



 4 Fire Protection Districts mutual IA response
 30 Fire agencies within 48 hours

 Within 2 hours
 50 firefighters
 20 fire trucks

 Within 6 hours
 150-200 firefighters
 75+ fire trucks

 Within 72 hours
 1000+ firefighters
 400 fire trucks

Response



Fire Progression September 6-10



Incident Overview



Acres burned:
Total: 6,181
First 14 hours:  ~6000  (~429 acres per hour)

Structures threatened: 500
Structures lost: 167
Structures damaged: 14
People evacuated: 3000

Cost: $10.8 million

Firefighter injuries: 7 (all minor)
Fatalities: 0

Final Tally



FOURMILE CREEK 
FLOOD RISK ASSESSMENT

Gold Hill…Summerville…Salina…Wallstreet...
Logan Mill…Crisman…Betasso…Orodell…Boulder Mountain Lodge

Last update: 3-18-2011





FMC Burn Area & 
Boulder Creek Watershed

4,577 acres

389 ac

1,145 ac



UNDERSTANDING THE 
THREAT



Flood Profiles & Extents

Salina

Orodell
Boulder Mountain Lodge



IDENTIFYING HIGH RISK AREAS 
People – Property – Infrastructure



Private Properties 
along Fourmile Creek

SINGLE FAMILY RESIDENCES
Flow Rates (cfs) Affected Properties

100 to 500 private drives
1,400 20
6,200 50
12,000 61



Twenty homes along Fourmile Creek are at risk from
flood flows ranging from 500 to 1,500 cfs—a highly
likely event. An additional 30 homes are at risk of
flooding from larger floods (1,500 to 6,000 cfs) and 11
more from less likely, but possible events approaching
10,000 cfs. This brings the total to 61 homes
threatened. An additional 10 to 15 homes adjacent to
Gold Run are also at high risk from flooding and debris
flows.



COMMERCIAL PROPERTIES
Flow Rates (cfs) Affected

1,400 1
6,200 3

More Private Properties 
along Fourmile Creek



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.



Infrastructure along Fourmile Creek

High debris flows will further increase flood risk by 
reducing the capacity of the channel and road 
crossings to convey floodwater.

ROAD CROSSINGS
Location Qcap (cfs)
Colorado Hwy 119 1,700
Crisman Rd 1,200
Logan Mill Rd 1,500
Private at Salina 2,000
many private drives < 500



HYDROLOGIC MODELS
RAINFALL/RUNOFF PREDICTION

Vieux…Leonard Rice Engineers…Wright Water Engineers…UC-Denver



Measured Peak
Qp = 508 cfs

@ 20:57

LRE Model Run
May 15, 2003

Basis for trust in RT hydro-model

Betasso Rainfall Total: 2.35” in 1-hr



LRE Sub-basins & Design Points



LRE Model Looking Downstream

Runoff hydrographs routed to mouth of Boulder Canyon



FLOOD ROUTING & 
TRAVEL TIMES



~3.2 miles 
from FMC-BA 
outfall to 
confluence 
w/Boulder 
Creek at 
SH 119

~2 miles from 
FMC 
confluence to 
Boulder Creek 
canyon mouth

Stream Channel Distances



Short Travel Time/Minimal Attenuation

Hydrograph 
routed 5 miles 
from FMC-BA 
to western 
Boulder city 
limit at canyon 
mouth

1 hour

Flood hydrograph routed to 
6th Street in Boulder Approximate magnitude of 

1969 flood on Boulder Creek



HOW STORM TRACKING 
AFFECTS PEAK RUNOFF



Runoff peaks are also 
affected by the storm track



COMPARING MODEL 
RESULTS



Fourmile Creek 
Peak Runoff Estimates

1-HR 
PCP

Vieux LRE WWE UCD

0.5” 880 150 200 550

0.75” 1,600 460 470 900

1.0” 2,400 890 820 1,400

1.25” 3,300 1,400 1,200 1,800

1.5” 4,300 2,000 1,800 2,200

1.75” 5,300 2,600 2,800 2,700

2.0” 6,300 3,300 3,800 3,200

2.5” 8,400 4,600 5,900 4,300

3.0” 10,500 6,100 7,500 5,600

Peak discharge estimates in cfs 
relate only to runoff from the FMC 
Burn Area. 

NOTES:
1. Vieux peaks assume saturated BA at start of 

rain, i.e. worst case scenario
2. Burn area outfall located ~5 miles upstream 

from Boulder city limit (canyon mouth).
3. Fourmile Creek confluence w/Boulder Creek 

located ~2 miles upstream of Boulder.

R.I. @
SH 119

CWCB
1981

2-yr 450

5-yr 850

10-yr 1,420

25-yr 2,700

50-yr 4,440

100-yr 6,230

500-yr 11,640

1,700 cfs will 
overtop SH 119



Fourmile Creek 
Saturated Watershed – Worst Case

1-HR 
PCP

Vieux LRE WWE UCD

0.5” 880 520 170 550

0.75” 1,600 1,100 880

1.0” 2,400 1,800 1,700 1,300

1.25” 3,300 2,500 2,600

1.5” 4,300 3,200 3,600 2,200

1.75” 5,300 4,000 4,700

2.0” 6,300 4,800 5,800 3,400

2.5” 8,400 6,400 8,500 4,600

3.0” 10,500 8,200 11,500 6,000

Peak discharge estimates in cfs relate 
only to runoff from the FMC Burn Area.  
Last update: 3/18/2011

NOTES:
1. All models assume saturated BA at start of 

rain, i.e. worst case scenario
2. WWE adjusted slightly to best fit data plot.
3. Burn area outfall near Crisman located ~5 

miles upstream from Boulder city limit (canyon 
mouth).

4. Fourmile Creek confluence w/Boulder Creek 
located ~2 miles upstream of Boulder.

R.I. @
SH 119

CWCB
1981

2-yr 450

5-yr 850

10-yr 1,420

25-yr 2,700

50-yr 4,440

100-yr 6,230

500-yr 11,640

1,700 cfs will 
overtop SH 119



Hydrologic Models
High flood threat from commonly occurring rainfall

Boulder properties at risk

BC = Boulder Creek
FMC = Fourmile Creek

FMC

FFW for Boulder ??

Pre-burn runoff experience



Significant damages and life-threatening 
conditions expected from flood peaks 
ranging for 500 to 1,000 cfs on Fourmile Cr.

Represents range of peaks from other models.
Other models assume average antecedent
watershed condition at start of rainfall.

FFW for Fourmile Cr

FFA for FMC

Debris flow threat
per USGS



Gold Run 
LRE Peak Runoff Estimates

PRIVATE RESIDENCES
An additional 10 to 15 homes are also
at risk along Gold Run, a left bank
tributary to Fourmile Creek at Salina.



So…what should we expect?



RAINFALL HISTORY
June 3, 2002



Most intense rainfall measurement 
1990 – 2010 (21 years)

May 15, 2003
75-minute 

rainfall totals 
ending at 
8:35 PM

Peak 1-hour 
at Betasso

2.35”

Boulder Creek at Bridge



Intense Rain Events in 
Boulder County 1990-2010



ALERT System
Rainfall Record

Analysis
by

Water & Earth
Technologies, Inc.



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

Measured Rainfall Events > 0.9” in 1-hour
37 days between 1990 & 2010

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



YEAR DATES YEAR DATES

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

2000 8-16

1991 5-15,16,22  6-13  7-25,26  9-9,11 2001 4-11  7-8,11  8-5,7,8,11,15

1992 6-27  9-24,29 2002 5-24 8-5  9-10,12

1993 4-22  6-7,11,17  7-13  9-14,17 2003 4-24  6-17,19  7-27  8-30

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

2004 4-4,5 5-1  6-8,9,27,29  7-19,23,28  9-19,30

1995 5-18,29  6-17  7-14 8-19,24  9-14 2005 4-11  6-3  8-10,22,23  9-14

1996 4-8, 5-23,  6-12,16,21  7-9  9-18 2006 4-26  7-2,25 8-13

1997 4-13,25 6-7,10,12,13  8-3,4,5  9-11 2007 5-5,6 6-12  7-7,27,30  8-15,17,24  9-5,24

1998 4-3,26 7-22,26,30  8-1,4 2008 8-6,9

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

2009 4-19  5-23  6-24,26  7-27  9-8

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

Measured Rainfall >0.5” & < 0.9” in 1-hr
151 days between 1990 & 2010

15 days in April
18 days in May
29 days in June
31 days in July
34 days in August
24 days in September



What do 
streamflow 
records tell us?

Suspected largest peak flow rate 
on Fourmile Creek at Salina since 
ALERT gauges were first installed 
in 1979.

Paleo-flood evidence tells us that 
Fourmile Creek was the primary 
source of the 1894 flood. 



Some Facts & Opinions
 One-hour rainfall measurements from the ALERT System exceeded 0.9” on 37 days 

in the past 21 years at one or more locations within a 6-mile radius from the 
center of the FMC-BA. 

 0.75” to 1.25” of rainfall over the FMC-BA is capable of producing flood peaks on 
Fourmile Creek that could overtop SH 119 (Qcap ~1,700 cfs unobstructed)

 As little as 500 cfs will threaten existing private drive crossings along Fourmile
Creek, which is highly likely from 1-hour rainfalls exceeding 0.5”

 The number of private homes and other habitable structures at risk from flooding 
in the FMC-BA and along Fourmile Creek downstream is large (60-75).

 The Boulder Mountain Lodge is at very high risk of inundation due to its location 
being a short distance upstream of SH 119, which can backup floodwaters to a 
depth of 19-feet or more when flow rates exceed 1,000 cfs. 

 Liquid propane tanks pose a significant threat that could impact Boulder.

 The May 30, 1995 estimated peak flow of 400-500 cfs on Fourmile Creek was likely 
the largest in recent memory.

 The May 15, 2003 storm...a 100-year rainfall at the Betasso…produced an 
estimated peak flow of only 400 cfs in Fourmile Creek.  That would look much 
different today.

 One-hour rainfall measurements from the ALERT System exceeded 0.9” on 37 days 
in the past 21 years at one or more locations within a 6-mile radius from the 
center of the FMC-BA. 

 0.75” to 1.25” of rainfall over the FMC-BA is capable of producing flood peaks on 
Fourmile Creek that could overtop SH 119 (Qcap ~1,700 cfs unobstructed)

 As little as 500 cfs will threaten existing private drive crossings along Fourmile
Creek, which is highly likely from 1-hour rainfalls exceeding 0.5”

 The number of private homes and other habitable structures at risk from flooding 
in the FMC-BA and along Fourmile Creek downstream is large (60-75).

 The Boulder Mountain Lodge is at very high risk of inundation due to its location 
being a short distance upstream of SH 119, which can backup floodwaters to a 
depth of 19-feet or more when flow rates exceed 1,000 cfs. 

 Liquid propane tanks pose a significant threat that could impact Boulder.

 The May 30, 1995 estimated peak flow of 400-500 cfs on Fourmile Creek was likely 
the largest in recent memory.

 The May 15, 2003 storm...a 100-year rainfall at the Betasso…produced an 
estimated peak flow of only 400 cfs in Fourmile Creek.  That would look much 
different today.



Crisman, Colorado
1891-1893

A special thank you to Mike Chard, Director of the 
Boulder Office of Emergency Management



By Shea Thomas
2011 Urban Drainage Seminar



An ePlan is:

 An electronic version of 
a traditional master plan

 A pdf showing
information

 One continuous plan 
and one continuous 
profile

An ePlan is not:

 More work for the 
consultant

 A tree killer

 ‘Smart’…yet 



















Executive Summary
 Introduction
Study Area Description
Hydrologic Analysis
Hydraulic Analysis
Alternative Analysis
Recommended Plan
Conceptual Design*
Appendices



Plan Drawings







Plan Drawings

Profile Drawings





Plan Drawings

Profile Drawings

Conceptual Design Section





















First Creek (Upper) Major Drainageway Plan

East Toll Gate Creek (Upstream of Hampden 
Avenue) Major Drainageway Plan







Reasons for developing tool:

 To provide consistent cost estimates for UDFCD master 

plans

 To develop item lists and associated costs

 To accelerate and simplify cost estimating for master plans

 To provide summary tables for incorporation into UDFCD 

master plans





Blue requires input

Green calculates or 
pulls from elsewhere















Pipe Culverts and 
Storm Drains





Concrete Box
Culverts





Hydraulic Structures

Channel Improvements





Detention/WQ

Removals

Landscaping

Land Acquisition





Special Items















Cost Comparison of Actual Projects

Project Name UD-MP Cost Total Bid Total Difference

Sable Detention $2,271,799 $1,764,758 28% higher

Piney Creek $1,580,195 $1,496,269 5% higher

Utah Junction $1,204,052 $1,194,535 1% higher

McIntyre $1,331,021 $798,730 66% higher



www.udfcd.org



By   David Bennetts
Laura Kroeger
Barbara Chongtoua



General Program Update - David

Cloud/IPAD - Laura        

Denver SWDP Process - Barbara



 Program Changes

Downsized staff – one less FTE

Reorganized and shifted responsibilities



 EDM Update

All District Documents

Floodplain Information

Routine Maintenance Program



 EDM Update – Future Enhancements
Routine Maintenance –

Schedule Information

Linked Inspection Reports

Generate Pay Quantities



 EDM Update – Future Enhancements
Dam Layer –
Boundary & Survey Information
Utility Information
EPP’s
Inundation Maps
Monitoring Information
Inspection Reports



 EDM Update – Future Enhancements
Pond Layer -

Maintenance Information

Cost Information

Maintenance Plans



District Specifications Project

Updating our standard specifications

Put them on the website
in two phases



Demonstration Projects Update

Demonstration Projects

Lead to Criteria Development



Void Filled Riprap/Riffle Drops



Log Drop Structures



GRFC Panel Drops



Floating Vegetated Islands



Floating Vegetated Islands



Floating Vegetated Islands



EDB Outlet Structures                   



Sculpted Concrete Drops



Videos of construction techniques

Sculpted Concrete Drop Structures

Void Filled Riprap/Riffle Drop structures

Sloping Grouted Boulder Drop structures

Boulder Walls



Videos of construction techniques

Sculpted Concrete Drop Structures

Void Filled Riprap/Riffle Drop structures

Sloping Grouted Boulder Drop structures

Boulder Walls



By Laura Kroeger

2011 Urban Drainage Seminar





Smaller Staff 

More Efficient

Information Management



“The ability to quickly process and synthesize 
information and turn it into actions is one of 
the most emergent skills of the professional 
world today”

By Merlin Mann



“Cloud computing is a model for enabling 
convenient, on-demand network access to a 

shared pool of configurable computing resources 
(e.g., networks, servers, storage, applications, and 

services) that can be rapidly provisioned and 
released with minimal management effort or 

service provider interaction”

By National Institute of Standards and Technology (NIST)





Any device connected to 
the internet is 
connected to the same 
pool of information



Project team, design through
construction, utilizes a cloud
based system to share and store
information.



Paperless
agendas, meeting minutes
drawings and specifications

Full access to documents no matter 
where you are

Enhances communication
picture worth a 1000 words
limit meetings and site visits

Improve management of Email



1) Let your email program 
manage your email as much 
as possible

2) Do not check your email on 
demand

3) Don’t read and answer your 
email all day long

4) Don’t answer your email at 
your most productive time of 
day

New York Times, Shifting Careers Column, Marci 
Alboher



Post Documents
agenda, meeting minutes, 
correspondence, decision 
logs, pictures, directions

Users view when needed on 
their schedule

Documents in their final 
location, not handling 
information more than once



Sophisticated cloud based 
systems are $

Security, Back up, Records 
Management

Develop a strategic document 
management plan, uniform 
filing structure

Everyone needs to use it



Uniform Electronic Filing System

Standardized forms for field friendly entry 

Drop Box Test Project



Naranjo Civil Constructors

Web-based file hosting 
service

Utilizes cloud computing so 
documents/files can be 
stored and shared 
through the internet by 
file synchronization







3.5 ft fall









Electronic file structure 
working well

Plan purchasing tablets for 
Construction Managers

Currently working with 
consultant on 
records/information 
management strategic plan





By Barbara Chongtoua
2011 Urban Drainage Seminar



1
UDFCD ANNUAL 
WORK PROGRAM

2
UDFCD/DENVER 

ANNUAL 
GENERAL SWMP 
DEVELOPMENT

3
CONTRACTOR 

ANNUAL CASDP 
PERMIT

4
PROJECT 

EXECUTION

5
CONTRACTOR 

ANNUAL CASDP 
PERMIT 

CLOSEOUT

Streamlined process to obtain a Construction Activities Stormwater 
Discharge Permit (CASDP) from the City and County of Denver.



 Routine Services

 Restoration Services



 Roles and Responsibilities
Types of Projects Authorized 
BMP Sizing Criteria
Typical Details and BMP Plans



Projects excluded from the 
Annual CASDP
 CDPHE General Stormwater 

Permit Required
 South Platte River projects
 Individual 404 Permit Required
 Capital Improvement Projects 

Other applicable permits still 
required.



 District identifies a Project

District Project initiates the CASDP 
Process



• Sediment Removal
• Pond Maintenance
• Trail Maintenance
• Tree Thinning
• Minor Bank Stabilization
• Minor Outfall Repair

Field 
Engineered

Area< 1/4 ac

• Bank Stabilization
• Outfall Repair
• Minor Drop Structure

Standard 
Maintenance

Area< 1ac

All Routine 
and some 
Restoration 
Services.

Restoration 
Services.



Secure CASDP 
Permit 

• UDFCD Contractors obtain Annual CASDP Permits using the approved General SWMP 
(one CASDP per contractor).

• Once the Annual CASDP Permit has been issued, Contractor does not need to apply 
again.  

Notify CCD of 
Intent 

• Contractor shall prepare and submit the Field Engineered Application Form to CCD.
• CCD amends the Annual Permit to include this project.

Construction

• If, within 2 business days, CCD does not issue comments, Contractor can begin 
construction.

• Contractor shall implement the required BMPs as designated in the General SWMP.
• Contractor shall operate, maintain, and inspect BMPs as required by the General SWMP.

Post 
Construction

• Contractor shall notify CCD and UDFCD when project has been complete and 
accepted.

• UDFCD shall  operate, maintain, and inspect projects until the individual project has been 
removed from the CASDP Permit.

Field Engineered Projects



Secure 
CASDP Permit 

• UDFCD Contractors obtain Annual CASDP Permits using the approved General SWMP.

Notify CCD of 
Intent 

• Contractor shall prepare and submit the Standard Maintenance Application Form to CCD.
• CCD has 5 business days to review and comment on the Standard Maintenance Application 

Form.
• Contractor can not start construction until the CCD has approved the project.

Construction

• With approval conveyed by the CCD, Contractor can begin construction.
• Contractor shall implement the required BMPs as designated in the General SWMP.
• Contractor shall operate, maintain, and inspect BMPs as required by the General SWMP.

Post 
Construction

• Contractor shall notify CCD and UDFCD when project has been complete and accepted.
• UDFCD shall  operate, maintain, and inspect projects until the individual project has been 

removed from the CASDP Permit.

Standard Projects



 Streamline  Program 
Administration

 Streamline SWMP 
Preparation and 
Administration

 Implement projects more 
effectively.

 Monitor cost 
enhancements.



 Enhance the submittal process with Denver.

 Enhance the maintenance of SWMP and preparation of 
inspection reports using Mobile Technology.



By Laura Kroeger
& Ken MacKenzie

2011 Urban Drainage Seminar



Why this 
topic today?

Where does 
Stream 
Stabilization 
fit in?

Finding the 
Balance



Water Quality is important to all of us and is 
controlled in a highly regulated environment.

Currently there is frustration on all sides and at 
times the big picture gets lost.

As a drainage and flood control community 
we should be united in our approach and 

solutions.



Purpose -
Acknowledge differences in communication

Emphasize our common concern

Recognize drainage/stream restoration as part 
of the solution

Offers ideas on how to address the challenges 
we face 



Stream Restoration
Is a BMP…

Four Step Process…





 Step 1: Employ Runoff Reduction Practices

 Step 2: Implement Stormwater Best Management 
Practices (BMPs) that Provide a Water Quality 
Capture Volume (WQCV) with Slow Release

 Step 3: Stabilize Drainageways

 Step 4: Implement Site Specific and Other Source 
Control BMPs



During and following development, natural 
drainageways are subject to bed and bank 
erosion due to increases in:

• frequency, 
• duration, 
• rate, and 
• volume of runoff. 



Although Steps 1 and 2 help to minimize 
these effects, some degree of drainageway 
stabilization has always been required. 

This is one of the primary purposes of a 
drainage master plan.

Channel erosion is a major source of 
sediment and associated pollutants such as 
phosphorus, metals and other naturally 
occurring constituents. 



 If stream stabilization is implemented early , it is 
far more likely that natural drainageway 
characteristics can be maintained with the 
addition of grade control to accommodate 
future development. 

Targeted armoring of a relatively stable 
drainageway is always much less costly than 
repairing an unraveled channel. 



1. Fish can’t breathe soil.

2. It isn’t just soil.  It’s pollutants in the soil.



The National Pollutant Discharge Elimination 
System (NPDES) National Menu of Stormwater 
Best Management Practices:

 For Stormwater Phase II, first released in October 
2000. 

 The Menu of BMPs is based on the Stormwater Phase 
II Rule's six minimum control measures (MCMs).



Six Minimum Control Measures
1. Public Education and Outreach

2. Public Involvement/Participation

3. Illicit Discharge Detection and Elimination

4. Construction Site Storm Water Runoff Control

5. Post-Construction Storm Water Management in New 
Development and Redevelopment

6. Pollution Prevention/Good Housekeeping for Municipal 
Operations



(Every one of these documents pertains 
to construction activities.  There is no 
mention of stream stabilization.)



(There is no mention of stream stabilization in this document.)



 www.cdphe.state.co.us/wq/permitsunit/GeneralPermits.htm



MCM #5: Post-Construction Stormwater 
Management:

 Decrease the amount of pollutants and peak quantity 
of stormwater leaving newly developed areas.

 Create a review process and City ordinance for 
regulation and enforcement.

 Require, review, inspect, and enforce proper methods 
for detaining/improving quality of water for sites. 

(There is no mention of stream stabilization in these documents.)



National Research Council 2009 Report:
“Urban Stormwater Management in the United States”

Committee on Reducing Stormwater Discharge 
Contributions to Water Pollution

EPA’s current approach to regulating stormwater is 
unlikely to produce an accurate or complete picture 
of the extent of the problem, nor is it likely to 
adequately control storm water’s contribution to 
water body impairment. 



 Recognizes that “The sediment released by channel 
expansion and channel incision due to changes in flow regime 
and discharge can be the largest component of the overall 
sediment load delivered to downstream water bodies.”

 The report makes no recommendation regarding 
receiving stream stabilization.

 Recommends rather that nonstructural stormwater 
control measures be considered first before structural 
practices, because their use reduces the reliance on and 
need for structural measures.



MCM #5: Post-Construction Stormwater 
Management is important but without a 
requirement for stream stabilization, will not get 
us where we need to be.

 The recommendations in the NRC report are 
fine, but are not likely to be fully implemented, 
meaning receiving streams will continue to erode.

 Can we, by applying LID and green infrastructure 
techniques, “ return, maintain, or restore natural 
hydrologies” to the point where receiving streams 
will not degrade and erode?



• ≈240 tons of sediment washed into the lake before action was taken.
• Required giant boulder drop structures to stabilize longitudinal slope.
• Giant boulder drop structures = Giant $$$ to construct.
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Project Length = 2,400 LF

Brought invert of channel up on average 5 feet

Dirt placed to bring channel back to grade before 
erosion = 8,500 CY

Construction Cost = $438,000
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Highlands Ranch Golf Club 2010



Highlands Ranch Golf Club 2010



Highlands Ranch Golf Club 2011



Project Length = 3,000 LF

Brought invert of channel up 7-8 feet u/s reach
4-5 feet d/s reach

Dirt placed to bring channel back to grade before 
erosion = 35,600 CY

Construction Cost = $1,680,000



Stream Stabilization

Extended Detention

Construction BMPs

Is one better than another?



District’s Definition of BMP,  Volume 3

“A technique, process, activity, or structure used to 
reduce pollutant discharges in stormwater.  BMPs include 

source control practices (non-structural BMPs) and 
engineered structures designed to treat runoff.  BMPs 

are most effective when used in combination and 
selected and designed based on site-specific 

characteristics.”





Focus on pollutant prevention through source control 
and treatment control BMPs

Neglects stream restoration and may
even create barriers to it

Long term water quality benefits do not 
outweigh good construction practices

But we can’t afford to miss the full
benefits of permanent stream 
restoration because of not being 
recognized in the NPDES process



Develop an alternative BMP guidance and review 
process for stream restoration projects

• Consider partnership with pre-qualified 
drainageway specialty contractors

•Flexible BMP selection and implementation 

• Take better advantage of the pre-construction 
process with the contractor

•Standardized reports and forms that can be 
applied to multiple stream restoration projects



Before stream restoration

After stream restoration



Questions?



Holly Piza, PE, UDFCD
and 

Erik Nelson, Douglas County

2011 Urban Drainage Seminar









Project Sponsors
 UDFCD
 Lakewood
 UWRI
 CSC 
 Contech 

Design
Muller Engineering

Construction
Edge Contracting







• Attenuation 
• Increased volume reduction (evapotranspiration and infiltration)







Why not Peat?

• Environmental Impacts
• Peat is not produced in 

Colorado

Why Paper?

• Compost alone leaches 
more 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 moisture



 Rain Garden Compost Mixture (by volume)
• 50% Class 1 STA registered compost (approximate bulk density 

1000 lbs/CY) 
• 50% loosely packed shredded paper (approximate bulk density 

50 to 100 lbs/CY) 

 Rain Garden Growing Medium 
• 15% rain garden compost mixture described above (by volume)
• 85% coarse sand (either Class C Filter Material or sand meeting 

ASTM C-33) (by volume) 

UDFCD Rain Garden Media



Cost from supplier delivered to the site $32.99/CY  or $25.38/ton (1.3 tons /CY)



Golf and Sport Solutions
Eric Pollock
Ft. Lupton, CO
970-284-6030

Resourceful Paper
Greeley, CO
970-353-1710

A1 Organics 
Greeley, CO
970-590-9955







“I would like to see more videos included in 
the presentations.  That captures your 
attention much more than just slides.  Kudos 
to the girl who tested the porous pavement.  
Excellent job!”



Ask who the suppliers are and how the 
materials will be mixed.

Ask for certification of STA Class 1 compost.
Observe it on site.











Specify thermal welds at all seams
Consider specifying “shop fabricated” 
Test seams after installation
Be on site!





Design and/or Review Issues
Construction and/or Inspection Issues



Overview of Design/Review 
Issues

Lack of complete details/plans



Construction drawings need to be comprehensive and have sufficient detail so that 
non-engineers, contractors, subcontractors and even laborers can successfully build 
off the plans.



Construction drawings need detailed plan views that include dimensions, spot 
elevations, locations of components of the BMP



Construction drawings need detailed cross sections that include dimensions, spot 
elevations, depths, locations of components of the BMP



Construction drawings need “blown-up” details  of different components of the 
BMP such as rundowns, under drains, liner/geotextile attachment, clean-outs, etc.



Construction drawings need notes that list specific information necessary to 
properly construct the BMP such as filter media mix, pipe specifications, 
geotextile/geomembrane specifications for mandatory inspection, etc



Construction drawings need details for all structures that are constructed as part 
of the BMP such as inlets, rundowns, grates, etc.



Overview of Design/Review 
Issues

Lack of complete details/plans
Lack of field time/experience



Overview of Design/Review 
Issues



Overview of Design/Review 
Issues

Lack of complete details/plans
Failure to consult with experts in the 

field for specific design issues



Overview of Design/Review 
Issues



Overview of Design/Review 
Issues



Overview of Design/Review 
Issues

Lack of complete details/plans
Failure to consult with experts in the field 

for specific design issues
Failure to consider maintenance 

during the design



Overview of Design/Review 
Issues



Overview of Design/Review 
Issues



Overview of Design/Review 
Issues



Overview of Design/Review 
Issues



Lack of understanding by 
contractors/Inspectors on how different 
stormwater BMPs function



Lack of understanding 
of how the PLD works 
lead to this “field 
change”

Overview of 
Construction/Inspection Issues



Lack of understanding 
of potential clogging of 
PLDs lead to a poor 
choice for a storage 
location for the PLD 
mix

Overview of 
Construction/Inspection Issues



Overview of 
Construction/Inspection Issues

Lack of understanding by 
contractors/inspectors on how different 
stormwater BMPs function

Pressures to complete project on 
time and on budget results in “cost 
cutting measures”



Overview of 
Construction/Inspection Issues





Several Rain Garden Projects

Each Project Had Several Problems. 
They Were Caused By-

•Design Issues

•Review Issues

•Construction Issues

•Inspection Issues

•Any or All of the Above

Real World “Issues”



Real World “Issues”
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Real World “Issues”



5669.30 5669.50

Real World “Issues”
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T.W. 50.00

49.50 F.G.

50.00 F.G.

50.00 F.G.
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Real World “Issues”

T.W. 50.00

49.50 F.G.

50.00 F.G.

50.00 F.G.



Real World “Issues”



Real World “Issues”



Real World “Issues”



Complete Plans – Can a “rookie” build off 
them

Ask for help
Get training/field time



UDFCD Annual Seminar
Colorado Floodplain Rules and Regulations

Denver, Colorado
April 25, 2011



Examples of Colorado Flood Events
10’s – Cherry Creek in Denver ($161 million, 2 deaths)
20’s – Arkansas River at Pueblo ($1.02 billion, 78 deaths)
30’s – Monument Creek ($69 million, 18 deaths)
50’s – Purgatoire River at Trinidad ($48 million, 2 deaths)
60’s – South Platte River in Denver ($2.95 billion, 8 deaths)
70’s – Big Thompson Canyon ($114 million, 144 deaths)
80’s – Heavy Snowmelt Runoff 1984 ($63 million, 2 deaths)
90’s – Fort Collins, Sterling, Lower Arkansas River ($518 
million, 6 deaths)
00’s – No major disasters, but damages occurred

All values are in 2010 dollars
Since 1900, the AVERAGE annual flood losses in 
Colorado is over $50 million. 300 lives have been lost.



Statutory Floodplain Citations
24-65.1-101

It is the intent of the general assembly that land use, land use 
planning, and quality of development are matters in which the 
state has responsibility for the health, welfare, and safety of 
the people of the state and for the protection of the 
environment of the state.
Flooding as it relates to land use has been declared as a 
matter of statewide interest.
State agencies (e.g. CWCB) shall assist local governments to 
identify, designate, and adopt guidelines for administration of 
matters of state interest.



Statutory Floodplain Citations
24-65.1-202(2)(a)(I)

Floodplains shall be administered so as to minimize 
significant hazards to public health and safety or to property. 
The CWCB shall promulgate model floodplain regulations.
Building of structures in the floodplain shall be designed in 
terms of the availability of flood protection devices, etc. 
Need to reduce hazards to public health and safety or to 
property.
Activities shall be discouraged that, in time of flooding, would 
create significant hazards to public health and safety or to 
property. 



Statutory Floodplain Citations
30-28-111(1)–(2)

For adequate safety, county planning commissions may regulate 
uses on or along any storm or floodwater runoff channel or basin 
only after designation and approval by the CWCB.
CWCB designation is required in order to reduce or avoid hazards 
to persons and damage to property resulting from floods.
The county planning commission or the board of adjustment of any 
county may condition any portion of a zoning resolution… upon the 
preservation, improvement, or construction of any storm or 
floodwater runoff channel designated and approved by the CWCB.

Municipalities have a similar citation at 31-23-301(1)–(3)



Statutory Floodplain Citations
37-60-106(1) 
It is the duty of the board to promote the 
conservation of the waters of the state of 
Colorado in order to secure the greatest 
utilization of such waters and the utmost 
prevention of floods;



History of Rules and Regulations
Rules initially promulgated 1987
Rules revised in 2005

Revisions focused on updating mapping activities
Revision in 2010

New Rules Became effective on January 14, 2011



Background for Rules and Regs
Colorado statutes require state designation and 
approval of floodplain information prior to local 
regulation
Flooding is considered an issue of statewide 
concern
Rules were initially developed to provide 
mapping standards and outline processes for 
designation



FEMA will support State-initiated enforcement actions 
by providing technical assistance and FEMA 
enforcement actions, even in instances where State 
regulations are more restrictive than the NFIP minimum 
criteria (FEMA CAP guidance document)

44 CFR 60.1(d) states that “any floodplain management 
regulations adopted by a State or a community which 
are more restrictive than the criteria set forth in this Part 
are encouraged and shall take precedence.”

FEMA Support for Higher Standards



Summary Statement Rule #3
RULE 3 PURPOSE AND SCOPE
Intent: Statement of purpose and scope
Modifications: Clarification of which entities must follow 
Rules.  In particular, explicit statement regarding the 
following:

All local communities, regardless of NFIP participation
All state agencies (clarification, not new)



Summary Statement Rule #5
RULE 5 STATE REGULATORY 
FLOODPLAIN
Intent: Clarify definition of

• Regulatory floodplain
Modifications: Lands removed by 

• LOMR-F remain in regulatory  
• floodplain for certain purposes. 

Added ability for CWCB to designate 
500-year floodplains, but ONLY by 
community request



RULE 6 CRITICAL FACILITIES
Intent: Defines critical facilities and provides regulatory 
requirements for their development and use.  
Regulatory floodplain is the basis for these structures.
Modifications: New Rule

Summary Statement Rule #6



For critical facilities within the 100-year floodplain, structure 
shall be floodproofed or elevated to 100-year level plus two 
feet of freeboard

Consistent with International Building Code and Flood 
Resistant Design and Construction (ASCE 24-05), 
currently adopted by the State

Protection of 
Critical Facilities



New Critical Facilities
Existing Critical Facilities that are Substantially 
Damaged or Substantially Improved
Additions to Existing Facilities
Critical Facilities are NOT prohibited in the 
floodplain!

Notes:
1. This is a similar requirement to all existing regulations, just to a 

higher standard.
2. Existing critical facilities are not affected by this rule.
3. A variance procedure exists when necessary 

Which Critical Facilities Do These Rules Apply To?



Critical Facilities Include the Following:
Essential Service Facilities
Hazardous Materials Facilities
At-Risk Population Facilities
Facilities Vital to Restoring Normal 
Services

Critical Facilities



The local government is ultimately responsible 
for identification of critical facilities
All structures that clearly meet the CWCB criteria 
for critical facilities must be classified as such
For ambiguous or “gray area” structures, the 
local government is given the discretion as to the 
classification of the structure

Identification of Critical Facilities



Summary Statement Rule #8
RULE 8 STANDARDS FOR REGULATORY 
FLOODWAYS
Intent: Discuss the use of floodways as regulatory tools
Modifications:

Application of a ½ foot floodway 
Does not require automatic mapping of ½ floodway by 
community
Only when new mapping (PMR) is generated in future
Does not apply to communities where flood elevations (BFE’s) 
have not been established
LOMRs should be based on current (e.g. one foot) floodway to 
avoid “patchwork” floodways on community maps



Floodway Schematic



Summary Statement Rule #11
RULE 11 FLOODPLAIN MANAGEMENT 
REGULATIONS
Intent: Sets forth minimum floodplain management standards 
statewide.
Modifications:

Requires compliance with NFIP minimum standards regardless 
of community participation in NFIP (clarification, not new 
requirement)
Requires one foot minimum freeboard for new and substantially 
changed structures
Establishes more restrictive requirements on issuance of 
permits on properties removed from FEMA’s floodplain due to 
Letters of Map Revision Based on Fill (LOMR-F).



Summary Statement Rule #12
RULE 12 EFFECTS OF FLOOD MITIGATION 
MEASURES AND STREAM ALTERATION 
ACTIVITIES ON  REGULATORY FLOODPLAINS     
Intent: Provide floodplain regulation requirements for stream 
alteration activities.
Modifications:

Clarification of when a Letter of Map Revision (LOMR) is 
required (0.3 feet)



How does this affect 
communities and 

developers?



Communities will have up to three years to update 
ordinances based on the new standards. CWCB will 
provide free technical assistance. 
For some communities, ordinance updates can happen 
simultaneously with new DFIRM mapping, depending 
on timing. 
CWCB will develop and provide a model ordinance for 
guidance and assistance to communities
Communities at their discretion may allow without 
violation development based on designs permitted prior 
to local ordinance update or with valid CLOMR

Ordinance Updates



Moving Forward - Floodways
This rule does not affect LOMRs.  Applicants are 
highly encouraged to check with FEMA/Baker 
prior to work to determine if a study will result in 
a LOMR or PMR.
All mapping work started prior to January 14, 
2011 is not required to use the 6” surcharge.  It 
is recommended where feasible.
The State will develop a database of stream 
reaches with 6” surcharge data to assist with 
future mapping changes



Moving Forward - Floodways
When floodways are to be delineated, FEMA 
and State mapping begun after January 14, 
2011 will use a 6-inch floodway surcharge 
criteria for new and revised stream reaches
FEMA and State mapping not yet complete but 
begun before January 14, 2011 may use either 
surcharge criteria at local’s request – 6” is 
encouraged where feasible (not mandatory)
Existing reaches that are not revised may 
continue to use the 1-foot surcharge



Moving Forward - Floodways
When current FEMA maps show 1-foot surcharge, but 
6-inch data is currently available, community will not be 
forced to use the 6-inch data
Finally, a reminder that this rule deals with maximum 
allowable surcharges.  This may not impact stream 
reaches as much as believed – many mapped cross-
sections already show surcharges less than 0.5 feet.
6-inch floodway also applies to anticipatory floodplains 
in detailed stream reaches.  Community may wait to 
regulate until after ordinance update.



Moving Forward - Freeboard
Communities are urged to begin regulating 
freeboard as soon as feasibly possible – this is 
an easy ordinance update
Not mandatory until ordinance is updated, but 
this must be done by January 14, 2014



Moving Forward – Critical Facilities
Not mandatory until ordinance is updated, but 
this must be done by January 14, 2014
Communities do not need to make a list of 
critical facilities beforehand as they do with 
emergency management planning
Suggested approach is to simply add a checklist 
item to floodplain development permit
If a structure is labeled a critical facility, then one 
extra foot of freeboard is required



Moving Forward – Critical Facilities
For all gray areas, community is given the 
discretion as to whether something is a critical 
facility
Please contact the CWCB for further 
clarifications – additional guidance may be 
issued as needed



Moving Forward – LOMR-F
Community is responsible for keeping track of 
LOMR-F properties
On these properties, lowest floor must remain at 
or above BFE (even if FEMA has removed the 
property from the regulatory floodplain); no other 
mandatory floodplain restrictions apply



Next Steps
Initial guidance document being prepared to 
address initial clarifications

Anticipated release May or June 2011
Further guidance documents may be released as 
needed in future

State and FEMA will develop Colorado-specific 
model ordinance

Anticipated release summer-fall 2011
Communities must adopt new state-mandated 
regulations by January 14, 2011



THANK YOU!
For questions, contact:
Kevin Houck, PE, CFM
303-866-3441, x3219

Kevin.houck@state.co.us
Cwcb.state.co.us

For a copy of the Rules and related documents, 
http://cwcb.state.co.us/Pages/CWCBProposedFlood

plainRulesandRegulations.aspx
(link from the front page)


