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5.1.2 PURPOSE AND INTENT
The purpose of these drainage criteria is the promotion of public health, safety, environmental
stewardship, and general welfare of City roads and property while minimizing the possible
flood damage to surrounding properties and structures by adopting policies, procedures,
standards, and criteria for storm drainage.
All new development, redevelopment, and significant remodel projects submitted for
acceptance under the provisions of these drainage criteria shall include adequate storm
drainage system analysis and appropriate drainage system design. Such analysis and design
shall meet or exceed the criteria set forth herein.
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5.2.1

PURPOSE

Establishing consistent drainage criteria will help to maintain, control, and implement sound
stormwater practices to help safeguard citizens, City infrastructure, and property against
adverse conditions from storm events. The primary objective of drainage design shall be the
protection of City roads and property while minimizing the possible flood damage to
surrounding properties and structures. Good drainage is one of the most important factors in
road design.
The purpose of these criteria is to outline the minimum technical requirements governing storm
water facilities design in the City of Steamboat Springs. The criteria outline general
requirements for drainage studies, site design, and storm water system design.
5.2.2

AUTHORITY

The Community Development Code (CDC) (Section 26 of the City Municipal Code) requires
that in conjunction with development project applications, adequate information is provided to
support the proposed project. Section 20-1 of the City Municipal Code authorizes the Public
Works Director to implement standards governing engineering design.
Regulations of land use activity, including drainage, are granted to a municipality under
Colorado Revised Statues as noted below:
CRS 31-15-701 et seq. Grants municipalities the power to establish, improve, and regulate
such improvements as streets and sidewalks, water and water works, sewers and sewer
systems, and water pollution controls. In addition, a municipality may, among other powers,
deepen, widen, pipe, cover, wall, alter or change the channel or watercourses.
CRS 31-25-501 et seq. Authorizes municipalities to construct local improvements and assess
the cost of the improvements wholly or in part upon property specially benefited by such
improvements. By ordinance, a municipality may order construction of district sewers for storm
drainage in districts called storm sewer districts.
CRS 31-25-601 et seq, Authorizes municipalities to establish improvement districts as taxing
units for the purpose of constructing or installing public improvements. The organization of
districts is initiated by a petition filed by a majority of registered electors of the municipality who
own real or personal property in the district.
CRS 31-35-401 et seq. Authorizes municipalities to operate, maintain, and finance water and
sewage facilities for the benefit of users within and without their territorial boundaries.
Sewerage facilities are defined as "any one or more of the various devices used for the
collection, treatment or disposition of sewerage or industrial wastes of a liquid nature or storm,
flood or surface drainage waters".
5.2.3

AMMENDMENTS AND REVISIONS

These drainage criteria may be amended periodically by the Public Works Director to reflect
current technical practices or other policy revisions.
5.2.4

REVIEW AND APPROVAL

The Public Works Department will review and approve all drainage studies and storm water
system design for general compliance with these criteria and standard civil engineering
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practices. The approval does not relieve the owner, engineer, or designer from responsibility
of ensuring that the calculations, plans, specifications, construction and record drawings
comply with these criteria. Designs should also be coordinated with the utility companies as
appropriate. See Section 5.3, Stormwater Planning and Submittals, for further guidance on
drainage studies.
5.2.5

APPLICABILITY

In general, any project (new, redevelopment, or significant remodel) that alters stormwater
drainage from existing conditions, including increasing impervious area, shall be required to
evaluate the changes in a drainage report including a Stormwater Quality Plan. Existing sites
undergoing redevelopment or remodel that do not alter storm water drainage are required to
prepare a storm water quality plan to upgrade the site to meet current storm water quality
requirements. See Section 5.3, Stormwater Planning and Submittals, for further guidance.
These criteria shall be followed for every drainage design and drainage study submitted within
the City of Steamboat Springs.
US 40 (Lincoln Avenue) is a State highway and design of any drainage facilities on or affecting
US 40 must conform to the Colorado Department of Transportation (CDOT) requirements.
5.2.6

OTHER STANDARDS

Where no requirement is given in these criteria, the requirements of the Urban Drainage and
Flood Control District’s Urban Drainage Control Manual, latest edition with modifications made
as appropriate for Steamboat’s climatic conditions shall govern. Where the City’s documents
do not cover a specific situation, consult the Public Works Department to confirm appropriate
standards.
5.2.7

VARIANCES

On occasion, the unique conditions of a site may not fit within the criteria established herein.
The Public Works Director may grant variances related to drainage infrastructure. Variances
shall not be granted to requirements related to the state issued MS4 permit such as the need
for applicable site stormwater treatment for permanent stormwater quality treatment and
construction site management for erosion and sediment control. Variances will be evaluated
on a site-specific basis by the Public Works Department. The Department shall consider the
site-specific constraints contributing to the need for the variance, the effect on safety,
constraints to City right-of-way, public benefit, availability of other alternatives, economic
feasibility, and the need for mitigation measures. Variances must be requested in writing and
at a minimum include:
1. A list of the standards to be varied
2. A summary of the variances proposed to replace the standards
3. Technical sources supporting the variances
4. A description of the unique site-specific constraints contributing to the variance request
5. A summary of alternatives considered and a discussion as to why the standards
cannot be accommodated
6. A summary of proposed mitigation measures, if needed
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5.3.1

PLANNING AND EASEMENTS

There are two aspects of the design process that need to be considered or completed before the
first formal design submittal to avoid unnecessary rework. The first is the location of required
easements. The second is the completion and submittal of a Scope Approval Form for approval to
confirm the project concept will meet the City’s requirements.
5.3.1.1 Easements
During the development process, consideration shall be given to the location of easements.
Dedication of easements is required for all watercourses, drainageways, channels, streams,
roadside ditches, detention and stormwater treatment facilities, culverts, and storm sewers that
convey public drainage and that are located outside of the right-of-way or that are private and
extend across multiple properties to allow for construction, maintenance, and operation. No trees
or permanent structures shall be installed within the easement that have or will someday cause a
material change to the intended function of the facility or the ability to access the facility and
perform maintenance. The owner shall not change the function of the facility without proper prior
approval via the City development review process. Property owners shall be responsible for
maintenance of stormwater facilities within the easements to ensure facilities are functioning as
approved via the development review process.
For open channels not including roadside ditches, the width of the easement shall be the width of
the top of the channel bank plus 15 feet on at least one side that will allow for maintenance
access. For roadside ditches not completely contained within the roadway right-of-way, the width of
the easement shall be the width of the top of the ditch bank plus 5 feet on the side away from the
road. For culverts and storm drains, the easement shall be 20 feet wide centered on the conduit
unless pipe size, topography, or other site condition requires additional width.
Although driveway culverts are typically located in the public right-of-way, they are considered
private improvements. Driveway culverts may be periodically maintained by the City, but it is each
property owner’s responsibility to ensure that his driveway culvert remains open and free from
debris and sediment and to repair or replace the culvert as necessary.
For detention and stormwater treatment facilities, access to essential elements of the facility such
as manhole covers, clean outs, forebays, pond floors, and outlet works by maintenance equipment
is essential. Easement dedication is required for all detention and stormwater treatment facilities.
Easement dedication is required to encompass the entire extent of the facility including
embankment areas and access to and around the facility for maintenance purposes, and an
easement access path shall be provided from the public right-of-way to the facility.
5.3.1.2 Scope Approval Form
A Drainage and Stormwater Treatment Scope Approval Form shall be completed and submitted to
the City for approval to confirm the project concept will meet the City’s requirements regarding
stormwater and water quality. A meeting with the City to review the project concept and the Scope
Approval Form is highly recommended but not required. The Scope Approval Form signed by the
City Engineer shall be included with every drainage submittal. The Scope Approval Form can be
found in the Standard Forms Section and is listed as form number 5.
5.3.2

SUBMITTAL TYPES

Site development includes development of drainage design and supporting calculations in a
Drainage Study, finalizing the design on the site plan or civil drawings, amending the Drainage
Study with final design changes, and documentation of construction.
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The design information for the stormwater system is identified in the Drainage Study. The Drainage
Study identifies existing drainage conditions and constraints, estimates proposed drainage
conditions, and identifies mitigation measures required to accommodate changes due to the
proposed site activity. The Drainage Study is generally prepared during the development planning
process to allow the site to be designed to include the necessary stormwater design features and
mitigation measures. The Drainage Study also identifies potential site pollutants and establishes
which permanent stormwater treatment facilities will be used to minimize the possibility of
releasing contaminants from a site. The primary objective of drainage design shall be the protection
of City roads and property while minimizing the possible flood damage to surrounding properties
and structures. There are five types of drainage studies: the Drainage Letter, the Conceptual
Drainage Study, the Final Drainage Study, the Drainage Study Addendum, and the Stormwater
Quality Plan.
5.3.3

SUBMITTAL REQUIREMENTS

All drainage studies shall be submitted simultaneously with the development application or
construction plans for which they are required. Two copies of the draft study shall be submitted to
the Public Works Department (one for the file and one to be returned with redline comments). All
applicable elements in the checklist for each study shall be included or the study may be returned
for completion prior to review.
The unique characteristics of some sites may require additional analysis beyond what is listed for
each study to clearly define a site’s impacts or to adequately design a stormwater or stormwater
treatment system. Site-specific requirements beyond the minimum standards will be identified
during the Technical Advisory Committee (TAC) development review process or can be determined
in advance by contacting the Public Works Department.
Public Works will review the study and provide comments. The applicant shall revise and resubmit
the plans incorporating the City’s comments. Two copies of the final report can be submitted when
indicated by the City’s response comments (one copy to be retained by Public Works and one by
Planning). Where plans are required to satisfy requirements for an application with public hearing
or administrative approval, the plans shall be finalized and approved by Public Works prior to Public
Works approving a development application to move to public hearing or administrative review. In
limited cases Public Works may accept conditions of approval to complete minor outstanding
issues after the public hearing, but prior to issuance of any permits.
All studies shall be submitted both hard copy and electronically. Electronic submittals shall be in
PDF format and submitted via Dropbox link, flash drive, or CD. One hard copy shall be typed on 8
½” x 11” paper, bound, and clearly and cleanly reproduced. The drawings, figures, and tables shall
be either 11” x 17” or 24” x 36” and bound within the study or included in a pocket attached to the
study. Blurred, washed out, or unreadable portions of the study are unacceptable and could
warrant resubmittal of the study. The study shall include a cover letter presenting the design
application for review and shall be prepared by or supervised by a civil engineer licensed in
Colorado. Original and revision dates shall be included on all resubmittals.
5.3.4

DRAINAGE LETTER

A Drainage Letter is a short letter prepared for a site with only minimal stormwater improvements or
changes. Minimal changes are items such as sizing a single ditch or culvert. Drainage Letters are
also used for sites that require no stormwater system improvements but do require stormwater
treatment (this may be a redevelopment site, a change of use site, or a site with an approved
drainage study that did not include stormwater treatment). A Drainage Letter may also be used for
a site with an approved drainage study or master drainage plan where the development proposal
makes changes to the development that affect drainage characteristics that do not effect sizing of
stormwater components; the Drainage Letter can be used to demonstrate that proposed conditions
July 2019

5.3 Stormwater Planning and Submittals

Page 5.3-2

CITY OF STEAMBOAT SPRINGS ENGINEERING STANDARDS
are generally consistent with previous design assumptions. (Where changes affect system sizing or
design, a Drainage Addendum is required instead of a Drainage Letter.) The Drainage Letter shall
identify off-site flows passing through the site and on-site flows that need to be managed, or it shall
identify the approved drainage study that contains that information. The Drainage Letter shall
include any calculations required to design the minimal stormwater system. Each Drainage Letter
shall include a Scope Approval Form as Exhibit A and a Stormwater Quality Plan as Exhibit B. The
Drainage Letter shall also contain the certification statement contained in Section 5.3.7 below.
Standard Form No. 1 (SF1), Drainage Letter Checklist in the Standard Forms Section lists the
minimum requirements for a Drainage Letter. SF1 will be used to determine the adequacy of the
Drainage Letter submittal in addition to any site-specific requirements identified at the preapplication or TAC review which may alter the checklist. Incomplete or absent information may
result in the Drainage Letter being rejected for review.
5.3.5

CONCEPTUAL DRAINAGE STUDY

The Conceptual Drainage Study is a drainage document that outlines general drainage
requirements and develops conceptual design for a site. The Conceptual Drainage Study
accompanies the conceptual level development applications such as a Development Plan,
Preliminary Plat, or Annexation. The purpose of the Conceptual Drainage Study is to:
•

Identify existing and potential drainage issues which may occur on-site or off-site due to the
development and identify potential mitigation measures as needed.

•

Identify existing drainage conditions prior to proposed development including designated
floodplain boundaries and off-site flows that need to be managed.

•

Identify proposed solutions to drainage issues, the proposed stormwater management
system concept, and the proposed stormwater treatment concept design including defining
the general component requirements and space needed on and off site.

The study shall be stamped and signed by a professional engineer licensed in Colorado and include
the certification statement contained in Section 5.3.7.
For sites where the development plan and final development plan are moving through development
approval concurrently, or where the developer has a more detailed site design at the conceptual
stage, the Conceptual Drainage Study can be bypassed, and a Final Drainage Study can be
provided instead.
5.3.5.1 Conceptual Drainage Study Report Contents
The Conceptual Drainage Study shall contain general design information describing the proposed
drainage facilities (type, estimated pipe/ditch/pond size, inlet locations, etc.) for the development.
Detailed final calculations can be included but are not typically required. On constrained sites, or
high-density sites with little space for drainage features, more detailed information may be required
to demonstrate the proposed layout can accommodate drainage facilities. Each Conceptual
Drainage Study shall include a Scope Approval Form as Exhibit A and a Stormwater Quality Plan as
Exhibit B. The Conceptual Drainage Study Report shall also contain a certification sheet having the
certification statement contained in Section 5.3.7.
Standard Form No. 2 (SF2), Conceptual Drainage Study Checklist, in the Standard Forms Section
lists the minimum required components of the Conceptual Drainage Study. The checklist will be
used to determine the adequacy of the Conceptual Drainage Study submittal. Additional
information may be required based on site-specific conditions, and if so, it will be identified through
the TAC process or during the draft study review. Incomplete or absent information may result in the
Conceptual Drainage Study being rejected for review.
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5.3.6

FINAL DRAINAGE STUDY

The Final Drainage Study provides the specific drainage elements and design required to manage
stormwater and provide stormwater treatment at a site. The Final Drainage Study accompanies a
Final Plat or Final Development Plan. The purpose of the Final Drainage Study is to:
•

Identify existing and potential drainage issues which may occur on site or off site due to the
development and any required mitigation measures

•

Identify existing drainage conditions prior to proposed development including designated
floodplain boundaries and off-site flows that need to be managed.

•

Identify proposed solutions to drainage issues, the proposed stormwater management
system, and the proposed stormwater treatment system detailed design including defining
the specific component requirements and sizing for on-site and off-site elements.

•

Provide final design and details for drainage facilities discussed in the Conceptual Drainage
Study.

•

Demonstrate adequate drainage improvements will be provided to support the
development.

The location, type, and design of the stormwater system shall be identified at a construction plan
level or 95% design level. The Final Drainage Study shall provide details of the proposed drainage
facilities, including grading and stormwater treatment. Not all design may be completely finalized
during the development process, and minor changes may occur during the development of the
construction documents. If changes occur during final construction plan preparation or during
construction, a Drainage Study Addendum shall be submitted for review and approval along with
the construction documents.
The Final Drainage Study shall be stamped and signed by a professional engineer licensed in
Colorado.
5.3.6.1 Final Drainage Study Report Contents
The Final Drainage Study shall provide details of the proposed drainage facilities including grading,
erosion control, and stormwater treatment. Each Final Drainage Study shall include a Scope
Approval Form as Exhibit A and a Stormwater Quality Plan as Exhibit B. The Final Drainage Study
Report shall also contain a certification sheet having the certification statement contained in
Section 5.3.7 below.
Standard Form 3 (SF3), Final Drainage Study Checklist, in the Standard Forms Section outlines the
minimum requirements for a Final Drainage Study. The checklist will be used to determine the
adequacy of the Final Drainage Study submittal, in addition to any requirements identified at the
pre-application review which may alter the checklist. Incomplete or absent information may result in
the Final Drainage Study being rejected for review.
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5.3.7 CERTIFICATION STATEMENT
The following certification statement shall be included as a separate sheet for all Drainage Letters,
Conceptual Drainage Study Reports, and Final Drainage Study Reports:
“I hereby affirm that this (Type of Letter/Report) (Plan) for the (Type of Design) of (Name of
Development) was prepared by me (or under my direct supervision) for the owners thereof and is,
to the best of my knowledge, in accordance with the provisions of the City of Steamboat Springs
Storm Drainage Criteria and approved variances. I understand that the City of Steamboat Springs
does not and will not assume liability for drainage facilities designed by others.
___________________________
Registered Professional Engineer
State of Colorado No.
(Affix Seal)
5.3.8

STORMWATER QUALITY PLAN

The Stormwater Quality Plan identifies site-generated stormwater flow and potential site
contaminants, including sediment. The Stormwater Quality Plan presents the design details for all
permanent stormwater treatment facilities required to minimize the potential for pollutants to leave
the site in accordance with the City’s MS4 permit. It does not include temporary construction
control measures, also referred to as construction BMPs. A Construction SWMP shall be prepared
to address stormwater quality during construction. Section 5.13, Construction Stormwater Quality,
will be developed to provide additional information on the Construction SWMP.
The Stormwater Quality Plan will discuss the permanent stormwater treatment facilities in detail
and include appropriate calculations to verify technical feasibility. Each facility shall be identified as
to its location, tributary area, and design WQCV or design water quality flow rate. Maintenance
requirements shall be included in a separate Ownership and Maintenance (O&M) Plan that is
included as an appendix to the Stormwater Quality Plan. An example O&M Plan and guidance
document are included as an appendix to this section. Permanent stormwater treatment facilities
shall be designed per Section 5.12, Permanent Stormwater Quality.
Standard Form 4 (SF4), Stormwater Quality Plan Checklist, in the Standard Forms Section outlines
the minimum requirements for the Stormwater Quality Plan. The checklist will be used to determine
the adequacy of the Stormwater Quality Plan submittal, in addition to any requirements identified at
the pre-application review which may alter the checklist. Incomplete or absent information may
result in a required resubmittal of the Stormwater Quality Plan.
5.3.9

FINAL DRAINAGE REPORT WITH CIVIL CONSTRUCTION PLANS

Where changes are made to the approved final drainage design during preparation of the
construction plans or during construction, and those changes affect such items as flow rates, pipe
sizing, pond sizing, or off-site flow type or direction, an addendum shall be submitted along with the
construction plans. The addendum shall identify the specific change and provide supporting
calculations. The addendum shall be reviewed and approved in conjunction with the civil
construction plans.
5.3.10 CONSTRUCTION STORMWATER MANAGEMENT PLAN (SWMP)
The Construction SWMP shall be prepared by a qualified individual, competent in the field of
sediment and erosion control, and shall be submitted for approval prior to construction. Qualifying
construction activities may require additional permitting by the Colorado Department of Public
Health and Environment. Additional information regarding the Construction SWMP can be found in
Section 5.13, Construction Stormwater Quality and in the Municipal Code for Construction Site
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Management Plans. If there are direct discharges to a named tributary, the Public Works
Department may require the drainage engineer to design temporary sediment ponds for
construction as part of the Final Drainage Study.
5.3.11 RECORD DRAWINGS AND FINAL ACCEPTANCE CERTIFICATE
5.3.11.1 Record Drawings
Where as-built conditions vary from final design for public facilities, record drawings shall be
submitted to the City. Drawings shall be stamped by a professional engineer and shall be submitted
with the request for Preliminary Acceptance of public improvements or requesting a Certificate of
Occupancy for commercial, industrial or multi-family residential building sites.
5.3.11.2 Certifications
For all sites requiring on-site detention relating to mitigation of off-site flows, an engineer licensed
in the state of Colorado shall certify, based on a survey from a registered land surveyor, the as-built
detention pond volumes and surface areas at the design depths, and outlet structure sizes and
elevations. The engineer shall also certify that, to the best of his/her knowledge, the storm drain
sizes and invert elevations, manhole and discharge locations, representative open channel crosssections, dimensions of all the drainage structures and other pertinent design features are in
accordance with the approved Drainage Study and construction plans.
Per Colorado Revised Statute (CRS) §37-92-602 (8), there are specific notification requirements
that apply to all new stormwater detention and infiltration facilities, including individual site
facilities built by private parties as a development requirement. For any stormwater detention and
infiltration facility constructed after August 5, 2015 and seeking protection from water rights
administration under the new statute, the “entity that owns, operates, or has oversight for” shall,
prior to operation of the facility, provide notice to all parties on the substitute water supply plan
notification email list maintained by the State Engineer. This notice shall include the following:
1. The location
2. The approximate surface area at design volume
3. Data that demonstrates that the facility has been designed to comply with the following
release rates:
a) It continuously releases or infiltrates at least 97% of all the runoff from a rainfall event
that is less than or equal to a 5-year storm within 72 hours after the end of the event
b) It continuously releases or infiltrates as quickly as practicable, but in all cases releases
or infiltrates at least 99% of the runoff within 120 hours after the end of events greater
than a 5-year storm
The engineer of record is responsible for inputting the new facility into the State administered
notification portal. The §37-92-602 (8) CRS compliance portal can be accessed via the following
link: https://maperture.digitaldataservices.com/gvh/?viewer=cswdif
The responsible design engineer shall submit documentation noting that the above requirements
have been met with the request for preliminary acceptance.
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Preparation Guidelines for
Operations and Maintenance Plans
(O&M Plans) for Permanent Stormwater
Treatment Facilities
This document will guide developers and consultants in the development of Operations and Maintenance Plans (O&M
Plans) for Permanent Stormwater Treatment Facilities installed during a project’s active construction phase for longterm treatment of runoff from the project area after construction is complete. Treatment facilities include extended
detention basins, sand filter basins, porous landscape detention, permeable pavement, grass buffers and swales,
and other constructed and proprietary structures. 1
The development of an O&M Plan for each treatment facility is required for compliance with the City’s Municipal
Separate Storm Sewer System (MS4) Permit issued by the Colorado Department of Public Health and Environment
(CDPHE). The O&M Plan is intended to serve as a reference document for maintenance personnel to review prior to
maintenance activities so they arrive at each site with the staff and equipment required to maintain the facility, an
understanding of access requirements and maintenance expectations, and a knowledge of necessary procedures
required to maintain the facility to its original design specifications. The O&M Plan will reflect as-built conditions.
An example O&M Plan has been provided. The example O&M Plan is representative only. The information and text
included in the example O&M Plan are not reflective of what should or should not be done at any site; it is reflective
only of the type of information that should be provided. All O&M Plans shall generally conform to the example
regarding the type of information provided; however, not all necessary contents may be included on the example
O&M Plan. Unique features may warrant inclusion of additional information. This guidance document provides a
thorough discussion of the elements that will be required, if applicable, on an O&M Plan for treatment facilities.
The O&M Plan will be a doubled-sided 11x17 with a font size of at least 11 point. If an item is not required, note
that is it not required rather than omitting it from the O&M Plan.

1

No.
1.

Front of 11x17 Sheet
Title block and title text
The front and back of each O&M Plan shall include a title block and title text that includes the
development name, the type of facility installed, and the month and year the facility was constructed.
It will also include the entity responsible for maintenance.

2.

Location map
A large-scale location map shall cover enough area and include enough major roadways that the O&M
Plan user can find the treatment facility. The location map shall include a north arrow and be at a scale
between 1"=1000' and 1"=5000'.

3.

Detailed as-built plan view
A smaller scale detailed plan view of the treatment facility location shall show all nearby roadways; all
maintenance access points, turn-arounds, and sediment/debris stockpile areas; at least one hard
maintenance control point including elevation; right-of-way, property boundaries, ownership, and
easements; areas to remain undisturbed by maintenance activities such as areas regulated by a 404
permit or any other sensitive areas; and areas to be mowed or to receive other weed control activities
including weed spraying. Major features shall be identified such as forebays, micropools, inlets, outlets,
structures, trickle channels, etc. Include the 100-year floodplain if applicable. If a power source usable
by maintenance staff is present at the site, it shall be shown in the detailed plan view. Any weightrestricted areas shall be shown. Detailed instructions need not be provided on the detailed plan view if
they are included in the notes. Scale shall be between 1"=20' and 1"=100'. The location of the access
point to the treatment facility may need to be delineated by dimensions from roadway centerline, edge
of pavement, or other hard, visible structure if it is below grade or otherwise may be difficult to find.
For example, if the treatment facility is a below-grade vault with manhole access, and there are
multiple manholes in the vicinity, it will be necessary to indicate which specific manhole(s) access the
treatment facility.

Refer to the Section 5.12 of the City’s Engineering Standards for more information
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4.

Profile
While not required for every treatment facility, if critical information cannot be sufficiently shown in
sections and/or the plan view, a profile view of the main flow path through the treatment facility may
be added to show critical elevations and information. Such information may include variations in slope
of the main channel invert or pipes and culverts, the extents and depth of the filter media, and
underdrains and other structures. The profile shall show permanent pool elevations, crossing utilities,
flow direction, and any design water surface elevations used such as the elevation of the water quality
capture volume (WQCV) or any specific design storm event. General maintenance notes may be included
on the profile or reserved for the detailed notes on the back of the O&M Plan.

5.

Sections
Enough treatment facility sections shall be included to detail all tops of walls, inverts, rims, dimensions,
and flowline elevations of all components including, but not limited to, forebays, inlets, micropools,
outlets, trickle channels, storm sewers, underdrains, sumps, headwalls, wingwalls, overflow weirs,
orifice plates, grates, screens, gates, and trash racks. If filter media is used, a cross section must be
included with media specifications, and the extents of the filter media must be indicated on the overall
plan view, typically by hatching. Sections of proprietary structures may be as provided by the
manufacturer. Nearby utilities shall be shown in the sections as applicable. A section showing the
maintenance access roads shall also be included with the access road surfacing material and thickness,
minimum width, maximum grade, and any weight limitations.

6.

Grate Details
Details of all grates must be included with enough information that the maintaining agency can reorder
grates if they are stolen. This includes exterior dimensions, materials, and bar spacing in both
directions.

7.

Front page notes
While the first page of the O&M Plan is generally reserved for plans, sections, profiles, and details, any
notes of high importance may be added here as well as on the second page of the O&M Plan. These may
include detailed notes on critical items such as how to handle wetlands or weeds on site, unique access
instructions, or IGA conditions. These notes may also be included on the back page to provide
redundancy.

No.
1.

Back of 11x17 Sheet
Notes on general project information
The notes shall include the project development or subdivision name, name(s) of the receiving water;
the property owner's name(s), contact name, address, phone number, and contact email address if
available; the maintaining agency's name(s), contact name, address, phone number, and contact email
address if available; the design engineer's name(s), contact name, address, phone number, PE license
number, and contact email address if available.

2.

Notes on the general facility description
The notes shall include a general facility description that includes what type of treatment facility the
facility is; how it functions (filtration, sedimentation, etc.); and the origin of the runoff it treats,
including tributary area. A brief note about the overall development under which the treatment facility
was constructed, if applicable, should be included. If the facility will not treat the 100-year storm event
but will receive inflow exceeding its volumetric capacity, a note should be added on how those flows
are safely conveyed through and beyond the facility. If flows are bypassed prior to reaching the
treatment facility, a note shall be included on the function and location of the bypass structure.

3.

Notes on the anticipated inspection and maintenance frequency and procedure
Initial inspection shall be annually plus after storms producing more than 1 inch of rainfall per hour at a
minimum, with an inspection form filled out for each inspection. Inspection frequency may be adjusted
based on findings of inspections during the first year. Treatment facility maintenance shall be annually
at a minimum. Maintenance frequency may be increased based on findings of inspections during the first
year and any requirements issued by the EPA or CDPHE. Examples of items to be inspected include pond
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forebays, low water crossings, riprap side slopes and inverts, grouted riprap, inlets, access ramps, storm
sewer outfalls, incoming and outgoing pipes, pond outlet structure including interior of structure, canal
gate (to be exercised), restrictor plate, micropool, trash rack, well screen.
The maintenance procedure shall include the following at a minimum, provided they are applicable:
Traffic control plan; confined space entry protocols; dewatering and water control requirements such
that a dewatering permit is not required; sediment and debris removal and disposal requirements,
including longest reach distance from access road; mowing and weed control; information on wetlands
and other sensitive areas; any other maintenance required maintenance activities; items to be replaced;
any materials testing requirements if sediment must be tested for contaminants prior to disposal; postmaintenance considerations such as restoring flow patterns, removing temporary dewatering and water
control measures such as stop logs, or additional cleanup requirements.
4.

Notes on required maintenance equipment, materials, staffing, and responsibility
The notes shall include all equipment, materials, and labor that is anticipated to be required to
maintain the treatment facility. Equipment may include, but not be limited to mowers, pumps, hoses,
vac trucks (note reach required), air compressors, shovels, buckets, excavators (note reach required),
inflatable coffer dams, weed killer, generators, and sprayers. Anticipated sizes of all equipment shall
be included. Materials may include proprietary replacement products such as filter bags or media that
need to be ordered in advance or more general filter media. Materials notes should include approximate
quantities. Staffing notes shall include the minimum number of maintenance staff expected to be
required to complete the maintenance activities. For example, if two employees are required to
operate a pump or install a coffer dam, this should be noted in this section.
These notes shall include a description and details of any inter-governmental agreements (IGAs)
regarding maintenance of the treatment facility and which entity is responsible for which aspects of
maintenance. The IGA description and details should include the dates and parties subject to the
agreement and a general summary of the agreement, including what happens if one party does not
fulfill its contractual obligations.

5.

Notes on ROW, adjacent ownership, and access
The notes shall include a general description of the right-of-way shown in the detailed plan view, the
adjacent property ownership, and locations and dimensions of maintenance access. These notes shall
include property access requirements such as whether locked gates might be encountered, locations of
keys, access codes, and vehicular weight limitations. Notes shall also include additional applicable
specific instructions (e.g., must approach access drive from the south).

6.

Notes on vegetation management
The notes are specific to seed mixes, mowing, and weed control. There may be some redundancy with
the notes on the anticipated inspection and maintenance procedure and frequency. These notes are
intended to be more detailed. The notes shall include all seed mixes (dryland/upland and/or wetland
mixes) and any trees or shrubs that have been planted at the site. Seed mixes shall include all genus,
species, variety, and pounds pure live seed per acre of each type of seed that was planted as well as
the location (e.g. above elevation XXXX.XX, on the low flow channel side slopes, etc.).
These notes shall also indicate the total area to be mowed, in acres, and any notes on mowing.
How weed control is to be accomplished (e.g. mowing, spraying, etc.) shall be included in the notes.
Different areas may require different methods, and these shall be noted. These notes shall also include
criteria on replacement of seed or other vegetation.

7.

Notes on hydraulic design
The notes shall include all flow rates used in the hydraulic design including base flow, water quality event
flow, and the 2- and 100-year peak inflow and outflow at a minimum. The notes shall include other
calculated flow rates as applicable, the WQCV and associated water surface elevation, the excess urban
runoff volume (EURV) and associated water surface elevation, if applicable, the 100-year volume and
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associated water surface elevation if applicable, and the volumes of major structures that can accumulate
sediment including forebays, micropools, and sumps. Depths of major structures shall be noted. The WQCV
drain time and EURV drain time shall be noted if applicable.
8.

Notes on sensitive areas, wetlands, and permits
The notes shall include descriptions of any environmentally sensitive areas, wetlands to remain
undisturbed, and areas covered by a 404 permit or other environmental permit and how maintenance
activities are different for these areas, if applicable. The notes shall include any monitoring or
inspections required by 404 or other environmental permits. The notes shall also include information on
any current or retired groundwater monitoring wells, any hazardous materials that were or could
reasonably be anticipated to be encountered on site, and any known unmitigated hazards. Permits that
may be required include a floodplain development permit if the facility is within the 100-year floodplain
and CDPHE permits such as construction dewatering, stormwater discharge, groundwater, etc.

9.

Notes on snow and ice control
Notes shall include descriptions of locations where maintenance personnel are responsible for snow and
ice control, if necessary, for sidewalks and/or roadways within the treatment facility and the methods
by which snow and ice are to be controlled.

10.

Notes on miscellaneous information
Notes shall include any other items or details that are important for understanding the inspection and
maintenance requirements of the site or for general informational purposes. One required item is the
approximate survey date, horizontal and vertical datum, and coordinate system information.

11.

Notes on homeless encampments
The note included on the O&M Plan template shall be included on all O&M Plans. The contact person for
all treatment facilities should be designated by the City.
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SHEET NUMBER:

1

REVISION

[NAME AND TYPE OF FACILITY]

OWNERSHIP AND MAINTENANCE PLAN
CONSTRUCTED IN [MONTH, YEAR]
I.

[DESCRIBE ADDITIONAL REQUIRED MAINTENANCE PROCEDURES AND FREQUENCIES.]

7. HYDRAULIC DESIGN
A.

1. GENERAL PROJECT INFORMATION
MATERIALS TESTING OF SEDIMENT REMOVED FROM SITE [IS][IS NOT] REQUIRED. [ADD
DETAILS AS NECESSARY.]

B.

RECEIVING WATER:

L.

[DESCRIBE POST-MAINTENANCE ACTIVITIES INCLUDING REMOVAL OF TEMPORARY
MEASURES.]

C.

PROPERTY OWNER(S) NAME, CONTACT NAME, ADDRESS, PHONE NUMBER, & EMAIL:

E.

A.

EQUIPMENT REQUIRED:
[INSERT EQUIPMENT REQUIRED]

B.

STAFFING:
[INSERT NUMBER OF STAFF REQUIRED TO MAINTAIN TREATMENT FACILITY.]

AGENCY RESPONSIBLE FOR MAINENANCE NAME, CONTACT NAME, ADDRESS, PHONE
NUMBER, & EMAIL:

2. GENERAL FACILITY DESCRIPTION
THIS FACILITY IS AN [INSERT TREATMENT/DETENTION FACILITY TYPE] THAT WILL [DESCRIBE
TREATMENT/DETENTION MECHANISM]. THE FACILITY HAS BEEN ADOPTED AND APPROVED
BY X AS PART OF THE X PROJECT. IT WILL RECEIVE RUNOFF FROM X.XX ACRES AND WILL
OCCUPY A PARCEL OF X.XX ACRES THAT WILL BE USED TO [INSERT TREATMENT,
HYDRAULIC FUNCTION, MAINTENANCE, AND ACCESS OPERATIONAL ACTIVITIES].

THE FOLLOWING ITEMS SHOULD BE INSPECTED [INSERT INITIAL INSPECTION
FREQUENCY]: [INSERT ITEMS TO BE INSPECTED.] ITEMS SHOULD BE MAINTAINED,
REPAIRED, OR REPLACED AS NEEDED. AN INSPECTION FORM SHALL BE COMPLETED
AFTER EACH INSPECTION.

B.

REVISIONS TO MAINTENANCE FREQUENCY:
[LEAVE SPACE HERE TO INSERT ANY CHANGES TO RECOMMENDED INSPECTION AND
MAINTENANCE FREQUENCY DURING FIRST SEVERAL YEARS OF FACILITY FUNCTION.]
DATES / REASONS FOR CHANGES: [INSERT DATES / REASONS]

C.

TRAFFIC CONTROL SHALL [INCLUDE REQUIREMENTS OF TRAFFIC CONTROL INCLUDING
WHO IS RESPONSIBLE IF NOT MAINTAINING AGENCY].

D.

THE FACILITY [DOES][DOES NOT] REQUIRE CONFINED SPACE ENTRY PROCEDURES.
[ADD DETAILS AS NECESSARY].

E.

DEWATERING AND WATER CONTROL
CLEANING THE [INSERT COMPONENTS] MAY REQUIRE DEWATERING. [INSERT
EQUIPMENT] WILL BE REQUIRED. [INSERT DEWATERING AND WATER CONTROL
PROCEDURES SO THAT A PERMIT IS NOT REQUIRED]. IF DEWATERING IS CONDUCTED IN
ACCORDANCE WITH THE PROCEDURES SPECIFIED HEREIN, A DEWATERING PERMIT
SHOULD NOT BE REQUIRED.

G.

H.

SEDIMENT, DEBRIS, & TRASH REMOVAL & DISPOSAL
REMOVAL SHALL BE CONDUCTED [INSERT FREQUENCY, ANNUALLY AT A MINIMUM] OR
WHEN SEDIMENT REACHES [INSERT DEPTH] IN [INSERT STRUCTURES]. REMOVAL SHALL
BE CONDUCTED AS NEEDED, BUT ESPECIALLY WHEN ANY DEBRIS BLOCKS FLOW AT
[INSERT FACILITIES, OUTLET AT A MINIMUM]. SEDIMENT AND DEBRIS SHALL BE
[DESCRIBE REMOVAL PROCEDURE] AND DISPOSED OF AT [INSERT LOCATION]. THE
LONGEST DISTANCE BETWEEN THE EDGE OF AN ACCESS ROAD AND THE FAR CORNER
OF A STRUCTURE REQUIRING SEDIMENT REMOVAL IS X FEET.
VEGETATION MANAGEMENT
SEE SECTION 4 OF THE NOTES ON THIS SHEET.

WETLAND AREAS [ARE NOT ANTICIPATED ON SITE][ARE AS INDICATED ON THE
DETAILED SITE PLAN AND SHALL REMAIN UNDISTURBED]. SEE SECTION 8.0 OF THE
NOTES ON THIS SHEET.

SEED: [X] SEED MIXES HAVE BEEN PLANTED AT THE SITE. THE [NAME OF SEED MIX,
TYPICALLY UPLAND, RIPARIAN, WETLAND, ETC.] SEED MIX HAS BEEN PLANTED
[DESCRIBE LOCATION]. [REPEAT AS NECESSARY TO DESCRIBE ALL MIXES.] [THE
INVERT OF THE LOW FLOW CHANNEL SHALL REMAIN UNDISTURBED.] SEED MIXES ARE
AS FOLLOWS:

BOTANICAL NAME

COMMON NAME

[SEED MIX NAME]:
Xxxxx xxxxxxxxxxxx
Xxxxxx Xxxxxx
[REPEAT AS NECESSARY TO INCLUDE ALL MIX SPECIES]

3. INSPECTION & MAINTENANCE FREQUENCY & PROCEDURE

F.

[VOLUMES, DEPTHS, & WSEL ARE NOT APPLICABLE][VOLUMES, DEPTHS, & WSELS:]
ITEM
VOLUME
WSEL
DEPTH
INVERT
[INSERT STRUCTURE]
XXX CF
XXXX.XX XX"
XXXX.XX
[REPEAT AS NECESSARY]
[OVERFLOW CREST]
[XX.X AF]
[XXXX.XX]
XXXX.XX
[WQCV]
X.X AF
XXXX.XX
[INSERT OTHER VOLUMES SUCH AS EURV, 2-YEAR, 100-YEAR, AS APPLICABLE]
C.

DESIGN ENGINEER, CONTACT NAME, ADDRESS, PHONE NUMBER, EMAIL, & PE LICENCE
NUMBER:
C.

A.

OUTFLOW
X CFS
X CFS
X CFS
X CFS

B.

4. EQUIPMENT, STAFFING, AND VEGETATION MANAGEMENT
D.

FLOW RATES (CFS):
INFLOW
BASE FLOW
X CFS
WQ EVENT:
X CFS
2-YEAR:
X CFS
100-YEAR:
X CFS

[WQCV DRAIN TIME = XX HOURS]
[EURV DRAIN TIME = XX HOURS]

THE SITE [HAS NO WETLANDS][INCLUDES X.XX ACRES OF WETLANDS LOCATED [DESCRIBE
LOCATION]]. [DESCRIBE THE 404 PERMIT INCLUDING INSPECTION AND DOCUMENTATION
REQUIREMENTS.] [DESCRIBE ANY PERMITS ANTICIPATED TO BE REQUIRED FOR
MAINTENANCE SUCH AS A FLOODPLAIN PERMIT OR CDPHE PERMITS].

9. MISCELLANEOUS INFORMATION

X.X

A.

PROJECT SURVEY:
EXISTING CONDITIONS TOPOGRAPHIC SURVEY WAS PREPARED BY [PLS OR SURVEY
COMPANY NAME] BASED ON INFORMATION GATHERED [INSERT DATES]. PROJECT
BENCHMARKS IS [INCLUDE NAME, LOCATION, ELEVATION, AND DATUM]. THE
COORDINATE SYSTEM IS [INCLUDE COORDINATE SYSTEM, ZONE, DATUM, AND
COMBINED SCALE FACTOR.]

B.

[ADDITIONAL INFORMATION]

[REPEAT AS NECESSARY TO INCLUDE ALL MIXES IF NOT CITY STANDARD
SPECIFICATION]
[DESCRIBE HOW TO REPLACE SEED AND OTHER VEGETATION IF NECESSARY.]
MOWING: THE [DESCRIBE AREAS TO BE MOWED] SHALL BE MOWED TO A HEIGHT OF X
INCHES. [IF DIFFERENT AREAS SHOULD BE MOWED TO DIFFERENT HEIGHTS,
DESCRIBE HERE.] AT COMPLETION OF CONSTRUCTION, REQUIRED MOW AREA WAS
ESTIMATED TO BE X.X ACRES.

E.

WEEDS & UNDESIRABLE VEGETATION: [WEEDS SHALL BE MOWED.][NO WEED KILLER
SHALL BE USED ON THE SITE.][CONTACT SECTION NOXIOUS WEED COORDINATOR TO
DETERMINE THE DETAILS OF WEED SPRAYING INCLUDING CHEMICALS, RATES, AND
LOCATIONS.] NOXIOUS WEEDS AND OTHER UNDESIRABLE VEGETATION SHALL BE
REMOVED BY [HAND TOOLS][MOWING][WEED WHACKING][TRIMMERS][CHAIN SAW].

5. SNOW AND ICE CONTROL
FACILITY [IS][IS NOT] LOCATED WITHIN A SNOW STORAGE AREA. [DESCRIBE IMPACTS TO
MAINTENANCE NEEDS AND FREQUENCY BASED ON SNOW STORAGE FUNCTION.]

6. RIGHT-OF-WAY, ADJACENT OWNERSHIP, & ACCESS
A.

RIGHT-OF-WAY DESCRIPTION:

B.

ADJACENT OWNERSHIP:

C.

ACCESS INFORMATION AND DETAILS:

D.

MAINTENANCE OPERATIONS [WILL][WILL NOT] IMPACT OR OBSTRUCT RIGHT-OF-WAY
AND A RIGHT-OF-WAY PERMIT [IS][IS NOT] REQUIRED.

R

Know what's below.

Call before you dig.

8. SENSITIVE AREAS, WETLANDS, & PERMITS

LBS PURE LIVE
SEED/AC

D.

XXX
DESIGNED
XXX
DRAWN
XXX
CHECKED
XX/XX/XX
DATE

SUBDIVISION, DEVELOPMENT,
OR OTHER LOCATION,
INCLUDING FILING &
RECEPTION NO.

K.

TREATMENT OR
DETENTION
FACILITY NAME
AND TYPE

[DESCRIBE ITEMS TO BE REPLACED, QUANTITIES, LOCATIONS, AND FREQUENCIES.]

OWNERSHIP &
MAINTENANCE PLAN
NOTES

J.
PROJECT LOCATION, DEVELOPMENT OR SUBDIVISION NAME, AND LEGAL DESCRIPTION
OF PARCEL:

A.
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City of Steamboat Springs Engineering Standards
5.4.1

INTRODUCTION

The regulation of floodplains is necessary to preserve and promote the general health, welfare,
and economic well-being of an area. A few of the general purposes of floodplain regulation
are:
•

Reducing risk of loss of life and property damage

•

Protecting hydraulic characteristics of water courses

•

Reducing public expenditures for flood control and relief

This Section gives guidance relevant to development near waterways within the limits of the
City of Steamboat Springs.
5.4.2

FEMA-DESIGNATED FLOODPLAIN

The National Flood Insurance Program is administered by FEMA. Its basic function is to
designate flood-prone areas and subsequently make available varying degrees of flood
insurance protection for those requesting it or those required to possess it. FEMA has
identified these areas on the Flood Insurance Rate Map (FIRM) associated with the “Flood
Insurance Study (FIS) of Routt County, Colorado and Incorporated Areas” dated February
4, 2005.
For development or redevelopment located within the FEMA-identified areas of special
flood hazard, Chapter 26, Article VI, Flood Damage Prevention, of the City Code will apply.
In addition to the requirements outlined in Article VI, it is the developer’s responsibility and
financial obligation to meet and fulfill all FEMA rules and regulations and to prepare any
appeals or revisions that may be required as a result of the proposed development. It is
the developer’s responsibility to prepare any Conditional Letters of Map Revision
(CLOMR) or Conditional Letters of Map Amendment (CLOMA) that may be required prior
to being granted approval by the City for development within the floodplain. Figure 5.6.4,
Local FEMA Studies in Section 5.6, Storm Runoff, shows the various waterways that
have been studied by FEMA.
Note that floodplain issues often take a substantial amount of time to resolve, and it is
recommended that any developer wishing to develop a property within the limits of the
FEMA floodplain begin to address these issues at a very early stage in the development
process.
5.4.3

DEVELOPMENT OUTSIDE THE FEMA-REGULATED FLOODPLAIN

Even though an area is not located within a FEMA-designated floodplain, it may still be
subjected to flooding from unstudied waterways. Developments being divided into parcels of
less than 35 acres that also convey offsite flows are potentially subjected to additional
requirements as specified in this Section. These developments have the option of either
conveying these offsite flows across the surface of the development or enclosing these flows in
one or more storm drain systems through the development.
5.4.3.1 Surface Conveyance
If channelized flow (as opposed to sheet flow) from an offsite watershed larger than 130 acres
is conveyed across the surface of a new development, the developer must delineate the 100-
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year floodplain through the development. At a minimum this will entail delineating the
watershed boundary draining to the development, determining peak 100-year flows at
appropriate points along the waterway, and developing a hydraulic model of the waterway
during the 100-year storm event. A professional engineer registered in the State of Colorado
is required to complete and certify the analysis.
Although any construction within the limits of the 100-year floodplain is highly discouraged, it
may be allowed provided it meets the requirements set forth in Article VI of the City’s Code.
In any event, the runoff discharged from the site must not exceed pre-development runoff
rates as set forth in Section 5.11, Detention. The City considers surface conveyance
preferable to enclosed conveyance, because of cost, maintenance, aesthetics, and
stormwater quality, and sites are encouraged to maintain surface flow where feasible.
5.4.3.2 Enclosed Conveyance
The other option for conveying offsite flows across a development is to enclose them.
Although this option is likely substantially more costly than surface conveyance, should a
developer wish to pursue this option, there are several criteria that must be met. The
conveyance must meet all the criteria set forth in Section 5.9, Storm Drain Systems, and
Section 5.10, Culverts and Bridges, including limits of inundation for different design storms.
An emergency overflow path for the 100-year event must also be provided in the event that the
enclosed conveyance system becomes completely clogged. As with the surface conveyance
option, the runoff discharged from the developed site must not exceed pre-development runoff
rates as set forth in Section 5.11, Detention.
5.4.4

FLOODPLAIN DEVELOPMENT PERMIT REQUIREMENTS

Article VI of the City Code gives general guidelines for floodplain development. Regardless of
whether or not a development is within a FEMA-designated floodplain, all developments that
convey channelized offsite flow (as opposed to sheet flow) and change the grades or crosssections of that channel without enclosing it, must submit a floodplain development permit for
approval. The floodplain development permit may require a floodplain modification study that
includes a detailed topographic survey of the site having a minimum of 1-foot contours, a
hydrologic study of the site comprised of a HEC-1 or HEC-HMS model and any field
investigation notes, and a hydraulic model (HEC-2 or HEC-RAS) of the existing and proposed
conveyance facilities. If the surface flows across the development have been studied and
modeled by FEMA, the developer will not be required to complete a separate hydrologic model
to determine flow rates. FEMA flows and water surface elevations shall be used in these
cases for existing conditions. However, any modifications to the waterway will be hydraulically
modeled and submitted to the City as part of the floodplain modification study, in addition to
the modeling and submittals required by FEMA.
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5.5.1

INTRODUCTION

Presented in this Section are design rainfall data for the minor and major storm events. These data are
used to determine storm runoff peak flows and volumes in conjunction with the runoff models described
in Section 5.6, Storm Runoff. All hydrologic analyses for Steamboat Springs shall utilize the rainfall data
presented in this Section for calculating storm runoff.
5.5.2

RAINFALL ANALYSIS

For the City of Steamboat Springs, rainfall analysis shall be completed by using Equation 1 in this Section
or by using the Colorado Urban Hydrograph Procedure (CUHP) developed by the Urban Drainage and Flood
Control District. Rainfall data is generally based on NOAA Atlas 14, Volume 8. A detailed memo regarding
the evaluation of NOAA Atlas 14 is available from the City upon request. To develop design flow rates,
Equation 1 is used with the Rational Method and CUHP is used with SWMM or PCSWMM and HEC-1 or HECHMS. These runoff methodologies are discussed in Section 5.6, Storm Runoff.
5.5.3

INTENSITY-DURATION-FREQUENCY CURVES

Equation 1 shall be used to calculate rainfall intensity for a given time of concentration or to develop
intensity-duration-frequency curves for the Rational Method for runoff analysis. The 1-hour rainfall depths
from NOAA Atlas 14 for Steamboat Springs (station ID 05-7936) are used in Equation 1 for the durations
and return periods of interest. Equation 1 was developed using data from NOAA Atlas 14. A detailed memo
on the development of the equation is available from the City upon request.

Where:

𝐼𝐼 = 𝑃𝑃1 × (𝑇𝑇

49.1

𝑑𝑑 +7.84)

(1)

0.919

I = rainfall intensity (inches per hour)
P1 = 1-hour rainfall depth (inches)
Td = storm duration (minutes)
Rainfall intensities as a function of various storm durations and recurrence intervals are provided in Table
5.5.1 for reference. These values were calculated using Equation 1. Table 5.5.1 includes a 1-hour rainfall
depth and intensities as a function of storm duration for the 80th percentile storm event (the event having
a 1.25-year return period) to be used to design permanent stormwater treatment facilities using the TSS
design standard. The values in Table 5.5.1 are subject to revision and users of these Engineering Standards
are encouraged to check for updates.
Table 5.5.1.P1 and Intensity-Duration-Frequency Values
Return
Period

P1

1.25-year
2-year
5-year
10-year
25-year
50-year
100-year
500-year
July 2019

Rainfall Intensity for Storm Duration
5-min

10-min

15-min

30-min

60-min

0.38
0.55
0.82
1.04
1.34
1.57
1.79

1.79
2.58
3.84
4.89
6.30
7.38
8.42

1.06
1.52
2.26
2.88
3.71
4.35
4.96

0.66
0.95
1.42
1.81
2.33
2.73
3.12

0.39
0.56
0.83
1.06
1.36
1.60
1.82

2.31

10.86

1.33
1.90
2.84
3.61
4.66
5.46
6.22
8.03

6.40

4.02

2.35
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5.5.4

DESIGN STORMS

For hydrograph analysis, the recommended design storm duration is the 2-hour rainfall generated by the
most recent version of the Colorado Urban Hydrograph Procedure (CUHP) developed by the Urban Drainage
and Flood Control District. CUHP requires the 1-hour rainfall depth, P1, from Table 5.5.1 to develop the
rainfall hyetograph for a design storm. Unless specifically noted otherwise, the major storm shall be the
100-year recurrence interval storm and the minor storm shall be the 5-year recurrence interval storm. The
designer is not required to consider evapotranspiration or snowmelt in the model, but if it is considered, a
discussion of the methodologies chosen, parameters used, and rational for each shall be submitted as part
of the required drainage studies for the site. For analysis of watersheds larger than 5 square miles, depth
reduction factors (DRFs) shall be used in accordance with UDFCD’s Urban Storm Drainage Criteria Manual.
5.5.5

REFERENCES
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5.6.1

INTRODUCTION

The City of Steamboat Springs recognizes the following models to estimate storm runoff: the
Rational Method, the U.S. Army Corps of Engineers’ (USACE) Hydrologic Engineering Center (HEC)
programs HEC-1 and HEC-HMS, and the Environmental Protection Agency’s (EPA) Storm Water
Management Model (SWMM).
For certain circumstances, where adequate recorded stream flow data are available and the
watershed area is greater than 10 square miles, a statistical analysis may be required to predict
storm runoff peaks or for calibration of the model.
In the City of Steamboat, snowmelt can cause significant runoff. Statistical analysis of historical
local data, however, shows that the intense rainstorms that can come in June, July, August, and
September produce higher peak runoff than snowmelt. It is possible that rainfall in combination
with snowmelt, such as a rain on snow event, may produce peak runoff in excess of the peaks from
these storm events in the major rivers (i.e. the Yampa River), but not in the tributaries within the
City of Steamboat Springs. Additionally, lack of data for snowmelt and the complex interaction of
snowmelt and rain make it difficult to model this scenario. Thus, for the purposes of these criteria,
snowmelt runoff analysis is not required.
5.6.2

BASIC METHODOLOGY

Each of the accepted methods requires the user to determine several watershed characteristics
such as area, length of flow path, slope, and imperviousness. The HEC models also require
calculation of the precipitation losses.
For watersheds less than 160 acres, the Rational Method shall be used. For watersheds larger than
160 acres, a HEC or EPA SWMM model shall be used. For HEC and EPA SWMM models, a 2-hour
design rainfall created using CUHP as discussed in Section 5.5 shall be used.
5.6.2.1 Time of Concentration
The time of concentration, tc, is the time required for runoff to flow from the most remote part of the
watershed to the point of interest. For the Rational Method, the time of concentration is used as the
storm duration when calculating rainfall intensity for a given return period using the equation in
Section 5.5.
For consistency between runoff analyses, the time of concentration equations presented in this
section shall be used for all small watershed (less than one square mile) runoff calculations.
Time of concentration consists of an initial time or overland flow time, ti, plus travel time, tt. In both
urban and non-urban environments, the initial or overland flow is assumed to occur as sheet flow
and as a function of surface type and slope, with an upper limit on the distance over which this type
of flow can occur. Travel time, tt, may be in a single element such as a swale or paved ditch, or it
may be in a combination of many elements.
Non-Urbanized Watersheds
Non-urban watersheds shall be those that have less than 20% imperviousness at full development
based on current zoning. In non-urban areas, the travel time will be in a small swale, channel, or
wash, whereas in urban areas, the travel time will be in a storm drain, paved gutter, roadside
drainage ditch, or drainage channel. Travel time can be estimated from the hydraulic properties of
the storm drain, gutter, swale, ditch, or wash.
The time of concentration for both urban and non-urban areas is calculated as follows:
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tc = ti + tt

(1)

Where:
tc = time of concentration (min)
ti = initial or overland flow time (min)
tt = travel time in the ditch, channel, gutter, storm drain, etc. (min)
The initial or overland flow time, ti, may be calculated using the following equation:
ti = 0.395 (1.1 - C5) Lo1/2 / S1/3

(2)

Where:
ti = initial or overland flow time (min)
C5 = runoff coefficient for 5-year return period
Lo = length of overland flow, (ft, 300 max)
S = average slope along the initial flow path (percent)
Equation 2 was developed for use with the Rational Method. The 5-year runoff coefficient, C5, is
presented in Table 5.6.1, along with C values for other return periods.
Table 5.6.1. Design Runoff Coefficients
Percent
Impervious
0%
5%
10%
15%
20%
25%
30%
35%
40%
45%
50%
55%
60%
65%
70%
75%
80%
85%
90%
95%
100%

Runoff Coefficients, Cx
1.25-yr
0.003
0.03
0.06
0.10
0.13
0.16
0.18
0.22
0.25
0.28
0.31
0.34
0.36
0.42
0.47
0.52
0.58
0.64
0.71
0.79
0.88

2-yr
0.04
0.08
0.11
0.14
0.17
0.20
0.22
0.25
0.28
0.31
0.34
0.37
0.41
0.45
0.49
0.54
0.60
0.66
0.73
0.80
0.89

5-yr
0.15
0.18
0.21
0.24
0.26
0.28
0.30
0.33
0.35
0.37
0.40
0.43
0.46
0.49
0.53
0.58
0.63
0.68
0.75
0.82
0.90

10-yr
0.25
0.28
0.30
0.32
0.34
0.36
0.38
0.40
0.42
0.44
0.46
0.48
0.51
0.54
0.57
0.62
0.66
0.71
0.77
0.84
0.92

25-yr
0.37
0.39
0.41
0.43
0.44
0.46
0.47
0.48
0.50
0.51
0.53
0.55
0.57
0.59
0.62
0.66
0.70
0.75
0.80
0.87
0.94

50-yr
0.44
0.46
0.47
0.49
0.50
0.51
0.52
0.53
0.54
0.55
0.57
0.58
0.60
0.62
0.65
0.68
0.72
0.77
0.82
0.88
0.95

100-yr
0.50
0.52
0.53
0.54
0.55
0.56
0.57
0.57
0.58
0.59
0.60
0.62
0.63
0.65
0.68
0.71
0.74
0.79
0.83
0.89
0.96

The overland flow length, Lo, is generally defined as the length over which the flow characteristics
appear as sheet flow or very shallow flow in broad, grassed swales. Changes in land slope, surface
characteristics, and small drainage ditches or gullies will tend to force the overland flow into a
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combined flow condition, which results in higher flow velocities and shorter travel times. The initial
flow time in both urban and non-urban areas shall be limited to the time to travel 300 feet.
For watersheds longer than 300 feet, the travel time, tt, must be added to the overland flow time.
Travel time can be calculated using Manning's equation and the hydraulic properties of the storm
drain, gutter, swale, ditch, or channel or can be approximated using Equation 3 for average velocity
and Table 5.6.2 for the conveyance factor:
V = K Sw0.5

(3)

Where:
V = velocity (fps)
Sw = watercourse slope (ft/ft)
K = conveyance factor
The minimum conveyance factor, K, that shall be used for a developed site shall be 7,
corresponding to short pasture and lawns.
Table 5.6.2. Travel Time Conveyance Factors
Land Surface
Heavy meadow
Tillage/Field
Short pasture and lawns
Nearly bare ground
Grassed waterways
Paved areas and shallow swales

Reference: UDFCD (2016)

Conveyance Factor, K
2.5
5
7
10
15
20

The time of concentration, tc is the sum of the initial flow time, ti and the travel time, tt. The
minimum recommended tc for non-urban watersheds is 10 minutes.
Urbanized Watersheds
Overland flow in urbanized watersheds can occur from the back of the lot to the street, in parking
lots, in landscape areas, or within park areas and can be calculated using the procedure described
for non-urbanized watersheds. Travel time, tt, to the first design point or inlet is often determined
based on the conveyance coefficient for paved areas and shallow swales but can be estimated
using Manning's equation.
The time of concentration for the first design point in an urbanized watershed shall not exceed the
time of concentration calculated using Equation 4, which was developed using rainfall/runoff data
collected in urbanized regions (USDCM, 2016).
tc = (26-17i) + Lt / (60 (14i + 9) √(St))

(4)

Where:
tc = minimum time of concentration for the first design point (min)
Lt = length of channelized flow path (ft)
i = imperviousness as a decimal
St = slope of the channelized flow path (ft)
July 2019
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Equation 4 is a regional equation that shall be used when the imperviousness of the tributary area
is greater than 20 percent. It was based on 295 sample urban watersheds. The recommended
minimum tc to the first urban design point is 5 minutes. For subsequent design points, the time of
concentration is calculated by accumulating the travel times in downstream reaches.
5.6.2.2 Rational Method
For watersheds of less than 160 acres, the design storm runoff shall be calculated using the
Rational Method.
The Rational Method is based on the following formula:
Q = CIA

(5)

Where:
Q = maximum rate of runoff in cubic feet per second (cfs)
C = runoff coefficient (see Table 5.6.1)
I = average intensity of rainfall in inches per hour
A = contributing watershed area in acres
Limitations on Methodology
The Rational Method adequately estimates the peak rate of runoff from a rainstorm in a given
watershed, but it does not provide information on the full hydrograph and only approximates the
runoff volume.
Because of the limitations of the Rational Method, the following guidelines on its application are
provided:
• The individual subwatershed sizes should not be greater than 20 acres.
•
•

The aggregate of all subwatershed areas should not be greater than 200 acres.
Each subwatershed should be reasonably homogeneous for existing and projected land
use.

Rainfall Intensity
The rainfall intensity, I is the peak rainfall rate in inches per hour for a given return period storm
having a duration equal to the time of concentration. Rainfall intensity for use with the Rational
Method shall be the intensity of the design storm having a duration equal to the time of
concentration. Section 5.5, Storm Precipitation, discusses how to calculate rainfall intensity.
Runoff Coefficient
The runoff coefficient, C, represents the integrated effects of infiltration, evaporation, retention,
flow routing, and interception, all which effect the time distribution and peak rate of runoff.
Determination of the coefficient requires engineering judgment and understanding.
The first step in identifying the runoff coefficient is to determine the composite imperviousness of
the watershed using recommended values in Table 5.6.3. Once the percentage impervious is
determined, recommended C values for various return period storms are determined from Table
5.6.1. Table 5.6.1 includes C values for the 1.25-year return period which represents the 80th
percentile event and is to be used to determine the water quality flow rate for flow-based treatment
facilities.
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Table 5.6.3. Recommended Imperviousness Values
Land Use or Cover
Commercial/Mixed Use
Downtown and Base Areas*
All Other Commercial Areas
Residential
Single Family
2.5 acres or larger lot size
0.75 – 2.5 acres lot size
0.25 – 0.75 acres lot size
0.25 acres or smaller lot size
Multifamily and Resort Residential
Industrial
Light industrial
Heavy industrial
Parks, cemeteries
Playgrounds
Schools
Railroad yards
Undeveloped Areas
Historic Flow analysis
Greenbelts, agriculture
Off-site flow analysis
(when land use not defined)
Streets & Surfacing
Paved (concrete/asphalt)
Road base or recycled asphalt
Gravel (uniformly graded)
Drives and walks
Roofs
Lawns and golf courses (all soils)

Percent Impervious
95
75

12
20
30
45
75
80
90
10
25
55
50
2
2
45

100
80
40
90
90
2

Reference: UDFCD (2016)
*Downtown and Base Area Commercial defined as CO, G1, and G2 zoned parcels

5.6.2.3 HEC Models
The USACE HEC has developed models designed to simulate various hydrologic and hydraulic
processes. The HEC-1 Flood Hydrograph Package was the first hydrologic model developed. Its
successor, HEC-HMS (Hydrologic Modeling System), is designed to simulate the precipitation-runoff
processes of branching watershed systems. It is designed to be applicable in a wide range of
geographic areas for modeling the widest possible range of hydrologic conditions. This includes
large river basin water supply and flood hydrology, and small urban or natural watershed runoff.
Either program is acceptable for use in the City of Steamboat Springs. The designer is referred to
the HEC-1 and HEC-HMS User’s Manuals for additional guidance. The following subsections offer
guidance for determining some of the inputs to the HEC programs.

July 2019

5.6 Storm Runoff

Page 5.6-5

CITY OF STEAMBOAT SPRINGS ENGINEERING STANDARDS
CN Determination
If the SCS Method is specified for use in the basin model portion of a HEC model, a soil-cover curve
number (CN) is used for computing excess precipitation. The curve number CN is related to
hydrologic soil group (A, B, C, or D), land use, and cover. The soil group is determined from soil
maps for the area, which correlate each soil name with a hydrologic soil group. Land use and cover
can be determined during field visits or from aerial photographs. An antecedent moisture condition
II (AMC-II) is recommended for the City of Steamboat Springs.
Having determined the soil group, land use and cover, CN values can be determined from Table
5.6.4 below. Additionally, for undeveloped areas, Table 5.6.5 may be used if the site meets any of
the more specific cover types listed there. In watersheds with varying land use, a composite CN may
also be calculated directly from imperviousness estimates using the following equation.
CN = 98*Imp + X*(1-Imp)

(6)

Where:
Imp = imperviousness as a decimal
X = adjustment factor based on NRCS Soil Type:
Hydrologic Soil
Group

Adjustment
Factor, X

A
B
C
D

39
61
74
80

Losses
Once the curve number is determined, precipitation loss can be determined by first calculating the
soil moisture storage deficit and then the initial abstraction using the equations below. The HEC
model will also calculate loss and accumulated runoff when the initial abstraction is entered into
the loss tab when using the SCS methodology.
Q = (P - IA)2 / ((P - IA) + S)
S = (1,000 / CN) – 10
IA = 0.2 S

(7)
(8)
(9)

Where:
Q = accumulated excess (in)
P = accumulated rainfall depth (in)
IA = initial abstraction (in)
S = soil moisture storage deficit (in)
CN = SCS curve number
Since this method results in total excess for a storm, the incremental excess (the difference
between rainfall and precipitation loss) for a time period is computed as the difference between the
accumulated excess at the end of the current period and the accumulated excess at the end of the
previous period.
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Table 5.6.4. Runoff Curve Numbers
Land Use or Surface Characteristic
Commercial/Mixed Use
Downtown and Base Areas*
All Other Commercial Areas
Residential
Single Family
2.5 acres or larger lot size
0.75 – 2.5 acres lot size
0.25 – 0.75 acres lot size
0.25 acres or smaller lot size
Multifamily and Resort Residential
Industrial
Light
Heavy
Parks, cemeteries
Playgrounds
Schools
Railroad yards
Lawns and golf courses
Undeveloped Areas
Pre-development conditions
Greenbelts, agriculture
Off-site analysis when land use unknown
Outcrops
Streets/Roads & Surfacing
Paved
Road base or recycled asphalt
Gravel (uniformly graded)
Drives/Walks
Roofs

Runoff Curve Number for
Soil Type

Average
Imperviousness
(%)

A

B

C

D

95
75

95
83

96
89

97
92

97
94

12
20
30
45
75

46
51
74
66
83

65
68
83
78
89

77
79
88
85
92

82
84
91
88
94

80
90
10
25
55
50
2

86
92
45
45
69
48
40

91
94
63
63
80
67
62

93
96
75
75
86
78
74

94
96
81
81
89
83
80

2
2
45
70

40
40
66
80

62
62
78
87

74
74
85
91

80
80
88
93

100
80
40
90
90

98

98

98

98

63
92
92

76
94
94

84
96
96

87
96
96

Note: If watershed has multiple land uses, estimate imperviousness then compute the Curve Number from
Equation 6 based on soil type. Values are from a combination of UDFCD (2016) and USDA NRCS (2004).
*Downtown and Base Area Commercial defined as CO, G1, and G2 zoned parcels

July 2019

5.6 Storm Runoff

Page 5.6-7

CITY OF STEAMBOAT SPRINGS ENGINEERING STANDARDS
Table 5.6.5. Additional Curve Numbers for Arid and Semiarid Rangelands 1
Hydrologic
Condition 2

Cover Type
Herbaceous – mixture of grass, weeds and lowgrowing brush, with brush the minor element
Oak-aspen – mountain brush mixture of oak
brush, aspen, mountain mahogany, bitter brush,
maple, and other brush
Pinyon-juniper – pinyon, juniper, or both; grass
understory
Sage-grass – sage with an understory of grass
Desert shrub – major plants include saltbush,
greasewood, creosote bush, black brush,
bursage, paloverde, mesquite, and cactus

Poor
Fair
Good
Poor
Fair
Good
Poor
Fair
Good
Poor
Fair
Good
Poor
Fair
Good

Runoff Curve Number for
Soil Type
A3

B

C

D

63
55
49

80
71
62
66
48
30
75
58
41
67
51
35
77
72
68

87
81
74
74
57
41
85
73
61
80
63
47
85
81
79

93
89
85
79
63
48
89
80
71
85
70
55
88
86
84

1 Average runoff condition, and IA = 0.2S.
2 Poor: <30% ground cover (litter, grass, and brush overstory).
Fair: 30 to 70% ground cover
Good: >70% ground cover.
3 Curve numbers for group A have been developed only for desert shrub
Reference: USDA NRCS (2004)

Subwatershed Sizing
The determination of the peak rate of runoff at a given design point is affected by the number of
subwatersheds within a larger watershed. Typically, the more subwatersheds that are used to
define the total watershed, the more representative the calculated peak flow is of actual runoff
conditions. The improved predictive capability of multiple subwatersheds is due to better homogeny
of the subwatershed characteristics, as compared to analysis of the total watershed with no
subwatersheds. Recommended guidelines are:
• For watersheds up to 100 acres, the maximum subwatershed size should be
approximately 20 acres.
• For watersheds over 100 acres, increasingly larger subwatersheds may be used if the
land use and surface characteristics within each subwatershed are homogeneous. In
addition, the subwatershed sizing should be consistent with the level of detail needed
to determine peak flow rates at various design points within a given watershed.
Parameters
For the basin portion of the HEC model, the designer shall use SCS methodology unless site
conditions specifically indicate some other method should be used. A brief discussion shall be
submitted as part of the required drainage studies indicating the various methodologies and
parameters that were utilized in the basin model including, but not limited to, loss, transform,
baseflow, imperviousness, curve numbers, and initial abstraction.
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5.6.2.4 EPA SWMM
The EPA Storm Water Management Model (SWMM) is a rainfall-runoff model used for simulation of
runoff quantity. SWMM analyzes a collection of subwatersheds that receive precipitation and
generate runoff. SWMM routes that runoff through a system of pipes, channels, and basins or other
storage devices, tracks the quantity of runoff generated from each subwatershed, and tracks the
flow rate and depth of water in each pipe, channel, or storage element during a specified
simulation period with multiple time steps. EPA SWMM is most commonly used for larger
watersheds and for designing regional or even local detention basins and water quality facilities.
PCSWMM is a more advanced version of EPA SWMM and either model be used.
5.6.3

FEMA FLOWS

The Federal Emergency Management Agency (FEMA) has completed full hydrologic models of
several of the waterways within the City of Steamboat Springs. These include the Yampa River,
Spring Creek, Butcherknife Creek, Soda Creek, Walton Creek and an unnamed tributary, Fish Creek
and an unnamed tributary, and Burgess Creek and an unnamed tributary. Figure 5.6.1 indicates
these streams. Where FEMA hydrologic studies have been completed, the flow rates and water
surface elevations for each of the return periods studied shall be used for design of improvements
including site grading and layout as well as channel improvements.
5.6.4

CHANNEL ROUTING OF HYDROGRAPHS

When a large or non-homogeneous watershed is being investigated, it should be divided into
smaller and more homogeneous subwatersheds. The storm hydrograph for each subwatershed is
then routed through the channel and combined with individual subwatershed hydrographs to
develop a storm hydrograph for the entire watershed. A HEC or EPA SWMM model shall be used
when channel routing of hydrographs is required.
The Kinematic Wave method is recommended when the watershed has well defined channels, and
the Muskingum-Cunge method is recommended for poorly defined channels that have cross
sections that can be determined from detailed topography. Otherwise the Muskingum method is
recommended.
5.6.5

RESERVOIR ROUTING OF HYDROGRAPHS

The sizing of the detention storage may be based upon hydrograph storage routing techniques
rather than direct calculation of volume and discharge requirements. A HEC or EPA SWMM model
shall be used when reservoir routing of hydrographs is conducted. Information on when hydrograph
routing is appropriate can be found in Section 5.11.7, Hydrologic Design Methods and Criteria.
5.6.6

REFERENCES

United States Department of Agriculture, Natural Resource Conservation Service, 2004. “Part 630
Hydrology National Engineering Handbook, Chapter 9, Hydrologic Soil-Cover Complexes.”
Urban Drainage and Flood Control District, 2016. Urban Storm Drainage Criteria Manual, Volume 1,
Management, Hydrology, and Hydraulics.
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5.7.1

INTRODUCTION

Any water that is conveyed in such a manner that top surface is exposed to the atmosphere is
defined as open channel flow. This type of flow occurs in all channel types including streams,
rivers, canals, ditches, and drainage channels. This Section discusses all types of open
channel flow, including roadside ditches, and gives general guidance for designing
improvements to channels. For a more thorough discussion of open channel design principles,
the user is encouraged to review Section 3 of Chapter 7, Major Drainage, of the Urban Storm
Drainage Criteria Manual (USDCM) by the Urban Drainage and Flood Control District
(UDFCD), 2008.
5.7.2

FLOW CHARACTERISTICS

The hydraulics of an open channel can be very complex, encompassing many different flow
conditions from steady-state uniform flow to unsteady, rapidly varying flow. Most of the
problems in storm water drainage involve uniform, gradually varying or rapidly varying flow
states. Steady uniform flow, in which the depth of flow remains constant over the time interval
studied, is the most commonly analyzed flow condition in open channel hydraulics. The
calculations for uniform and gradually varying flow are relatively straight forward. Rapidly
varying flow computations such as hydraulic jumps and flow over spillways, however, can be
very complex, and the solutions are generally empirical in nature. This Section will only
discuss uniform, gradually varied flow computations. For rapidly varying flow conditions, the
designer is encouraged to review the many hydraulics textbooks written on this subject.
5.7.2.1 Normal Flow
Open channel flow is uniform if the depth of flow is the same at every section of the channel.
For a given channel geometry, roughness, discharge and slope, there is only one possible
depth for maintaining uniform flow. This depth is referred to as the “normal depth.” For
uniform flow within a prismatic channel (i.e., uniform cross section), the water surface will be
parallel to the channel bottom. Although uniform flow rarely occurs in nature and is difficult to
achieve in a laboratory, a uniform-flow approximation is considered appropriate for planning
and design purposes because of the straight forward calculation.
The computation of uniform flow and normal depth shall be based upon the Manning or
Uniform Flow Equation:
Q=

1.49 5 / 3 −2 / 3
1.49
A P
S=
AR 2 / 3 S
n
n

(5.7.1)

Where:
Q = flow rate (ft3/s)
n = Manning roughness coefficient
A = area (ft2)
P = wetted perimeter (ft)
R = hydraulic radius = A/P (ft)
S = slope of the energy grade line (ft/ft)
For prismatic channels, the energy grade line, hydraulic grade line, and the bottom can be
assumed parallel for uniform, normal depth flow conditions. Table 5.7.1 provides a list of
Manning roughness coefficient values for many types of conditions.
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Table 5.7.1 Manning’s Roughness Coefficients
TYPE OF CHANNEL AND DESCRIPTION

Roughness Coefficients

EXCAVATED OR DREDGED
Earth, straight and uniform
Clean, recently completed
Clean, after weathering
Gravel, uniform section, clean
With short grass, few weeds
Earth, winding and sluggish
No vegetation
Grass, some weeds
Dense weeds or aquatic plats in deep channels
Earth bottom and rubble sides
Stony bottom and weedy banks
Cobble bottom and clean sides
Dragline-excavated or dredged
No vegetation
Light brush on banks
Rock cuts
Smooth and uniform
Jagged and irregular
Channels not maintained, weeds and brush
Dense weeds, high as flow depth
Clean bottom, brush on sides
Same as above, but highest state of flow
Dense brush, high state

.018
.022
.025
.027
.025
.030
.035
.030
.035
.40
.035
.040
.035
.040
.080
.050
.070
.100

LINED OR BUILT-UP CHANNELS

Concrete
Trowel Finish
Float Finish
Gunite, good section
Gunite, wavy section
Concrete Bottom
Dressed stone in mortar
Random stone in mortar
Dry rubble or riprap
Gravel bottom with sides of
Formed concrete
Random stone in mortar
Dry rubble or riprap
Asphalt
Smooth
Rough
Grassed

.013
.015
.019
.022
.017
.020
.030
.020
.023
.033
.013
.016
.04

Reference: Chow, V.T., Open Channel Hydraulics, 1959
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5.7.2.2 Gradually Varied Flow Computation
The most common occurrence of gradually varied flow in storm drainage is the backwater
created by culverts, storm drain inlets, or channel constrictions. For these conditions, the flow
depth will be greater than normal depth in the channel, and the water surface profile can be
computed using either the direct-step or standard step method. The Direct-Step Method is
best suited to the analysis of simple prismatic channels, and the Standard-Step Method is
required for the analysis of irregular or non-uniform cross-sections. The most general and
widely used programs are the U.S. Army Corps of Engineers’ HEC-2 and HEC-RAS programs.
The design engineer may use these programs or proprietary computer software specifically
approved by the Public Works Department to compute water surface profiles for channel and
floodplain analyses.
5.7.2.3 Critical Flow Computation
Critical flow through a channel is characterized by several important conditions regarding the
relationships between flow, specific energy, and slope of a particular hydraulic cross-section.
The Froude Number (Fr) is a measurement used to identify when flow becomes critical. Flow
is critical when the Froude Number is equal to 1.0.
Typically, channels must not be designed to flow at or near critical state (0.80 < Fr < 1.2)
because flow is unstable in this range. Within this range, factors causing only minor changes
in specific energy, such as channel debris or minor variation in roughness, will cause a major
change in depth.
The Froude Number (Fr) is defined as follows:

Fr =

v

(5.7.2)

gDh

Where:
Fr
v
g
A
T
Dh
5.7.3

= Froude number (dimensionless)
= velocity (ft/s)
= gravitational acceleration (32.2 ft/s2)
= channel flow area (ft2)
= top width of flow area (ft)
= hydraulic depth, Dh=A/T (ft)

TYPES OF OPEN CHANNELS

There are many options available to convey surface water in an open channel. These range
from existing natural channels to concrete rectangular channels. Open channels can be
categorized as either natural or engineered. Natural channels include all watercourses that
are carved and shaped by erosion and sedimentation. Engineered channels are those
constructed by human efforts. Of the six different types of open channels described in the
following subsections, natural channels and grass-lined channels are preferred within the City
of Steamboat Springs. Other channel types may be considered on a case-by-case basis
based on site conditions and flow characteristics.
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5.7.3.1 Natural Channels
Natural channels are carved and shaped by natural erosion processes before urbanization
occurs. As the channel’s tributary watershed urbanizes, natural channels often experience
erosion and may need grade control checks and localized bank protection to stabilize. Natural
channels are strongly influenced by urbanization. If watershed imperviousness exceeds
around 10%, it is likely that a natural channel is no longer viable and mitigation measures will
be required, such as bank and bed stabilization measures.
5.7.3.2 Grass-Lined Channels
Grass-lined channels are the most desirable of all the types of constructed or modified
drainageways. They provide channel storage, lower velocities, groundwater recharge, and
various multiple use benefits. Low flow areas may need to be concrete, rock-lined, or
otherwise reinforced with vegetation to minimize erosion and maintenance problems. Due to
ditch maintenance considerations, turf reinforcing mats may only be considered in instances
with low probability of ditch sediment loading. Where ditch sediment loading probability is high
due to unstable run-on slopes or channels or in areas with frequent road sanding operations,
periodic constructed ditch checks may be required.
5.7.3.3 Wetland Vegetation Bottom Channels
Wetland vegetation bottom channels are grass-lined channels that are designed to encourage
the development of wetlands in the channel bottom. These channels offer potential benefits
that may include wildlife habitat, groundwater recharge and water quality enhancement. In
low-flow areas, the banks may need supplemental reinforcement to protect against
undermining.
5.7.3.4 Concrete-Lined Channels
Concrete-lined channels are high velocity artificial drainageways that are not encouraged.
However, in retrofit situations where existing flooding problems need to be solved and where
right-of-way is limited, concrete channels may be appropriate. Special attention should be
taken to provide safety measures around the concrete-lined channels. Concrete channels are
not permitted for use in the City without specific approval by the Public Works Department.
5.7.3.5 Riprap-Lined Channels
Riprap-lined channels offer a compromise between a grass-lined channel and a concrete-lined
channel. They can reduce right-of-way needs as compared to grass-lined channels and avoid
the higher costs of concrete-lined channels.
Riprap-lined uniform channels are not
encouraged. Note, however, that riprap for use at culvert outlets is encouraged and shall be
as specified in Section 5.10, Culverts and Bridges. If riprap is used, it shall be a soil-riprap mix
of at least 30% soil, mixed prior to placement, and seeded or otherwise vegetated in
accordance with the City’s Standard Specifications.
5.7.3.6 Other Channel Linings
Additional channel liners are also available including gabion, interlocked concrete blocks,
concrete revetment mats formed by injecting concrete into double layer fabric forms, and
various types of synthetic fiber liners. As with rock and concrete liners, all of these types are
best considered for helping to solve existing urban flooding problems and are not
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recommended for new developments. Each type of liner has to be scrutinized for its merits,
applicability, how it meets other community needs, its long term integrity, and maintenance
needs and costs. Channels lined with artificial materials, except as noted above, are not
permitted in new development areas.
5.7.4

CHANNEL SELECTION

Each type of channel must be evaluated for its longevity, integrity, maintenance requirements
and costs, and general suitability for community needs, among other factors. Selection of a
channel type that is most appropriate for the conditions that exist at a project site shall be
based on a multi-disciplinary evaluation, which may include hydraulic, structural,
environmental, sociological, maintenance, economic, and regulatory factors. In the City of
Steamboat Springs, natural-looking channels, such as grass-lined channels, are far preferred
to channel improvements that drastically change the look, shape, lining, alignment, or flow
characteristics of the existing channel. The use of concrete-lined and riprap-lined channels is
discouraged. In the event an entirely new channel is required, such as through a new
development, it should closely mimic similarly-sized natural channels in the surrounding area
whenever possible. In the event a harder channel lining such as concrete or riprap is required,
the designer shall consult with the Public Works Department to arrive at solution that is
acceptable to the City.
To the maximum extent possible, any channel improvements should strive to maintain the
existing flow rate and alignment of an existing open channel. This Section presents general
design standards that apply to all improved channels.
The following multi-disciplinary factors should be used when selecting the channel that is most
suitable for a specific site.
Table 5.7.2 Channel Selection Factors
Hydraulic
Factors

Structural
Factors

Environmental
Factors

Sociological
Factors

Maintenance
Factors

Regulatory
Factors

Topography

Cost

Wildlife habitat

Pedestrian traffic

Life expectancy Federal

Capacity
needed

Shear stress

Neighborhood
character

Neighborhood
social patterns

Maintainability

State

Slope of
thalweg

Momentum
transfer

Wetland
mitigation

Recreational
needs

Accessibility

Local

Basin
sediment
yield

Seepage and
uplift forces

Neighborhood
Street and traffic
population and
patterns
age group

Repair and
reconstruction

Right-of-way

Ability to
drain
adjacent
lands

Area to waste
excess
material

Neighborhood
aesthetic
requirements

Proven
performance

Municipal or
county
policies

Pressures and
Water quality
pressure
enhancement
fluctuations
Availability of
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material

5.7.5

green areas

GENERAL DESIGN CRITERIA FOR IMPROVED OPEN CHANNELS

With the following exceptions, all open channel improvements shall be designed in accordance
with the latest versions of Chapter 7, Major Drainage, and Chapter 8, Hydraulic Structures, of
the Urban Storm Drainage Criteria Manual by the UDFCD. For each type of channel specified
above, Chapter 7 discusses design velocity and Froude number, flow depth, longitudinal slope,
curvature, bottom width, side slopes, riprap sizing, and freeboard requirements. Chapter 8
discusses energy dissipation structures such as grouted sloping boulder drop structures,
baffled chute drops, and impact stilling basins should these be required in the City.
All open channels within the City of Steamboat Springs shall be designed to convey water in a
subcritical flow condition (Fr<0.8). All open channels shall be designed with public safety in
mind and adequate maintenance access shall be provided.
5.7.5.1 Manning Roughness Coefficients
Table 5.7.1 shows recommended values for the Manning roughness coefficient for various
channel types and conditions. The values were taken from Open Channel Hydraulics by
Chow, 1959. Manning roughness coefficients for riprap channels shall be calculated as:
n = 0.0395 d501/6

(5.7.3)

Where:
n = Manning’s roughness coefficient
d50 = the mean stone size in feet
5.7.5.2 Channel Velocity
The various channel linings are only stable up to certain velocities. Channel design should
consider reducing the potential for erosion and may require a decrease in slope, change in
channel bottom material, or the addition of revetment. Table 5.7.3 presents the major storm
maximum permissible velocity for common channel linings. Erosive soils include loams,
sands, and noncolloidal silts. Less erosive soils include clays, shales, cobbles, and gravel.
Table 5.7.3 Maximum Permissible Mean Channel Velocity
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Channel Lining

Maximum
100-Year
Velocity (fps)

Grass in Erosive Soils
Grass in Less Erosive Soils
Cobble in Erosive Soils
Cobble in Less Erosive Soils
Angular Riprap
Semi-Angular Riprap
Grouted Riprap
Gabions

5.0
7.0
5.0
7.0
15.0
12.0
15.0
15.0
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Soil Cement
Concrete

15.0
20.0

5.7.5.3 High Gradient Channels
In the City of Steamboat Springs, natural channels can have steep grades with cobble or rock
along their bottoms. While uniform flow calculations with standard channel roughness values
generally predict supercritical flow, field observations show that these channels are often
protected by natural armoring. Field investigations have resulted in procedures for estimating
hydraulic roughness for these streams that result in lower calculated velocities than those
obtained with the Manning’s equation with a uniform roughness coefficient. The designer is
encouraged to review Determination of Roughness Coefficients for Streams in Colorado by
Robert D. Jarrett in cooperation with the Colorado Water Conservation Board.
The following equation may be used to as an aid in predicting the roughness coefficient of a
high-gradient channel provided the channel certain criteria are met.
n = 0.39 Sf0.38 R-0.16

(5.7.4)

Where:
n
Sf
R

= Manning’s roughness coefficient
= channel friction slope, ft/ft
= hydraulic radius (A/P), feet

The following limitations on use of the above equation apply and are basic guidelines for when
it should be used.
1. The channel must be a natural main channel that has a relatively stable bank
material and a cobble or boulder bed material.
2. The channel friction slope must be between 0.01 and 0.04 feet per foot and the
hydraulic radius must be between 0.5 and 7 feet.
3. The channel must not be affected by backwater.
In each case the major storm shall not result in a Froude number greater than 0.80, a flow
depth greater than 5.0 feet, or less than 1.0 feet of freeboard at any point along the channel
reach.
Although overall slopes of natural channels can be very steep in mountainous areas, channels
often times have achieved these high average grades by cutting very steep drops along what
otherwise are flatter channel reaches. The analysis of a natural mountain stream requires a
careful topographical investigation. In constructing the hydraulic model of a natural channel, it
is important to recognize that friction slope and hydraulic radius, and the n value as a
consequence, can change frequently. The hydraulic model should take this into account by
dividing the channel into reach lengths of reasonably uniform discharge, depth, slope, and
channel and floodplain geometry. Determination of Roughness Coefficients for Streams in
Colorado gives an in-depth discussion of suggested reach lengths and subdivision of cross
sections to be used in the hydraulic model.
Natural channels have typically reached a reasonable state of equilibrium based on the
amount of peak runoff they are accustomed to receiving. Although a new development may
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not encroach on the floodplain of a natural channel, it is also critically important that it does not
increase the peak runoff the channel receives. This could very easily cause erosion of the
channel and require potentially costly remediation. The guidance in Section 5.11, Detention,
specifies that no new development shall increase peak runoff from the area it occupies
because of the erosive damage that allowing this could cause, among other adverse effects.
If site conditions suggest use of Equation 5.7.4 might be appropriate, the designer shall consult
with the Public Works Department to confirm its applicability and discuss any additional
specific site concerns regarding the stability of the natural channel. If the average slope of an
existing natural channel though a development is greater than 1.0%, the existing natural
channel should not be reconfigured either in horizontal or vertical alignment to suit
development unless a geotechnical investigation identifies that the channel is unstable in its
current condition. Rather, development should be planned to accommodate the location of the
natural channel and its existing floodplain.
5.7.6

ROADSIDE DITCHES

When possible, roadside ditches shall be grass-lined and shall be designed so that flow
velocities do not cause erosion of the ditch lining. Maximum longitudinal channel slopes shall
be dictated by a maximum allowable Froude number of 0.80 and a maximum allowable
velocity of 7 feet per second. Velocities shall be estimated using Manning’s equation. For
grass-lined channels, Manning’s n value as well as velocity and capacity calculations shall be
based on the Soil Conservation Service (SCS) Retardance Curve C shown in Figure 5.7.1.
The Froude number for roadside ditches shall be calculated as follows:

Fr =

V
V
0 .5 =
0 .5
(gDh )
 gA 
 
T 

(5.7.5)

Where:
Fr = the Froude number
V = average ditch velocity, fps
A = cross sectional area of flow, ft

2

T = width of the channel at the surface of flow, ft
D h = hydraulic depth, ft
g = gravitational constant, 32.2 ft/s

2

Note that using Figure 5.7.1 requires a trial-and-error approach, first assuming an n value and
then calculating the various parameters repeatedly until the intersection of VR (the product of
the velocity and the hydraulic radius) and the Froude number falls on the specified SCS
Retardance Curve.
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Figure 5.7.1 SCS Retardance Curves

Alternately, the UDFCD has developed a spreadsheet that will calculate a number of
parameters given a user-specified ditch geometry, flow depth, and Retardance Curve. The
spreadsheet is titled UD-Channels and is available on the UDFCD website under Technical
Downloads. The user should use the “Rating” worksheet.
The following criteria also apply:
1. For arterial and collector roadways, the major storm shall not encroach upon any drive
lane. Figure 5.7.2 is a schematic of this.
2. For local roadways, including primary commercial and multifamily access drives, and
emergency access routes when required by the fire chief. the major storm
shall not inundate the outside edge of the outside drive lane by more than 6”. Figure
5.7.3 is a schematic of this requirement.
3. Side slopes of roadside ditches shall be no steeper than 2H:1V.
4. No roadside ditch shall have a flow depth greater than 3 feet.
5. A minimum velocity of 2.0 fps is required to discourage sediment build-up.
6. Residences shall be no less than 12 inches above the major storm water surface
elevation at the ground line or at the lowest point of entry.
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Figure 5.7.2 Collector and Arterial Inundation Limits

Figure 5.7.3 Local Roadway Inundation Limits

5.7.6.1 Ditch Checks
Due to the natural topography of the area, it is not unusual for developments within the City of
Steamboat Springs to have relatively steep roadside ditch slopes. When ditch slopes are
steeper than 3%, the potential for erosion is especially high. Ditch checks provide a method by
which to slow down ditch flow velocities and prevent unnecessary erosion. Ditch checks are
required where the Froude number exceeds 0.80 or the velocity exceeds 7 feet per second.
Ditch checks act like miniature drop structures. They allow for flattening the channel slope to
achieve the required Froude number and velocity values. The upstream side of each ditch
check shall be buried while the downstream side will allow for no more than a 2-foot drop at a
slope of 2H:1V. Each drop will be required to have a riprap apron extending a minimum of five
feet downstream of the toe of the ditch check. Ditch checks shall be installed longitudinally at
the interval required to meet Froude number and velocity requirements for the design storm.
The ditch cross section at the downstream toe of each ditch check will be a standard v-ditch.
At this location, the bottom of the ditch has no width. The ditch width will transition from zero
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at this point to four times the height of the next ditch check at the crest of the next ditch check
(assuming the ditch side slopes are 2H:1V) In this fashion, the side slopes of the roadside
ditch will remain constant through each of the ditch checks. Figure 5.7.4 gives a detail of a
typical ditch check.
Figure 5.7.4 Ditch Check Schematic Details

5.7.6.2 Ditch Stabilization
When a new roadway is cut through a development or an existing roadway is widened or
otherwise disturbed, the adjacent roadside ditch is typically completely bare, at least initially.
Although it may be seeded very promptly upon completion of construction, it will remain
vulnerable to erosion until a good stand of grass is actually established. To prevent roadside
ditch erosion during this sensitive period of time, ditches shall be stabilized in accordance with
the project Specifications.
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5.8.1

INTRODUCTION

The drainage system in the City of Steamboat Springs is generally intended to be an open
channel system. Section 5.7, Open Channels, discusses the design of roadside ditches for
this purpose. In some areas of town such as the downtown business district, Central Park
area, on private roads within private developments, and on new public streets or reconstructed
public streets built to conform to standard street sections, it is allowable to have an enclosed
drainage system that typically includes curb and gutter, curb inlets, and storm sewer networks.
This Section presents criteria for storm drainage flows on public streets having curb and gutter
as well as the selection and placement of storm drain inlets. Section 5.9, Storm Drain
Systems, discusses storm drain design criteria. Any new curb and gutter must conform to
requirements included in Chapter 4: Street Standards
5.8.2

STREETS AS PART OF THE DRAINAGE SYSTEM

The primary function of public streets is the movement of traffic, and use of streets as part of
the drainage system must be limited to prevent interference with traffic. Street inundation
limits are specified in this Section in order to limit this interference. These standards also
apply to primary commercial and multifamily access drives and emergency access routes
when required by the Steamboat Springs Fire Chief.
Streets typically convey runoff collected on the street surface itself as well as from some
limited portion of the surrounding area. Streets must be capable of conveying that runoff to
either a storm drain or open channel system. The maximum allowable capacity of a street is
based upon its cross-sectional geometry, longitudinal slope, and the maximum allowed depth
of runoff. Where the minor storm event exceeds the maximum depth, inlets must be used to
reduce street flow. During a major storm event, streets may become emergency runoff
channels, routing floodwaters away from structures. During such an event, many streets will
be inundated to the point they are impassable to most vehicles.
5.8.3

ALLOWABLE FLOW DEPTH, SPREAD, AND VELOCITY

Calculations for flow capacity and velocity in a given street section are based upon the limits
specified for each type of roadway and the assumption that area outside the street right-of-way
does not contribute to the capacity of the street system. For calculation purposes, it is
assumed that an infinitely high vertical wall of zero roughness exists at the right-of-way
boundary, and any flow area outside this boundary is not considered in analysis. Due to the
potential for a single street cross-section to have different half-street cross-sections, all street
capacity calculations are to be completed on a half-street basis. Therefore, the same verticalwall assumption applies to the street centerline as to the right-of-way where the calculated flow
width exceeds the half-street width. Figure 5.8.1 illustrates this concept.

Figure 5.8.1 Flow Calculation Schematic
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At sump locations, pipes and/or channels must be provided to facilitate compliance with
maximum limits as described above. Maintenance access must be provided for these
facilities, including easements where outside the right-of-way.
When a roadway has an enclosed drainage system, the system is typically designed to carry
the minor storm. As such, the roadway itself must be designed to fully carry the difference
between the minor storm flows and the major storm flows.
5.8.3.1 Collector and Arterial Streets
The enclosed drainage system on a collector or arterial street shall be designed so that the
minor storm flow depth in the street does not exceed 6 inches at the gutter flow line. The
system shall also ensure that at least one 12-foot lane of traffic remains open in each direction
during the major storm event. Velocity shall be less than 8 feet per second. Each residence
shall have both its ground line and lowest point of entry no less than 24 inches above the
gutter flow line. Where existing buildings are not 24 inches (for residential buildings) or 12
inches (for commercial buildings) above the gutter flow line, major storm flow depth shall be
limited to 6 inches. Figure 5.8.2 is a schematic diagram of the allowable flow on collector and
arterial streets not having a contingency caused by existing buildings.
Figure 5.8.2 Collector and Arterial Inundation Limits

5.8.3.2 Local Streets, Primary Commercial & Multifamily Access Roads
The enclosed drainage system on a local street, primary or multifamily access, or emergency
access as required by the fire chief, shall be designed so that the minor storm flow depth in the
street does not exceed 6 inches at the gutter flow line. The system shall also ensure that the
major storm flow depth does not exceed 12 inches at the gutter flow line. Velocity shall be less
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than 8 feet per second. Each residence shall have both its ground line and lowest point of
entry no less than 24 inches above the gutter flow line. Where existing buildings are not 24
inches (for residential buildings) or 12 inches (for commercial buildings) above the gutter flow
line, major storm flow depth shall be limited to 6 inches.
5.8.4

STREET HYDRAULIC CAPACITY EVALUATION

Gutter and street flow are assumed to be uniform for the purpose of hydraulic evaluation and
design, but as street flow depth increases, flow width increases at a much faster rate. This
wide, relatively shallow flow has the effect of decreasing the hydraulic radius, rendering the
standard Manning’s equation somewhat inaccurate. The following equation shall be used
instead:
QS =

Ku
n

5

1

S X 3 S L 2 TS

8

3

(5.8.1)

Where:
Q S = Street Flow Capacity Not Including Gutter (cfs)
n = Manning' s Roughness Coefficient
K u = 0.56
S X = Street Cross Slope
S L = Street Longitudin al Slope
TS = Flow Top Width Not Including Gutter (ft )

For streets with a single cross slope for the gutter and street section, the above equation will
suffice for determining total capacity if the TS term is modified to include the gutter. However,
when the gutter has a steeper cross slope than the street, the above equation specifies
capacity in the flow area between the edge of pavement (not including the gutter itself) and the
edge of flow. A Manning’s roughness value of n = 0.016 should be used.
Where flow stays within the gutter section, the standard Manning’s equation is used:
Q=

1.49
n

A ⋅R

2

3

⋅ SL

1
2

(5.8.2)

Where:
Q = Flow Capacity (cfs)
SL = Street Longitudinal Slope
R = Hydraulic Radius (ft) = A P
A = Cross − Sectional Flow Area (sf)
P = Wetted Perimeter (ft)

For streets with differing slopes in the gutter section and the street section, Equation 5.8.3
shall be used. Figure 5.8.3 is a graphic showing some of the variables used.
Q =
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Where:

Q = Total Flow Capacity (cfs)
Q s = Flow Outside the Depressed Gutter Section (cfs)
1

Eo =
1+

S

w

S

x

 Sw Sx 
1 +

 (T W ) − 1

83
−1

S w = Gutter Cross Slope = S x +

a
W

a = Gutter Depression (feet)
W = Width of Gutter (feet)
T = Total Top Width of Flow Including Gutter (feet)

Figure 5.8.3 Gutter Section with Composite Cross Slope

The user should first determine flow outside the gutter section using Equation 5.8.1, then
calculate Eo, and finally compute total flow in the composite street and gutter section.
The maximum allowable gutter velocity is eight (8) feet per second. Velocities exceeding this
value can create safety issues, cause erosive damage to the street and other surfaces, and
reduce the effectiveness of storm drain inlets.
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Alternately, the Urban Drainage and Flood Control District (UDFCD) has developed an excel
spreadsheet that will calculate street hydraulic capacity given detailed user input. The
spreadsheet is titled UD-Inlet and is available on the UDFCD website under Technical
Downloads. The website should be checked to ensure the most recent version of UD-Inlet is
being used as the UDFCD often updates its technical materials as new data becomes
available.
5.8.5

STORM INLET SELECTION, SIZING, AND LOCATION

Wherever storm flow in the street exceeds allowable flow spread, velocity, or depth, some or
all of the flow must be intercepted by a storm drainage inlet. The standard street inlet
permitted for use in the City of Steamboat Springs is the Denver Type 16 Combination grated
inlet with a bicycle safe grate. Each inlet shall be constructed with a 2-foot sump below the
lowest pipe invert elevation to allow for collection and removal of sediment and debris that can
accumulate in storm sewers. Area inlets approved for public use include CDOT Type C, Type
D, and Type 13 inlets. Type “L” (2ftX3ft) vane inlets may be allowed on sloped storm sewer
systems with a specific flow direction and Type “A” (2ftX3ft) inlets may be allowed in sump or
flat flow conditions.
Inlets may be located on a continuous grade where flow not intercepted by the inlet will pass to
another location. Or they may also be located in the sag portion of a street’s vertical alignment
or at any other sump location such as in a parking lot or unpaved area. Computation of inlet
capacity involves several factors including type of inlet, location, grate type, inlet geometry,
flow width and depth, and longitudinal and cross slopes.
Due to the winter climate in Steamboat Springs, inlets may experience temporary clogging due
to snow and ice accumulation. Because of the variability of the freeze-thaw cycle, it is difficult
to quantify the effects of snow and ice on the inlets. The standard clogging factors provide
some design contingency and no additional capacity factors beyond those required herein for
clogging are required to address winter conditions.
5.8.5.1 Hydraulic Capacity of Inlets on a Continuous Grade
The amount of flow an inlet intercepts is affected by different factors for different inlet types.
Grate inlet capacity is affected by the amount of water flowing over the grate, the gutter flow
velocity, and blockage due to debris. Curb inlet capacity varies primarily with inlet length,
depth of flow, and longitudinal and cross slopes of the gutter and street. Combination inlets
have essentially the same interception capacity as grate inlets standing alone; however, the
curb opening portion of a combination inlet provides much greater debris-handling capability
than a grate inlet has on its own. As specified above, the Denver Type 16 Combination grated
inlet with a bicycle safe grate shall be used.
UD-Inlet, the spreadsheet developed by the UDFCD and mentioned earlier in this Section, will
calculate hydraulic capacity of an inlet on grade given detailed geometric input. The
spreadsheet is available on the UDFCD website and shall be used to calculate the hydraulic
capacity of an inlet on grade. Any carryover flow calculated at an inlet on grade shall be added
to the design discharge at the next inlet. Note also that inlets on grade should be designed to
capture between 70 and 80 percent of the design discharge.
5.8.5.2 Hydraulic Capacity of Inlets in Sump Conditions
Street inlets in sump conditions must have the capacity to capture all of the runoff draining to
the sump without exceeding maximum allowable ponding depths. To ensure maximum

5/8/2015

5.8 STREETS AND ROADSIDE CONVEYANCE

page 5

City of Steamboat Springs Engineering Standards
allowable ponding depth is not exceeded, a secondary flow path must be provided in the case
of inlet failure. The preferred secondary flow path is a designated emergency overflow weir
and channel located within an accessible drainage easement. It must be protected from
erosive effects by pavement or riprap. If no easement is available at the inlet location, flanker
inlets must be installed in the same gutter on each side of the primary inlet. Flanker inlets are
located upgradient 10 to 50 feet from the primary sump inlet. The two flanker inlets shall have
a combined design capacity equal to or greater than that of the primary inlet.
UD-Inlet, the spreadsheet developed by the UDFCD and mentioned earlier in this Section, will
calculate hydraulic capacity of a street inlet in a sump condition given detailed geometric input.
The spreadsheet is available on the UDFCD website and shall be used to calculate the
hydraulic capacity of an inlet in a sump condition. Where the option exists, the user shall
accept the default values for clogging factors and for orifice and weir coefficients unless site
conditions specifically dictate the use of different values.
The capacity of Type C and Type D area inlets with close mesh grates in a sump condition
shall be determined from Figure 5.8.4. This figure gives the capacity of a Type C inlet with a
close mesh grate and includes a 75% reduction factor. The capacity of a Type D inlet shall be
equal to the capacity of a Type C inlet with two grates. The capacity of a Type 13 area inlet
with a valley grate shall be determined from the manufacturer’s inlet capacity curve.
Figure 5.8.4 Type C and D Area Inlet Capacity

Reference: Douglas County Storm Drainage and Technical Criteria Manual

5.8.5.3 Grate Selection
The City of Steamboat Springs requires that a bicycle-safe grate be used in all paved areas
that may receive pedestrian or bicycle traffic unless specifically approved by the Public Works
Department. The types of grates permitted for use with the Type 16 Combination grated inlet
are vane grates and valley grates in single, double, and triple-inlet configurations. Vane
grates, however, shall not be used in sump conditions.
Due to variances in nomenclature among various casting facilities, the designer should note
that a “Type 16 Combination” inlet may sometimes imply the use of a vane grate. When a
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combination inlet is to be installed with a valley grate, this is sometimes designated as a “Type
13 Combination” inlet depending on the manufacturer. The designer should consult with the
manufacturer to ensure compliance with these criteria and not unconditionally specify a “Type
16 Combination” inlet. The typical vane grate for use with a Type 16 Combination inlet is
Neenah/Deeter Foundry #2502L or East Jordan Ironworks #7567M. The typical valley grate to
be used with a Type 16 Combination inlet is Neenah/Deeter Foundry #2502A or East Jordan
Ironworks #7567M2. In public sump areas not in a roadway, such as a parking lot or unpaved
open area, the CDOT close mesh grate may be used with the Type C and Type D area inlets
and Neenah/Deeter Foundry #2501-A or East Jordan Ironworks #7567M2 may be used with
the Type 13 area inlet. A “drains to river” stamp shall be included in all grate inlets.
5.8.5.4 Inlet Location and Spacing
In streets, inlets should be placed at any location where water may encroach on street traffic
beyond the allowable limits. At no time shall inlets be located within a curb ramp, but an inlet
shall be located within 50 feet upstream of all curb ramps. Inlets shall be located to prevent
bypass flows from the minor storm from crossing any street, although minor storm flows shall
be allowed to cross alleys. During the major storm, flow depth across any street shall be
limited to 6 inches at the gutter flow line. .
Additional street inlet locations shall be determined using the following iterative process:
1. Determine a preliminary location for the inlet based on street configuration and
estimated runoff to the gutter.
2. If the inlet is in a sump, location is essentially fixed during the remainder of the design
process. The inlet should be sized to maintain water depth and spread within the limits
set by this Manual. If the required inlet size becomes excessively large, the designer is
urged to install additional inlets upgradient from the sump.
3. For inlets on a grade, the designer must find the flow characteristics at the selected
preliminary inlet location to determine whether the inlet needs to be placed further
upstream or may be moved downstream based on maximum allowable parameters.
4. The designer should take into account the change in tributary area to the inlet
associated with any upstream or downstream movement.
5. A typical design interception efficiency of an on-grade inlet is 70 to 80 percent. As
mentioned previously, on-grade inlets designed to capture 100 percent of runoff tend to
be significantly less effective both hydraulically and economically.
6. The designer should include any carryover or bypass flow from an upstream inlet when
calculating the flow at a downstream inlet. Although the peak runoff to an inlet may not
coincide with the peak carryover flow from an upstream inlet, these two peak flows
shall be added to find the total peak flow to the downstream inlet.
7. Maximizing the use of sump inlets tends to increase the overall efficiency of the inlet
system, and inlets must be installed at all street sags and at all sumps formed by
intersections except where other drainage provisions have been made. Therefore, it is
suggested that sump inlets are located prior to the placement of any on-grade inlets
during the design process.
When incorporating sumps into paved areas such as parking lots or unpaved open spaces,
they should be configured so that ponding at the sump inlets does not exceed 12 inches during
the minor storm. Buildings shall be no less than 12 inches above the major storm ponding
depth at the ground line or at the lowest point of entry.
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5.9.1

INTRODUCTION

Storm drains are used to convey runoff in locations where streets exceed their capacity or are
otherwise unable to drain. Runoff is typically introduced into a storm drain via a street inlet,
discussed in Section 5.8, Streets and Roadside Conveyance. However, water may also enter
the system via grated area inlets or culvert inlets. The design of a storm drain system is
dependant on topography, street rights-of-way and drainage easements, the need to convey
flows from multiple locations, existing and proposed structures and utilities, outfall locations,
local hydrology, and design criteria.
Typically, storm drains are sized to convey peak runoff from the minor storm in excess of street
flow capacity. This means the upper end of a storm drain system will usually be located at the
first inlet encountered by runoff in a given watershed. As discussed in Section 5.8, Streets and
Roadside Conveyance, the first inlet will either be located where runoff first exceeds street
capacity or where there is a vertical sag in the street.
Occasionally, inlets and storm drains must be sized to convey the entire major storm event
flow. Two examples of this situation are:
1. Locations where street flow is not in the desired direction and there is no other feasible
drainage solution (such as closed basins).
2. Locations where the standard allowable major storm street capacities do not apply,
such as negative slopes outside the curb but within the right-of-way.
Peak runoff values are found using the methods set forth in Section 5.6, Storm Runoff.
5.9.2

STORM DRAIN DESIGN CRITERIA

This Section presents certain parameters relating to the design and construction of storm drain
systems in the City of Steamboat Springs. Storm drain systems shall be sized for the minor
storm event. All criteria and guidelines below apply to the minor storm event unless site
conditions offer no viable overflow option for the major storm event.
5.9.2.1 Allowable Capacity
A storm drain shall be designed to convey all the design storm runoff from areas tributary to it.
The design of surcharged storm pipes is not allowed for the minor storm. Methodology for the
calculation of the energy grade line (EGL) and the hydraulic grade line (HGL), indicating all
hydraulic losses due to friction, junctions, and other structures and phenomenon is included in
this Section. The minor storm HGL shall at no time or location exceed finished grade.
For the purpose of completing a conceptual storm drain system design, calculation of an EGL
and HGL is not required. In these cases, the initial design methods presented at the end of
this Section are considered sufficient.
5.9.2.2 Allowable Velocity
Minimum velocities are required in storm drains to reduce sedimentation and promote positive
drainage through the pipe at all depths. A minimum design-flow velocity of 2 feet per second is
required for all public and private storm drains.
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Public and private storm drains shall have a maximum design-flow velocity of 10 feet per
second. Velocity may be increased to 15 feet per second, but the required gage thickness of
corrugated metal pipes must be increased by one increment and the wall thickness of
reinforced concrete pipes must increased from Wall B to Wall C in these instances. See the
City’s Standard Specifications for required pipe gage and thickness. Note that maximum
outfall velocities are more restrictive to protect those areas from extensive erosion. See
Sections 5.7, Open Channels, and 5.10, Culverts and Bridges, for details.
5.9.2.3 Pipe Roughness
Table 5.9.1 provides a range of Manning’s n values for many pipe materials and
configurations. For capacity calculations, hydraulic roughness shall be the largest Manning’s n
value in the provided range. The designer may choose to use a higher Manning’s n value if
conditions warrant.
Table 5.9.1 Manning’s Roughness Coefficients for Storm Drain Conduits
Type of Conduit (see note)
Concrete Pipes
Concrete Boxes
Wood forms
Steel forms
Spiral-Rib Metal Pipes
Corrugated Metal Pipes & Boxes
Annular Corrugations
Helical Corrugations

Structural Plate Corrugations
Corrugated Polyethylene (HDPE)
Polyvinyl Chloride (PVC)
Cast-Iron Pipe, uncoated
Steel Pipe
Vitrified Clay Pipe
Vitrified Clay Liner Plates
Cemented Rubble Masonry Walls
Concrete Floor and Top
Natural Floor
Brick
Laminated Treated Wood

Interior Wall Description

Manning’s n

Smooth

0.011-0.013

Smooth
Smooth
Smooth

0.012.-0.014
0.012-0.013
0.012-0.013

68mm x 13mm (2-2/3” x ½ ”) corrugations
68mm x 13mm (2-2/3” x ½”) corrugations
150mm x 25 mm (6” x 1”) corrugations
125mm x 25mm (5” x 1”) corrugations
75mm x 25mm (3” x 1”) corrugations
230mm x 64mm (9” x 2 ½”) corrugations
150mm x 50mm (6” x 2”) corrugations
Smooth
Corrugated
Smooth

0.022-0.027
0.011-0.023
0.022-0.025
0.025-0.026
0.027-0.028
0.033-0.037
0.033-0.035
0.008-0.015
0.018-0.025
0.008-0.012
0.013
0.009-0.013
0.012-0.014
0.015
0.017-0.022
0.019-0.025
0.014-0.017
0.015-0.017

Reference: Adapted from HDS-4 and HEC-22

Note: The designer should take into account the age of a pipe and possible abrasions,
corrosion, deflection, and joint conditions when selecting roughness values. Additionally,
inclusion of pipe materials in the table does not necessarily constitute approval for their use by
the City.
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5.9.2.4 System Layout
The layout of a storm drain system is dependent on topography, hydrology, surface hydraulics,
easements and right-of-ways, existing structures and utilities, outfall locations, and other
factors. General criteria for the design of a storm drain layout are presented below.
5.9.2.4.1 Vertical Alignment
Minimum and maximum cover are determined by the size, material, and class of pipe, as well
as by the characteristics of the cover material and the expected surface loading. The designer
should consult appropriate data sources including:
•
•
•
•
•

Colorado Department of Transportation Standard Specifications for Road and
Bridge Construction, Section 700 (Materials Details)
Concrete Pipe Design Manual (ACPA)
Handbook of Steel Drainage and Highway Construction Products (AISI)
Pipe Manufacturer Specifications
Other applicable references

Storm drains crossing under railroads and roadways must comply with any cover requirements
specified for culverts in Section 5.10, Culverts and Bridges, as well as with any criteria the
railroad owner may have.
Pipes installed under any driving or parking area shall be designed for H-20 minimum live load,
and all pipes shall have a minimum of 1’ of cover from finished grade to top of outside of pipe
regardless of location.
In a manhole, the lowest inlet pipe invert elevation must be at least 0.2 feet higher than the
outlet pipe invert elevation.
5.9.2.4.2 Horizontal Alignment
All bends greater than 11.25 degrees in storm drain alignment must be accommodated by a
manhole or other appropriate structure. Where considerable constraints or conflicts exist such
as live fiber optic or main feeder electric utility lines, a 22.5 degree bend may be allowed if
placed within ten (10) feet of a manhole or inlet in order to provide limited maintenance access
to the bend. No bend may be acute.
The storm sewer system alignment shall be designed to minimize the length of pipe and to
provide a reasonably uniform pipe slope throughout.
5.9.2.4.3 Utility Clearances
The designer shall consult with each of the local utility companies to determine the location of
their existing lines and shall comply with their required minimum clearances.
Pipe encasement may be required in some locations where minimum utility clearances are
unable to be met. The City and affected utility shall approve the design of any required
encasement.
5.9.2.4.4 Manholes
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All manholes must provide access to the storm drain for maintenance and inspection. All
manhole inverts shall be formed with a minimum of a half bench to provide more hydraulicallyefficient flow through the manhole.
A manhole must be located at all changes in main line pipe size or slope, at abrupt changes in
main line invert elevation, and at main line bends. For storm drain pipes of less than 48-inch
diameter, manholes are also required at all lateral junctions, however, lateral pipes may be
connected to main lines larger than 48” without the use of a manhole with City approval.
Maximum allowable manhole spacing for pipes 24” and smaller is 300 feet. Maximum
allowable manhole spacing for pipes larger than 24” is 400 feet.
Structure foundation drains shall be connected directly into a storm drain pipe where an
enclosed storm drain system exists but there is no storm drain manhole conveniently located
to connect into. In these instances, a wye clean out shall be installed and located at the
property line or within 20 (twenty) feet whichever is closest and a stub-out shall be installed in
the storm drain line that is minimally large enough to allow the foundation drain line to be
inserted into it. The connection shall be done in a manner that the connecting pipe does not
restrict the flow capacity of the mainline storm sewer pipe. A concrete collar shall then be
poured around the connection if a restrained connection, such as an Inserta Tee, is not used.
5.9.3

STORM DRAIN HYDRAULICS

This Section presents the hydraulic methodology used to calculate storm drain capacities and
thereby to design a storm drain system. The actual design process is presented in Section
5.9.6.
5.9.3.1 Gravity-Flow Analysis
Initial storm drain design is completed by selecting pipe sizes based on capacity calculated
using open-channel flow computations. Starting at the uppermost reach of the storm drain, at
the first inlet, the designer applies Manning’s equation (Equation 5.9.1) for each segment of
drain. A segment is a reach of pipe with a junction, transition, grade change, horizontal bend,
or pipe size change at each end.
Qf =

2
1
1.49
A f R f 3 S o2
n

(5.9.1)

Where:
Qf
n
Af
Rf
So
D

= Full Flow Discharge (cfs)
= Manning’s Roughness Coefficient
= Full Flow Area, πD2/4 for circular pipes, (sf)
= Full Flow Hydraulic Radius, D/4 for circular pipes, (ft)
= Pipe Slope (So=Sf for full flow)
= Pipe Diameter (ft)

Alternately, Equation 5.9.2 may be used to directly solve for the minimum required pipe
diameter for circular pipes. The designer should always round up to the nearest standard pipe
size, keeping in mind that losses in the pipe may decrease available capacity. Initial pipe size,
Di, is based on the peak design flow for that pipe segment, QP.

5/8/2015

5.9 STORM DRAIN SYSTEMS

page 4

City of Steamboat Springs Engineering Standards
 2.16nQ 
P
Di = 

1
2
 S o


3

8

(5.9.2)

For non-circular pipes, Equation 5.9.2 provides an equivalent diameter based on flow area.

5.9.3.2 HGL and EGL Calculation
Following the initial storm drain design, the system is analyzed using energy-momentum
theory to account for specific energy losses. This method allows for the calculation of the HGL
and EGL for a given storm drain line by starting with the water surface elevation of the outfall
and working upstream, accounting for losses due to pipe friction, manholes, bends, junctions,
and pipe entrances and exits. Compliance with minimum and maximum flow velocities is
based on peak design flow in the final selected pipe size for each segment. Note that pressure
flow is not allowed for the minor storm, and the depth of water in a pipe shall not exceed 0.8
times the pipe diameter.
Energy-momentum theory is based upon the concept that energy, typically expressed in
hydraulics as “head” in a linear dimension such as feet, is conserved along a given conduit
segment. For a segment where A is the upstream end and B is downstream, the steady-flow
energy equation can be expressed as:
zA +

Where:

p A V A2
p
V2
+
+ hp = z B + B + B + ∑ hL
γ
2g
γ
2g

(5.9.3)

z = Invert Elevation above any Horizontal Datum
p = Fluid Pressure
γ = Specific Weight of Water ≅ 62.4 lbf/ft3
V = Flow Velocity
hp = Head Added by a Pump (if applicable)

∑ hL = Sum of Head Losses in Segment A - B as calculated
per the methods prescribed in this section.

The EGL is calculated by Equation 5.9.4. Each term represents the hydraulic head contributed
to the total energy head by an energy component. For instance, the third term, V2/2g, is the
velocity head. The EGL elevation at a given point is equal to:
EGL = z +

p
γ

+

V2

(5.9.4)

2g

The HGL elevation is simply the EGL minus the velocity head:
HGL = EGL −
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In cases where outfall water surface is equal to or higher than the outlet flow elevation, the
EGL and HGL are assumed to be equal, i.e. velocity is zero at the downstream point where
calculations start. However, if the outfall water surface is lower than the outlet pipe flow
elevation, the flow elevation is used as the outlet HGL. Note that the outfall water surface
elevation used must be determined coincident with the time of peak flow from the storm drain.
The HGL at the next structure up the line is determined by the equations presented in Table
5.9.2. The equations are separated by HGL at the pipe inlet downstream of the manhole and
the pipe outlet at the inlet to the manhole. For non-surcharged flow (less than 80% pipe
depth), the free water surface at the pipe inlet (downstream end of the manhole) is added to
head loss across the manhole to find the next pipe outlet HGL (upstream end of the manhole).
All storm drain systems shall be designed for non-surcharged flow for the minor storm.
Table 5.9.2 Equations for Determining HGL
Surcharge
Conditions

Outlet
Submergence

dn D > 0.80

N/A

dn D > 0.80

N/A

dn D ≤ 0.80

Unsubmerged

dn D ≤ 0.80

Unsubmerged

dn D ≤ 0.80

Submerged

HGL in Manhole/Junction

At

Pipe Inlet (D/S
from MH)
Pipe
Outlet
= HGL Pipe Inlet + hmh
(U/S from MH)
Pipe Inlet (D/S
= WSE Pipe Inlet
from MH)
Pipe Outlet
= WSE Pipe Inlet + hmh
(U/S from MH)
= Larger of Equations 5.9.6 and 5.9.8 OR
= Larger of Equations 5.9.7 and 5.9.9
= HGL Pipe Outlet + h f

Equation
Number
(5.9.6)
(5.9.7)
(5.9.8)
(5.9.9)

Where:
dn = Normal Flow Depth in Pipe (feet)
HGL Pipe Outlet = Larger of Tailwater Elevation, Flow
Depth Elevation at Pipe Outlet, and HGL
WSE Pipe Inlet

at Next Downstream Pipe Inlet
= Free Water Surface Elevation at Pipe Inlet

h f ,hmh = Head losses as described in this section

Occasionally, design flow through a pipe may be not only gravity-flow but also supercritical.
Pipe losses (hf) in a supercritical pipe section are not carried upstream.
In locations where two adjoining pipe segments flow in supercritical conditions, manhole losses
are also ignored for that line. The designer should be careful to include these losses where
only one of the pipes on the line contains supercritical flow.
Inlet pipes to a manhole must occasionally have an invert significantly above that of the outlet
pipe. In locations where the outlet pipe water surface elevation (or HGL if pressure flow) is
below the invert of an inlet pipe, that inlet pipe is treated as an outfall pipe. In this case, the
outfall water surface elevation is always lower than the pipe outlet water level, so the latter
elevation is used for the initial HGL of the new upstream reach. The outflow pipe from the
manhole in such a situation acts as a culvert under either inlet or outlet control. See Section
5.10, Culverts and Bridges, for information regarding the computation of an HGL at the
manhole and calculation of head loss due to a culvert inlet.
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The following Sections prescribe methods for determining the energy losses induced by pipe
friction and manholes that may be encountered by storm drain flows.
5.9.3.2.1 Pipe Friction Losses
Pipe friction is a significant source of energy dissipation in storm drains. For gravity flow,
friction slope (Sf) can be assumed to be equal to the slope of the pipe invert (So). For pipes
with a surcharge flow condition ( dn D > 0.80 ), Equations 5.9.6 and 5.9.7 define friction slope:
Sf =

2
n 2 Vavg

K QR

4

(5.9.10)

3

Where:
K Q = 2.21

 Q avgn 

Sf = 
8
 K Q D 3 

2

(5.9.11)

Where:
K Q = 0.46

Since flow rate and cross-sectional area typically remain constant through one segment of
pipe, average velocity can be assumed to equal flow rate divided by flow area. Equation
5.9.11 is based on the average flow rate in the pipe segment.
Once the friction slope is known, pipe friction head loss is calculated by multiplying the friction
slope by the pipe segment length:
hf = Sf L

(5.9.12)

5.9.3.2.2 Manhole Junction Losses
This Section details calculating approximate head loss through a manhole.
applies to any junction of two or more pipes accessible by a manhole.

This method

For each manhole, the designer first calculates the initial head loss coefficient (Ko) and all
applicable coefficient correction factors (Cx). The adjusted head loss coefficient (K) and head
loss in the manhole (hmh) are then computed.
 V2 
hmh = K  o 
 2g 


K = K o CD C dC QCp CB
K o = 0.1

(5.9.13)
(5.9.14)

b
(1 − sin θ) + 1.4 b
Do
 Do





0.15

sin θ

(5.9.15)

Where:
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θ = Angle Between Inflow and Outflow Pipes (≤ 180°)
b = Manhole or Junction Diameter (at water level)
D o = Outlet Pipe Diameter

The coefficient correction factors are calculated using the equations presented below and are
applied to the initial head loss coefficient per Equation 5.9.14. Note that some correction
factors do not apply to all manhole configurations. These non-applicable factors are set to
unity.
CD – Correction Factor for Pipe Diameter
This factor applies to pressure flow when the ratio of water depth in the manhole above the
outlet pipe invert to outlet pipe diameter is greater than 3.2 ( dmho / D o > 3.2 ).
D 
C D =  o 
 Di 

3

(5.9.16)

Where:
D o = Outlet Pipe Diameter
D i = Inlet Pipe Diameter

Cd – Correction Factor for Flow Depth
This factor applies to gravity flow and low-pressure flow when the ratio of water depth in the
manhole above the outlet pipe invert to outlet pipe diameter is less than 3.2 ( dmho / D o < 3.2 ).
d
C d = 0.5 mho
 Do





0.6

(5.9.17)

Where:
dmho = Water Depth in Manhole above Outlet Pipe Invert
D o = Outlet Pipe Diameter

For purposes of this calculation, water depth in the manhole is approximated as the vertical
distance from the outlet pipe invert to the HGL at the upstream end of the outlet pipe.
CQ – Correction Factor for Relative Flow
This factor applies to manholes with three or more pipes entering the structure at similar
elevations (one of these pipes will be the outlet pipe). This correction factor does not apply to
the effects of inflow pipes with flowlines far enough above the outlet pipe to qualify as plunging
flow.

CQ


Q
= (1 − 2 sin θ) 1 − i
Qo






0.75

+1

(5.9.18)

Where:
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θ = Angle between the Inflow Pipe of Interest
and the Outflow Pipe
Q i = Flow in the Inflow Pipe of Interest
Q o = Flow in the Outflow Pipe

The Pipe of Interest is the inlet pipe to the manhole on the line being investigated. This factor
accounts for streamline interference by flow from other pipes entering the manhole.

Cp – Correction Factor for Plunging Flow
This factor applies to manholes with an inflow pipe of interest that is affected by plunging flow
from another inflow pipe having a higher flowline. The factor does not apply to the line with the
pipe that is discharging the plunging flow. It only applies when the height of the plunging-flow
pipe flowline above the outlet pipe center exceeds the manhole water depth: h > dmho
 h
C p = 1 + 0.2
 Do

 h − dmho

 D o





(5.9.19)

Where:
h = Vertical Distance of Plunging Flow (height of plunging
flow pipe flowline above center of outlet pipe)
dmho = Water Depth in Manhole above Outlet Pipe Invert
D o = Outlet Pipe Diameter

A common application of this correction factor occurs at locations where inlets convey
intercepted flow directly to the storm drain main line via drop inlets or where laterals enter a
manhole well above the main line invert.
CB – Correction Factor for Benching
This factor applies to all flow conditions. See Table 5.9.3 for proper correction factor selection.
Table 5.9.3 Benching Correction Factors
Outlet Pipe Conditions
Fully Submerged,
Unsubmerged, Free
Pressure Flow*
Surface Flow**

Bench Type
Flat or Depressed

1.00

1.00

Benched: ½ Pipe Diameter

0.95

0.15

Benched: 1 Pipe Diameter

0.75

0.07

Improved Bench

0.40

0.02

*Applies for dmho D o ≥ 3.2
**Applies for dmho D o ≤ 1.0
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Note that the submerged pressure-flow factors do not apply until flow depth in the manhole has
exceeded 3.2 times the outlet pipe diameter. For depths between free surface flow and full
pressure-flow conditions ( 1.0 > dmho D o < 3.2 ), the designer should use a linear interpolation to
compute the benching correction factor.
5.9.3.3 Computer Hydraulic Modeling
HGL and EGL calculations may be prepared using computer software. The Urban Drainage
and Flood Control District has a program entitle UD-Sewer that is available on their website
that will aid in storm drain system design. The designer is urged to use sound professional
judgment to select the program that is most applicable to local design standards and the
requirements of a given project. The designer shall consult with the Public Works Department
before using any software other than UD-Sewer.
5.9.4

CONSTRUCTION STANDARDS

This Section outlines standards for the construction of storm drain systems.
5.9.4.1 Storm Drain Pipe
5.9.4.1.1 Minimum Size
All public storm drain pipes shall have a minimum diameter of 12”. For non-circular pipes,
these minimum diameters represent equivalent diameters based on cross-sectional areas.
5.9.4.1.2 Maximum Size
There is no maximum pipe size specified. However, the designer should consider the
possibility of utilizing multiple barrels where physically and economically advisable.
5.9.4.1.3 Pipe Material and Shape
All storm drain pipes shall comply with the City’s Standard Specifications as well as the most
recent revision of the CDOT Standard Specifications. Public storm drain pipes shall be
corrugated metal or dual walled high density polyethylene except in limited cases where
capacity or other design constraints necessitate the use of reinforced concrete. These limited
cases must be individually approved by the Public Works Department. Private storm drain
pipes may be circular, elliptical, arch, or box-shaped and constructed of reinforced concrete,
corrugated aluminized or galvanized steel, corrugated aluminum, corrugated or profile wall
high density polyethylene, or polyvinyl chloride. Public sites may use circular, elliptical, arch,
or box-shaped conduit as well but material shall be limited to reinforced concrete, corrugated
aluminum, dual walled high density polyethylene, and aluminized or galvanized corrugated
steel pipe.
In the downtown area there is an existing vitrified clay pipe (VCP) that was formerly a sanitary
sewer line. There are several foundation and storm drains connected to this line, however,
new connections to this line are prohibited. Furthermore, where new construction is adjacent
to a VCP, the VCP shall be abandoned and replaced, and all existing connections shall be
reconnected to the replacement pipe as appropriate.
5.9.4.1.4 Joint Fillers, Sealants, and Gaskets
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All pipe joint fillers, sealing compounds, and gaskets, and the installation thereof, shall be
governed by the City’s Standard Specifications. Rubber gaskets shall be used at pipe section
joints where greater than five feet of pressure head is expected in the design storm. This is
equivalent to locations where the HGL elevation is five feet higher than the pipe crown.
5.9.4.1.5 Backfill Loading
At a minimum, backfill shall be governed by the City’s Standard Specifications. Backfill shall
be as required to ensure the pipeline maintains full function under an HS-20 loading if
subjected to traffic loading. A minimum of 1’ of cover between the top of the pipe and finished
subgrade is required at all times.
5.9.4.1.6 Pipe Bedding
Specifications for pipe trenching and bedding, and backfill shall be as outlined in the City’s
Standard Specifications.
5.9.4.2 Manholes
The required diameter of the manhole barrel is dependent upon the size of the largest pipe
connecting to it. For pipe diameters up to 24”, a 4’ manhole may be used. For pipe diameters
up to 42”, a 5’ diameter manhole must be used. For pipes larger than 42”, a 6’ diameter, or
box-base manhole must be used. Specific manhole designs approved for use are discussed in
the City’s Standard Specifications.
5.9.4.3 Inlets
Street inlets are discussed and specified in Section 5.8, Streets and Roadside Conveyance.
Other enclosed inlets, such as area inlets, shall be CDOT Type C or Type D with bicycle safe
grates if it is possible they will be subjected to pedestrian or bicycle traffic, or closed mesh
grates if they will not be subjected to bicycle, pedestrian, or other forms of non-vehicular traffic.
Culvert-type inlets, such as those directing ditch flows into a storm drain, are required to
include a flared end section to increase capacity and reduce erosive potential. See Section
5.10, Culverts and Bridges, for culvert inlet design criteria.
5.9.4.4 Outlets
Storm drain outlets typically discharge to a drainage channel, a natural stream or river, or a
detention basin. In order to increase storm drain capacity and reduce erosion potential, outlets
are required to include a flared end section equivalent to those required for culvert outlets as
specified in Section 5.10, Culverts and Bridges.
Due to the erosive potential of high-velocity storm drain flow on unlined channels and in
detention and retention basins, a riprap apron and/or an energy-dissipation structure shall be
constructed at all storm drain outlets per requirements set forth in Section 5.10, Culverts and
Bridges.
5.9.5

STORM DRAIN SYSTEM DESIGN

5.9.5.1 Initial Storm Drain Design
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The following procedure is for the initial layout and sizing of a storm drain. The results of this
process must be validated by the final design methodology before the system can be
considered viable. However, this design process may be used for conceptual drainage report
submittals.
1. Choose a system layout based on street rights-of-way and other drainage
easements, developed topography, utility locations, and likely cost and
performance. This layout should include preliminary inlet and manhole locations.
2. Complete the hydrologic analysis of the project area. Compute peak flow in each
street starting at the upper end of the project area and working downstream.
Typically, the runoff from multiple streets will converge at a point, so all streets that
are tributary to that point must be completed before moving on downstream. An
inlet should be located wherever the minor storm peak street flow exceeds the
allowable capacity for that street and at all sump locations.
3. Begin Initial storm drain sizing at the uppermost inlet for each street, combining
individual street storm drains where appropriate. The design flow for a given storm
drain segment is based on the sum of all flow from upstream pipes and the larger
of the major and minor street flows exceeding the respective street capacity at the
inlet just upstream from that segment.
4. Use Manning’s open channel flow, including approximate junction head losses, to
compute required pipe size and slope for each pipe segment. Evaluate pipe size
and/or slope at locations where significant energy losses may occur, such as large
or complex pipe junctions and major pipe bends and increase the pipe size as
deemed appropriate. Downstream pipes should not be smaller than upstream
pipes unless the flow rate decreases.
5.9.5.2 Final Storm Drain Design
Following the completion of an initial storm drain system design, final design may begin. While
many designers may choose to utilize computer software to model storm drain systems,
smaller projects are still often completed manually. Hand calculations are also useful for spotchecking of computer models to ensure the software is functioning properly. The level of
hydraulic analysis presented in this Section shall be met for any final drainage report.
1. The hydraulics for each system shall be recomputed using the energy-momentum
theory starting at each system’s outfall point. All applicable energy losses must be
included in the calculations, including head loss due to manhole/junction chambers,
pipe transitions and bends, no-access junctions, and entrances/exits.
2. The HGL and EGL shall be calculated for each end of each pipe segment and
each side of all locations of additional energy loss listed in Step 1. The design
storm HGL shall not exceed finished grade at any location along the storm drain.
5.9.6

DISSIMILAR PIPE CONNECTIONS

It is often required to join together pipes of different materials when connecting storm drain
systems. The connection shall be made at a manhole, area inlet, or other similar drainage
structure that will easily accommodate both types and sizes of pipe.
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5.10.1 INTRODUCTION
This chapter provides information for the hydraulic design of culverts and bridges. It is
intended for use by those with a good understanding of basic hydrologic and hydraulic
methods and with experience in the design of hydraulic structures. The designer should also
understand the variety of possible flow conditions in these complex hydraulic structures.
Culverts and bridges convey water beneath highways, railroads, and other embankments. The
size, alignment, and support structures of a culvert or bridge will directly affect its flow capacity.
Inadequate culvert or bridge capacity can force water out of the conveyance system, flood an
alternate path, and cause damage away from the channel. Culvert and bridge design also
involves structural design considerations. All culverts potentially subjected to vehicular traffic
shall be designed structurally for an H-20 live load in accordance with the AASHTO
recommendations. All culverts under railroads shall be designed in accordance with the
railroad’s standards. Aside from those stipulations, only the hydraulic aspects of design are
covered in this Section.
5.10.2 CULVERT HYDRAULICS
This Section presents the general procedures for hydraulic design and evaluation of culverts.
Information in this Section is based on the Federal Highway Administration (FHWA) Hydraulic
Design of Highway Culverts, Hydraulic Design Series No. 5 (HDS-5). For situations not
covered in this Section, the methodology in HDS-5 shall be followed.
Inlet and outlet control are the two basic types of flow in culverts. Under inlet control, the flow
through the culvert is controlled by the headwater on the culvert and the inlet geometry. Under
outlet control, the flow through the culvert is controlled primarily by culvert slope, roughness,
and tailwater elevation.
When designing a culvert, the designer must evaluate both inlet and outlet control conditions
for the given design constraints. The condition which produces the greater energy loss for the
design condition determines the appropriate control to use for the culvert design. Culvert
hydraulic calculations shall be performed using rating nomographs and/or culvert hydraulic
analysis programs.
5.10.2.1 Required Design Information
Note that culverts crossing State roadways are additionally subject to the requirements of the
Colorado Department of Transportation (CDOT). The governing criteria will be the stricter of
CDOT criteria and the criteria specified herein.
5.10.2.1.1 Discharge
Culverts are required where natural or manmade channels are crossed by roads, streets, or
other infrastructure. The amount of channel flow which encroaches upon the road should be
minimized to protect the road embankment and pavement from erosion damage as well as to
protect vehicles and pedestrians from dangerous flow depths and velocities. The major storm
shall be used to design culvert crossings under arterial and collector roadways and the minor
storm to design culvert crossings under local roadways unless the local roadway is the only
road providing access to an area, in which case the major storm shall be used.
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5.10.2.1.2 Headwater
The depth of the upstream water surface measured from the invert at the culvert entrance is
referred to as headwater. For arterial and collector roadways, the major storm shall not cause
headwater at any culvert to encroach on any drive lane and HW/D for the major storm shall not
exceed 1.5. For local roadways, primary commercial and multifamily access drives and
emergency access routes as required by the fire chief, the minor storm shall not inundate the
outside edge of the outside drive lane by more than 6” and HW/D shall not exceed 1.5. In no
case shall an increase in backwater from a culvert extend upstream onto an adjacent
property.
5.10.2.1.3 Tailwater
Tailwater is defined as the depth of water downstream of the culvert measured from the outlet
invert. Tailwater may be caused by an obstruction in the downstream channel or by the
hydraulic resistance of the channel. Backwater calculations from a downstream control point
are required to precisely define tailwater. When appropriate, normal depth approximations
may be used instead of backwater calculations.
5.10.2.1.4 Velocity
The flow velocity at a culvert outlet can cause local streambed scour and bank erosion at the
outlet. The outlet should be designed so as not to discharge on unprotected fills or
unstable material. Table 5.7.3 in Section 5.7, Open Channels, presents the maximum
permissible velocities for several types of channel linings. Velocities exceeding these values
require outlet protection. See below in this Section for erosion protection requirements.
At a minimum, culverts shall be designed to be self-cleaning with a minimum design velocity of
2.5 feet per second when flowing half full. Public and private culverts shall have a maximum
design-flow velocity of 10 feet per second. Velocity may be increased to 15 feet per second,
but the required gage thickness of corrugated metal pipes must be increased by one increment
and the wall thickness of reinforced concrete pipes must increased from Wall B to Wall C in
these instances. See the City’s Standard Specifications for required pipe gage and thickness.
5.10.2.2 Inlet Control
Inlet control occurs when the culvert barrel is capable of conveying more flow than the inlet will
accept. Headwater depth, cross-sectional area, inlet edge configuration, and barrel shape all
affect inlet control. Under inlet control, the culvert barrel usually flows partially full. The control
section of a culvert operating under inlet control is located just inside the entrance. Critical
depth occurs at or near this location, and the flow regime immediately downstream is
supercritical. Hydraulic characteristics downstream of the inlet control section do not affect the
culvert capacity.
Inlet control for culverts can occur in two ways, unsubmerged or submerged. In an
unsubmerged condition, the headwater is not sufficient to submerge the top of the culvert and
the culvert slope is supercritical, shown in Figure 5.10.1. In this situation, the culvert inlet acts
like a weir.
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Figure 5.10.1 Inlet Control – Unsubmerged Inlet

Reference: UDFCD 2001. Urban Storm Drainage Criteria Manual, Volume 2.

In a submerged condition, the headwater submerges the top of the culvert but the pipe does
not flow full as shown in Figure 5.10.2. In this situation, the culvert inlet acts like an orifice.
Figure 5.10.2 Inlet Control – Submerged Inlet

Reference: UDFCD 2001. Urban Storm Drainage Criteria Manual, Volume 2.

For a culvert operating with inlet control, the upstream water surface elevation and the inlet
geometry represent the major flow controls. Culvert roughness, slope, length, and outlet
conditions, including tailwater, are not factors in determining culvert hydraulic performance.
5.10.2.3 Outlet Control
Outlet control flow occurs when the culvert barrel is not capable of conveying as much flow as
the inlet opening will accept. The control section for the outlet control flow in a culvert is
located at the barrel exit or even further downstream. All of the geometric and hydraulic
characteristics of the culvert play a role in determining its capacity. These characteristics
include all of the factors governing inlet control, water surface elevation at the outlet, and the
slope, length, and roughness of the culvert barrel.
Outlet control will govern if the headwater and/or tailwater is high enough, the culvert slope is
relatively flat, and the culvert relatively long. Outlet control will exist under two conditions. The
first and less common is when the headwater does not submerge the culvert inlet and the
culvert slope is subcritical as shown in Figure 5.10.3.
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Figure 5.10.3 Partially Full Conduit

Reference: UDFCD 2001. Urban Storm Drainage Criteria Manual, Volume 2.

The more common condition exists when the culvert is flowing full as shown in Figure 5.10.4.
Figure 5.10.4 Full Conduit

Reference: UDFCD 2001. Urban Storm Drainage Criteria Manual, Volume 2.

Under outlet control, culverts may flow full or partly full depending on various combinations of
the above factors. Performance of a culvert under outlet control can be affected by culvert
length, roughness, and tailwater depth.
5.10.3 CULVERT SIZING AND DESIGN
All culverts shall be designed and constructed using the following standards. The analysis and
design shall consider design flow, culvert size and material, upstream channel and entrance
configuration, downstream channel and outlet configuration, and erosion protection.
5.10.3.1 Size and Material
All culverts shall comply with the City’s Standard Specifications, as well as the most recent
revision of the CDOT Standard Specifications. Public culverts shall be corrugated metal pipe
(CMP) or dual wall high density polyethylene (HDPE) except in limited cases where capacity or
other design constraints necessitate the use of reinforced concrete pipe (RCP) or reinforced
concrete box culverts. These limited cases must be individually approved by the Public Works
Department. Private culverts may be circular, elliptical, arch, or box-shaped and constructed
of reinforced concrete, corrugated aluminized or galvanized steel, corrugated aluminum,
corrugated or profile wall high density polyethylene, or polyvinyl chloride. Public sites may use
circular, elliptical, arch, or box-shaped conduit as well but material shall be limited to reinforced
concrete, dual wall high density polyethylene, corrugated aluminum, and aluminized or
galvanized corrugated steel pipe. Guidance on joining two different pipe materials can be
found in Section 5.9, Storm Drain Systems.
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In all cases, material and shape shall be selected based on not only hydraulic capacity, but
also the ability of a pipeline to maintain full cross-sectional area and function without excessive
cracking, breaking, or undergoing excessive deflection.
The minimum size for all public culverts and private culverts placed in a public drainage way
such as a roadside ditch shall be an 18-inch diameter round pipe or any shape having a
corresponding equivalent area. For public culverts under sidewalks and private drainage
culverts, the minimum shall be 8” where supported by a drainage letter or study.
For public culverts and storm drain pipes placed in areas having corrosive soils, high density
polyethylene pipe should be used. If aluminum or steel pipe is used the required gage
thickness shall be increased by one increment for corrugated metal pipes, and wall thickness
shall be increased from Wall B to Wall C for reinforced concrete pipes.
5.10.3.2 Limitations on Cover
Minimum and maximum allowable cover over a pipe will depend on pipe size and material but
in no instance shall be less than one foot. Culverts for which less than one foot of cover is
available will require additional structural analysis and other provisions such as full depth
concrete paving to compensate for the loss of proper cover. In all cases, culverts passing
under roadways shall be designed to maintain their full shape and function under an HS-20
loading. The City’s Standard Specifications details cover requirements for various types and
sizes of pipe. If the City’s Standard Specifications do not cover the pipe size or material being
used, the manufacturer’s recommendations shall dictate the limitations on cover.
5.10.3.3 Location
Culverts shall be located as required to completely drain all rainfall and snowmelt runoff where
drainageways intersect a roadbed or sidewalk. The designer shall identify all areas that water
could be impounded or flow restricted by the new embankment and consider them for culvert
locations. Culverts shall be aligned to give drainageways a direct entrance and exit. Abrupt
changes in alignment at either end of a culvert may retard flow and make a larger structure
necessary. If possible, a culvert shall have the same alignment as the channel. If this is not
practical and the water must be turned into a culvert, headwalls, wingwalls, and aprons shall
be used as protection against scour and to provide a more efficient inlet.
Where the natural channel alignment would result in a culvert alignment skewed more than 30
degrees from perpendicular to a roadway, modification may be necessary. Such modifications
will change the natural stability of the channel, and an investigation into other options is
recommended. Although economic factors are important, hydraulic effectiveness of the culvert
must be given primary consideration.
Roadway alignment also affects culvert design. The vertical alignment of roadways may
define the maximum culvert diameter that can be used. Low vertical clearance may require
the use of elliptical or arched culverts or the use of multiple barrels.
5.10.3.4 Inlet Control Calculation
Inlet control calculations determine the headwater elevation required to pass the design flow
through the selected culvert if it is under inlet control. Approach velocity head may not be
included as part of the headwater. Inlet control nomographs from HDS-5 for typical
configurations are included in this Section. Figure 5.10.5 gives an example of the use of an
inlet control nomograph. Figures 5.10.6 through 5.10.8 are inlet control nomographs for
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circular concrete and corrugated metal pipes and for concrete box culverts. For all other
situations, refer to FHWA’s HDS-5. To evaluate outlet control, the following procedure shall be
followed.

Figure 5.10.5 Inlet Control Nomograph Example

Reference: HDS-5, FHWA
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Figure 5.10.6 Inlet Control Nomograph for Circular Concrete Pipes

Reference: HDS-5, FHWA

Figure 5.10.7 Inlet Control Nomograph for Circular Corrugated Metal Pipes
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Reference: HDS-5, FHWA

Figure 5.10.8 Inlet Control Nomograph for Concrete Box Culverts
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Reference: HDS-5, FHWA

5.10.3.5 Outlet Control Calculation
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Outlet control calculations result in the headwater elevation required to convey the design
discharge through the selected culvert in outlet control. The approach and downstream
velocities may be included in the design process, if desired. Critical depth charts and outlet
control nomographs are used in the design process and are included in this Section. For
illustration of their use, refer to the example outlet control nomograph and example critical
depth chart shown in Figures 5.10.9 and 5.10.13. Outlet control nomographs and critical
depth charts for circular concrete and corrugated metal pipes and for concrete box culverts are
shown in Figures 5.10.10 through 5.10.12 and in Figures 5.10.14 through 5.10.15. For all
other situations, refer to FHWA’s HDS-5. The following procedure should be followed.
1. Determine the tailwater depth, TW, above the outlet invert at the design flow rate. This
is obtained from backwater or normal depth calculations or from field observations.
2. Enter the appropriate critical depth chart with the flow rate and read the critical depth,
dc. The critical depth, dc, cannot exceed the culvert diameter, D. The dc curves are
truncated for convenience when they converge. If an accurate dc is required for dc >
.9D consult the Handbook of Hydraulics or other hydraulic reference.
3. Calculate (dc + D)/2
4. Determine the depth from the culvert outlet invert to the hydraulic grade line, ho, with
the following equation:
ho = TW or (dc + D)/2, whichever is larger
5. From Table 5.10.1, obtain the appropriate entrance loss coefficient, Ke, for the culvert
inlet configuration.
6. Determine the head losses through the culvert barrel, H, using the outlet control
nomograph.
a. Required Manning’s n values are presented in Table 5.9.1 of Section 5.9,
Storm Drain Systems. If the Manning’s n value given in the outlet control
nomograph is different than the required Manning’s n for the culvert, adjust the
culvert length using the formula:
L1 = L(n1/n)2

(5.10.1)

Where:
L1 = adjusted culvert length (ft)
L = actual culvert length (ft)
n1 = desired Manning’s n value
n = Manning’s n value from the outlet control chart
b. Using a straightedge, connect the culvert size with the culvert length on the
appropriate ke scale. This defines a point on the turning line.
c. Again using the straightedge, extend a line from the discharge through the
point on the turning line to the head loss, H, scale. H is the energy loss
through the culvert, including entrance, friction, and outlet losses. Careful
alignment of the straightedge is necessary to obtain good results from the
outlet control nomograph
7. Calculate the required outlet control headwater elevation, ELho.
ELho = ELo + H + ho

(5.10.2)

Where:
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ELo = invert elevation at the outlet
8. If the outlet control headwater elevation exceeds the design headwater elevation, a
new culvert configuration must be selected and the process repeated. Generally, an
enlarged barrel will be necessary since inlet improvements are of limited benefit in
outlet control.
Table 5.10.1 Culvert Entrance Loss Coefficients
Type of Structure and Design of Entrance
•

Pipe Concrete
Projecting from fill, socket end (groove-end)
Projecting from fill, sq. cut end. .
.
.
Headwall or headwall and wingwalls
Socket end of pipe (groove-end) .
Square-edge .
.
.
.
.
Rounded (radius = D/12)
.
.
Mitered to conform to fill slope .
.
.
End-Section conforming to fill slope .
.
Beveled edges, 33.7˚ or 45˚ bevels .
.
Side- or slope-tapered inlet .
.
.
.

•

Coefficient Ke

.
.

.
.

.
.

.
.

.
.

.
.

.
.

0.2
0.5

.
.
.
.
.
.
.

.
.
.
.
.
.
.

.
.
.
.
.
.
.

.
.
.
.
.
.
.

.
.
.
.
.
.
.

.
.
.
.
.
.
.

.
.
.
.
.
.
.

0.2
0.5
0.2
0.7
0.5
0.2
0.2

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

0.9
0.5
0.7
0.5
0.2
0.2

.

0.5

.

0.2

.
.

0.4
0.2

.

0.5

.
.

0.7
0.2

Pipe, or Pipe-Arch, Corrugated Metal
Projecting from fill (no headwall) .
.
.
.
.
.
Headwall or headwall and wingwalls square-edge
.
Mitered to conform to fill slope, paved or unpaved slope
End-Section conforming to fill slope .
.
.
.
.
Beveled edges, 33.7˚ or 45˚ bevels .
.
.
.
.
Side- or slope-tapered inlet .
.
.
.
.
.
.

•

Box Reinforced Concrete
Headwall parallel to embankment (no wingwalls):
Square-edged on 3 edges .
.
.
.
.
.
.
.
Rounded on 3 edges to radius of D/12 or B/12
or beveled edges on 3 sides
.
.
.
.
.
.
.
Wingwalls at 30˚ to 75˚ to barrel:
Square-edged at crown .
.
.
.
.
.
.
.
.
Crown edge rounded to radius of D/12 or beveled top edge
Wingwall at 10˚ to 25˚ to barrel:
Square-edged at crown .
.
.
.
.
.
.
.
.
Wingwalls parallel (extension of sides):
Square-edged at crown .
.
.
.
.
.
.
.
.
Side- or slope-tapered inlet .
.
.
.
.
.
.
.
.
.
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Figure 5.10.9 Example Outlet Control Nomograph

Reference: HDS-5, FHWA
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Figure 5.10.10 Outlet Control Nomograph for Concrete Pipe Culverts

Reference: HDS-5, FHWA
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Figure 5.10.11 Outlet Control Nomograph for Corrugated Metal Pipe Culverts

Reference: HDS-5, FHWA

5/8/2015

5.10 CULVERTS AND BRIDGES

page 14

City of Steamboat Springs Engineering Standards
Figure 5.10.12 Outlet Control Nomograph for Concrete Box Culverts

Reference: HDS-5, FHWA
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Figure 5.10.13 Critical Depth Example Chart

Reference: HDS-5, FHWA
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Figure 5.10.14 Critical Depth Chart for Circular Pipes

Reference: HDS-5, FHWA
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Figure 5.10.15 Critical Depth Chart for Rectangular Sections

Reference: HDS-5, FHWA
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5.10.3.6 Evaluation of Results
If the culvert selected will not fit the site, return to the design process and select another
culvert. Repeat the design process until an acceptable culvert configuration is determined.
Compare the headwater elevations calculated for inlet and outlet control. The higher of the
two is designated the controlling headwater elevation. The culvert can be expected to operate
with that higher headwater for at least part of the time.
If outlet control governs and the headwater depth is less than 1.2D, it is possible that the barrel
flows partly full through its entire length. In this case, caution should be used in applying the
approximate method of setting the downstream elevation based on the greater of tailwater or
(dc + D)/2. If an accurate headwater is necessary, backwater calculations should be used to
check the result from the approximate method. If the headwater depth falls below 0.75D,
backwater calculations are required.
After inlet or outlet control is determined and design parameters are identified, there are some
cases for which further design modifications may be required to finalize the design to
accommodate topography, building constraints, utility conflicts, or other site conditions. To
arrive at a final design it may be necessary to try several combinations of entrance types,
invert elevations, and pipe diameters to determine the most economic and effective design that
will meet the conditions of the site.
5.10.3.7 Outlet Velocity Calculation
The outlet velocity is calculated as follows:
1. If the controlling headwater is based on inlet control, determine the normal depth
and velocity in the culvert barrel. The velocity at normal depth is assumed to be
the outlet velocity.
2. If the controlling headwater is based on outlet control, determine the area of flow at
the outlet based on the barrel geometry and the following:
a. Critical depth if the tailwater is below critical depth.
b. Tailwater depth if the tailwater is between critical depth and the top of the
barrel.
c. Height of the barrel if the tailwater is above the top of the barrel.
5.10.3.8 Computer Applications
Although the nomographs discussed in this Section are still used, engineers are increasingly
designing culverts using computer applications. Among these applications are the FHWA’s
HY8 Culvert Analysis and numerous proprietary applications. If a computer application other
than HY8 is to be used, the designer must first submit documentation of the program to the
Public Works Department for approval.
5.10.3.9 Outlet Protection
Table 5.7.3 of Section 5.7, Open Channels, presents maximum permissible mean channel
velocities for various types of channel linings. A horizontal riprap-lined apron is required for all
culvert outlets when the outlet velocity exceeds the values presented in Table 5.7.3. For
culverts less than or equal to 36 inches in diameter or equivalent open area and outlet
velocities less than 15 fps, the following procedure should be used. For larger culverts or
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outlet velocities greater than 15 fps, the outlet protection design provided for in USDOT, 1983
should be used.
The length of the apron, La, is determined using the following empirical relationships:
La =

1.8Q
D0

3/2

+ 7D 0 , for TW <

D0
2

(5.10.3)

+ 7D 0 , for TW >

D0
2

(5.10.4)

and
La =

3Q
D0

3/2

Where:
D0 = maximum inside culvert width (ft)
Q = pipe discharge (cfs)
TW = tailwater depth (ft)

Where there is no well defined channel downstream of the apron, the width, W, of the apron
shall be as follows, as shown in Figure 5.10.16:
W = 3D 0 + 0.4L a , for TW ≥

D0
2

(5.10.5)

and
W = 3D 0 + L a , for TW <

D0
2

(5.10.6)

The width of the apron at the culvert outlet shall be at least 3 times the culvert width.
Figure 5.10.16 Culvert Outlet Protection Configuration

Reference: US EPA (modified to show flared end section)
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Where there is a well-defined channel downstream of the apron, the bottom width of the apron
shall be at least equal to the bottom width of the channel and the lining shall extend at least
one foot above the tailwater elevation and at least two-thirds of the vertical conduit dimension
above the invert.
The side slopes shall be 2:1 or flatter, the bottom grade shall be level, and there shall be a
toewall at the end of the apron or culvert.
The riprap median stone diameter required, d50, is determined from the following equation:
d50 =

0.02(Q) 4 / 3
TW (D 0 )

(5.10.7)

Preformed scour holes may be used where flat aprons are impractical. Figure 5.10.17 shows
a general design of a scour hole. The stone diameter is determined using the following
equations:
d50 =

D
0.0125(Q) 4 / 3
, for y = 0
2
TW (D 0 )

(5.10.8)

d50 =

0.0082(Q) 4 / 3
, for y = D 0
TW (D0 )

(5.10.9)

and

Where y = depth of scour hole below culvert invert.
The gradation and materials for riprap shall be as specified in the CDOT Standards and
Specifications. The CDOT gradation shall correspond to the d50 calculated as specified in this
Section. If the calculated d50 is between two CDOT gradations, the larger to the two shall be
used.
Also note that the riprap sizing calculations included here are for rocks that are angular with
fractured faces, nearly rectangular in shape with a breadth or thickness at least 1/3 its length, as
required in the City’s Standard Specifications. Where these riprap materials are not available,
rounded river rock may be used with some modifications. Channel side slopes shall be
flattened to at least 3H:1V and the required gradation shall be increased by at least 25% when
using river rock.

5/8/2015

5.10 CULVERTS AND BRIDGES

page 21

City of Steamboat Springs Engineering Standards
Figure 5.10.17 Preformed Scour Hole

Reference: Design and Construction of Urban Stormwater Management Systems, ASCE (modified
to show flared end section)

5.10.4 CULVERT INLETS
One of the most important considerations in the design of a culvert is the inlet configuration.
The culvert inlet edge usually represents a flow contraction and may be the primary flow
control. Providing a more gradual flow transition will lessen the energy loss and create a more
hydraulically efficient inlet condition. All concrete box culverts shall be designed with
headwalls and wingwalls at the inlet and outlet.
A multitude of different inlet configurations are used on culvert barrels. These include both
prefabricated and cast-in-place options. Commonly used inlet configurations include projecting
culvert barrels, cast-in-place concrete headwalls, precast or prefabricated end sections, and
culvert ends mitered to conform to the fill slope. Structural stability, aesthetics, erosion control,
and fill retention should be considered in the selection of an inlet configuration. At a minimum,
all public culverts and private culverts placed within the public right of way, such as within a
roadside ditch, shall have flared end sections at their inlet and outlet. In flat conditions, where
the entrance and exit slopes are less than 3%, a 3:1 mitered culvert end with slope
embankment rip-rap (d50=12”) armoring may be allowed.
5.10.4.1 Projecting Inlets
Projecting inlets vary greatly in hydraulic efficiency and adaptability to requirements with the
type of pipe material used. The primary advantage of projecting inlets is relatively low cost.
Corrugated metal pipe projecting inlets have a low efficiency and are susceptible to damage.
A projecting entrance of corrugated metal pipe is equivalent to a sharp-edged entrance with a
thin wall and has an entrance coefficient of approximately 0.9 as given in Table 5.10.1. Belland-spigot concrete pipe or tongue-and-groove concrete pipe with the bell end or grooved end
used as the inlet section are quite efficient hydraulically having an entrance coefficient of
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approximately 0.2. For concrete pipe that has been cut, the entrance is square edged, and the
entrance coefficient is approximately 0.5. Projecting inlets are not allowed on public culverts.
5.10.4.2 Inlets with Headwalls
Headwalls may be used for a variety of reasons, including increasing the efficiency of the inlet,
providing embankment stability, and providing embankment protection against erosion. The
relative efficiency of the inlet varies with the pipe material used. Corrugated metal pipe in a
headwall is essentially a squared-edge entrance with an entrance coefficient of approximately
0.5. The entrance losses may be reduced by rounding the entrance. For tongue-and-groove
or bell-end concrete pipe, little increase in hydraulic efficiency is realized by adding a headwall.
The primary reasons for using headwalls are embankment protection and ease of
maintenance.
Wingwalls are used where the side slopes of the channel adjacent to the entrance are unstable
or where the culvert is skewed to the normal channel flow. Wingwalls offer little increase in
hydraulic efficiency regardless of the pipe material used, and their use should be justified by
reasons other than an increase in hydraulic efficiency.
Headwalls and wingwalls are required where standard roadside grades cannot be achieved
without them.
5.10.4.3 Tapered Inlets
A tapered inlet is a flared culvert inlet with an enlarged face section and a hydraulically efficient
throat section. Tapered inlets improve culvert performance by providing a more efficient
control section (the throat). However, tapered inlets are not recommended for use on culverts
flowing under outlet control because, in that case, a simple beveled edge is of equal benefit.
The two most common improved inlets are the side-tapered inlet and the slope-tapered inlet.
FHWA’s HDS-5 provides guidance on the design of improved inlets.
5.10.5 BRIDGES
Based on hydraulic capacity requirements, bridges may be required to cross major open
channels. Sizing the bridge openings is of great importance. Improperly designed bridges
may cause excessive scour or deposition or may not be able to pass the design flow.
Backwater caused by bridges can cause flooding of upstream property, overtopping of
roadways, or costly maintenance. Bridge openings should have as little effect on the flow
characteristics as is reasonable, consistent with good design and economics. The City will
review bridge designs based on the guidance in this Section, however, the designer is required
to contact FEMA for additional requirements.
5.10.5.1 Hydraulic Analysis
The hydraulic analysis of bridges shall be completed in accordance with the FHWA Hydraulics
of Bridge Waterways. Alternately, the City of Steamboat Springs also permits the use of two
computer models, FHWA HY-4 and HEC-RAS, for bridge hydraulic analysis. If a computer
model other than HY-4 or HEC-RAS is to be used, the designer must first submit
documentation of the program to the City for approval.
5.10.5.2 Bridge Design Standards
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The method of planning for a bridge opening begins with calculation of the channel’s 100-year
water surface profile without the presence of the bridge. The following criteria shall then be
met:
1. The addition of the bridge to the channel shall cause no more than 1.0 foot of rise in
the 100-year water surface elevation on the channel.
2. The 100-year water surface elevation within the bridge shall also be a minimum of 1.0
foot below the low chord of the bridge.
3. Where bridge abutments and foundations are located below the 100-year water
surface elevation, concrete wingwalls at angles of 40 degrees to 60 degrees shall be
tied to the existing side slopes to prevent erosion behind the abutments.
4. Where supercritical flow exists in a lined channel, the bridge shall have no influence on
the flow. There shall be no encroachment into the 100-year water surface elevation.
5. The design and supporting calculations for both private bridges and low water
crossings shall be prepared and certified by a Colorado Registered Professional
Engineer.
6. In all instances, all bridges shall meet all applicable FEMA floodplain regulations. The
City of Steamboat Springs requires a Floodplain Development Permit for any work
located within a FEMA designated floodplain
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5.11.1 INTRODUCTION
The main purpose of a detention basin is to store runoff and reduce peak discharge by
allowing flow to be discharged at a slower, more controlled rate. This controlled discharge rate
is the lesser of available downstream capacity and historic site runoff rates. Detention helps to
control flood peaks in urbanized areas. Use of detention includes individual site options such
as a channel or small landscaped basin and regional options serving multiple sites such as
construction of a large pond or reservoir.
5.11.2 DETENTION VERSUS RETENTION
Stormwater storage reservoirs are either detention or retention basins. A detention basin
detains water temporarily, releasing it slowly through a pipe or channel. Because of its ability
to release flow during inflow, the required storage volume is reduced. Detention basins also
have a positive means of outflow, eliminating problems that come with a residual pool.
Alternately, a retention basin retains water without any release during inflow. Once the storm
event is over, basin drainage may occur due to evaporation and percolation into the soil. The
use of retention basins is not permitted within the City of Steamboat Springs.
5.11.3 HISTORIC AND PRE-DEVELOPMENT FLOWS
Historic runoff from a site is generally the amount of runoff a site produced during a given
storm prior to anything being constructed on the site. When there is no construction on a site
(i.e., no man-made imperviousness), and the Rational Method is being used to determine peak
runoff, historic flow rates shall be calculated using the flow rates listed in Table 5.11.1.
For the purposes of these criteria, when a site already has improvements constructed upon it,
defined as a “Pre-development” condition , that construction may be considered part of the
site’s historic condition and historic flows for these sites shall be computed based on a
composite C value determined in accordance with Section 5.6, Storm Runoff. Prior to any
redevelopment of a parcel, any previous detention identified as part of the prior development
proposal shall be factored into the runoff calculations for the site in question and accounted for
with the revised runoff characteristics in order to preserve the pre-development runoff rates as
identified in any previous drainage studies. If a HEC model of the watershed exists, it can be
used to generate historic runoff rates by changing the imperviousness of the watershed to
historic conditions (as defined above) as specified in Section 5.6, Storm Runoff.
Total allowable peak runoff rates from a developed, redeveloped, or significantly remodeled
site shall be the pre-development flow rates for the minor and major design storm events.
Table 5.11.1 Historic Flow Rates (cfs/acre)
SOIL GROUP

CONTROL
FREQUENCY

A

B

C and D

Minor Storm

0.04

0.08

0.10

Major Storm

0.27

0.46

0.54

The predominant soil group for the watershed area tributary to the detention pond shall be
used for determining the historic flow rates. Information on the soils in Steamboat Springs can
be found in published SCS Soil Surveys.
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Note that the allowable peak discharge from a detention pond will be less than the allowable
peak runoff from the site as a whole unless the entire site drains to the detention pond.
5.11.4 LOCAL AND REGIONAL DETENTION FACILITIES
5.11.4.1 Local Detention Facilities
Local detention facilities are designed and built by developers or local property owners. The
facilities typically serve a single development and are intended to allow development by
protecting a site from existing flooding conditions or by protecting downstream property from
increased runoff caused by the development. The outlet capacity is generally based on predevelopment hydrology. For smaller developments, detention storage volume may be
provided in the form of small landscaped basins.
New subdivisions that include multiple lots are required to provide a coordinated system of
detention for the entire subdivision to minimize the number of detention facilities and
maintenance requirements. Ideally this means one detention facility for the entire subdivision.
However, based on topography, this may not be feasible and more than one detention facility
may be required. In these cases, the number of detention facilities shall be minimized to the
extent practicable, and individual facilities on each lot are not permitted.
An example of this is a housing development of 10 acres being divided into 10 properties. A
single detention facility should be provided for all 10 acres of development in lieu of one for
each property. Another example is a commercial shopping area. Instead of having multiple
hard basin detention areas throughout the development, it is preferable to have the entire
development drain to one larger, landscaped basin.
5.11.4.2 Regional Detention Facilities
Regional detention facilities are generally those facilities that control flow in major channels,
are large in size, and are owned and maintained by public agencies. The purpose of these
facilities is to significantly reduce downstream flows in order to maximize the capacity of
existing systems and maintain flows at or below historic rates. The City does not currently
have any regional detention facilities.
5.11.5 DETENTION FOR MANAGEMENT OF STORMWATER QUALITY
The primary purpose of detention facilities is to reduce peak flows, but they can also be
adapted to enhance stormwater quality. Requirements for stormwater quality management are
in Section 5.12, Water Quality Enhancement.
5.11.6 GENERAL CRITERIA
Detention ponds may not be required if the development site can be designed to generate
equal to or less than pre-development flows or can demonstrate that there is adequate
capacity in the downstream storm sewer system to convey additional site flows to the City’s
outfall (the Yampa River). For the purposes of this criteria the creeks tributary to the Yampa
River shall be considered part of the downstream storm sewer system and capacity of the
creeks may also need to be evaluated depending on known floodplain concerns with each of
those tributary creeks. Underground detention and rooftop detention are not allowed unless
specific permission is granted from the City. Detention ponds should be designed as
landscaped areas integrated into the site design with multiple provisions, a coordinated
development design effort, and minimal maintenance.

5/8/2015

5.11 DETENTION

page 2

City of Steamboat Springs Engineering Standards
A Colorado licensed professional engineer shall observe construction and post-construction
activities and certify the pond was built according to the approved plans and specifications.
The certification must be submitted and approved by the Public Works Department prior to
issuance of any CO or prior to issuance of final acceptance within the development.
5.11.6.1 Maintenance
All detention facilities must be designed to facilitate maintenance. All private facilities shall be
regularly maintained by their owners. Detention facilities shall have maintenance access a
minimum of 10 feet wide, and any turning radius shall be at least 30 feet along the inside edge
of the access. The access shall have a maximum slope of 10 percent and a cross slope of two
percent.
Typical detention pond maintenance includes removing accumulated sediment and debris,
ensuring that facility outlets are not clogged and are otherwise functioning properly, and
maintaining landscaped areas that may be incorporated into the facility, all on a regularly
scheduled basis with a minimum annual frequency. Detention ponds should be inspected after
each significant storm event to check that they are functioning properly.
5.11.6.2 Volume
Detention basins shall be designed for the minor and major storm events. The minimum
required freeboard for detention facilities is 1 foot above the computed 100-year water surface
elevation. An overlap in detention volume and water quality volume will be permitted for all
storm events. The larger volume of the two shall be the design detention basin volume.
5.11.6.3 Runoff Criteria
Post-development peak runoff from a site may not be greater than pre-development runoff
from a site for any storm event storm. Total site runoff is typically a combination of detention
basin release and direct runoff, both of which must be considered. If direct runoff is allowed
from the developed site, the sum of the direct runoff plus the release from the detention basin
must not exceed pre-development runoff rates. The minimum time in which the detention
volume must drain is subject to the definition of de minimus impact as defined by the State
Engineer for private development detention facilities. The allowable release rate shall not be
exceeded. A maximum of 5% of the total site area is allowed to contribute direct runoff.
It may be permissible to release flows from a site in excess of pre-development runoff rates if it
can be demonstrated that the downstream facilities, all the way to the Yampa River, are
adequate to accept the new peak flow rate. The new peak flow rate will be calculated
assuming fully-developed conditions in the entire watershed in which the development is
located. This will apply only to sites in close proximity to the Yampa River. Direct release of
flows in excess of pre-development rates must be approved by the Public Works Department
and supported by design calculations showing the adequacy of the system to manage the
increased flow rates.
5.11.6.4 Geometric Requirements
For proper function and safety, there are several geometric requirements for detention basins.
While 4H:1V side slopes are preferred, 3H:1V side slopes are permitted as long as the pond is
located away from public spaces or when safety measures to keep the public from accessing
the pond. Detention basins shall be sloped at a minimum of 2% towards the basin outlet to
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ensure adequate drainage. All basins shall include an access ramp a minimum of 10 feet wide
sloped no steeper than 6H:1V to allow for routine maintenance. To promote pollutant removal,
detention basins should have a length-to-width ratio not less than 2, with a ratio of 4 being
ideal. A sedimentation forebay is also recommended to promote long-term functioning of the
structure.
Access to both the forebay and pond by maintenance equipment is essential. All reservoirs or
ponds which serve more than a single lot or site must also be provided a maintenance
easement to allow a vehicle to access the basin. Maintenance of required volume and inflow
and outflow works is necessary for the facility to function as required.
5.11.6.5 Bottom Drainage
Most drainage conveyance systems are designed to divert even minor nuisance flows to
stormwater storage facilities. Conveyance facilities to and within a detention pond should be
capable of transporting small flows all the way to the outlet facility rather than causing a soggy
bog condition that cannot be properly maintained. Facilities shall be capable of conveying at
least 0.5 cfs of trickle or nuisance flows.
5.11.6.6 Ground Cover and Landscaping
After final grading, the slopes and bottom of each detention basin shall be protected from
erosion by seeding and mulching, sodding, or other approved ground cover within 30 days.
The planting of native trees and shrubs on the slopes of storm water basins is also encouraged
as long as they will not interfere with maintenance operations when fully mature. Plants native
to the area should require no permanent irrigation. However, temporary irrigation shall be
provided as required to ensure establishment of newly planted vegetation.
5.11.6.7 Inlet and Outlet Design
The inlet to a detention pond can be by way of surface inlets and/or by a local private storm
sewer system. The inlet to the detention pond shall be designed so as not to cause any
degradation of the pond’s banks or invert.
The outlet of a detention basin can be a single pipe or can be a more complex design including
a combination of pipes, orifice plates, or overflow weirs. No outlet pipe shall be smaller than
12 inches in diameter. Multiple pipe outlets may be required to control different design storms.
The invert of the lowest outlet pipe shall be set at the lowest point in the detention pond or at
the minimum pool elevation, if present. The outlet pipe shall discharge into a standard
manhole or into a drainageway with proper erosion protection. If orifice plates are required to
control the release rates, the plates shall be hinged to open into the detention pond to facilitate
back flushing of the outlet pipes. The outlet structure shall be located along the embankment
of the pond and in a location that can be accessed for periodic maintenance. In no case shall
the outlet structure be located in the middle of the pond.
An emergency overflow spillway shall be provided in the event the basin outlet becomes
clogged or a storm larger than the major design storm occurs. The emergency overflow shall
allow safe passage of the 100-year storm event so that there is no damage to the surrounding
area or to downstream facilities. The invert of the emergency spillway should be set at or
above the 100-year water surface elevation.
5.11.6.8 Drain Time
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Detention basins shall be designed to drain so that the site’s allowable release rate is not
exceeded.
5.11.6.9 State Engineer’s Office
Dams constructed for the purpose of storing water, with a surface area, volume, or dam height
as specified in Colorado Revised Statues 37-87-105 as amended, shall require approval by the
State Engineer’s Office. These include dams which impound water above the elevation of the
natural surface of the ground creating a reservoir with a capacity of more than 100 acre-feet, or
which create a reservoir with a surface area in excess of 20 acres at the high-water line, or
which exceed 10 feet in height measured vertically from the elevation of the lowest point of the
natural surface of the ground along the longitudinal center line of the dam up to the bottom of
the emergency spillway. These facilities are subject to state statutes shall be designed and
constructed in accordance with the criteria of the State.
Senate Bill 15-212 was signed into law by Governor Hickenlooper in May 2015 and became
effective on August 5, 2015 as Colorado Revised Statute (CRS) §37-92-602 (8).
This statute provides legal protection for any regional or individual site stormwater detention
and infiltration facility in Colorado except those in the Fountain Creek watershed that are not
required by or operated in compliance with an MS4 permit, provided it meets the following
criteria:
1. It is owned or operated by a governmental entity or is subject to oversight by a
governmental entity (e.g., required under an MS4 permit)
2. It continuously releases or infiltrates at least 97% of all of the runoff from a rainfall event that
is less than or equal to a 5-year storm within 72 hours after the end of the event
3. It continuously releases or infiltrates as quickly as practicable, but in all cases releases or
infiltrates at least 99% of the runoff within 120 hours after the end of events greater than a 5year storm
4. It operates passively and does not subject the stormwater runoff to any active treatment
process (e.g., coagulation, flocculation, disinfection, etc.)
The statute specifies that runoff treated in stormwater detention and infiltration facilities shall
not be used for any other purpose by the owner/operator/overseer (or that entity’s assignees),
shall not be released for subsequent diversion or storage by the owner/operator/overseer (or
that entity’s assignees), and shall not be the basis for a water right or credit.
There are specific notification requirements that apply to all new stormwater detention and
infiltration facilities, including individual site facilities built by private parties. See Section
5.3.11.2 for reporting and certification requirements associated with these faciliites

5.11.7 HYDROLOGIC DESIGN METHODS AND CRITERIA
The method used for hydrologic design of detention facilities depends on whether a SWMM or
HEC modelor the Rational Method is used to calculate runoff. If a SWMM or HEC model is
used, a full hydrograph is available for traditional storage routing. If the Rational Method is
used, the modified FAA Method shall be used to estimate required detention volumes. These
two methods are discussed below. In either case, both the minor and the major storms shall
be analyzed.
5.11.7.1 HEC Method
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HEC and SWMM programs may be used to develop inflow hydrographs for hydrologic basins
of any size. Inflow hydrographs for detention basin design shall be based on ultimate
development conditions. The programs can calculate a hydrograph at any location in the
watershed, but the designer must structure the data input file so that the proposed detention
basin site is a hydrograph-routing or hydrograph-combining point.
After the inflow hydrograph has been developed and the allowable release rate has been
determined, the required storage volume can be estimated. In order to calculate the required
storage volume of a particular detention basin, the following additional information must be
available or prepared:
1. Proposed outlet discharge versus elevation data for the proposed basin site
2. Proposed storage volume versus elevation data for the proposed basin site
3. Proposed drain time for the proposed basin site
The computer programs can be used to determine the required storage volume and outlet
design based on a reservoir routing procedure. Initial estimates of outlet size are made and
the program is run. The output is reviewed and changes are made to the outlet configuration
as needed until the desired degree of flood peak attenuation and an acceptable drain time are
achieved.
5.11.7.2 FAA Method
When a HEC or SWMM model is not used, the FAA Method shall be used to determine the
minimum required detention pond volume. The FAA Method is a simplified hydrograph routing
procedure that is appropriate for watersheds smaller than 200 acres that don’t have multiple
detention ponds or unusual watershed storage characteristics.
1. Determine the inflow volume by multiplying the peak flow rate by the time of
concentration as calculated by the Rational Method.

Vi = (CiA)(Tc )(60 sec/ min )

(5.11.1)

Where:

Vi = inflow volume (ft3)
C = Rational Method runoff coefficient for the major or minor storm
A = watershed area draining to the detention pond (acres)
Tc = Rational Method time of concentration (min)
i = design rainfall intensity (in/hr)
2. Determine the outflow volume by multiplying the allowable release rate by the time of
concentration.

Vo = ( Allowable Re leaseRate )(Tc )(60 sec/ min )

(5.11.2)

Where:

Vo = outflow volume (ft3)
Tc = Rational Method time of concentration (min)
Allowable release rate shall be determined per this Section (cfs).
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3. The required detention pond volume for each design storm is the difference between
the inflow volume and the outflow volume at the design time of concentration and
rainfall intensity.
If the entire site is not tributary to the detention pond, the allowable release rate from the
detention pond must be decreased in order to compensate for site runoff that does not pass
through the detention pond. The allowable release rate is calculated as the total site predevelopment runoff rate minus the post-development undetained flow rate. The result will be
that the post-development peak flow from the entire site will meet the pre-development runoff
rate criteria. A maximum of 5% of the total site is allowed to bypass the detention pond.
5.11.8 HYDRAULIC DESIGN OF OUTLET WORKS
Hydraulic design data for sizing of detention facilities outlet works is detailed in this subsection.
Figure 5.11.1 at the end of this subsection shows two commonly used outlet configurations.
5.11.8.1 Weir Flow
The general form of the equation for horizontal crested weirs is:
Q = CL(H)3/2

(5.11.3)

Where:
Q = discharge (cfs)
C = weir coefficient (see Table 5.11.2 below)
L = horizontal length (feet)
H = total energy head (feet)
Another common weir is the v-notch, whose equation is as follows:
Q = 2.5 tan (Ө/2) H5/2
Where:

(5.11.4)

Ө = angle of the notch at the apex (degrees)

When designing or evaluating weir flow the effects of submergence must be considered. A
single check on submergence can be made by comparing the tailwater to the headwater
depth.

Table 5.11.2 Weir Flow Coefficients
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Reference: King & Brater, Handbook of Hydraulics, 1963
Design of Small Dams, USBR, 1977

5.11.8.2 Orifice Flow
The equation governing the orifice opening and plate is the orifice flow equation:
Q = CdA (2gh)1/2

(5.11.5)

Where:
Q
Cd
A
G
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h

= Head on orifice measured from centerline (ft)

An orifice coefficient (Cd) value of 0.65 shall be used for sizing of squared edged orifice
openings and plates.
Figure 5.11.1 Detention Pond Outlet Configurations

Reference: Prepared by WRC Engineering, Inc.

5.11.9 DESIGN EXAMPLE
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Example 1: Detention Basin Sizing
A new development is located within a 23-acre watershed. When the development is complete
the watershed will be 55 percent impervious. The predominant soil group in the basin is soil
group C. The time of concentration to the inlet to the detention pond is 19 minutes. Find the
major and minor storm storage volumes and release rates.
Step 1: Determine the allowable release rate for the major and minor storm using Table 5.11.1.
Allowable Release Rate for minor storm = (0.10 cfs/acre)(23 acres) = 2.30 cfs
Allowable Release Rate for major storm = (0.54 cfs/acre)(23 acres) = 12.42 cfs
Step 2: Calculate C values for the major and minor storms using Table 5.6.1.
With an imperviousness of 55 percent, C5 is 0.43 and C100 is 0.62.
Step 3: Calculate rainfall intensity for the major and minor storms using Figure 5.5.1.
Based on a time of concentration of 19 minutes, i5 is 1.60 in/hr and i100 is 2.95 in/hr.
Step 4: Calculate the inflow volume for the minor and major storms using Equation 5.11.1.
Vi(5) = (0.43)(1.60 in/hr)(23 acres)(19 min)(60 s/min) = 18,039 ft3
Vi(100) = (0.62)(2.95 in/hr)(23 acres)(19 min)(60 s/min) = 47,956 ft3
Step 5: Calculate the outflow volume for the minor and major storms using Equation 5.11.2.
Vo(5) = (2.30 ft3/s)(19 min)(60 s/min) = 2,622 ft3
Vo(100) = (12.42 ft3/s)(19 min)(60 s/min) = 14,159 ft3
Step 6: Calculate the required detention pond volumes for the major and minor storms as
described in Section 5.11.7.2.
V = Vi - Vo
V(5) = 18,039 ft3 – 2,622 ft3 = 15,417 ft3 = 0.35 acre-feet
V(100) = 47,956 ft3 - 14,159 ft3 = 33,797 ft3 = 0.78 acre-feet
Step 7: Design the physical layout of the detention pond.
Assume a 5-foot water depth for the major storm. Assuming a constant pond side
slope, the surface area of the pond at half the design depth is calculated as follows.
33,797 ft3 / 5 ft = ∼6800 ft2
Assume a length-to-width ratio of 3:1. The shorter dimension of the pond at half the
design depth will be:
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√(6800/3) = ∼48 feet
The longer dimension of the pond will be approximately 3 x 48’ = 143’ at the average
design depth.
Assuming 4:1 side slopes, the floor of the pond will be 28’ x 123’.
Step 8: Confirm the pond volume and top of bank. Assume the floor of the pond is at elevation
5800.00.
Water surface
elevation (feet)
5800
5801
5802
5803
5804
5805

Dimensions
(feet x feet)
28’ x 123’
36’ x 131’
44’ x 139’
52’ x 147’
60’ x 155’
68’ x 163’

Area
(ft2)
3444
4716
6116
7644
9300
11084

Incremental
Volume (ft3)

Cumulative
Volume (ft3)

4080
5416
6880
8472
10192

4080
9496
16376
24848
35040

Interpolating, the 100-year volume of 33,797 ft3 is provided at elevation 5804.88. The
top of the detention pond must be at a minimum elevation of 5805.88 to provide the
required 1 foot of freeboard.
Note that the above calculations offer only a simple example of the general procedure
for laying out a detention pond. In reality, access ramps and water quality geometric
considerations such as the forebay and bottom stage will alter the required geometry of
the detention basin.
Example 2: Outlet Design
Design a Type 2 outlet (see Figure 5.11.1) for the detention pond in Example 1 for the minor
and major storm.
Step 1: Interpolate the values in the table to determine the minor storm design water surface
elevation.

(15417 ft
Minor Storm Water Surface =
(16376 ft

3
3

)
)

− 9496 ft 3
(5803 − 5802) + 5802
− 9496 ft 3

Minor Storm Water Surface = 5802.86
Step 2: Determine the minor storm orifice opening size and depth to the centerline of the
orifice. Initially assume h = 2.0, putting the centerline of the orifice at 5800.86.
A = Q / [(Cd)(2gh)1/2]

(Rearranged Equation 5.11.5)

A = 2.3 / [(0.65)[(2)(32.2)(2)]1/2]
A = 0.312 ft2
Diameter = (4A/π)1/2
Diameter = (4*0.312/π)1/2
Diameter = 0.63 feet (7.56 inches)
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The flow line of the orifice will be at: 5802.86 – 2.0 - (1/2)(0.63) = 5800.54
5800.54 is higher than the pond floor, so the initial assumption of h = 2.0 feet is
physically possible. A 7.56-inch diameter orifice at flow line elevation 5800.54 is
required at the entrance to the outlet box.
Alternately, an iterative process could be undertaken to arrive at an orifice diameter so
that the flow line of the orifice is located at the exact pond floor elevation.
Step 3: Using Equation 5.11.5, determine the discharge though the minor storm outlet for the
major storm headwater (h = 5804.88 – 5800.86 = 4.02 feet).
Q = CdA (2gh)1/2
Q = (0.65)(0.312)[(2)(32.2)(4.02)]1/2
Q = 3.26 cfs
Step 4: Determine the discharge for sizing the major storm weir:
Qweir = 12.42 cfs – 3.26 cfs
Qweir = 9.16 cfs
Step 5: Size the orifice plate for the major storm outlet assuming an 18-inch outlet pipe with its
flow line at the pond floor elevation (h = 5804.88 – (5800 + 18”/2) = 4.13 feet).
A = Q / [(Cd)(2gh)1/2]

(Rearranged Equation 5.11.5)
1/2]

A = 12.42 / [(0.65)[(2)(32.2)(4.13)]
A = 1.17 ft2
D = (4A/π)1/2
D = [(4)(1.17)/π]1/2
D = 1.22 feet (14.65 inches)

The plate requires a 14.65-inch diameter orifice centered on the 18-inch outlet pipe.
Step 6: Determine the minimum box dimensions (i.e., the weir length) to assure control of the
pipe inlet.
Based on H/P = 2.02/2.86 = 0.71, C for a sharp crested weir is interpolated to be 3.51
from the values in Table 5.11.2.
L = Qweir / (C(H)3/2)

(Rearranged Equation 5.11.3)

L = 9.16 / (3.51(2.02)3/2)
L = 0.91 feet
Since the required weir length is only 0.91 feet, the selected box dimensions should be
suited to construction and maintenance access. A minimum size of 3’ x 3’ is
recommended.
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5.12.1 INTRODUCTION AND INTENT
Management of stormwater quality is especially important for river communities like Steamboat
Springs, and one of the stated purposes of the City’s Community Development Code is to promote
water quality. This section presents design requirements for permanent stormwater treatment
facilities, the applicability of the requirements, runoff reduction and site planning concepts,
information specific to industrial and commercial activities, design details, and design requirements
associated with maintenance. The goal of the requirements in this section is to keep our streams and
drainageways healthy.
The City is required to comply with the Colorado Discharge Permit System (CDPS) Municipal Separate
Storm Sewer System Permit (MS4 permit), as amended, effective January 1, 2017. The MS4 permit
issued by the Colorado Department of Public Health and Environment (CDPHE) specifies which
projects require stormwater treatment facilities to be constructed and the design standards they
must meet. The content of this section will be revised as the MS4 permit is updated, or as the City’s
requirements change.
The naming convention for facilities that treat stormwater quality after construction has varied over
time. These facilities have been called best management practices (BMPs), and the City’s most
recent MS4 permit refers to them as control measures. The City’s term for these facilities is
permanent stormwater treatment facilities. The term treatment facilities may also be used.
The Urban Drainage and Flood Control District (UDFCD) has developed a lengthy and robust Urban
Storm Drainage Criteria Manual (USDCM). Volume 3 of the USDCM (Volume 3) includes extensive
language covering the importance of stormwater quality treatment and the functional mechanisms
associated with various types of treatment facilities. It also includes detailed design guidance and
criteria that are updated frequently based on ongoing field research on the functionality of various
treatment facilities. While the climate and topography of Steamboat Springs are different from those
in the Denver metro area, Volume 3 is a valuable reference and is cited throughout this section.
5.12.2 SITE PLANNING PRINCIPLES
The City completed a Yampa River Health Assessment & Streamflow Management Plan in June
2018. One of the key findings was that the conversion of riparian area to urban and rural land uses
affects many conditions of river health. Increases in impervious area can also impact flow volumes,
temperature, and stormwater quality. To minimize detrimental impacts to water quality in the City,
site planning for water quality should consider how the site will be used as well as how stormwater
runoff will be conveyed and treated to mitigate the impacts of development. These planning
principles are guidelines and concepts and no specific criteria is associated with them. General site
planning goals for every development are as follows:
1. Strive to reduce runoff and maximize stormwater infiltration by minimizing directly connected
or continuous impervious areas, slowing runoff through pervious and/or vegetated areas,
and avoiding over compaction of pervious soil types.
2. Centralize treatment facilities and integrate them with site operations to minimize land use,
achieve greater economy of scale, and reduce the number of treatment facilities requiring
maintenance.
3. Minimize impacts to the natural environment including water quality, air quality, wildlife
habitat, vegetation, wetlands, and natural landforms.
4. Promote riparian habitat by utilizing broad, shallow drainageways, open areas, and existing
natural channels.
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5. Include tree planting to provide canopy stormwater capture and root intrusion to augment
soil infiltration rates, especially in proximity to impervious surfaces and waterbodies to
enhance shading.
6. Anticipate the risk for pollutant discharge from site operations such as washing, fueling,
manufacturing, materials storage, and vehicle maintenance, among others. Develop
operational procedures to minimize the risk of spills and design the site layout to prevent any
spills from leaving the site.
7. Consider the freeze/thaw nature of the City’s winter climate when selecting treatment
facilities and how this may impact maintenance.
8. Limit the use of proprietary structures for water quality treatment as more frequent
maintenance is typically required to maintain adequate performance. Proprietary structures
often have high long-term costs.
9. Design treatment facilities for ease of maintenance.
10. Any portion of a site not draining to a treatment facility should have a very low pollutant
load and should drain across a vegetated area prior to discharge from the site. No
impervious area should discharge directly into wetlands, the Yampa River, or one of its
tributaries.
Best practices used to meet the City’s site planning goals include low impact development (LID),
green infrastructure, and nature-based solutions. One type of low impact development is minimizing
directly connected impervious areas (MDCIA). MDCIA reduces runoff from the site by routing it from
impervious surfaces to pervious areas to promote infiltration. Developing the layout of a site to
reduce runoff will also reduce the required size of WQCV treatment facilities and is discussed in
5.12.7. Methods of MDCIA include using pervious drainage conveyances where appropriate, routing
downspouts across pervious areas, and incorporating vegetated areas into locations that generate
and convey runoff like parking lots and driveways. Grass buffers, grass swales, and bioretention
can all be used. Other LID principles include the following:
1. Protect areas that add value such as those with mature trees, stream corridors, wetlands,
and soils with high infiltration rates.
2. Minimize impacts by being creative with site layout to reduce the extent of paved and other
impervious areas.
3. Concentrate new impervious areas over Type C and D soils and preserve areas over Type A
and B soils for landscape areas and other permeable surfaces.
4. Maintain natural drainage patterns and implement sheet flow.
5. Consider stormwater quality needs early in the development process to better integrate
stormwater treatment facilities into the site.
6. Select permanent stormwater treatment facility based on expected pollutant type.
The Water Quality chapter of the City of Durango’s Storm Drainage Design Criteria Manual and
Volume 3 of the USDCM offer extensive text regarding planning principles and ideas to minimize site
runoff. Volume 3 of the USDCM provides graphics that offer some general guidance as to the
treatment facilities that are typically used for sites having specific characteristics.
Design engineers are also encouraged to be creative in their design approach to including green
infrastructure, especially trees. Trees have been shown to have a significant impact on runoff
reduction through interception of rainfall before it reaches the ground, evapotranspiration, and
infiltration. The Center for Watershed Protection (CWP) and the USDA Forest Service coauthored a
paper titled Accounting for Trees in Stormwater Models (2018) that provides more details on this
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concept. The CWP has also developed performance-based credits that allow the user to calculate
runoff, nutrient, and sediment reduction for tree planting scenarios for a specific storm event. Design
engineers are encouraged to use tools developed by the CWP as part of their stormwater quality
calculations included with their Stormwater Quality Plans.
5.12.3 APPLICABILITY
Unless specifically excluded, permanent stormwater treatment facilities are required for all new
development and redevelopment sites that:
1. Disturb at least one acre of land, or
2. Disturb less than one acre but are part of a larger common development plan, or
3. Install parking lots that add ten or more spaces, or
4. Include any of the following land uses: Automobile Filling Station, Automobile Service,
Automobile Wash, Heavy Vehicle/Equipment Service, Contractor Equipment/Materials Yard,
Batching Plant, Industrial (Heavy), Transportation, Waste-Related Services, Vehicle Towing
Service and Storage Yard, or storage of pesticides, herbicides, fertilizer, or other potentially
hazardous materials.
New development is classified as any land disturbing activity or construction of any building or
structure. Redevelopment is any creation, addition, or removal and replacement of any impervious
area, or any building construction or land disturbing activity, on a site that is already substantially
developed.
These standards include some site development that can be excluded from the requirement to
implement permanent stormwater treatment facilities. These exclusions are outlined in the MS4
permit and include:
1. Pavement Management Sites: Sites, or portions of sites, including rehabilitating,
reconstructing, or replacing impervious surfacing associated with roads and bridges used for
vehicle traffic and those contiguous impervious areas used for pedestrian or bicycle traffic,
roadway drainage, or roadside parking for the purpose of providing additional years of service
or optimizing service and safety. Impervious area must not increase, and the infrastructure
must not substantially change. This exclusion does not include pavement management
within parking lots, and it does not include areas primarily used for parking or access to
parking that are not roadways. This exclusion does include detached sidewalks along
roadways.
2. Excluded Roadway Redevelopment: Redevelopment of existing roadways when the project
adds less than one acre of paved area per mile of roadway to an existing roadway or when
the project does not add more than 8.25 feet of paved width at any location to the existing
roadway. Attached sidewalks, curb, and gutter must be included as part of the added paved
area. Detached sidewalks within the roadway right-of-way that follow the roadway profile
must also be included as part of the added paved area. Roadway embankment grading, if
revegetated to the pre-construction state, is allowed within this exclusion.
3. Excluded Existing Roadway Areas: The existing roadway portion of a roadway redevelopment
site provided the project does not increase the original roadway width by an average of at
least two times. The added roadway area is still an applicable development site. Similar to
Excluded Roadway Redevelopment, attached sidewalks, curb, and gutter are considered part
of the roadway, as are detached sidewalks within the roadway right-of-way that follow the
roadway profile.
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4. Aboveground and Underground Utilities: Activities for installation or maintenance of
aboveground or underground utilities or infrastructure that does not permanently alter the
terrain, ground cover, or drainage patterns.
5. Large Lot Single Family Sites: Single-family residential lots, or agricultural zoned lands, at
least 2.5 acres per dwelling with a total imperviousness of less than 10 percent. Total site
imperviousness between 10 and 20 percent is allowed provided that a site evaluation
conducted by a qualified professional engineer is submitted indicating that soil and
vegetative conditions will permit infiltration of the entire WQCV for the site. For this to apply,
the site shall at a minimum include no Type D soils and be at least 70% vegetated in the final
condition. The City may accept more detailed evaluations that do not meet these criteria if
they show the full WQCV will infiltrate. The Soil Conservation Service (SCS) Web Soil Survey
(WSS) can be used to evaluate the site’s hydrologic soil group(s).
6. Non-Residential and Non-Commercial Infiltration Conditions: Non-residential and noncommercial development sites with post-development conditions that will result in all runoff
from the 80th percentile storm event being infiltrated and no surface water discharge from
the site. For this exclusion to apply, a site study confirming this condition is met shall be
conducted by a qualitied professional engineer and be submitted to the City. The study shall
show Type A or B soils, proposed grades, and vegetative cover of at least 70%. The City may
accept more detailed studies that do not meet these criteria if they show the required
infiltration is achieved.
7. Sites with Land Disturbance to Undeveloped Land that will Remain Undeveloped: Land
disturbance to undeveloped land that will remain undeveloped with no human-made
structures such as buildings or pavement.
8. Stream Stabilization Sites: Stream stabilization sites are excluded.
9. Trails: Bike and pedestrian trails not contiguous to or within a roadway.
Three Guidance Tree are included as Appendix A to this section that may provide additional guidance
and aid in determining requirements associated with installation of permanent stormwater water
quality treatment facilities.
For a site to be excluded from the City’s requirement to provide permanent stormwater treatment
facilities, an Exclusions Tracking Form must be submitted and approved as part of the Drainage Letter
or Drainage Study. An Exclusions Tracking Form is included as Standard Form No. 6 in the Standard
Forms Section.
5.12.4 DESIGN STANDARDS
There are six design standards for permanent stormwater treatment facilities. Applicable
development and redevelopment sites shall implement at least one of the following design standards
as part of site design and construction. Only one design standard may be used for each tributary area
on a site. Some can be used on any site, and some have restrictions on where they may be used. The
design standards are detailed below, along with their use restrictions. Designs that may be developed
to meet these standards are discussed in Section 5.12.7.
The design standards below frequently refer to a site or some portion of a site. For the purposes of
these design standards, a site includes all existing land area disturbed during development activities,
regardless of the existing or final vegetated state of the area. In addition to area where ground is
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broken during development activities, area disturbed during construction also includes all areas used
for storage of materials, access, or staging.
5.12.4.1 Water Quality Capture Volume (WQCV) Standard
The WQCV standard is applicable to all sites. A treatment facility meeting this standard is designed
to capture and treat the WQCV and is a volume-based treatment standard, designed to treat a stated
volume. All runoff from the site shall be captured. Under certain conditions described below, up to
20% of the site may be excluded, but excluded area shall not exceed 1 acre. This exclusion may apply
if, as part of the drainage letter or study submittal, a qualified professional engineer submits
adequate documentation as determined by the City that it is not practicable to capture runoff from
portions of the site that will not drain towards a treatment facility and that it is not practicable to
construct a separate treatment facility for those same portions of the site. The minimum drain time
shall be as recommended by Volume 3 of the USDCM for the type of treatment facility used and
based on the pollutant removal mechanism and functionality of the treatment facility constructed.
Consideration of drain time shall include maintaining vegetation necessary for operation of the
treatment facility.
5.12.4.2 Pollutant Removal (TSS) Standard
The pollutant removal standard is applicable to all sites. A treatment facility meeting this standard is
designed to treat stormwater runoff from the 80th percentile storm event so that the mean
concentration of total suspended solids (TSS) leaving the site has an expected median value of 30
mg/L or less. The TSS standard is a flow-based treatment standard, designed to treat a stated flow
rate. All runoff from the site shall be captured. Under certain conditions, up to 20% of the site may
be excluded, but excluded area shall not exceed 1 acre. This exclusion may apply if, as part of the
drainage letter or study submittal, a qualified professional engineer submits adequate
documentation as determined by the City that it is not practicable to capture runoff from portions of
the site that will not drain towards a treatment facility and that it is not practicable to construct a
separate treatment facility for those same portions of the site.
5.12.4.3 Runoff Reduction (Infiltration) Standard
The runoff reduction (infiltration) standard is applicable to all sites. A treatment facility meeting this
standard is designed to infiltrate 60% of the WQCV calculated for all the impervious area within the
site. All runoff from the site shall be captured. Under certain conditions, up to 20% of the site may be
excluded, but excluded area shall not exceed 1 acre. This exclusion may apply if, as part of the
drainage letter or study submittal, a qualified professional engineer submits adequate
documentation as determined by the City that it is not practicable to capture runoff from portions of
the site that will not drain towards a treatment facility and that it is not practicable to construct a
separate treatment facility for those same portions of the site. However, as much impervious area as
possible should be treated. The infiltration standard is a volume-based treatment standard.
5.12.4.4 Constrained Redevelopment Site Standard
The constrained redevelopment site standard applies only when a redevelopment site has an existing
imperviousness greater than 75% and when, as part of the drainage letter or study submittal, a
qualified professional engineer submits adequate documentation as determined by the City that it is
impracticable for the site to meet the WQCV standard, the pollutant removal standard, or the runoff
reduction standard. The City’s determination will be based on the site’s ability to install a treatment
facility without reducing the surface area covered by structures. The treatment facility shall be
designed to do one of the following:
1. Provide treatment of the WQCV for 50% or more of the site’s impervious area inclusive of
both the proposed and previously developed area. The minimum drain time shall be as
recommended by Volume 3 of the USDCM for the type of treatment facility used and based
on the pollutant removal mechanism and functionality of the treatment facility constructed.
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Consideration of drain time shall include maintaining vegetation necessary for operation of
the treatment facility, or
2. Provide treatment of the 80th percentile storm event. The facility shall be designed to treat
stormwater runoff in a manner expected to reduce the event mean concentration of TSS to
a median value of 30 mg/L or less. At least 50% of the site, including at least 50% of the
site’s final impervious area, shall drain to the treatment facility or facilities. It is not required
that 100% of the site be directed to a treatment facility provided the overall goal TSS
concentration is met by providing a lower TSS concentration for less area treated.
3. Infiltrate 30% of the WQCV for all impervious area of the redevelopment site. In keeping with
the previous two constrained site development standards, at least 50% of the site’s final
impervious area shall be treated.
5.12.4.5 Previous Permit Term Standard
The previous permit term standard is only applicable if a stormwater treatment facility is either
constructed; designed and in review; or designed and approved prior to July 1, 2019 and after
September 2007. A stormwater treatment facility is considered approved or in-review if the City is in
receipt of a development application that has at a minimum been deemed complete
a. As defined in Chapter 26, Article 7, Division 1, Section 702.I of the Community Development
Code; or
b. As defined in Chapter 3 of the Engineering Standards Manual; and
c. If it includes a Stormwater Quality Plan submittal as defined by the previous Drainage Criteria
Section 5.3.8.
This standard does not apply if a modification to a development proposal has occurred that requires
resubmittal of the development application and reevaluation of the drainage study containing the
previously approved stormwater quality treatment design. The previous permit design standard only
applies to the design approved by the City that was consistent with the previous design criteria
requirements of the previous permit as adopted in September 2007.
Modifications to existing treatment facilities may be necessary from time to time. In the circumstance
where a treatment facility has been completed and received Final Approval prior to July 1, 2019 as
defined in Chapter 7 of the Engineering Standards Manual, proposed modifications to the treatment
facility shall be designed in accordance with the requirements of the City Engineering Standards at
the time of the original approval date as defined under the previous permit term at the time of original
approval, or consistent with one of the requirements in this Section 5.12.4.
5.12.4.6 Sites Draining to a Regional WQCV Treatment Facility
The City currently has no regional WQCV treatment facility. If the City constructs a regional WQCV
treatment facility in the future, and a developer would like to use it to provide water quality treatment,
Public Works must be contacted to determine the feasibility and associated requirements.
5.12.5 INDUSTRIAL AND COMMERCIAL ACTIVITIES
Most of this Section 5.12 of the City’s Engineering Standards addresses the requirements in the
City’s MS4 permit issued by the CDPHE for stormwater runoff. The CDPHE also issues several other
types of water quality permits for discharges from activities including aquatic animal production,
commercial washing, construction, mining, industrial uses, and the application of biosolids,
pesticides, and reclaimed water, among others. While these permitting requirements are not
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discussed in detail in this section, they can be found on the CDPHE’s website via an internet search
for “CDPHE water quality permits.”
Permanent stormwater treatment facilities shall be provided for sites of any size that have an
increased potential for pollutant discharge The City may consider other types of site uses to have an
increased potential for pollutant discharge at its discretion. Treatment facilities at these sites shall
meet the applicable design standards in Section 5.12.4.
5.12.6 STATE ENGINEER’S OFFICE
Colorado Revised Statute (CRS) §37-92-602 (8) provides legal protection from water rights
administration for regional or individual site stormwater detention or infiltration facilities in Colorado
provided it meets the following criteria:
1. It is owned or operated by a governmental entity or is subject to oversight by a governmental
entity (e.g., required under an MS4 permit)
2. It continuously releases or infiltrates at least 97% of all the runoff from a rainfall event that
is less than or equal to a 5-year storm within 72 hours after the end of the event
3. It continuously releases or infiltrates as quickly as practicable, but in all cases releases or
infiltrates at least 99% of the runoff within 120 hours after the end of events greater than a
5-year storm
4. It operates passively and does not subject the stormwater runoff to any active treatment
process (e.g., coagulation, flocculation, disinfection, etc.)
The statute specifies that runoff treated in stormwater detention and infiltration facilities shall not be
used for any other purpose by the owner/operator/overseer (or that entity’s assignees), shall not be
released for subsequent diversion or storage by the owner/operator/overseer (or that entity’s
assignees), and shall not be the basis for a water right or credit.
There are specific notification requirements that apply to all new stormwater detention and infiltration
facilities, including individual site facilities built by private parties. See Section 5.3.11.2 for reporting
and certification requirements associated with these facilities.
5.12.7 DESIGN DETAILS
This section discusses design criteria for permanent stormwater treatment facilities that are allowed
for use in the City. These treatment facilities include extended detention basins, grass swales, grass
buffers, sand filter basins, bioretention (previously known as porous landscape detention or PLD),
and proprietary structures. Permeable pavement is also allowed provided the maintenance
agreement and the O&M Plan do not allow for sanding. Retention ponds and wetland facilities are
not typically allowed because water rights are a necessary component for legal standing of these
facility types. Other types of treatment facilities may be proposed by the design engineer. Proposals
to use other treatment facility types are required to include detailed data and calculations showing
that a proposed treatment facility meets one of the design standards listed in Section 5.12.4. The
design of treatment facilities shall facilitate maintenance. Specific design requirements for
maintenance are included in Section 5.12.8. A project sheet and design checklist shall be completed
for each permanent stormwater treatment facility and included with the Stormwater Quality Plan.
Project sheets and design checklists are included as an appendix to this section.
Volume 3 of the USDCM provides detailed design guidance and criteria for each type of facility
allowed by the City on “Fact Sheets” T-1 through T-12. The contents of this section are intended to
supplement the information and criteria in the fact sheets and throughout Volume 3. If the design of
a treatment facility meets the requirements of Volume 3 and the additional criteria in this section, it
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has been determined that it meets design standards in Section 5.12.4. Table 5.12.1 below includes
the allowable treatment facilities and the design standard that each is typically designed to meet.
Table 5.12.1. Treatment Facilities and Associated Design Standards
Permanent Stormwater
Treatment Facility Type

Typical Permit Design
Standard(s)

Extended Detention Basin

WQCV

Sand Filter Basin

WQCV/Infiltration

Bioretention

WQCV/Infiltration

Permeable Pavement

WQCV/Infiltration

Grass Swale, Grass Buffer

TSS

Proprietary Structure

TSS

Treatment Facilities in Series

TSS

Tributary Offsite Area
When offsite area is tributary to a permanent stormwater treatment facility there are two options. The
first option is to intercept the offsite flow and route it around or through the site in a separate
conveyance system. The second option, if offsite flow cannot be separated, is to size the treatment
facility for the entire tributary area. This could mean a much larger design volume for volume-based
facilities or a larger peak runoff rate from the 80th percentile storm event for flow-based facilities.
Right-of-Way Restrictions
Privately owned and maintained treatment facilities must be located outside the public right-of-way
and offline from public stormwater conveyance systems.
5.12.7.1 WQCV Standard
Extended detention basins, sand filter basins, and bioretention are typically designed to meet the
WQCV standard, a volume-based treatment standard. Permeable pavement with subgrade storage
may also be used. Volume 3 of the USDCM provides detailed discussion on the development of the
WQCV. An example of an extended detention basin is shown in Figure 5.12.1.

Figure 5.12.1. Example Extended Detention Pond
(Modified from City of Loveland, 2014)
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Calculating the WQCV is required to design a facility that meets the WQCV standard. Two variables
are required to calculate the WQCV. The first is the total imperviousness of the area being considered.
Sometimes this area is the area draining to the treatment facility. Other times, the WQCV for the
entire site must first be calculated as part of the calculations required to meet another design
standard. Recommended imperviousness values are in Section 5.6. The total imperviousness of a
site can be determined by taking an area-weighted average of the different imperviousness values
for the site. Total imperviousness can also be adjusted to an effective imperviousness if certain
practices are implemented as part of the site design. Effective imperviousness applicability and
calculations are discussed below the calculation for the WQCV.
The second variable is the design drain time of the treatment facility. Recommendations for design
drain time for different types of WQCV treatment facilities can be found in Volume 3 of the USDCM.
The most commonly used WQCV facility is an extended detention basin, for which the recommended
drain time is 40 hours. WQCV drain time coefficients are in Table 5.12.2 below. The general equation
to calculate the WQCV in Steamboat Springs is expressed as:

Where:

𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 = 0.79𝐴𝐴𝐴𝐴(0.91𝐼𝐼3 − 1.19𝐼𝐼2 + 0.78𝐼𝐼)/12

(1)

WQCV = water quality capture volume (acre-feet)
a = WQCV drain time coefficient
i = imperviousness as a decimal percentage
A = area draining to the treatment facility in acres

Table 5.12.2. Drain Time Coefficients for WQCV Calculations
Drain Time

Coefficient, a

12 hours

0.8

24 hours

0.9

40 hours

1.0

The WQCV equation was initially developed based on rainfall data from the Denver metro area.
However, the precipitation depth of the average runoff producing storm in Steamboat Springs is 0.34
while in Denver it is 0.43. The WQCV equation above includes a coefficient of 0.79 to adjust the
equation for use in Steamboat Springs. A map showing the variance in the average runoff producing
storm across Colorado is shown as Figure 5.12.2.
Effective Imperviousness
The imperviousness value used in the WQCV calculation for sites that implement low impact
development (LID) principles such as green infrastructure and MDCIA may be reduced to reflect the
site’s effective imperviousness. The effective imperviousness is dependent on the level of MDCIA
implemented for high-level planning applications. Level 1 includes designing impervious surfaces to
drain over a grass buffer or other pervious surface prior to reaching any stormwater conveyance
system. Level 2 is an enhancement to Level 1 and includes eliminating curb and gutter or using
slotted curbs; low-velocity pervious grass- or rock-lined swales instead of storm sewers, and pervious
street shoulders. Guidance on calculating effective imperviousness for Level 1 and Level 2 MDCIA
can be found in Volume 3 of the USDCM.
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Figure 5.12.1. Map of the Average Runoff Producing Storm's Depth (Modified from UDFCD, 2016)
Where a detailed site plan has been developed and the square footage of directly connected
impervious area, unconnected impervious area, receiving pervious area, and separate pervious area
have all been defined, a more detailed effective imperviousness can be determined using the
methods in Volume 3 of the USDCM. Example calculations are included.
Detention
When a site requires a detention facility, a single facility may be designed to serve as both the
detention and stormwater quality treatment facility. Detention facilities that are also water quality
treatment facilities have outlets to provide for both the stormwater quality treatment and detention
release rates. For these facilities, the guidance in the USDCM for Excess Urban Runoff Volume (EURV)
facilities shall be followed. Section 5.11 discusses detention further.
Guidance on how to design extended detention basins, sand filter basins, bioretention, and
permeable pavement to meet the WQCV standard are included in the fact sheets in Volume 3 of the
USDCM. Sand filter basins are referred to as simply sand filters and permeable pavement is referred
to as permeable pavement systems, including permeable interlocking concrete pavement, which is
the most commonly used of the permeable pavement systems.
5.12.7.2 Pollutant Removal (TSS) Standard
The pollutant removal (TSS) design standard may be met using individual treatment facilities or
treatment facilities in series. Available research typically evaluates the percentage of TSS that is
removed by a treatment facility, not a specific TSS effluent concentration. This divergence is resolved
by assuming an influent TSS concentration into the treatment facility, then applying the percent
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removal associated with that treatment facility to ensure the goal TSS concentration of 30 mg/L is
reached during the 80th percentile storm event. A design flow rate must be calculated to use the TSS
design standard. Section 5.5 and 5.6 include information on how to calculate the design flow rate for
the 80th percentile storm.
Concentrations of TSS in urban runoff are highly variable but are similar across land uses (Minnesota
Stormwater Manual, 2015). Table 5.12.3 below lists event mean concentrations of TSS that may be
used to evaluate whether a treatment facility or treatment facilities in series meet the pollutant
removal standard of 30 mg/L during the 80th percentile storm event. Table 5.12.3 is based on the
National Stormwater Quality Database as evaluated and reported by the Minnesota Pollution Control
Agency. If other data is available to support using a different assumed TSS concentration for
stormwater runoff from a site, this data may be presented with the Scope Approval Form as part of
the design proposal for consideration and approval by the City prior to beginning final design.
Table 5.12.3. Event Mean TSS Concentrations in Urban Runoff by Land Use
Land
Use

Event Mean TSS
(mg/L)

Land
Use

Event Mean TSS
(mg/L)

High Density Residential*

140

Municipal

140

All Other Residential

120

Commercial

140

Transportation

135

Industrial

150

Open Space**

80

Institutional

120

*High Density Residential includes RR, MF, T4, T5, and any mixed use that includes residential
**Open Space value from query of results from International Stormwater Database Query Builder Tool for
median value TSS (mg/L) from data points identified as open space from all EPA rain zones

If gravel surfacing is used on the site, the event mean TSS concentration in Table 5.12.3 will be
increased by 20% to account for the high levels of sediment in runoff from areas with gravel surfacing.
The TSS design standard treats runoff from the 80th percentile storm event (the event having a return
period of 1.25 years), but design of a treatment facility that meets the TSS design standard must also
include hydraulic accommodation of runoff from the major storm event. This accommodation may
result in the treatment facility simply being designed to treat runoff from the major storm event, but
more often it results in the design of a bypass system that allows first flush runoff from the 80th
percentile storm to be treated, while larger flow rates are routed around or through the treatment
facility without being treated.
Proprietary Facilities
Proprietary facilities typically function by gravitational separation, vortex separation, filtration, or by
screening and retaining pollutants within the system. The use of proprietary facilities is acceptable
but generally discouraged as discussed in Section 5.12.2. They are considered a treatment facility of
last resort or for treatment in series. Proprietary facilities that include the use of removable or
replacement filters, cartridges, or similar elements in order to achieve pollutant removal, and those
that require confined space entry procedures or the use of remote camera operation for routine
inspections are not allowed.
The two most recognized programs that test the TSS removal of proprietary structures are in
Washington state and New Jersey. The first is the Test Assessment Protocol – Ecology (TAPE) for
emerging stormwater treatment technologies developed and maintained by the Washington State
Department of Ecology (WSDOE). The TAPE program tests proprietary measures for removal of a
variety of pollutants. TSS removal is covered under the “basic” treatment protocol. The other is run
by the New Jersey Department of Environmental Protection (NJDEP). The NJDEP refers to proprietary
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facilities as manufactured treatment devices (MTDs), and for an MTD to be used for TSS removal, it
must be both certified by the NJDEP and verified by the New Jersey Corporation for Advanced
Technology (NJCAT). Neither of these programs tests proprietary facilities for a specific TSS effluent
concentration. Rather, they are tested to meet a minimum percentage of TSS that is removed from
the influent. Due to their nationally recognized stringent test protocols, any proprietary facility
approved by WSDOE or NJCAT is assumed to meet the pollutant removal performance goals specified
by the test protocol and may be used in the City provided the facility requires no replacement filters,
cartridges, or similar elements and provided confined space entry procedures or the use of remote
camera operation are not required for routine inspection. Facilities evaluated by TAPE shall meet the
General or Conditional Use Level Designation. The Pretreatment and Basic test protocols are
acceptable for use in the City, with the Pretreatment protocol showing 50% removal of TSS and the
Basic protocol showing 80% removal of TSS.
Submitting a proprietary facility for testing to either of these two agencies can be quite expensive and
may be cost prohibitive to some manufacturers. The City may consider a proprietary facility provided
that, as part of the drainage letter or study submittal, a qualified professional engineer submits
adequate documentation as determined by the City that the manufacturer has test data showing
similar performance to that required by either the WSDOE or the NJCAT. The level of scrutiny during
review for approval of such devices will be significant. This data must be submitted and approved as
part of the Stormwater Quality Plan.
For instances where an existing proprietary structure is in place downgradient of a proposed
development that is required to meet current design standards for installation of a stormwater
treatment facility, the design professional shall demonstrate that the existing facility is able to meet
the pollutant removal standard. A detailed evaluation showing the existing structure has capacity to
accept additional runoff from the development site shall be required for approval. Due to the size
and expense of proprietary facilities to meet current design standards, it is unlikely any have been
designed with excess capacity. An example of a proprietary facility being installed is shown in Figure
5.12.3.

Figure 5.12.3. Example Proprietary Facility (Kelly
Romero-Heaney, 2019)
Treatment in Series
Treatment in series is a very effective way to meet the pollutant removal standard and is encouraged.
Treatment in series, also referred to as a treatment train, involves passing stormwater from one
treatment facility to the next, with each facility providing additional treatment. The facilities used in
a treatment train are positioned so facilities that can handle a larger, coarser pollutant load are first,
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while those facilities that are more suited to a smaller, finer pollutant load are last. This allows for
longer periods between required maintenance, especially for the facilities that provide more refined
removal. It also allows the TSS design standard to be met even when a single treatment facility is not
able to meet the standard by itself.
One option for calculating TSS removal rates is presented in the Methodology for Analysis of
Detention Basins for Control of Urban Runoff Quality (EPA,1986). The development of this manual
was supported by the EPA Nationwide Urban Runoff Program (NURP). While the entire document is
worth reviewing, Chapter 4.2.1 presents an analytical method under which TSS removal can be
evaluated under the dynamic conditions expected in permanent stormwater treatment facilities.
Removal due to sedimentation in a dynamic system is expressed by the equation below.

Where:

1

𝑅𝑅 = 1 − �1 + ∗
𝑛𝑛

𝑉𝑉𝑠𝑠 −𝑛𝑛
�
𝑄𝑄⁄𝐴𝐴

(2)

R = fraction of solids removed
Vs = settling velocity of particles
Q/A = rate of applied flow divided by surface area
n = turbulence parameter
The turbulence factor offers a way to factor in poor performance caused by turbulence and short
circuiting, with n=1 representing very poor performance and n=5 or more indicating very good
performance. With n equal to infinity, removal efficiency is linked to detention time. This equation is
useful in areas without enough relief to drain a pond that could hold the entire WQCV, or to design
basins in series or those receiving inflow that may have already been partially treated by a different
type of upstream treatment facility.
Particle settling velocity is calculated as the submerged weight of a particle minus the drag. This
calculation requires the minimum particle size of interest be specified. It also requires the viscosity
of water, which varies with temperature. For the TSS design standard a spherical particle with a
diameter of 60 microns may be assumed. A water temperature of 40 degrees Fahrenheit may be
assumed, having a viscosity of 1.664 x 105 ft2/s.
Given the site effluent TSS concentration from Table 5.12.3, an appropriate treatment train
composed of any types of permanent treatment facilities discussed herein may be designed using
the equation above to achieve the TSS goal concentration of 30 mg/L. Grass buffers and grass swales
are especially helpful at the upstream end of a treatment train. Each of the treatment facilities in the
treatment train must include physical components in accordance with these standards and with the
manufacturer’s recommendations for permeable pavement, if applicable. An example calculation of
a treatment train is included as Appendix B to this section.
5.12.7.3 Runoff Reduction (Infiltration) Standard
Sand filter basins, bioretention, and permeable pavement can all be designed to meet the runoff
reduction (infiltration) design standard. Treatment facilities meeting the infiltration standard must
have subsoil permeability and other site conditions that will not require the use of underdrains. They
must meet the requirements of a full infiltration basin. The design volume of treatment facilities
designed to meet the infiltration standard will be based on the WQCV equation above. Area used in
the calculation will be the total number of impervious acres on the site. Imperviousness for this area
will be set at 1.0. The design volume will then be 60% of the WQCV calculated or the full WQCV of the
area draining to the treatment facility, whichever is greater. All volumetric calculations will use this
specific design volume.
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Sand Filter Basins
The fact sheets for sand filters in Volume 3 of the USDCM include the design requirements for sand
filter basins. A double ring infiltrometer test shall be conducted at each sand filter basin site at the
proposed elevation of the bottom of the filter material. The calculated rate of infiltration should be
high enough to drain the design volume in 6 hours. If a slower rate is calculated, the facility will not
meet the infiltration standard requirements. All other recommendations in Volume 3 shall apply
including the design ponding depth. An example of a sand filter basin is shown in Figure 5.12.4.

Figure 5.12.4. Example Sand Filter Basin
(Modified from SEMSWA, 2018)
Bioretention
The fact sheets for bioretention in Volume 3 of the USDCM includes the design requirements.
Bioretention is not recommended for treatment of tributary areas with high sediment yields. These
included poorly vegetated tributary areas and tributary areas producing a large amount of dust or
sediment such as a landscaping materials storage area. A double ring infiltrometer test shall be
conducted at each bioretention site at an elevation 6 inches below the proposed bottom of the
growing media. The calculated rate of infiltration should be high enough to drain the design volume
in 6 hours. If a slower rate is calculated, the facility will not meet the infiltration standard
requirements. All other recommendations in Volume 3 shall apply including the design ponding
depth. An example of bioretention is shown in Figure 5.12.5.

Figure 5.12.5. Example Bioretention (Modified from
Sacramento State's Office of Water Programs, 2015)
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Permeable Pavement
The fact sheets for permeable pavement systems in Volume 3 of the USDCM include the design
requirements for various forms of permeable pavement including permeable interlocking concrete
pavement (PICP), concrete grid pavement, porous gravel pavement, and reinforced grass pavement.
Pervious concrete and pervious asphalt are not allowed. Permeable pavements can be a good
alternative to conventional pavement in pedestrian areas and lower-speed vehicle areas, but they
are not recommended for treatment of tributary areas with high sediment yields that could easily clog
the system and they are not allowed in the public right-of-way. Permeable pavements are also not
appropriate on steep slopes or in areas receiving runoff from bare or nearly bare earth.
A double ring infiltrometer test shall be conducted at each permeable pavement site at the proposed
elevation of the bottom of the lowest layer of filter material. The calculated rate of infiltration should
be high enough to drain the design volume in 6 hours. If a slower rate is calculated, the facility will
not meet the infiltration standard requirements. All other recommendations in Volume 3 shall apply
for the type of pavement used. An example of a permeable pavement system being installed is shown
in Figure 5.12.6.

Figure 5.12.6. Example Permeable Pavement Installation (Modified from Chesapeake
Stormwater Network, 2018)
5.12.8 DESIGN REQUIREMENTS FOR MAINTENANCE
Long-term maintenance requirements are a critical component of treatment facility selection and
design because facilities that are not properly maintained do not function properly and/or do not
treat stormwater runoff to the extent required by the MS4 permit. All new facilities shall be designed
to facilitate maintenance operations.
Maintenance considerations that must be evaluated during the selection and design process include
accessibility, required equipment, frequency of maintenance, special required training, and the need
for replacement materials.
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Access
An easement shall be provided in accordance with Section 5.3 to allow City staff to access the facility
if the responsible agency is negligent. Access roads shall be provided to all structures including
forebays, outfalls, inlets, micropools, outlet structures, and proprietary facilities. Access roads must
support an 80,000-pound vehicle load, be at least 10 feet wide, and have an inside turning radius of
at least 25 feet. Access roads must pass close enough to each structure that the equipment to be
used will reach the structure. A backhoe with a reach of 25 feet must be able to pass within 25 feet
of the structure without leaving the access road. If the access road cannot pass close enough to the
structure for the equipment to reach, a concrete access ramp or similar supportable material, such
as a 6-inch layer of angular 4-inch-minus riprap, shall be provided at a slope no steeper than 10:1.
Concrete ramps shall be scored for wet weather traction.
Forebays
Accessible forebays shall be provided at all concentrated inflow points of extended detention basins
and sand filter basins for removal of accumulated sediment and floatables. The forebay must be
designed in accordance with Volume 3 of the USDCM.
Stockpile Areas
Facilities should be designed with stockpile areas for temporary storage and drying of mucked out
material. A stockpile area should be directly adjacent to each structure to be cleaned out. Stockpile
areas shall be located outside the low flow area and should be as flat as possible. Total stockpile
area shall be twice the square footage of all forebays and the micropool.
Extended Detention Basins
Extended detention basins shall include a micropool with a hard bottom against which to excavate
that is accessible to a vacuum truck or backhoe. Extended detention basins shall include a trickle
channel at least 48 inches wide with no cross slope. Trickle channels shall have a concrete bottom
and sides at least 6 inches high to allow access for lightweight maintenance equipment if the trickle
channel longitudinal slope is less than 5%.
Infiltration Facilities
Sand filter basins have a short lifespan and shall include pretreatment to remove trash and larger
sediment. If located next to a roadway, infiltration facilities shall include a barrier to prevent
degradation of the roadway subgrade.
During construction and maintenance operations, special care shall be taken to avoid compaction of
subsurface soils that will reduce infiltration rates.
If a full infiltration basin is not used, an underdrain system including a loading evaluation will be
required and cleanouts must be provided every 300 feet. Infiltration testing shall be conducted after
construction and prior to acceptance to ensure the facility functions as intended.
Proprietary Structures
Proprietary structures that do not require confined space entry procedures are preferred. Careful
design of access to vaults and use of a vacuum truck may eliminate confined space entry
requirements.
Treatment facilities require regular inspection and maintenance, to be completed by the property
owner. Table 5.12.4 lists the minimum required inspection and maintenance schedule and typical
maintenance activities and operational protocols for various types of treatment facilities. Based on
site conditions, the design engineer may require additional maintenance measures, a more frequent
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schedule, or unique protocols for a site. Volume 3 of the USDCM should be consulted when
determining the maintenance schedule, activities, and protocols to be included on the O&M Plan.
5.12.9 INSPECTION AND MAINTENANCE REQUIREMENTS
An Ownership and Maintenance (O&M) Plan must be developed, submitted, and approved as part of
the Stormwater Quality Plan and then also included as part of the Ownership and Maintenance (O&M)
Agreement. An executed O&M Agreement is required prior to facility approval and project close out.
The requirements of an O&M Plan and a template O&M Plan are included as Appendix A to Section
5.3. City staff is available for consultation during the treatment facility selection and design process
to ensure the design meets the requirements in this section. Minimum required components for
maintenance are presented in Table 5.12.4 below.
Table 5.12.4. Minimum Required Inspection and Maintenance Schedule
Extended Detention Basin
Activity

Required Frequency

Inspection for debris at outlet, sediment in the forebay,
and damage to structures or embankments; maintain
or repair as necessary.
Remove sediment from forebay, trickle channel(s), and
micropool; aeration of vegetated areas
Mowing
Irrigation and application of fertilizer, herbicide, and
pesticide

Twice annually
Annually
As needed to maintain 6” height and
control weeds
As needed to maintain vegetative
health

Notes: Maintenance frequency is highly dependent on construction activity within the tributary area,
associated erosion control measures, and the design of the facility. More frequent removal of
accumulated sediment may be required, but detention basins are generally low maintenance
facilities.

Sand Filter Basin and Bioretention
Activity
Inspection to confirm infiltration rate after rainfall;
maintain as necessary. Debris and litter removal.
Mowing, plant care, irrigation, and application of
fertilizer, herbicide, and pesticide (for bioretention only)
Mulch replacement (for bioretention only)
Inspection of underdrain
Sediment removal and replacement of media
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health
As needed to maintain 3” depth
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5.12 Permanent Stormwater Treatment Facilities

Page 5.12-18

CITY OF STEAMBOAT SPRINGS ENGINEERING STANDARDS
Proprietary Structure
Activity

Required Frequency

Inspection for debris that may cause bypass of design
treatment flow rate; maintain as necessary.

Quarterly for first 2 years; as indicated
based on first 2 years after that

Filter cartridge inspection; replace as necessary.

Twice annually

Debris removal, filter cartridge replacement, and
vacuuming

As recommended by the manufacturer

Grass Swale, Grass Buffer
Activity

Required Frequency

Inspection for uniform cover, sediment accumulation, rill
and gully development, and impacts from foot or vehicle
traffic; maintain as necessary. Debris and litter removal.

Twice annually

Aeration

Annually

Mowing

As needed to maintain 6” height

Irrigation and application of fertilizer, herbicide, and
pesticide

As needed to maintain vegetative
health

Notes: Grass swales and buffers may need to be scraped or dethatched to restore original cross section and
infiltration rate; Reseeding or resodding may be required to restore vegetative cover.

Permeable Pavement
Activity

Required Frequency

Inspect during rainfall event or with applied water to ensure
infiltration and integrity of system components; Maintain as
necessary

Annually

Sweeping to remove sediment and debris

Monthly

Vacuuming to remove sediment that has filled void spaces

Annually

Notes: Avoid sealing or repaving with non-porous materials; do not apply sand as part of winter operational
procedures

If the conditions of the O&M Agreement presented in the O&M Plan are not met, the City has
compliance assistance procedures that will be implemented to ensure maintenance is completed
over time. These procedures are detailed in the Standard Operating Procedures developed and
maintained by City staff. City staff will routinely inspect facilities or respond to complaints relating to
facilities that may not be performing properly. Facility owners should expect notification of
inspections and subsequent findings to be communicated by inspection personnel. If maintenance
efforts are not properly conducted over time, enforcement authority is provided by the City’s
Community Development Code and as included in the O&M Agreement.
5.12.10 REFERENCES
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Permanent Stormwater Treatment Exclusions Guidance Tree
The purpose of this document is to provide guidance on determining when and which, exclusions may apply. Where exclusions do
apply, permanent stormwater treatment facilities are not required for the portion of the site that meets the applicable exclusion. This
document also identifies record keeping requirements.
Start

Activity disturbs
≥1 acre or is part of a larger
common plan

No

No permanent
stormwater treatment
is required

2. Large lot single family sites mean
disturbance greater than 1 acre on a singlefamily lot that is 2.5 acres or larger with an
imperviousness < 20%.

Yes
Does the activity qualify under one of the following
exclusions?
• Non-residential/non-commercial infiltration
conditions 1
• Large lot single-family development 2
• Above/underground utilities 3
• Trails 4
• Disturbances that will remain undeveloped
including stream stabilization

Yes

No permanent
stormwater treatment
is required*

No
Is the activity
associated with oil and
gas exploration?

Yes

No permanent
stormwater treatment
is required

No

Is the activity a roadway
project? 5

No

Provide permanent
stormwater
treatment facilities

Yes

Can the activity be considered
a pavement management
project? 6

Yes

No permanent
stormwater treatment
is required*

No

Can the activity be considered
a roadway redevelopment
project? 7

1. Non-residential & non-commercial infiltration
conditions means that post-development
surface conditions do not result in any
stormwater discharge from the site during the
80th percentile storm event. It must be fully
infiltrated.

Yes

No permanent
stormwater treatment
is required*

3. Above ground and underground utilities
include installation or maintenance of
underground utilities or infrastructure that does
not permanently alter the terrain, ground cover
or drainage patterns. This includes installing,
replacing, or maintaining utilities under roads
or other paved areas if the surface returns to
the same condition.
4. Trails are access areas for the purpose of
recreation or operations & maintenance
activities. Trails do not include sidewalks that
are parallel to or generally adjacent to
roadways that are used as pedestrian access
to streets.
5. Roadway projects include roads and bridges
that are for vehicular travel and contiguous
areas within 0.25 miles for pedestrians or
bicycles, road drainage, or parking along the
road. Areas primarily used for parking or
access to parking are not included (see the
parking lot guidance tree).
6. Pavement management projects include
rehab, maintenance, & reconstruction of
existing road pavement that do not add
impervious area. This includes resurfacing, mill
& overlay, white topping, black topping, curb &
gutter replacement, concrete panel
replacement, & pothole repair.
7. Roadway redevelopment projects add to an
existing road of: not more than 8.25’ of paved
width at any location; less than 1 acres of
paved area per mile of road; no additional
capacity. The purpose must be to increase
safety or improve roadway function.
8. Existing roadway areas means the project
does not increase the width of the roadway by
more than two times, on average.

No

Can the activity be considered
an existing roadway areas
project? 8

No
Provide permanent
stormwater
treatment facilities

Yes

Existing roadway areas are
excluded from requiring
permanent stormwater
treatment facilities

New roadway areas
require permanent
stormwater
treatment facilities*

*Record keeping requirements are included in Standard
Form No. 6 Permanent Stormwater Treatment Facility
Exclusions Tracking Form

Parking Lot Guidance Tree
This tree offers guidance on determining whether a parking lot activity can be considered routine maintenance. Activities
described in “Pavement Management Sites” (roadway resurfacing, mill and overlay, white topping, black topping, etc.)
should be disregarded when assessing parking lots for required permanent stormwater treatment as most of these
activities are considered routine maintenance and do not meet the requirements of an “applicable development site”. The
common confusion is the phrase, “Areas primarily used for parking or access to parking are not roadways” and therefore
cannot be considered a “Pavement Management Sites” and excluded from permanent stormwater treatment
requirements. Since these areas are not considered roadways, activities performed must meet the requirements of an
“applicable development site” when determining permanent stormwater treatment requirements.

Start

Is the area of disturbance
≥1 acre or part of a larger
common plan 1

No

No permanent
stormwater treatment
is required

Yes

Can the parking lot activity
be considered routine
maintenance? 2

No

Permanent stormwater
treatment is required

1. The calculation for area of
disturbance is the area in which
“underlying and/or surrounding soil is
cleared, graded, or excavated as
part of the repaving operation”. The
disturbance of any base course or
subbase materials should not be
included in this calculation.
2. Maintenance is routine if it is either
done frequently or it is the same
activity done at uniform intervals that
are typically at a set schedule.
Example: an oil change every 3,000
miles or a timing belt every 90,000
miles is routine car maintenance.
The replacement of an engine with a
larger engine is not routine.

Yes

3. Activities to conduct repairs that
are not part of regular maintenance
or for replacement are construction
activities and are not routine
maintenance.

Does the activity maintain
the original line and grade,
hydraulic capacity, or
original purpose of a
facility? 3

4. Site improvements typically
involve design, engineering, and/or
additional features, such as
infrastructure, added impervious
area, etc. Projects that include both
maintenance and site improvements
do not meet the definition of routine
maintenance.

No

Permanent stormwater
treatment is required

Yes

Are any additional site
improvements proposed with
activity? 4

No

Activity is “Routine Maintenance”
and no permanent stormwater
treatment facilities are required

Yes

Permanent stormwater
treatment is required

Routine Maintenance Guidance Tree
The purpose of this document is to provide guidance whether an activity is
considered routine maintenance or if it qualifies as a “Routine Maintenance” and
is therefore not required to meet permanent stormwater treatment requirements.
Start

Activity disturbs ≥1 acre
or is part of a larger
common plan

No

No permanent
stormwater
treatment is
required

Yes

Can the activity be
considered routine
maintenance? 1

No

See Permanent
Treatment
Exclusions
Guidance Tree

No

Yes

3. Site improvements typically involve
design, engineering, and/or additional
features, such as infrastructure, added
impervious area, etc. Projects that include
both maintenance and site improvements
do not meet the definition of routine
maintenance.

See Permanent
Treatment
Exclusions
Guidance Tree

See Permanent
Treatment
Exclusions
Guidance Tree

5. "Roadway": Roads and bridges that are
improved, designed or ordinarily used for
vehicular travel and contiguous areas
(within 0.25 mile) improved, designed or
ordinarily used for pedestrian or bicycle
traffic, drainage for the roadway, and/or
parking along the roadway. Areas
primarily used for parking or access to
parking are not included.

Yes

Are additional site
improvements proposed
with activity? 3

2. Activities to conduct repairs that are not
part of regular maintenance or for
replacement are construction activities
and are not routine maintenance.

4. The MS4 permit does not define what
components can or cannot be replaced,
except in one instance, where the permit
states, "Repaving activities where
underlying or surrounding soil is cleared,
graded, or excavated as part of the
repaving operation are construction
activities unless they are excluded site
under Part I.E.4.a.i." Therefore, this can
be taken as an example for determining
degree of replacement.

Yes

Does the activity maintain
the original line and grade, hydraulic
capacity, or original purpose or a
facility? 2

1. Maintenance is routine if it is either
done frequently or it is the same activity
done at uniform intervals that are typically
at a set scheduled. Example: an oil
change every 3,000 miles or a timing belt
every 90,000 miles is routine car
maintenance. The replacement of an
engine with a larger engine is not routine.

No

Does the activity replace a
component of a structure and not
the entire structure? 4

Yes

Activity is “routine maintenance” and no
permanent stormwater treatment is
required

No

Is the activity being
performed entirely
within a parking lot? 5

Yes

See Parking Lot
Guidance Tree

No

See Permanent
Treatment
Exclusions
Guidance Tree

Treatment in Series Example Problem
A series of treatment facilities is planned to provide permanent stormwater treatment to a low-density
residential development. The development drains to a small parking lot that drains over a level spreader
and across a grass buffer 10 ft wide and 20 ft long. The grass buffer transitions to a full grassed swale
section with a width of 5 ft and length of 250 ft. The swale discharges into a bioretention facility 20 ft wide
and 50 ft long. The bioretention discharges directly to a storm sewer. The design water quality flow rate
for the 80th percentile storm was calculated based on procedures in Section 5.5 and 5.6 and determined
to be 7 cfs. Evaluate the treatment train to determine the final concentration of TSS and ensure the
effluent concentration is reduced to 30 mg/L. Use the procedures in Chapter 4 of Methodology for Analysis
of Detention Basins for Control of Urban Runoff Quality (EPA,1986).
Step 1: Determine the starting TSS concentration for the development by land use. From Table 5.12.3,
the event mean TSS concentration for a low-density residential development is 150 mg/L. A
starting TSS concentration of 150 mg/L is assumed.
Step 2: Calculate the settling velocity for the minimum particle size of interest. A spherical particle with a
diameter of 60 microns may be assumed. The settling velocity occurs when the net force acting
on the particle becomes zero and the weight of the object is balanced by the drag and buoyancy
forces, yielding the equation:
𝜋𝜋 3
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Fb = Buoyancy force
D = Drag force
d = diameter of the particle (mm)
ρS = density of the particle
ρ = density of the fluid
g = acceleration due to gravity = 32.2 ft/s2
Cd = drag coefficient
VS = settling velocity of the particle (ft/s)
A = projected area of the sphere = ¼ πd2
Substituting in the projected area of the sphere and solving for the settling velocity yields the
following equation
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Additionally, substituting in the projected area of the sphere and the expression for the coefficient
of drag, 𝐶𝐶𝑑𝑑 =
𝑉𝑉𝑠𝑠 =
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, the expression becomes

ν = Viscosity of water = 1.664x105 ft2/s @40 degrees F

Density can be expressed in terms of specific gravity. Because the specific gravity of water is close
to 1 g/cm3, the final expression for settling velocity becomes
𝑉𝑉𝑠𝑠 =

1 𝑔𝑔𝑑𝑑 2
(𝑆𝑆𝑆𝑆𝑠𝑠
18 𝜈𝜈

− 1)

SGS = Specific gravity of the particle = 2.65
Finally, the settling velocity can be calculated. A water temperature of 40 degrees Fahrenheit is
assumed, having a viscosity of 1.664x105 ft2/s. The specific gravity of the particle is assumed to be
2.65. The settling velocity of the particle is 0.0059 fps.
𝑉𝑉𝑠𝑠 =

𝑓𝑓𝑓𝑓

2
1 32.2𝑠𝑠2 ∗(0.06𝑚𝑚𝑚𝑚)
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𝑠𝑠

1) = 0.0059𝑓𝑓𝑓𝑓𝑓𝑓

Step 3: Calculate the surface area for the first treatment facility. The surface area of the grass buffer swale
is calculated with a simple area equation 𝑙𝑙 ∗ 𝑤𝑤 = 20𝑓𝑓𝑓𝑓 ∗ 10𝑓𝑓𝑓𝑓 = 200𝑠𝑠𝑠𝑠. The area of the grass
buffer is 200 sf.

Step 4: Determine the turbulence factor. The turbulence factor accounts for decreased performance
caused by turbulence and short circuiting. For this example, a conservative turbulence factor of
n=1 is assumed for the grass buffer and grass swale as flow will move continuously through these
treatments and not pond as it will in the bioretention facility. A value of n=3 is assumed for the
bioretention facility as flow is captured, detained, and released slowly, decreasing the likelihood
of turbulence or short circuiting in that system.
Step 5: Calculate the fraction of removal due to sedimentation for the grass buffer and determine the
effluent concentration.
The fraction of removal due to sedimentation is calculated using equation 2
1
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n = Turbulence factor
Q/A = rate of applied flow divided by surface area of the treatment facility
The effluent concentration out of the grass buffer is calculated as
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The effluent is greater than 30 mg/L, therefore more treatment is required. Steps 3 through 5 are
repeated to determine the final effluent concentration downstream of the treatment train. The
next facility in the treatment train is the grass swale.
Grass Swale:
A = 250𝑓𝑓𝑓𝑓 ∗ 5𝑓𝑓𝑓𝑓 = 1250𝑠𝑠𝑠𝑠
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The starting concentration for each treatment facility in the treatment train is the effluent
concentration of the previous upstream treatment. In this case, it is the effluent concentration of
the grass swale, 128.3 mg/L.
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The effluent concentration out of the grass swale is 62.3 mg/L. The final treatment facility is
bioretention and the influent concentration into the bioretention facility is 62.3 mg/L.
Bioretention Facility:
A = 50𝑓𝑓𝑓𝑓 ∗ 20𝑓𝑓𝑓𝑓 = 1000𝑠𝑠𝑠𝑠
𝑅𝑅 = 1 − �1 +
62.3

𝑚𝑚𝑚𝑚
𝐿𝐿

1
3

−3
(0.0059 𝑓𝑓𝑓𝑓𝑓𝑓)
∗ 7 𝑐𝑐𝑐𝑐𝑐𝑐
�
�1000 𝑠𝑠𝑠𝑠)

− �62.3

𝑚𝑚𝑚𝑚
𝐿𝐿

= 52.6%

∗ 52.6%� = 29.5

𝑚𝑚𝑚𝑚
𝐿𝐿

The final effluent concentration out of the treatment train is 29.5 mg/L, which is less than the goal
concentration of 30 mg/L required by the City’s MS4 Permit. A spreadsheet is a very helpful tool
in evaluating a treatment train. However, as the settling velocity equation is rather complex, it is
recommended that the spreadsheet results for this equation be tested with calculations
completed on a calculator before the entire spreadsheet is developed and relied upon for
accurate results.

CITY OF STEAMBOAT SPRINGS ENGINEERING STANDARDS

PROJECT SHEET – BASE DESIGN STANDARDS (Site is not constrained)
Complete a Project Sheet for each project that includes Permanent Stormwater Treatment Facilities.

SITE INFORMATION
Project Name:
Project Location:
Submitted Date:
Acreage Disturbed:
Existing Impervious:
Review Date:
Preparer
City

Submitted By:
New Net Impervious:
Reviewed By:

Requirements
Design Details are included for all Treatment Facilities
List or include a description of any source controls or other non-structural
practices:

DESIGN STANDARDS
Multiple Design Standards may be used on a site, as necessary, to meet the requirements, but only one
Design Standard may be used for each treatment facility’s tributary area. Evaluation of suitability of
permanent stormwater treatment facilities is based on meeting the specified Design Standard and ease of
long-term maintenance. Facilities must be designed in accordance with the most current versions of the
City’s Engineering Standards and Volume 3 of the USDCM and meet the specific requirements for each Design
Standard used.
1. Indicate below, which Design Standard(s) will be used for the project, and
2. Complete a separate, corresponding Design Standards checklist for each facility (e.g., WQCV)

Design Standard

WQCV
Pollutant Removal
Runoff Reduction

Project Sheet
Base Design Standard

Quantity

Tributary Area

Location/Identifying information

Page 1 of 1

July 2019

CITY OF STEAMBOAT SPRINGS ENGINEERING STANDARDS

DESIGN CHECKLIST – Water Quality Capture Volume (WQCV) Standard
WQCV STANDARD Criteria
Treatment facilities must be designed to provide treatment and/or infiltration of the WQCV for 100% of
the site. Under certain conditions, up to 20% of the site may be excluded, not to exceed 1 acre. This may
apply if it is not practicable to capture runoff from portions of the site and where it is not practicable to
construct a separate treatment facility for those same portions of the site.
Complete checklist if using the WQCV Standard to meet Design Standard requirements.
Project Name:
Preparer

City

Requirements
Facilities provide treatment and/or infiltration of the WQCV for 100% of the site
% of site treated:
Facility Type:
Facility Location:
See Drainage Report section:

If less than 100% of the site is treated, complete the following:
Preparer
City
Requirements
% of site not treated by control measures (not to exceed 20% or 1 acre):
%

Size
(acres)

Provide explanation of why the excluded area is impractical to treat:

Provide explanation of why another facility is not practicable for the untreated
area:

WQCV Design Standard Checklist
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DESIGN CHECKLIST – Pollutant Removal (TSS) Standard
POLLUTANT REMOVAL STANDARD Criteria
Treatment facilities must be designed to provide treatment of the 80th percentile storm event. The
treatment facilities shall be designed to treat stormwater runoff in a manner expected to reduce the
event mean concentration of total suspended solids (TSS), at a minimum, to a median value of 30mg/L
or less for 100% of the site. Substantiating data must meet criteria in Volume 3 of the USDCM and be
included in the submittal. All runoff from the site shall be captured. Under certain conditions, up to 20%
of the site may be excluded, not to exceed 1 acre. This may apply if it is not practicable to capture runoff
from portions of the site t and it is not practicable to construct a separate treatment facility for those
same portions of the site.
Complete checklist if using the Pollutant Removal Standard to meet Design Standard requirements.
Project Name:
Preparer

City

Requirements
Facilities provide treatment of the 80th percentile storm event. The facilities
treat stormwater runoff in a manner expected to reduce the event mean
concentration of total suspended solids (TSS) to a median value of 30mg/L or
less for 100% of the site.
Facility Type:
Facility Location:
Storm event:
TSS mg/L reduction:
% of site treated:
See Drainage Report section:

If less than 100% of the site is treated, complete the following:
Preparer
City
Requirements
% of site not treated by control measures (not to exceed 20% or 1 acre):
%

Size
(acres)

Provide explanation of why the excluded area is impractical to treat:

Provide explanation of why another facility is not practicable for the untreated
area:

TSS Design Standard Checklist
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DESIGN CHECKLIST – Runoff Reduction (Infiltration) Standard
RUNOFF REDUCTION STANDARD Criteria
Treatment facilities must be designed to infiltrate 60% of the WQCV calculated for all the impervious area
within the site. All runoff from the site shall be captured. This Standard can be met through practices such
as Green Infrastructure and Low Impact Development practices. Under certain conditions, up to 20% of
the site may be excluded, not to exceed 1 acre. This exclusion may apply if it is not practicable to capture
runoff from portions of the site and it is not practicable to construct a separate treatment facility for
those same portions of the site.
Complete checklist if using the Runoff Reduction Standard to meet Design Standard requirements.
Project Name:
Preparer

City

Requirements
Control measure infiltrates at least 60% of WQCV for all impervious area
% treated through runoff reduction:
Facility Type:
Facility Location:
See Drainage Report section:

Infiltration Design Standard Checklist
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CITY OF STEAMBOAT SPRINGS ENGINEERING STANDARDS

PROJECT SHEET – CONSTRAINED REDEVELOPMENT SITE
STANDARD
Complete one Project Sheet for each project that is Constrained and includes Permanent Stormwater
Treatment Facilities.

CONSTRAINED REDEVELOPMENT SITES
Constrained Redevelopment Sites are sites where the existing site is >75% impervious. If the existing site
is ≤75% impervious, the Constrained Site Standard cannot be used, and Base Design Standards must be
followed. The Constrained Site Standard can only be used if it is determined that it is not practicable to
meet any of the Base Design Standards. It is incumbent on the design engineer to demonstrate
adherence to Base Design Standards has been found infeasible before a Constrained Site Standard is
proposed.
SITE INFORMATION
Project Name:
Project Location:
Submitted Date:
Submitted By:
Acreage Disturbed:
Existing Impervious:
New Net Impervious:
Review Date:
Reviewed By:
Preparer
City Requirements
Design Details are included for all treatment facilities
List or include a description of any source controls or other non-structural
practices:

DESIGN STANDARDS
Design Standards may be used in combination, as necessary, to meet the requirements. Additional
design methods may be considered if they comply with the MS4 Permit. Evaluation of suitability of
permanent stormwater treatment facilities is based on meeting the specified Design Standard and longterm maintenance consideration. Facilities must be designed in accordance with the most current
versions of the City’s Engineering Standards and Volume 3 of the USDCM and meet the specific
requirements for each Design Standard used.
1. Indicate below, which Design Standards will be used for the project, and
2. Complete a separate, corresponding Design Standards checklist for each treatment facility (e.g.,
WQCV, etc.)

Design Standard

WQCV
Pollutant Removal
Runoff Reduction

Quantity

Project Sheet
Constrained Site Design Standard

Tributary Area

Location/Identifying information
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DESIGN CHECKLIST – Constrained Redevelopment Water Quality
Capture Volume (WQCV) Standard
The minimum treatment levels are included below, and treatment should be maximized to the extent
feasible under constrained site conditions.

CONSTRAINED SITE WQCV STANDARD Criteria
Treatment facilities must be designed to capture and provide treatment and/or infiltration of the WQCV
for at least 50% of the site’s impervious area.
Complete checklist if using the Constrained WQCV Standard to meet Design Standard requirements.
Project Name:
Preparer

City

Requirements
Treatment facilities provide treatment and/or infiltration of the WQCV for 50% of
the site
% of site treated:
Facility Type:
Facility Location:
See Drainage Report section:
Provide an evaluation of the infeasibility of Base Design Standards and
justification for use of Constrained Site Standard:

Constrained Site
WQCV Design Standard Checklist
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DESIGN CHECKLIST – Constrained Redevelopment Pollutant Removal
(TSS) Standard
The minimum treatment levels are included below, and treatment should be maximized to the extent
feasible under constrained site conditions.

CONSTRAINED SITE POLLUTANT REMOVAL STANDARD Criteria
Treatment facilities must be designed to provide treatment of the 80th percentile storm event. The
treatment facilities shall be designed to treat stormwater runoff in a manner expected to reduce the
event mean concentration of total suspended solids (TSS), at a minimum, to a median value of 30mg/L
or less. At least 50% of the site impervious area must be treated. Substantiating data must meet criteria
in the City’s Engineering Standards and Volume 3 of the USDCM and be included in the submittal.
Complete checklist if using the Constrained Pollutant Removal Standard to meet Design Standard
requirements.
Project Name:
Preparer

City

Requirements
Treatment facilities provide treatment of the 80th percentile storm event. The
treatment facilities treat stormwater runoff in a manner expected to reduce
the event mean concentration of total suspended solids (TSS) to a median
value of 30mg/L or less for 50% of the impervious site.
Facility Type:
Facility Location:
Storm event:
TSS mg/L reduction:
% of site treated:
See Drainage Report section:
Provide an evaluation of the infeasibility of Base Design Standards and
justification for use of Constrained Site Standard:

Constrained Site
TSS Design Standard Checklist
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DESIGN CHECKLIST – Constrained Runoff Reduction (Infiltration)
Standard
The minimum treatment levels are included below, and treatment should be maximized to the extent
feasible under constrained site conditions.

CONSTRAINED SITE RUNOFF REDUCTION STANDARD Criteria
Treatment facilities must be designed to infiltrate 30% of the WQCV calculated for all impervious area.
This Standard can be met through practices such as Green Infrastructure and Low Impact Development
practices. At least 50% of the site’s impervious area must be captured and treated.
Complete checklist if using the Constrained Runoff Reduction Standard to meet Design Standard
requirements.
Project Name:
Preparer

City

Requirements
Control measure infiltrates at least 30% of WQCV for all impervious area
% of impervious site treated through runoff reduction:
Facility Type:
Facility Location:
See Drainage Report section:
Provide an evaluation of the infeasibility of Base Design Standards and
justification for use of Constrained Site Standard:

Constrained Site
Infiltration Design Standard Checklist
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CITY OF STEAMBOAT SPRINGS ENGINEERING STANDARDS
STANDARD FORMS
Standard Form No. 1
Standard Form No. 2
Standard Form No. 3
Standard Form No. 4
Standard Form No. 5
Standard Form No. 6

Drainage Letter Checklist
Conceptual Drainage Study Checklist
Final Drainage Study Checklist
Stormwater Quality Plan Checklist
Drainage and Stormwater Treatment Scope Approval Form
Permanent Stormwater Treatment Facility Exclusions Tracking Form

STANDARD FORMS

CITY OF STEAMBOAT SPRINGS ENGINEERING STANDARDS
STANDARD FORM NO. 1 DRAINAGE LETTER CHECKLIST
Instructions:
1. The applicant shall identify with a “check mark” if information is provided with letter. If
applicant believes information is not required, indicate with “N/A” and attach separate
sheet with explanation.
2. The reviewer will determine if information labeled “N/A” is required and whether
additional information must be submitted.
I. General
_____ A. Typed and legible in 8½ x 11” format.
_____ B. Drawings that are 8½” x 11” or 11 x 17 bound within letter, larger drawings (up to 24 x
36) included in a pocket attached to the letter. Drawings shall be at an appropriate size
and scale to be legible and include project area.
II. Title Page
_____
_____
_____
_____

A.
B.
C.
D.

Type of Letter.
Project Name, Subdivision, Original Date, Revision Date.
Preparer’s name, firm, address, and phone number.
Certifications, PE stamp, signature and date from licensed Colorado PE (for FINAL
letter).
_____ E. “DRAFT” for 1st Submittal and revisions; “FINAL” once approved.
_____ F. Note: City of Steamboat Springs plan review and approval is only for general
conformance with City design criteria and the City code. The City is not responsible for
the accuracy and adequacy of the design, dimensions, and elevations that shall be
confirmed and correlated at the job site. The City of Steamboat Springs assumes no
responsibility for the completeness or accuracy of this document.
III. Introduction
_____ A. Description of site location, size in acres, existing and proposed land use, and any
pertinent background info.
_____ B. Identify drainage reports for adjacent development.
IV. Drainage Criteria and Methodology Used
_____ A. Identify design rainfall and storm frequency.
_____ B. Identify runoff calculation method used.
V. Existing Conditions (Pre-Development/Historic)
_____
_____
_____
_____
_____
_____
_____

A.
B.
C.
D.
E.
F.
G.

Indicate ground cover, imperviousness, topography, and size of site (acres).
Describe existing stormwater system (sizes, materials, etc.).
Describe other notable features (canals, major utilities, etc.).
Note site outfall locations and ultimate outfall location (typically Yampa River).
Note capacity of existing system and identify any constraints.
Identify NRCS soil type.
Identify the FEMA Map reviewed, if site is in floodplain/way, and zone designation.

Standard Form No. 1
Drainage Letter Checklist
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VI. Proposed Conditions
_____
_____
_____
_____
_____

A.
B.
C.
D.
E.

Indicate ground cover, imperviousness, topography, and disturbed area (acres).
Describe proposed stormwater system (sizes, materials, etc.).
Describe proposed outlets and indicate historic and proposed flow for each.
Include calculations for all pipes, inlets, culverts, ditches, ponds, etc. in appendix.
Include a summary table for the 5- and 100-year events showing historic flow and
proposed flow for total site and each basin.
_____ F. Include a summary of proposed water quality measures to be constructed.
VII. Conclusions
_____ A. Provide general summary.
_____ B. Note if site does or does not comply with criteria and any variances to criteria.
_____ C. Indicate if peak proposed flow is less than, equal to, or greater than peak historic flow
for each outfall, design point, and for the total site.
_____ D. Indicate proposed stormwater quality system.
VIII. References
_____ A. Provide a reference list of all criteria, master plans, drainage reports and technical
information used.
IX. Figures
_____ A. Vicinity Map.
_____ B. Site Plan (include the horizontal and vertical datum used and all benchmarks).
C. Existing conditions.
_____
1. Delineate existing basin boundaries.
_____
2. Show existing runoff flow arrows.
_____
3. Show existing topography.
_____
4. Show existing stormwater features (structures, sizes, materials, etc.).
_____
5. Show floodplain limits and information.
_____
6. For each basin, show bubble with basin number, acreage and percent impervious
or provide information in summary table or figure.
_____
7. For each outlet show bubble with acreage and historic flow and proposed flow or
provide information in summary table on figure.
D. Proposed Conditions
_____
1. Delineate proposed basin boundaries.
_____
2. Show proposed runoff flow arrows.
_____
3. Show existing and proposed topography at an interval of at least 5-ft.
_____
4. For each basin show bubble with basin number, acreage and percent impervious
or provide a summary table or figure.
_____
5. For each outlet show bubble with acreage, historic flow, and proposed flow or
provide a summary table or figure.
_____
6. Show floodplain limits and information.
_____
7. Show proposed stormwater system (components, sizes, materials, & slopes).
_____
8. Show property lines and easements.
_____
9. Show any new easements required.

Standard Form No. 1
Drainage Letter Checklist
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X. Appendices
_____
_____
_____
_____

A.
B.
C.
D.

Runoff Calculations
Culvert Calculations
Pond Calculations.
Other Calculations

Acknowledgements:
Standard Form No. 1 was prepared by: ______________________

__________
Date

Include Attachment A – Scope Approval Form (see Standard Form No. 5)
Include Attachment B – Storm Water Quality Plan (see Standard Form No. 4)

Standard Form No. 1
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Standard Form No. 2 Conceptual Drainage Study Checklist
Instructions:
1. The applicant shall identify with a “check mark” if information is provided with letter. If
applicant believes information is not required, indicate with “N/A” and attach separate
sheet with explanation.
2. The reviewer will determine if information labeled “N/A” is required and whether
additional information must be submitted.
I. General
_____ A. Typed and legible in 8½ x 11” format.
_____ B. Report bound (comb, spiral, or staple – no notebook).
_____ C. Drawings that are 8½” x 11” or 11 x 17 bound within letter, larger drawings (up to 24 x
36) included in a pocket attached to the letter. Drawings shall be at an appropriate size
and scale to be legible and include project area.
II. Cover
_____
_____
_____
_____

A. Report Type – Conceptual Drainage Study.
B. Project Name, Subdivision, Original Date, Revision Date.
C. Preparer’s name, firm, address, phone number.
D. “DRAFT” for 1st submittal and revisions; “FINAL” once approved.

III. Title Sheet
_____ A. Table of Contents
_____ B. Certification, PE Stamp, signature, and date from licensed Colorado PE.
_____ C. Note: City of Steamboat Springs plan review and approval is only for general
conformance with City design criteria and the City code. The City is not responsible for
the accuracy and adequacy of the design, dimensions, and elevations that shall be
confirmed and correlated at the job site. The City of Steamboat Springs assumes no
responsibility for the completeness or accuracy of this document.
IV. Introduction
_____ A. Description of site location, size in acres, existing and proposed land use, and any
pertinent background info.
_____ B. Identify drainage reports for adjacent development.
V. Drainage Criteria and Methodology Used
_____
_____
_____
_____
_____

A. Identify design rainfall and storm frequency.
B. Identify the runoff calculation method used.
C. Identify culvert and storm sewer design methodology.
D. Identify detention discharge and storage methodology.
E. Discuss HEC-HMS methodologies and parameters, if HEC-HMS is used.

Standard Form No. 2
Conceptual Drainage Study Checklist
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VI. Existing Conditions (Pre-Development/Historic)
_____
_____
_____
_____
_____
_____
_____
_____

A. Indicate ground cover, imperviousness, topography, and size of site (acres).
B. Describe existing stormwater system (sizes, materials, etc.).
C. Describe other notable features (canals, major utilities, etc.).
D. Note site outfall locations and ultimate outfall location (typically Yampa River).
E. Note capacity of existing system and identify any constraints.
F. Identify NRCS soil type.
G. Discuss any existing easements.
H. Identify the FEMA Map reviewed, if site is in floodplain/way, and zone designation.

VII. Proposed Conditions
_____
_____
_____
_____
_____
_____
_____
_____
_____
_____
_____
_____
_____
_____
_____
_____
_____
_____
_____
_____
_____
_____
_____
_____
_____
_____
_____

A. Indicate ground cover, imperviousness, topography, and disturbed area (acres).
B. Describe proposed stormwater system (sizes, materials, etc.).
C. Describe proposed outlets and indicate historic and proposed flow for each.
D. Include calculations for all culverts, ditches, ponds, etc. in appendix.
E. Include a summary table for the 5- and 100-year events showing historic flow and
proposed flow for total site and each basin.
F. Discuss proposed easements.
G. Describe offsite flows to be passed thru site.
H. Summarize any impacts to downstream properties or indicate none.
I. Detention Ponds.
1. Indicate pond volume and area (size and depth) requirement.
2. Indicate release rates.
3. Discuss outfall design, location, and overflow location.
4. Discuss maintenance requirements.
J. Curb and Gutter
1. Indicate gutter capacity.
2. Indicate curb capacity.
3. Indicate design depth of flow in street.
K. Culverts
1. Indicate whether each culvert is under inlet or outlet control.
2. Show that headwater is less than the maximum allowable.
3. Indicate design velocity.
4. Indicate required and provided flow rates.
5. Discuss whether outlet protection is required and what will be used.
L. Inlets
1. Indicate inlet capacity.
2. Indicate the type of inlet(s) used.
M. Channels
1. Indicate design velocity (and type of dissipation if required).
2. Indicate required and provided flow capacity.
3. Show critical cross-section(s) including water surface.
N. Site Discharge
1. Discuss use and design of detention to ensure discharge is less than or equal to
historic flow.
2. Provide documentation that downstream facilities are adequate and no adverse
impacts to downstream property owners (i.e. no rise certification)

Standard Form No. 2
Conceptual Drainage Study Checklist
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VIII. Post Construction Stormwater Management
_____ A. Discuss in general terms which permanent BMP practices will be used to control
pollutant and sediment discharge after construction is complete. Exhibit A, Storm Water
Quality Plan shall be attached that will give details (see separate checklist)
IX. Conclusions
_____ A. Provide general summary.
_____ B. Note if site complies with criteria and any variances to criteria.
_____ C. Indicate if peak proposed flow is less than, equal to, or greater than peak historic flow
for each outfall, design point, and for the total site.
_____ D. List proposed new stormwater system requirements.
X. References
_____ A. Provide a reference list of all criteria, master plans, drainage reports and technical
information used.
XI. Tables
_____ A. Include a copy of all tables prepared for the study.
XII. Figures
_____ A. Vicinity Map.
_____ B. Site Plan (include the horizontal and vertical datum used and all benchmarks).
C. Existing conditions.
_____
1. Delineate existing basin boundaries.
_____
2. Delineate offsite basins impacting the site.
_____
3. Show existing and proposed topography at an interval of at least 5-ft.
_____
4. Show existing runoff flow arrows.
_____
5. Show existing stormwater features (structures, sizes, materials, etc.).
_____
6. Show floodplain limits and information.
_____
7. For each basin show bubble with basin number, acreage and % impervious.
_____
8. For each outlet show bubble with acreage and historic flow and proposed flow or
provide information in summary table on figure.
D. Proposed Conditions
_____
1. Delineate proposed basin boundaries.
_____
2. Show proposed runoff flow arrows.
_____
3. Show existing and proposed topography at an interval of at least 5-ft.
_____
4. For each basin show bubble with basin number, acreage and percent impervious
or provide a summary table or figure.
_____
5. For each outlet show bubble with acreage, historic flow, and proposed flow or
provide a summary table or figure.
_____
6. Show floodplain limits and information.
_____
7. Show proposed stormwater system (components, sizes, materials, & slopes).
_____
8. Show property lines and easements (existing and proposed).

Standard Form No. 2
Conceptual Drainage Study Checklist
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XIII. Appendices
_____
_____
_____
_____

A. Runoff Calculations.
B. Culvert Calculations.
C. Pond Calculations.
D. Other Calculations.

Acknowledgements:
Standard Form No. 2 was prepared by: _______________________

_______
Date

Include Attachment A – Scope Approval Form (see Standard Form No. 5)
Include Attachment B – Storm Water Quality Plan (see Standard Form No. 4)
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Standard Form No. 3 Final Drainage Study Checklist
Instructions:
1. The applicant shall identify with a “check mark” if information is provided with letter. If
applicant believes information is not required, indicate with “N/A” and attach separate
sheet with explanation.
2. The reviewer will determine if information labeled “N/A” is required and whether
additional information must be submitted.
I. General
_____ A. Report typed and legible in 8½” x 11” format.
_____ B. Report bound (comb, spiral, or staple – no notebook).
_____ C. Drawings that are 8½ x 11 or 11 x 17 bound within report, larger drawings (up to 24 x
36) included in a pocket attached to the report. Drawings shall be at an appropriate size
and scale to be legible and include project area.
II. Cover
_____
_____
_____
_____

A. Report Type – Final Drainage Study.
B. Project Name, Subdivision, Original Date, Revision Date.
C. Preparer’s name, firm, address, phone number.
D. “DRAFT” for 1st submittal and revisions; “FINAL” once approved.

III. Title Sheet
_____ A. Table of Contents.
_____ B. Certification, PE Stamp, signature, and date from licensed Colorado PE.
_____ C. Note: City of Steamboat Springs plan review and approval is only for general
conformance with City design criteria and the City code. The City is not responsible for
the accuracy and adequacy of the design, dimensions, and elevations that shall be
confirmed and correlated at the job site. The City of Steamboat Springs assumes no
responsibility for the completeness or accuracy of this document.
IV. Introduction
_____ A. Description of site location, size in acres, existing and proposed land use, and any
pertinent background info.
_____ B. Reference planning application type and plan set date and preparer.
_____ C. Identify drainage reports for adjacent development.
V. Drainage Criteria and Methodology Used
_____
_____
_____
_____
_____

A. Identify design rainfall and storm frequency.
B. Identify the runoff calculation method used.
C. Identify culvert and storm sewer design methodology.
D. Identify detention discharge and storage methodology.
E. Discuss HEC-HMS methodologies and parameters, if HEC-HMS is used.

Standard Form No. 3
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VI. Existing Conditions (Pre-Development/Historic)
_____
_____
_____
_____
_____
_____
_____
_____

A. Indicate ground cover, imperviousness, topography, and size of site (acres).
B. Describe existing stormwater system (sizes, materials, etc.).
C. Describe other notable features (canals, major utilities, etc.).
D. Note site outfall locations and ultimate outfall location (typically Yampa River).
E. Note capacity of existing system and identify any constraints.
F. Identify NRCS soil type.
G. Discuss any existing easements.
H. Identify the FEMA Map reviewed, if site is in floodplain/way, and zone designation.

VII. Proposed Conditions
_____
_____
_____
_____
_____
_____
_____
_____
_____
_____
_____
_____
_____
_____
_____
_____
_____
_____
_____
_____
_____
_____
_____
_____
_____
_____
_____
_____

A. Indicate ground cover, imperviousness, topography, and disturbed area (acres).
B. Describe proposed stormwater system (sizes, materials, etc.).
C. Describe proposed outlets and indicate historic and proposed flow for each.
D. Include calculations for all culverts, ditches, ponds, etc. in appendix.
E. Include a summary table for the 5- and 100-year events showing historic flow and
proposed flow for total site and each basin.
F. Discuss proposed easements.
G. Describe off-site flows to be passed thru site.
H. Summarize any impacts to downstream properties or indicate none. Reference
CLOMR/LOMR and impacts.
I. Detention Ponds.
1. Indicate pond volume and area (size and depth) requirement.
2. Indicate release rates.
3. Discuss outfall design, location, and overflow location.
4. Discuss maintenance requirements.
J. Curb and Gutter
1. Indicate gutter capacity.
2. Indicate curb capacity.
3. Indicate design velocity
4. Indicate design depth of flow in street.
K. Culverts
1. Indicate whether each culvert is under inlet or outlet control.
2. Show that headwater is less than the maximum allowable.
3. Indicate design velocity.
4. Indicate required and provided flow rates.
5. Discuss whether outlet protection is required and what will be used.
L. Inlets
1. Indicate inlet capacity.
2. Indicate the type of inlet(s) used.
M. Channels
1. Indicate design velocity (and type of dissipation if required).
2. Indicate required and provided flow capacity.
3. Show critical cross-section(s) including water surface.
N. Site Discharge
1. Discuss use and design of detention to ensure discharge is less than or equal to
historic flow.
2. Provide documentation that downstream facilities are adequate and no adverse
impacts to downstream property owners (i.e. no rise certification)
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VIII. Post Construction Stormwater Management
_____ A. Discuss in general terms which permanent BMP practices will be used to control
pollutant and sediment discharge after construction is complete. Exhibit A, Storm Water
Quality Plan shall be attached that will give details (see separate checklist)
IX. Conclusions
_____ A. Provide general summary.
_____ B. Note if site complies with criteria and any variances to criteria.
_____ C. Indicate if peak proposed flow is less than, equal to, or greater than peak historic flow
for each outfall, design point, and for the total site.
_____ D. List proposed new stormwater system requirements.
X. References
_____ A. Provide a reference list of all criteria, master plans, drainage reports and technical
information used.
XI. Tables
_____ A. Include a copy of all tables prepared for the study.
XII. Figures
_____ A. Vicinity Map.
_____ B. Site Plan (include the horizontal and vertical datum used and all benchmarks).
C. Existing conditions.
_____
1. Delineate existing basin boundaries.
_____
2. Delineate offsite basins impacting the site.
_____
3. Show existing and proposed topography at an interval of at least 2-ft.
_____
4. Show existing runoff flow arrows.
_____
5. Show existing stormwater features (structures, sizes, materials, etc.).
_____
6. Show floodplain limits and information.
_____
7. For each basin show bubble with basin number, acreage and % impervious.
_____
8. For each outlet show bubble with acreage and historic flow and proposed flow or
provide information in summary table on figure.
D. Proposed Conditions
_____
1. Delineate proposed basin boundaries.
_____
2. Show proposed runoff flow arrows.
_____
3. Show existing and proposed topography at an interval of at least 2-ft.
_____
4. For each basin show bubble with basin number, acreage and percent impervious
or provide a summary table or figure.
_____
5. For each outlet show bubble with acreage, historic flow, and proposed flow or
provide a summary table or figure.
_____
6. Show floodplain limits and information.
_____
7. Show proposed building footprints and FFE for commercial and multi-family
_____
8. Show property lines and easements (existing and proposed).
_____
9. Label public and private facilities. A general note can be placed on the plans in
lieu of labeling all facilities, if applicable.
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XIII. Appendices
_____
_____
_____
_____

A. Runoff Calculations.
B. Culvert Calculations.
C. Pond Calculations.
D. Other Calculations.
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Standard Form No. 4 Stormwater Quality Plan Checklist
This list is not an exhaustive list of every possible item that may be required or requested in a
Stormwater Quality Plan but provides a general guideline for preparation of the Stormwater
Quality Plan.
Instructions:
1. The applicant shall identify with a “check mark” if information is provided within the
Stormwater Quality Plan. If applicant believes information is not required, indicate with
“N/A” and attach separate sheet with explanation. If information is included with the
associated drainage letter or study, indicated with a “D.”
2. The reviewer will determine if information labeled “N/A” is required and whether
additional information must be submitted.
I. General
_____ A. Report typed and legible in 8½” x 11” format.
_____ B. Report bound (comb, spiral, or staple – no notebook) and in digital PDF format.
_____ C. Drawings that are 11” x 17” bound within letter, larger drawings (up to 24” x 36”)
included in a pocket attached to the letter, and a digital PDF copy. Drawings shall be
at an appropriate size and scale to be legible and include project area.
II. Cover
_____
_____
_____
_____

A.
B.
C.
D.

Report Type – Stormwater Quality Plan.
Project Name, Subdivision or Development, Original Date, Revision Date.
Preparer’s name, firm, address, and phone number.
“DRAFT” for 1st submittal and revisions; “FINAL” once approved.

III. Title Sheet
_____ A. Table of Contents.
_____ B. Certification, PE Stamp, signature and date from licensed Colorado PE (for Final).
_____ C. Note: City of Steamboat Springs plan review and approval is only for general
conformance with City design criteria and City code. The City is not responsible for
the accuracy and adequacy of the design, dimensions, and elevations that shall be
confirmed and correlated at the job site. The City of Steamboat Springs assumes no
responsibility for the completeness or accuracy of this document.
IV. Introduction and Background
_____ A. Description of site location, study limits, size in acres, existing and proposed land use,
soil data, permeability of the site, drainage patterns, and any pertinent background
info.
_____ B. State purpose and goal of Stormwater Quality Plan and report along with any special
requirements of the desired outcome.
_____ C. List any project stakeholders and/or requestors.
_____ D. Describe the background of the flooding source and any previous studies.
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V. Design Criteria and Methodology Used
_____ A. Identify design rainfall and storm frequency used to design permanent stormwater
treatment facilities.
_____ B Identify the runoff calculation method used to design permanent stormwater
treatment facilities.
_____ C. Identify the standard the design will meet and the means and methodologies by
which it will use to meet the standard.
_____ D. Provide all details supporting the use of the selected design standard.
VI. Proposed Conditions
_____ A. Identify total site area, total site imperviousness, area to be treated, and impervious
area to be treated. Include justification for treating less than the total site area.
_____ B. Describe potential site contaminant sources including sediment.
_____ C. Identify source and quantity of on-site and off-site stormwater flows that need to be
managed and how they will be managed.
_____ D. For each permanent treatment facility, identify the design standard, MDCIA level (if
applicable), area treated (& percentage of total), imperviousness of area treated, C
values of area treated, soil types, and all pertinent data for design.
_____ E. Volume based facilities: Provide total storage pond volume, WQCV, drain time, release
rate, sediment storage, outlet & overflow structures, area and depth of pond,
micropool, forebays, etc. (include all calculations in the appendix).
_____ F. Flow based facilities: Provide design flow rate and all treatment calculations and how
flows larger than the water quality design flow rate will be handled. If proprietary
facilities are proposed, provide the justification and sizing requirements from
manufacturer.
_____ G. If stormwater detention is provided, discuss how water quality is provided within the
detention facility. No underground detention is allowed.
VII. Operation and Maintenance Plan Requirements
See template O&M plan and guidance document.
_____ A. Describe general project information, facility description, ROW and access
information, vegetation management, hydraulic design parameters, environmental
permitting, snow and ice control, and additional pertinent information in the notes.
_____ B. Indicate, describe, and detail the permanent stormwater treatment facilities.
_____ C Include section details where necessary of the permanent treatment facilities.
_____ D. Provide an inspection and maintenance schedule and procedure of permanent
treatment facilities and who is responsible for them.
_____ E. Identify design specifications for construction.
Acknowledgements
Standard Form No. 4 prepared by: _________________________

_________
Date

Include appropriate Project Sheet(s) and Design Checklist(s) (See Section 5.12)
Include this form as part of the Stormwater Quality Plan.
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Standard Form No. 5 Drainage and Stormwater Treatment Scope Approval Form
Prior to starting a development plan and before the first drainage submittal, a Drainage and Stormwater
Treatment Scope Approval Form must be submitted for review and signed by the City Engineer. A signed
form shall also be included in every drainage submittal as Attachment A. This Scope Approval Form is for
City requirements only. Values may be approximate. The City encourages supporting calculations and
figures to be attached.

Project Information
Project name:
Project location:
Developer
name/contact info:
Drainage engineer
name/contact info:
Application Type:
Proposed Land Use:
Project Site Parameters
Total parcel area (acres):
Disturbed area (acres):
Existing impervious area (acres, if
applicable):
Proposed new impervious area (acres):
Proposed total impervious area (acres):
Proposed number of project outfalls:
Number of additional parking spaces:
Description and site percentage of existing
cover/land use(s):

Description and site percentage of
proposed cover/land use(s):

Expected maximum proposed conveyance
gradient (%):
Description of size (acres) and cover/land
use(s) of offsite areas draining to the site

Drainage and Stormwater Treatment
Scope Approval Form

Page SF5-1

July 2019

CITY OF STEAMBOAT SPRINGS ENGINEERING STANDARDS
Type of Study Required:
Drainage Letter
Final Drainage Study

Conceptual Drainage Study
Stormwater Quality Plan

Hydrologic Evaluation:
Rational Method

CUHP/SWMM

HEC-HMS

Other___________________

Project Drainage
Number of subbasins to be evaluated:
Presence of pass through flow (circle):

YES

NO

YES

NO

YES

NO

Presence of Floodway or Floodplain on
site (circle):

YES

NO

Anticipated modification of Floodway or
Floodplain proposed (circle):

YES

NO

Description of proposed stormwater
conveyance on site:
Project includes roadway conveyance as
part of design evaluation (circle):
Description of conveyance of site runoff
downstream of site, identify any
infrastructure noted in Stormwater
Master Plan noted as lacking capacity for
minor or major storm event:
Detention expected onsite (circle):

Describe culvert or storm sewer
conveyance evaluative method:

Permanent Stormwater Treatment Facility Design Standard (check all that apply with only one
standard per tributary basin):
WQCV Standard

TSS Standard

Infiltration Standard

Constrained Redevelopment WQCV Standard
Constrained Redevelopment TSS Standard
Constrained Redevelopment Infiltration Standard
Does not Require Permanent Stormwater Treatment (attach Exclusion Tracking Form)
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Project Permanent Stormwater Treatment
Justification of choice of proposed design
standard, including how the site meets
the constrained redevelopment standard,
infiltration test results, etc.:
Concept-level permanent stormwater
treatment facility design details (type,
location of facilities, proprietary structure
selection, treatment train concept, etc.):
Proposed LID measures to reduce runoff
volume:
Will treatment evaluation include off-site,
pass through flow (circle):

YES

NO

Approvals

Prepared By:
(Insert drainage engineer name & firm)

Date

Phone number

Approved By:
Printed Name:
City Engineer

Drainage and Stormwater Treatment
Scope Approval Form

Date
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Standard Form No. 6 Permanent Stormwater Treatment Facility Exclusions Tracking Form
If a site development is eligible for an exclusion from the requirement to implement permanent
stormwater treatment facilities, this form must be filled out and submitted for approval. If an
exclusion is sought, this form shall be attached to the development’s Drainage and Stormwater
Treatment Scope Approval Form when it is submitted for review. The City is required to track all sites
excluded from the requirement to implement permanent stormwater treatment facilities. Initial
values may be approximate, but final values must meet the requirements of Section 5.12.3 of the
City’s Engineering Standards. Supporting calculations, figures, and narrative must be included.

Project Information
Project/site name:
Project/site location:
Developer name/
contact info:
Drainage engineer
name/contact info:
Owner name/
contact info:
Anticipated
Construction
Completion Date:
Project Site Parameters
Total parcel area (acres):
Disturbed area (acres):
Existing impervious area (acres):
Proposed new impervious area (acres):
Proposal total impervious area (acres):
Excluded impervious area (acres):
Exclusion Category:
1. Pavement Management Site
3. Excluded Existing Roadway Area

2. Excluded Roadway Redevelopment
4. Aboveground & Underground Utilities

5. Large Lot Single Family Site
6. Non-Residential & Non-Commercial Infiltration Conditions
7. Sites with Land Disturbance to Undeveloped Land that will Remain Undeveloped
8. Stream Stabilization Sites
Permanent Stormwater Treatment
Facility Exclusions Tracking Form

9. Trails
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1. Pavement Management Site
Describe the nature of the activity having to do with roads and bridges used for vehicle
traffic or those contiguous impervious areas used for pedestrian or bicycle traffic, roadway
drainage, or roadside parking.

Existing Impervious Area:
Proposed Impervious Area:

Impervious area must not increase.

2. Excluded Roadway Redevelopment
Length of roadway redevelopment:
Total additional paved area:
Additional paved area/mile:
Maximum increase in paved width:

Must be less than 1 acre.
Must be no more than 8.25’.

3. Excluded Existing Roadway Area
Existing Roadway Ave. Width (feet):
Proposed Roadway Ave. Width (feet):
Average of Increase in Roadway
Must be less than 2x.
Width:
Only the existing roadway portion of the project may be excluded from requiring
permanent water quality treatment. If existing roadway drains to new roadway, existing
roadway runoff must be accounted for in the design of the treatment facility for the new
roadway.
4. Aboveground & Underground Utilities
Describe the type of utility or utilities, the owner(s) of each utility, the nature, location,
length, and width of the land disturbance, whether utilities are new or being maintained,
and how vegetation, topography, and drainage patterns will be reestablished once the
project is completed.

5. Large Lot Single Family Site
Zoning:
Must be single family or agricultural
Parcel size (acres):
Must be at least 2.5 acres.
Proposed Site
Must be less than 10%.
Imperviousness (%):
If proposed site imperviousness is 10% or more and less than or equal to 20%, a report is
required to justify exclusion. See Engineering Standards.
Permanent Stormwater Treatment
Facility Exclusions Tracking Form
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6. Non-Residential/Non-Commercial Infiltration Conditions
Submit a narrative study that describe the nature and extent of the non-residential and
non-commercial development, and how vegetation will be reestablished once the
disturbance is completed. Describe topography and drainage patterns on the existing and
proposed sites.
Existing vegetation and percent coverage:
Proposed vegetation and percent coverage:
Must be at least 70%
80% percentile runoff flow rate (cfs):
Soil types on site and percent of each:
Must be A or B HSG.
The City may accept more detailed studies that do not meet these criteria if they show the
required infiltration is achieved.
7. Sites with Land Disturbance to Undeveloped Land that will Remain Undeveloped
Describe the nature and extent of the land disturbance and how vegetation will be
reestablished once the disturbance is completed.

8. Stream Stabilization Sites
Describe the name of the stream and the nature and location of the stabilization activities
including which banks and the length of the stabilization.

9. Trails
Describe the trail geometry, trail location with respect to other roadways, trails, or
sidewalks, and anticipated trail use. Confirm the trail is not an attached or detached
sidewalk that is part of a roadway.

Approvals
Prepared By:
(Insert drainage engineer name & firm)

Date

Phone

Date

Phone

Approved By:
Print Name:
City Engineer
Permanent Stormwater Treatment
Facility Exclusions Tracking Form
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