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PREFACE

Boulder County, Colorado, first adopted the Boulder County Storm Drainage Criteria Manual (MANUAL)
in July of 1984. Its creation was spurred by the need to provide a uniform set of standards that would be
used to guide development and design drainage improvements in order to prevent future drainage
problems and enhance the urban and natural environments. The original MANUAL also streamlined the
review of drainage design submittals. This update carries forward the goals of the 1984 MANUAL.
Additional factors influenced the format and content as well.

This updated MANUAL presents a document that is more brief and easy to understand than the original
manual. Much of the original document was dedicated to design methodology rather than design
criteria. This update still offers detailed design procedures for common storm drainage calculations
used in Boulder County; however, the content is now more focused on providing specific criteria. The
user will be referred to comprehensive design guidance provided in documents published by the Federal
Highway Administration, the US Army Corps of Engineers Hydrologic Engineering Center, and the Urban
Drainage and Flood Control District, which are now easily accessible via the internet.

In September of 2013, several days of intense rain fell along the front range of Colorado. Federal
Emergency Declarations covered fifteen counties, including Boulder County. Many private bridges were
washed out by runoff from these storms, and recovery is ongoing as of this update. One of the goals of
the revised MANUAL is to provide clear guidance to land owners to help them achieve compliance and
receive permits to construct replacement crossings. The impacts of these storm events also serve as a
reminder that storm drainage criteria can at times have a critical impact on the level of resilience a
community has in the face of a natural flood disaster. Another goal of the update to the MANUAL is to
evaluate the priorities of Boulder County in terms of balancing public safety, infrastructure designs that
provide the most resiliency after a large storm event, capital costs, and impacts to the natural
environment, to name a few. The criteria in the MANUAL reflect those priorities.

Many federal and state stormwater regulations have changed since the MANUAL was first adopted in
1984. Many of these regulations involve floodplain development and water quality practices, both
permanent and during construction. Because Boulder County participates in FEMA’s Community Rating
System, it has developed floodplain regulations and practices that allow its residents to purchase flood
insurance at a discounted rate through the National Flood Insurance Program. These regulations were
considered in the update to the MANUAL.

Finally, Boulder County is an MS4-permitted community with the Colorado Department of Health and
Environment. This permit allows Boulder County to discharge runoff to waters of the state, but it
requires that certain practices must be implemented. These include requiring erosion and sediment
control on construction projects and requiring permanent water quality treatment for some
developments. The requirements of the MS4 permit from the CDPHE were also considered in the update
to the MANUAL.
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In summary, although the original MANUAL served the county well for over thirty years, its criteria,
derived from urban practices, have proven to be limited, mainly because of Boulder County’s
longstanding rural and mountainous conditions. The changes in stormwater criteria, practices, and
regulations over time also necessitated a revision. This update is intended to address the great majority
of design elements, site characteristics, and regulatory conditions that may be involved in drainage
design projects in Boulder County. It also intends to provide clear guidance and criteria that will
expedite the review and approval process within Boulder County, and has been written to address the
unique priorities and obligations of Boulder County.
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Section 100 General Provisions

101 SHORT TITLE

These regulations, together with all future amendments, shall be known as the Boulder County Storm
Drainage Criteria Manual (referred to herein as MANUAL) as referenced in the Boulder County Land Use
Code (referred to as CODE).

102 JURISDICTION

This MANUAL shall apply to all land within the unincorporated areas of Boulder County.

103 LEGAL BASIS

Because the legal basis and practice of establishing drainage policy and criteria is well established, a
discussion on it is not presented herein. If a reader is interested in the history of case law regarding
establishing drainage policy, the Drainage Law chapter of the Urban Storm Drainage Criteria Manual,
available through the Urban Drainage and Flood Control District, offers a lengthy and detailed review.

104 PURPOSE

Presented in this MANUAL are the minimum design and technical criteria for the analysis and design of
storm drainage and water quality facilities. All proposed construction submitted for approval under the
provisions of the CODE shall include adequate storm drainage system analyses and appropriate drainage
system design. Such analyses and design shall conform to the criteria set forth herein. Individuals using
this MANUAL are assumed to possess a working knowledge of hydrology and hydraulics and to have
experience in storm drainage design and analysis. Publications referenced in this MANUAL can provide
additional guidance as needed. Where the criteria in this MANUAL vary from those found in other
Boulder County publications, the criteria in this MANUAL shall govern.

105 ENACTMENT AUTHORITY

The CODE has been adopted pursuant to the authority conferred within the following sections of the
Colorado Revised Statutes, as amended:

1. Article 32 of Title 22 (Zoning, Planning, and Building Code Duties of School District Boards)
2. Article 65.1 of Title 24 (Areas and Activities of State Interest)
3. Article 67 of Title 24 (Planned Unit Development Act of 1972)
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Article 68 of Title 24 (Vested Property Rights)

Article 6 of Title 28 (Division of Aviation)

Article 20 of Title 29 (Local Government Land Use Control Enabling Act)
Article 11 of Title 30 (County Powers and Functions)

Article 15 of Title 30 (County Regulations under Police Power)

A -

Article 28 of Title 30 (County Planning and Building Codes)

10. Article 1 of Title 32 (Special District Act/Provisions)

11. Article 1 of Title 34 (Preservation of Commercial Mineral Deposits)
12. Article 30.5 of Title 38 (Conservation Easements)

13. Article 2 of Title 43 (State, County, and Municipal Highways)

14. Article 4 of Title 41 (Airports).

The CODE refers to this MANUAL as the authoritative reference for drainage. The Urban Storm Drainage
Criteria Manual (USDCM), available through the Urban Drainage and Flood Control District (UDFCD)
(http://udfcd.org/criteria-manual), may be used as an authoritative supplement to the MANUAL. The
Boulder County Multimodal Transportation Standards shall be used for design standards and
specifications; however, any drainage criteria included in the Boulder County Multimodal Transportation
Standards is superseded by the criteria contained in this MANUAL. All sections, paragraphs, and
subparagraphs enumerated in this MANUAL shall be considered incorporated into the CODE by
reference.

106 AMENDMENT AND REVISIONS

These policies and criteria are basic guidelines, which may be amended as new technology is developed
or experience is gained through use of this MANUAL that indicates the need for revision. Amendments
and revisions to this MANUAL will be recommended by the County Engineer and submitted to the Board
of County Commissioners for acceptance.

107 ENFORCEMENT RESPONSIBILITY

The enforcement of the provisions of this MANUAL will be in accordance with the most recent version of
the CODE.

108 INTERPRETATION

The principles set forth in the most recent version of the CODE shall be used in interpreting the
provisions of this MANUAL.

100-2 November 2016


http://udfcd.org/criteria-manual

Boulder County Storm Drainage Criteria Manual

109 DESIGN EXCEPTIONS

The county recognizes that in certain limited instances, such as in, but not limited to, the county’s
historic townsites, environmentally significant areas, or areas with significant view sheds, it may be
exceptionally difficult to both conform to these criteria and maintain the special character and
environmental values associated with such areas. In these instances, the applicant will document in
writing, good and sufficient cause for a requested Design Exception on the most recent Boulder County
Design Exception Request Form, which is available from the Boulder County Department of
Transportation (http://www.bouldercounty.org/doc/transportation/designexceptionrequestform.pdf). It
shall be stamped and signed by a Colorado Professional Engineer. The rationale for the Design Exception
Request shall demonstrate the following:

1. Itis not likely to unacceptably compromise public safety;

2. It is not contrary to best engineering practices, as reflected by the approach outlined in the
latest version of the USDCM, an authoritative supplement to this MANUAL;

3. ltis not contrary to the intent and general purpose of this MANUAL, including without limitation
an appropriate balancing of safety, multimodal mobility, and pursuit of the environmental,
community, and sustainability goals outlined in the Comprehensive Plan;

4. It does not result in a significant impact to the public due to maintenance of the improvements;

5. It is the minimum exception from the criteria in this MANUAL necessary to afford relief, given
the context;

6. It reflects special conditions or exceptional characteristics of the proposal, not created by the
applicant, that justify an exception from strict and literal interpretation of this MANUAL to
avoid unusual difficulties or unnecessary hardship; and

7. Itis reasonably necessary for the health, safety, and welfare of the public.

Upon receipt of a written request for a Design Exception from a particular criterion in this MANUAL, the
County Engineer may issue a determination on whether a Design Exception should be granted or denied
given the context. The County Engineer will provide a copy of the determination to the applicant and, if
applicable, to the Land Use Department.

The Board of County Commissioners acknowledges that some judgments ought to be made by technical
experts, particularly those involving public safety and prevailing engineering practice. Therefore, the
Board of County Commissioners typically defers to the professional judgment of the County Engineer.
However, the Board of County Commissioners retains its discretion to make the final decision on
whether a Design Exception is appropriate in light of the context of a land use application and the
applicable Land Use Code criteria.
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110 ABBREVIATIONS

AASHTO
ASTM
BFE
BMP
CAD
CDOT
CDPHE
CDPS
cfs
cfs/ft
CLOMR
CMP
CMPA
CUHP
CWCB
DPR
DRCOG
EA

EGL
EIS
EPA
ESA
FEMA
FHAD
FHWA
FIR

FIS
FONSI
FOR
fps
GSB
HDS
HEC

100-4

American Association of State Highway and Transportation Officials
American Society of the International Association for Testing and Materials
Base Flood Elevation

Best Management Practice

Computer-Aided Design

Colorado Department of Transportation

Colorado Department of Public Health and Environment
Colorado Discharge Permit System

Cubic Feet per Second

Cubic Feet per Second per Foot

Conditional Letter of Map Revision

Corrugated Metal Pipe

Corrugated Metal Pipe Arch

Colorado Urban Hydrograph Procedure

Colorado Water Conservation Board

Development Plan Review

Denver Regional Council of Governments
Environmental Assessment

Energy Grade Line

Environmental Impact Statement

U.S. Environmental Protection Agency

Endangered Species Act

Federal Emergency Management Agency

Flood Hazard Area Delineation

Federal Highway Administration

Field Inspection Review; CDOT/county Term for Preliminary Design or Review

Flood Insurance Study

Finding of No Significant Impact

Final Office Review; CDOT/county term for Final Design or Review
Feet per Second

Grouted Sloping Boulder

Hydraulic Design Series

Hydrologic Engineering Center
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HERCP Horizontal Elliptical Reinforced Concrete Pipe
LOMR Letter of Map Revision

MDCIA Minimizing Directly Connected Impervious Areas
MEP Maintenance Eligibility Program

MS4 Municipal Separate Storm Sewer System

NEPA National Environmental Policy Act

NFIP National Flood Insurance Program

NOI Notice of Intent

NPDES National Pollutant Discharge Elimination System

NRCS National Resource Conservation Service
PWQ Permanent Water Quality

RCBC Reinforced Concrete Box Culvert

RCP Reinforced Concrete Pipe

ROD Record of Decision

ROW Right-of-Way

SCS Soil Conservation Service

SPP Structural Plate Pipe

SPPA Structural Plate Pipe Arch

SWMP Stormwater Management Plan

TAPE Technology Assessment Protocol — Ecology
TSS Total Suspended Solids

UDFCD Urban Drainage and Flood Control District
USACE U.S. Army Corps of Engineers

USBR U.S. Bureau of Reclamation

USDCM Urban Storm Drainage Criteria Manual
USGS U.S. Geological Survey

WwQCD Water Quality Control Division

waQcv Water Quality Capture Volume

WADOE Washington State Department of Ecology

111 GLOSSARY

In addition to those definitions included in the CODE, the following terms may be used throughout this
MANUAL:

As-Built Drawings Certified drawings showing the actual dimensions, elevations, and other
conditions of the drainage facilities after construction
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CODE

Culvert

Local Detention

Local Drainage System

Major Drainage System

Major Storm
MANUAL

Minor Drainage System

Minor Storm
On-Site Detention

Raw Water Ditch

Regional Detention

Storm Drain System

100-6

The most recent version of the Boulder County Land Use Code

A conduit that does not have a manhole or other enclosed structure at either
end that conveys streamflow and stormwater runoff under a road, railroad, or
other obstruction

Detention provided to serve only the developing area in question and not any
of the area outside of the development. Also called "on-site detention"

The storm drainage system that conveys the minor and major storm runoff to
the Major Drainage System and serves only the property within the
development in question

The storm drainage system that conveys the minor and major storm runoff
and serves areas both within and outside the development in question

The 100-year return period storm event
The Boulder County Storm Drainage Criteria Manual

The storm drainage system that conveys runoff from storms with a 5-year
return period

The 5-year return period storm event
See Local Detention

An open channel used to move nonpotable water that is not runoff from a
storm event. This water may include irrigation water, water destined for a
water treatment plant, and water intended for other non-irrigation purposes.

Detention provided to serve areas both within and outside of the
development in question

The storm drainage system composed of storm inlets, pipes, manholes or
junctions, outlets, and other appurtenant structures designed to collect and
convey the minor storm runoff
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Section 200 Submittals

201 REVIEW PROCESS

The CODE discusses approvals and permits necessary before development. The Boulder County
Transportation Department is a referral agency in the development review process, and a general
overview of the review process by the Transportation Department is included in the Boulder County
Multimodal Transportation Standards. The submittal requirements for each type of project will be
different depending on the scope and location of the improvements. The requirements for a commercial
building addition, a new roadway, a new bridge, channel restoration, and construction of a single-family
residence will all vary from each other, depending on specific site conditions and impacts.

202 BOULDER COUNTY PROJECTS

For projects sponsored by Boulder County, the county has adopted the FIR/FOR terminology used by
CDOT and has specific submittal requirements at each phase of the project. A preliminary grading and
drainage plan and drainage report are required at the FIR, and a final drainage and grading plan and
drainage report are required at the FOR.

203 PRIVATE PROJECTS

To facilitate the submittal process for both the applicant and the county, a pre-application conference
with the Boulder County Transportation Department may be required of land-use permit applicants
whose projects involve floodplain, road, access, traffic concerns, parking design and engineering,
vehicular movement patterns and volumes, or any other transportation-related concern. The need for a
pre-application conference with the Boulder County Transportation Department will be determined by
the Land Use Department in consultation with the County Engineer. The pre-application conference
shall include a discussion regarding current regulations, required submittal procedures, potential
drainage problems and solutions, and specific submittal requirements.

204 DRAINAGE PLANS AND REPORTS

The purpose of the preliminary and final drainage plan and report is to identify existing site conditions
and drainage problems, as well as those anticipated to result from development (whether on site or off
site), and to present conceptual and final solutions to those problems. All plans and reports shall be
submitted as a single pdf document, printable to scale on 8% x 11 or 11 x 17 paper.
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The format and contents of the drainage plan and report are specified in the Drainage Plan Checklist and
the Drainage Report Checklist, included as Figures 200-1 and 200-2. These checklists shall be included as
appendices to the drainage report. All checklist items are required for both preliminary and final plans
and reports unless they are not applicable because of the project location or scope. Preliminary plans
and reports must include a final version of all items relating to existing conditions and a conceptual
version of all items relating to proposed conditions.

Each plan and report shall be prepared by a professional engineer licensed in Colorado. The report shall
contain a certification page that states the following:

| hereby certify that this plan and report for the [preliminary][final] drainage design of
[Project Name/Name of Development] was prepared by me, or under my direct
supervision, in accordance with the provisions of the Boulder County Storm Drainage
Criteria Manual.

Registered Professional Engineer (Affix Seal)

State of Colorado No.

Preliminary drainage plans and reports for private projects should be submitted early enough in the
project for the county to have the opportunity to provide feedback on the conceptual design before
proceeding to final design. Final drainage plans and reports must be submitted and accepted prior to
project approval. The project schedule should include several weeks of review time for county staff for
both the preliminary and final submittals. The final drainage plan and report shall be included as part of
the construction documents for all facilities affected by the drainage plan.

205 ADDITIONAL PRE-PROJECT REQUIREMENTS

Depending on the nature and location of a project, multiple other permits and requirements from state
and federal agencies may be required. Section 1400, Environmental and Regulatory Permitting discusses
several of the requirements that may apply. Section 300, Policy discusses county and FEMA floodplain
policies and requirements. Section 1300, Construction Water Quality provides guidance on when a
stormwater management plan is required and how to develop one. These sections should be reviewed
to ensure all necessary permits are acquired and applicable policies and regulations are followed. The
certification page in the final drainage report shall include the following statement:

| hereby certify that to the best of my professional knowledge all applicable state and
federal permits, clearances, and environmental compliances have been obtained.

Registered Professional Engineer (Affix Seal)

State of Colorado No.
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206

AS-BUILT REQUIREMENTS

The special provisions for surveying within the project specifications for construction shall include a
requirement that as-built information be developed during construction to document the as-built
location and elevation of the improvements. Specific requirements will be determined by the County
Engineer on a case-by-case basis, but a minimum requirement will be that the Contractor legibly mark
the plans with any field changes and notify the engineer of any significant changes. For private projects,
the construction contractor or design engineer may be required to submit as-built drawings in CAD in a
format specified by the county. As-built information may not be required for single-family residence
construction that has no major drainage infrastructure.

As-built survey information shall include the following items:

1.

2
3
4.
5

Locations and elevations for abutments, wingwalls, retaining walls, or other structures.
. Bridge superstructure and substructure locations and elevations.

. Invert elevations, locations, and lengths for pipes, culverts, and inlets.

Rim elevations and locations for manholes and inlets.

facilities and appurtenances.

Any other items required by the engineer.

207 REFERENCES

. Top-of-wall and invert elevations and locations of all detention and permanent water quality

Boulder County Land Use Department, 2015. Land Use Code, prepared by the Boulder County Land Use
Department, Boulder, CO.

Boulder County, 2012. Boulder County Multimodal Transportation Standards, prepared by Boulder
County, Boulder, Colorado.
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Figure 200-1. Boulder County Drainage Report Checklist

Included

Yes | No | N/A

Report Requirements

1. Cover Sheet

Name of Project

Address

Owner

Developer

Engineer

mmoi0|®| >

Boulder County Case/Project Number

G. Submittal and Revision Dates as applicable

2. Certification Statements

| Provide certification statements in Section 200 on a fly page after the report cover.

3. General Locatio

n and Description

A. Name of Project

1. Site Vicinity Map

2. Township, Range, Section, % Section

3. All roadways adjacent to and within the project area

4. Names of surrounding developments and their land use/zoning

B. Description of Property

Areain acres

Ground cover, vegetation, site topography, slopes, etc.

NRCS soil classification map and discussion

Major and minor drainageways

Regulatory floodplains (FEMA or Boulder County)

Existing irrigation facilities

Significant geologic features

P IN|O R IWIN e

Existing and proposed land use activities

9. Geotechnical/groundwater investigation information

4. Drainage Basins

and Subbasins

A. Major Drainage Basins

1. Onsite/offsite major drainage basin characteristics and flow patterns

2. Discussion of all planning studies that affect major drainageways

3. Discussion of the condition of channels within or adjacent to the
project including need for improvement

4. Discussion of impacts of offsite flow patterns under fully developed
conditions

B. Minor Drainage Basins

1. Onsite/offsite minor drainage basin characteristics and flow patterns

2. Discussion of impact to/by irrigation facilities

3. Discussion of impacts of offsite flow patterns under fully developed
conditions

5. Drainage Design Criteria

A. Applicable Regulations and Permits

1. County criteria and permits

2. Other criteria and permits (FEMA, UDFCD, 404, ESA, etc.)
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Figure 200-1. Boulder County Drainage Report Checklist

Included Report Requirements
Yes | No | N/A
B. Drainage Studies, Outfall Systems Plans, Site Constraints
1. Discuss previous drainage studies or master plans for the project site
and adjacent areas and their influence on facility designs
2. Discuss previous drainage studies or master plans for the project site
and adjacent areas and their influence on facility designs
3. Discuss impacts to stormwater design caused by site constraints such
as streets, utilities, light rail rapid transit, existing structures, etc.
C. Hydrology
1. Runoff calculation methods
2. Design storm(s)
3. Design rainfall
4. Detention calculations (drainage area map, storage, release rate, etc.)
D. Hydraulics
1. Velocity and capacity calculations for inlets, culverts, channels, etc.
2. HGL calculation methods and loss coefficients
3. Water surface profile calculation methods
E. Water Quality
1. Proposed construction BMPs and source controls
2. ldentify permanent water quality design criteria
F. Groundwater
Discuss groundwater investigations/impacts/remediation per 404.3
6. Facility Design
A. Stormwater Conveyance Facilities
1. General conveyance concepts
2. Use of ecological design components
3. Proposed drainage paths and patterns
4. Storm sewer and inlet sizes/locations, tributary areas, peak flows
5. Outfall locations, flow rates, energy dissipation
6. Method of conveyance from outfall to major drainageway including
capacity evaluation
7. Open channel, ditch, and swale designs
8. Allowable street capacity
9. Maintenance and easement requirements
10. Offsite facilities needed to convey flow to major drainageway
B. Detention Storage and Permanent Water Quality

Detention design and release rates including overflow spillway

Outfall location and energy dissipation

Discharge conveyance to nearest major drainageway

AWM

Draft maintenance agreement and easement requirements*

5. Exemption being requested and documentation provided

*A signed maintenance agreement is required prior to final acceptance.
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Figure 200-1. Boulder County Drainage Report Checklist

Included

Yes | No | N/A

Report Requirements

C. Floodplain

1. Source of floodplain information (FEMA, UDFCD, Boulder County)

2. Project impacts to the floodplain

3. Required modification studies

4. Acknowledgement of required floodplain development permit

7. Conclusions

A. Compliance with Standards

B. Variances

C. Effectiveness of Drainage Concept

8. References

| Reference all criteria, master plans, reports, and technical information used.

9. Appendices

Hydrologic calculations

Hydraulic calculations

Detention and Permanent Water Quality calculations

olo|w|>

References (copies of pertinent portions of reference materials)
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Figure 200-2. Boulder County Drainage Plan Checklist

Included

Yes | No | N/A

Plan Requirements

1. Overall Drainage Plan
A. Title block, north arrow, scale, paper size, and legend
B. Boundaries of entire project or development
C. Limits of major drainage basins including offsite basins where possible
D. Drainage patterns to, from, and within the site
E. Topographic information
F.  Existing stormwater facilities u/s, d/s, and within the site
G. Key map of locations of detailed drainage plan sheets
2. Detailed Drainage Plans

A. Title block, north arrow, scale, paper size, and legend

B. Basin designations, design points, flow rates, volumes, release rates, etc.

C. Scale of 1”"=20" to 1”=100’ sufficient to show detail

D. Existing and proposed contours with 2" maximum interval (5’ where slope
exceeds 10%); contours must extend beyond project boundary

E. Existing utilities and structures

F.  Property, right-of-way, and easement lines

G. Adjacent developments and ownership

H. Roadway ROW and roadside or storm drain improvements

I.  Drainage basin delineations

J.  Show existing and proposed irrigation facilities, swales, channels, ditches,
storm sewers, culverts, detention ponds, and water quality structures or
features. Provide information on materials, sizes, slopes, and shapes.

K.  Proposed outfalls points and flow rates and facilities required to convey
flow downstream

L. Location and elevation of all existing and proposed 100-year floodplains,

the name of the waterway, and the source of the information (e.g. FEMA
FIS, FEMA FHAD, Bounder County data, UDFCD FHAD, etc.)
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Section 300 Policy

301 INTRODUCTION

Provisions for adequate drainage are necessary to preserve and promote the general health, welfare,
and economic well-being of the region. Drainage is a regional feature that affects all governmental
jurisdictions and all parcels of property. This characteristic makes it necessary to formulate a program
that balances both public and private involvement. Overall coordination and master planning must be
provided by various government entities, but drainage planning must be integrated on a regional level.

When planning drainage facilities, certain underlying principles provide direction for the effort. These
principles are made operational through a set of policy statements. The application of the policy is in
turn facilitated by technical criteria and data. When considered in a comprehensive manner, on a
regional level with public and private involvement, drainage facilities are provided in a manner that will
enhance the general health and welfare of the region, ensure optimum economic and social
relationships, and avoid uneconomic water losses and disruption of raw water delivery.

302 DEVELOPMENT AND PLANNING

Drainage is a component of development, and drainage facilities must be planned alongside develop-
ment. Drainage planning should consider local and regional systems. Drainage planning considerations
are discussed in depth in Section 400 Planning.

The policy of Boulder County shall be to consider storm drainage as an integral component
of development and to require storm drainage planning for all development to include the
allocation of space for drainage facilities.

Storm drainage can be a regional phenomenon and may not respect jurisdictional boundaries. Planning
must emphasize jurisdictional cooperation, when appropriate, to accomplish mutually beneficial goals.

The policy of Boulder County shall be to pursue a jurisdictionally unified drainage effort to
ensure an integrated plan, where applicable and appropriate.

Because drainage boundaries are not jurisdictional and new development cannot plan for the entire
county, the county should take the lead role and encourage preparation of drainage master plans.

The policy of Boulder County shall be to encourage the development of detailed regional
drainage master plans that will set forth site requirements for new development and
identify the required public improvements. Master plans shall be prepared and adopted.
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303 MULTIPURPOSE RESOURCE

Every community has competing demands for space and resources. Stormwater and drainage facilities
should be managed and developed to serve as many uses and to provide as much benefit as is
practicable at any given location. Examples of this include incorporating boatable drops, ecological
design concepts, and space for trails into open channel design. It may also include constructing soccer
fields within a floodplain where other development is not permitted or converting a landscaped area to
a rain garden to treat water quality.

The policy of Boulder County shall be to consider stormwater runoff as a resource that
should be incorporated into the community as a recreational, social, environmental, and
aesthetic resource with multiple possible uses consistent with adopted plans.

304 TECHNICAL CRITERIA

The design criteria presented in this MANUAL represent the values and priorities of Boulder County with
regard to stormwater management. The criteria are intended to establish guidelines, standards, and
methods for effective planning and design. These criteria will be revised and updated as necessary to
reflect advances in best practices in the field of urban water resources management and changes within
Boulder County.

Boulder County requires all storm drainage facilities be planned and designed in accordance
with the criteria set forth in this MANUAL, including referenced technical design documents,
as amended.

Many of the criteria in this MANUAL refer to the major and minor storm or the major and minor storm
runoff events.

The major storm shall be the rainfall event having a 1 percent chance of occurring in any
given year, also known at the 100-year event. The minor storm shall be the rainfall event
having a 20 percent chance of occurring in any given year, also known as the 5-year event.

305 RAW WATER AND WATER RIGHTS

Storm drainage infrastructure should be designed and developed so as not to interfere with existing
water rights or affect the value, quality, and use of the water. Existing drainageways and storage
facilities are often intertwined within the system of water rights in Colorado. This relationship must be
addressed to preserve the integrity of water rights.
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The policy of Boulder County shall be to recognize existing and potential future water rights
and to include the interrelationship of water rights and stormwater management in the
planning and design of the proposed drainage facility.

Many ditches and reservoirs that provide raw water for drinking and non-potable irrigation are located
within Boulder County. These ditches and reservoirs historically intercepted runoff from rural or
agricultural areas that were highly pervious, generally without major problems. With development,
runoff pollution, rates, volumes, and frequencies have all increased and raw water facilities can no
longer be used as drainage facilities.

Raw water ditches should not be used as basin boundaries. Ditches will generally be flowing full or near
full during large storms, and tributary runoff will flow across the ditch.

The policy of Boulder County shall be to require drainage analysis to assume that no raw
water ditch intercepts storm runoff from any basin above it, and that that all area above
raw water ditches is tributary to the area downstream of the ditches. Raw water ditches
shall not be assumed or relied upon to convey stormwater runoff.

If new development will alter existing patterns of storm drainage into raw water ditches or reservoirs by
increasing flow rates or volumes, or by changing water quality or points of concentration, the written
consent from the reservoir or ditch owners (individuals and/or company) shall be submitted with the
development application. The change in runoff discharge into a raw water ditch shall only be approved if
it is consistent with an adopted master drainage plan, approved by the reservoir or ditch owner(s) in
writing, and in the county’s best interest.

If raw water ditches cross major drainageways within a developing area, the developer shall be required
to design, obtain approval from ditch owner(s), and construct appropriate structures to separate peak
storm runoff from ditch flows.

306 ROADWAYS

The design of roadways and drainageways with respect to each other must balance public safety and
convenience with fiscal responsibility. Section 900 discusses allowable roadway encroachment and
overtopping by stormwater during design events for various roadways classifications within the county.

Boulder County recognizes that during major storm events, roadways may experience
overtopping for some period of time, and may not be available for travel. It is the policy of
the county to construct a resilient transportation system so that when overtopping subsides,
the infrastructure will be available for safe travel.
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All roadways in Boulder County shall be evaluated with respect to stormwater runoff in accordance with
the criteria in this MANUAL; specifically, Section 900 Roadways and Section 1000 Culverts and Bridges,
shall apply to all roadways, including all private access roads, whether in the public right-of-way or not.

The policy of Boulder County shall be that all private access shall meet the criteria of this
MANUAL.

307 ECOLOGICAL DESIGN

Ecological design, especially in channel restoration, has numerous public and environmental benefits
when applied in an appropriate location. Ecological design components can be incorporated into almost
all traditional engineering projects, but the design approach must balance ecological function with the
need for channel stability.

The policy of Boulder County is to promote ecological design. The potential for every channel
restoration project to include ecological components shall be discussed with the county
during project planning. Ecological design will be incorporated.

308 SUMP PUMPS

Many homes and structures in the county have sump pumps located below the basement floor
elevation that help to keep water out of the structures’ basements. Shallow groundwater can result in
consistent sump pump discharges to the ground surface. These flows can become problematic when
there are not established locations for the sump pumps to discharge.

Locations that are not acceptable for sump pump discharge include sanitary sewers, privately owned
adjacent property (without written permission), sidewalks, and curb and gutter sections. The county
considers discharge of sump water to county roads to cause harm. Discharge to roadways will not be
permitted. Acceptable locations include existing drainageways, existing public stormwater conveyance
facilities excluding curb and gutter sections, and adjacent property with written approval from the
owner. Discharge to raw water ditches or reservoirs as described in section 305 is allowable with the
written permission of the facility owner(s). All sump discharge water must be free of all pollutants,
including, but not limited to, solvents, pesticides, oil, and grease.

Where no acceptable location is immediately available, a pathway must be constructed to convey the
sump discharge to the nearest acceptable location. This pathway may be constructed above ground as a
roadside ditch or underground as a trenched pipeline. Boulder County must be consulted and approve
of all sump drainage outfall construction that is located within county right-of-way. Written consent
must be obtained from any raw water ditch or reservoir owner into which sump discharge is conveyed.
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309 FLOODPLAIN MANAGEMENT

The county has adopted floodplain regulations that set forth the purpose, restrictions, and requirements
for development within the regulatory floodplain. These regulations can be found in the CODE and are
not repeated herein. They are considered policy for this MANUAL.

The policy of Boulder County regarding floodplain management shall be as set forth in the
adopted floodplain regulations in the most recent version of the Boulder County Land Use
Code and in the State floodplain regulations.

The floodplain regulations apply to all areas within the Floodplain Overlay District as defined in the most
recent version of the CODE. There are specific provisions for the floodway, the flood fringe, and
floodproofing. Floodplain regulations are discussed further in Section 1400 Environmental and
Regulatory Permitting.

The Colorado Water Conservation Board issued Rules and Regulations for Regulatory Floodplains in
Colorado (State floodplain regulations) on November 17, 2010. They can be found online
(http://www.casfm.org/papers/Colorado Floodplain Rules and Regs 11-17-2010 Adopted.pdf) or via
an internet search of “rules and regulations for regulatory floodplains in Colorado.”

310 DETENTION

Local detention can reduce increased runoff rates caused by development to runoff rates that are closer
to the historical or predevelopment rates. Regional detention can provide an even larger benefit by
controlling a greater volume of storm runoff.

The policy of Boulder County is to require all new development and redevelopment to
provide full-spectrum detention as set forth in Section 1200 Detention and Permanent Water
Quality of this MANUAL.

311 WATER QUALITY

Stormwater runoff from developed areas is usually of poor quality. Pollutants in urban runoff may
consist of all kinds of trash and debris, chemicals and salts from winter ice control, pesticides,
herbicides, fertilizers, and bacteriological pollutants. Pollutants in rural runoff may include sand and silt,
fertilizers, and bacteriological pollutants. Industrial runoff pollutants may consist of silts, oils, salts, and
other chemicals.

The policy of Boulder County is to require all new development and redevelopment to
provide permanent water quality treatment as set forth in Section 1200 Detention and
Permanent Water Quality of this MANUAL.

November 2016 300-5



Boulder County Storm Drainage Criteria Manual

312 MAINTENANCE

Storm drainage, storage, and water quality facilities will lose function over time if they are not
maintained. Maintenance typically involves removal of debris and sediment from all kinds of stormwater
facilities. Channel bank erosion, damage to drop structures, crushing of pipe inlets and outlets, and
deterioration to the facilities must be repaired to avoid reduced conveyance capability, unsightliness,
and failure. Maintenance access must be designed to facilitate maintenance activities.

Boulder County requires that maintenance access be provided to all drainage facilities. The
property owner or homeowner’s association shall be responsible for maintaining all drainage
facilities unless modified by an agreement with Boulder County. Boulder County shall have
the right to enter a property for the purpose of maintenance if the owner fails to do so. All
such maintenance costs shall be reimbursed to Boulder County by the property owner.

The UDFCD provides an incentive program, called the Maintenance Eligibility Program (MEP), to
encourage responsible design in developer-initiated floodplain modification projects. The UDFCD’s
Floodplain Management Program will review and comment on proposed development projects. Projects
approved through the MEP process are eligible for UDFCD maintenance. Projects must meet the criteria
contained in the UDFCD’s USDCM as well as the Guidelines for Maintenance Eligibility.

It is the policy of Boulder County to pursue maintenance eligibility status from the Urban
Drainage and Flood Control District for projects owned and operated by the county.

313 TRANSBASIN DIVERSIONS

Transferring the burden of managing runoff from one location or property to another is not equitable.
Ongoing liability questions arise when the historic drainage patterns are altered. The diversion of runoff
from one basin to another should be avoided. Planning and design of stormwater facilities should not be
based on the premise that problems can be transferred from one location to another.

Changes to historic or natural drainage paths because of development within a major basin are generally
acceptable provided the altered flow path continues to discharge back into the natural drainageway at
or near the historic location. When runoff does not return to the historic drainageway, or returns at a
rate higher than the historic rate, the basic civil drainage law principle of not discharging water onto a
property in a manner or quantity that does more harm than formerly is violated.

The policy of Boulder County shall be to prohibit transbasin diversions of stormwater and to
maintain the historic drainage path within the basin.
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401 INTRODUCTION

Storm drainage is a part of our overall environment, regardless of whether it is an urban or rural
environment. The need for and function of stormwater facilities are often overlooked or dismissed by
the public until a large storm event brings them to the forefront of the public awareness. While rural
areas typically require less direct management of stormwater runoff than urban areas, small mountain
streams in very rural areas can become raging rivers after a large storm or storm and snowmelt event.

Planning for stormwater management will be woven into overall development planning for both public
and private facilities, and addressed early in the process. Failure to plan for stormwater management
facilities at the earliest stages of development planning can lead to problems finding the space required
to accommodate stormwater runoff; problems meeting regulatory requirements; facilities that are
difficult to maintain; and, ultimately, a potentially higher infrastructure cost. When stormwater facilities
are planned in advance as an integral part of development as a whole, they can be thoughtfully designed
as public amenities to include functionality in addition to conveying water from one place to another.
Stormwater facilities that are thoughtfully planned, especially open channels, can provide recreational
opportunities, wildlife habitat, and visual interest. These facilities can also benefit downstream
properties and drainageways through improved water quality and a more balanced sediment load.

Storm drainage is a regional phenomenon that affects all governmental jurisdictions and all parcels of
property. What happens in one part of a watershed, or even an entire region, will have an effect in other
parts of that watershed or region. This cause and effect drives the need to balance both public and
private involvement and requirements. It is not effective to plan stormwater facilities for a single site
without knowing the impacts to the larger system. Coordination and planning shall occur on a regional
level.

The UDFCD has collaborated with communities within the UDFCD boundary, including Boulder County,
to develop stormwater master plans for most of the watersheds within the UDFCD boundary. The
UDFCD boundary and stormwater master plans that have been completed by the UDFCD can be found
on their interactive website (http.//udfcd.gisworkshop.com/) or via an internet search for “UDFCD
mapping.” Master planning efforts are requested by local governments and scheduled as part of a 4-
year strategic plan. These plans identify locations with diminished water quality, determine appropriate
flood risk management projects, identify the need for right-of-way acquisition, and provide justification
for expenditure of funds for public improvements to storm drainage facilities that will enhance the
general health and welfare of the region.

This section of the MANUAL focuses on several of the many facets of storm drainage design to consider
before and during development and does not discuss specific planning submittal requirements for
development review. Section 200 Submittals provides discussion on that topic. This section also does
not discuss any of the many permits that are required late in the planning stages, including county,
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state, and federal permits. These permits are discussed at length in Section 1400 Environmental and
Regulatory Permitting.

402 PLANNING PROCESS

Because the impacts of stormwater can be far reaching geographically, drainage planning is a complex
process. Several things will be considered during planning, but the general planning process is as
follows:

1. Major Drainage Planning. This is the highest level of stormwater planning. Local and regional
planning efforts will consider the major drainage system necessary to manage the 100-year
runoff. Implementation of major drainage plans can reduce loss of life and major damage to the
community and its infrastructure.

2. Outfall System Planning. Outfall system planning is watershed-based and identifies detention,
water quality, and conveyance practices within a watershed. Outfall system plans typically
address storm drain improvements, stream crossing improvements, increased conveyance,
channel stabilization, and floodplain preservation.

3. Initial Drainage System Planning. This level of planning considers the drainage system required
to transport runoff from the 2-year to 5-year storm events. Initial system planning will have the
goal of minimizing drainage problems from these more frequently occurring storms.

4. Water Quality and Environmental Design. Stormwater planning efforts will address stormwater
quality treatment, opportunities to mimic natural hydrology and preserve natural features,
wildlife habitat, and the impacts of new facilities. A multi-disciplinary design team can help to
ensure that all potential benefits are considered in the drainage planning effort.

403 PLANNING FOR STORMWATER MANAGEMENT

This section provides brief discussions regarding the general impacts of development and several factors
that will be considered when planning stormwater management facilities.

403.1. Impacts of Potential Development

Development results in increased imperviousness and increased runoff rates and volumes. These
increases can have significant impacts to downstream properties, existing natural channels, and
infrastructure. Downstream properties can be flooded if increased runoff rates cannot be handled by
existing stormwater facilities. Natural channels can experience extreme erosion due to the increased
flow rates if corrective measures are not taken as development increases. Roads can be washed out if
culverts and bridges are not upsized to accommodate the increases. Water quality often suffers with
development as well. Sediment, nutrients, heavy metals, and trash and debris can all be associated with
development. At a minimum, new infrastructure will be designed to accommodate future flow rates, as
opposed to existing ones. Future flow rates are those that are anticipated to exist once full build-out of
an area in accordance with proposed land use is complete.
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403.2. Master Planning

Several master plans have been completed in Boulder County to define proposed drainageway
improvements needed to address existing drainage problems or impacts of development. Future master
plans and updates to existing master plans may be completed in the future. To ensure proposed
development and new improvements to the overall storm drainage system will be compatible with plans
for the surrounding areas, the county requires all improvements to be designed in accordance with
adopted master plans and the criteria herein.

403.3. Maintenance Considerations

The function and effectiveness of many storm drainage and water quality facilities depends on adequate
maintenance. Planning for maintenance activities must be included in the design of all stormwater
management facilities, including providing space for personnel and equipment to access the facility from
the nearest public road and limiting the need for maintenance by reducing the potential for sediment
and debris to accumulate to the extent possible.

403.4. Multiple Uses and Space Allocation
Because stormwater management is part of the larger environment, space must be set aside to

accommodate it. It may appear initially that providing space for stormwater management facilities such
as channels and storage and water quality facilities is in direct competition with other land uses.
However, not providing adequate space for stormwater facilities will ultimately disrupt the function of
other land uses, especially during large storm events. Additionally, stormwater facilities can also be
treated as a resource that provides recreational and social opportunities, wildlife habitat, visual interest,
and water quality benefits. Facilities intended for use only during very large storm events, such as large
or off-line storage facilities, can also accommodate sports and parks facilities when they are not being
used for detention. Infiltration and detention can be incorporated into landscaped areas. At a minimum,
right-of-way and easements will be included during the planning stages of development to ensure
sufficient space is allotted to stormwater management.

403.5. Channel Stabilization and Ecological Design

Channel erosion often occurs with changes in hydrology because of development. The creek master
plans adopted by Boulder County, the UDFCD, and other jurisdictions within the county provide
preliminary design information regarding which channels require stabilization and how best to provide
it. Even if the recommendations for stabilization do not currently involve ecological design concepts,
these will be considered for all channel stabilization projects in the county to provide additional
benefits, such as wildlife habitat and improvements to water quality. Ecological design concepts are
discussed in Section 700 Open Channels. All improvements proposed must address the
recommendations contained within the master plans adopted by the county. Work in channels will also
consider impacts to regulatory floodplains and wetlands as part of the planning process.

403.6. Low Impact Development

The concept of Minimizing Directly Connected Impervious Areas (MDCIA) can contribute significantly to
reducing runoff volume and peak flow rate and enhancing water quality. The concept is that the
effective imperviousness of a site can be reduced by designing pervious areas, such as driveways,
parking lots, and roofs, to discharge to pervious areas (such as grass buffers and swales) before
discharging from a site. Impervious areas such as parking lots can also be broken into smaller individual
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areas with pervious areas interspersed. This type of layout will slow the rate of runoff from a site and
allow more opportunity for runoff from the impervious areas to infiltrate into the pervious areas. While
using this strategy at a single site might not have a large effect on the watershed as a whole, low-impact
development practices implemented routinely throughout a watershed can have a very large effect,
especially on water quality. Additional information on low-impact development can be found in the
USDCM.

403.7. Detention Ponds and Permanent Water Quality Facilities

Detention and permanent water quality facilities shall be sized and sited very early in the development
planning process to ensure that side slopes can remain relatively flat. This will allow the facilities to be
more easily maintained and to be incorporated into an overall site use plan that will allow them to be
viewed as site amenities, rather than a necessary nuisance. The potential for infiltration will be
evaluated. Local storm drains shall be incorporated into the functionality of the facility, and the design
depth of the water in the detention or water quality facility will consider adjacent property use.

404 UNIQUE SITE CONSIDERATIONS

The considerations in this section occur much less frequently, but county staff and developers will
determine if each of these items is applicable to the site being evaluated, as the impacts from these
items can be extensive.

404.1 Water Rights and Raw Water Ditches

Drainage improvements must not affect water rights or the function of raw water ditches. The presence
and potential impact of and to local head gates, raw water ditches, and reservoirs needs to be evaluated
early in the planning process to determine appropriate measures required to avoid injuring water rights.
Raw water ditch and reservoir owners must be contacted to determine what options are acceptable or
impermissible prior to beginning design. Raw water ditches are not typically intended to convey
stormwater runoff as transbasin diversions may occur; although, there are exceptions. Consent from the
ditch owner(s) is required with the development application if the proposed improvements will alter
flow patterns, quality, rates, or quantities to or within an existing raw water ditch.

404.2 Jurisdictional Dams and Reservoirs

There are over 100 jurisdictional dams in Boulder County, as defined by the Colorado Division of Water
Resources Dam Safety Branch. Most are owned and operated by private irrigation companies, water
districts, or municipalities, while a few are owned and operated by Boulder County Parks and Open
Space. The CODE states that, “Land which is subject to a possible upstream dam failure shall not be
platted unless the potential flooding condition is alleviated according to plans approved by the County
Engineer, unless otherwise approved by the State Engineer.” Development shall not be planned on lands
that are subject to inundation by a dam breach without a design exception.
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404.3 Groundwater

Groundwater can affect the function of stormwater management facilities, sump pumps, and other
infrastructure. Prior to development, each site must be evaluated to determine potential impacts of
groundwater. All designs shall accommodate or mitigate those impacts.

Groundwater may also increase with development and urbanization, often due to increased irrigation.
Foundation drains and sump pumps are often used to collect and discharge these flows to the surface,
often at locations that are not ideal. Icing or algae growth may result, which will affect the quality of life
of local residents. During the planning stages of development, developers shall provide the county a
discussion of potential groundwater impacts, such as impacts to wells, raw water ditches, and
reservoirs, recommendations for solutions to mitigate those impacts, and a list of potentially impacted
interests. The county’s policy on groundwater discharge from sump pumps can be found in Section 308.

Any activities that result in the discharge, use, or handling of groundwater that are not addressed in this
MANUAL shall be conducted in accordance with the State of Colorado’s groundwater regulations. The

state’s regulations concerning groundwater are held at the following offices:

Colorado Department of Public Health and Environment, Water Quality Control Division — Domestic
Ground Water Discharge Permit Program

Colorado Department of Natural Resources, Division of Water Resources — Ground Water
Administration and Well Permitting

State of Colorado Ground Water Commission — Rules and Regulations for the Management and
Control of Designated Ground Water

Colorado Department of Public Health and Environment, Water Quality Control Commission,
Regulation No. 61 — Colorado Discharge Permit System Regulations (Section 61.14 Groundwater)

Colorado Department of Public Health and Environment, Water Quality Control Commission,
Regulation No. 41 — The Basic Standars for Ground Water
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501 INTRODUCTION

The criteria for rainfall design presented in this section shall be used to calculate runoff using the
accepted methodologies in Section 600. All detailed hydrologic analysis shall use the rainfall data
presented herein for calculating storm runoff.

The National Oceanic and Atmospheric Administration (NOAA) published the NOAA Atlas 2, Volume 3
(Atlas 2) in 1973 (NOAA, 1973). Atlas 2 was officially superseded by NOAA Atlas 14 (Atlas 14) (NOAA,
2013) on April 19, 2013, for Colorado. The UDFCD then conducted a detailed evaluation of Atlas 14.
While the point rainfall values in Atlas 14 are lower than those in Atlas 2, the Atlas 14 values were
determined not to be statistically significantly different from the Atlas 2 values. Furthermore, nearly all
infrastructure built in the last 40 years was based on the Atlas 2 values and has performed very well
during flood events. The UDFCD ultimately determined continuing using point rainfall depths from
Atlas 2 for hydrologic analysis in the Denver metro area was preferred. The UDFCD published a
memorandum that details their findings (MacKenzie, 2013), which can be found on their website
(http://udfcd.org/wp-content/uploads/uploads/resources/position%20papers/UDFCD Position on the
2013 NOAA Precipitation-Frequency Atlas.pdf) or via an internet search for “UDFCD Atlas 14.”

Boulder County agrees with the assessment by the UDFCD, and Atlas 2 was used to develop 1-hour and
6-hour point rainfall maps for the 5- and 100-year return periods in the county. These point rainfall
maps are presented in Figures 500-1 through 500-4, which is located at the end of this section. These
maps are more detailed than those in the USDCM (UDFCD, 2016) and shall be used as long as the UDFCD
continues to prefer Atlas 2 to Atlas 14. Equations for intensity and depth were taken from the USDCM. If
revisions to these equations are included in future versions of the USDCM, those revisions shall apply.

502 INTENSITY-DURATION CURVES FOR RATIONAL METHOD

To develop depth-duration curves or intensity-duration curves for use with the Rational Method, the
1-hour point rainfall depths for the design storm shall be obtained from Figures 500-1 and 500-3, which
are located at the end of this Section. Rainfall intensity can be calculated for a given duration using
Equation 500.1. Equation 500.2 can be used to calculate total rainfall depths for durations less than one
hour.

28.5P
[=— %20 (500.1)
(10 + Td )0.786
p- 285A(T, /60) (500.2)
(10+7,)"
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where

rainfall intensity (inches/hour)

o
Il

rainfall depth (inches)

o
Il

, = 1-hour point rainfall depth (inches)

T, = storm duration or time of concentration (minutes).

503 COLORADO URBAN HYDROGRAPH PROCEDURE RAINFALL HYETOGRAPHS

The Colorado Urban Hydrograph Procedure (CUHP) requires 2-hour rainfall hyetographs to calculate
stormwater runoff. The program will automatically create the necessary hyetographs using
methodology calibrated to the metro Denver area. Hyetographs creation of requires the 1-hour point
rainfall depth, which are available in Figures 500-1 through 500-4, located at the end of this section, as
well as the return period for the design storm. CUHP will also create area-corrected hyetographs for
project areas with a watershed greater than 10 square miles (see Section 504). The 6-hour point rainfall
and watershed area in square miles are required to calculate an area-corrected hyetograph.
Hyetographs with durations longer than 2 hours are automatically generated as required for area
correction. Hyetographs generated by CUHP are recommended for most projects, but a user-defined
hyetograph can be entered if required. The reader should refer to the CUHP users’ manual for additional
information.

504 WATERSHED SIZE RAINFALL DISTRIBUTION ADJUSTMENTS

Rainfall distributions for watersheds larger than 10 square miles need to be adjusted to account for
rainfall not typically being evenly distributed over such a large area. The adjustment procedure is
performed within CUHP on the Raingages worksheet. Any CUHP subcatchment draining to a design
point with a total drainage area larger than 10 square miles must use an area-corrected rainfall
distribution. Note that the requirement for area correction is determined at the design point level. CUHP
subcatchment hydrographs that were created for a design point that requires area correction cannot be
used for the analysis of a design point that either does not require area correction or requires a different
amount of area correction. A large project with multiple design points may require multiple hydrologic
models to account for the varying amounts of area correction that are required at different design
points. Individual area-corrected rainfall distributions should typically be created each time a design
point with a total drainage area changes by more than 10 square miles. For example, a unique rainfall
distribution should be created for use with design points with a drainage area greater than 10, 20, 30,
and 40 square miles, and so on; although, specific projects may require a higher degree of refinement.
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Figure 500-1 Boulder County 5-Year 1-Hour Point Rainfall Depths
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Figure 500-2 Boulder County 5-Year 6-Hour Point Rainfall Depths
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Figure 500-3 Boulder County 100-Year 1-Hour Point Rainfall Depths
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Figure 500-4 Boulder County 100-Year 6-Hour Point Rainfall Depths
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Section 600 Runoff

601 INTRODUCTION

This section will provide information and guidance on the five models approved to predict storm runoff:
the Rational Method, the Colorado Urban Hydrograph Procedure (CUHP) developed by the UDFCD, the
Storm Water Management Model created by the U.S. EPA (EPA-SWMM), the Hydrologic Modeling
System by the U.S. Army Corps of Engineers Hydraulic Engineering Center (HEC-HMS), and StreamStats
created by the USGS. All new development must use one of the first four methods to complete a
detailed analysis unless published flows already exist. An exception will be made for a single-family
dwelling, which may use StreamStats to estimate flow rates for design of a private driveway bridge or
other drainage facilities.

For most large projects, CUHP will be used in conjunction with EPA-SWMM. For most small projects, the
Rational Method will be used. The detailed computational techniques for these methods are presented
in this section. The information contained in this section was largely adapted from the USDCM (UDFCD,
2016) for use in Boulder County. If the UDFCD revises the information below in future updates, those
updates shall apply.

602 RATIONAL METHOD

For improvements with a total drainage area less than 90 acres, peak runoff may be calculated using the
Rational Method. Despite its limitations, no other practical drainage design method has the same level
of general acceptance. The Rational Method, when properly understood and applied, can produce
satisfactory results for the design of urban storm drainage facilities.

One shortcoming of the Rational Method is that only one point on the runoff hydrograph is computed,
the peak runoff rate. Projects that require a full runoff hydrograph will need to use CUHP or EPA
SWMM. Another disadvantage is the difficulty of routing both the surface and piped flows where they
have been separated by a storm sewer system. In general, this level of sophistication is not warranted,
and a conservative assumption is made that the entire routing is in the storm drain system.

Finally, while the Rational Method can be used for basins up to 90 acres, this size limitation is for the
sum of all the subbasins and not on the size of a single basin. The maximum size of any single basin
should not exceed 15 acres for offsite flows analysis and 5 acres for onsite flow analysis. These subbasin
sizes are based on typical gutter capacity for the onsite analysis and the minimum size storm drain for
the offsite analysis.
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602.1 Rational Method Formula
The formula for the Rational Method is shown in Equation 600.1.
Q=CIA (600.1)

where

Q =peak discharge (cubic feet per second [ft3/s])

C =runoff coefficient

| = average intensity of rainfall for a duration equal
to the time of concentration (in/hr)

A =drainage basin area (acres)

The basic assumptions made when applying the Rational Formula are the following:

1. The computed maximum rate of runoff to the design point is a function of the average rainfall
rate over the time of concentration to that point for the given return period.

2. The maximum rate of rainfall occurs during the time of concentration, and the design rainfall
depth during the time of concentration is converted to the average rainfall intensity for the time
of concentration.

3. The maximum runoff rate occurs when the entire area is contributing flow. However, this
assumption has been modified from time to time when local rainfall/runoff data was used to
improve calculated results.

602.2 Time of Concentration

One of the basic assumptions of the Rational Method is that runoff is a function of the average rainfall
rate during the time required for water to flow from the most distant part of the drainage basin to the
point under consideration. The time of concentration relationships in this section are based in part on
rainfall-runoff data collected in the Denver area, and were developed in conjunction with the runoff
coefficients that are also recommended in this section.

The time of concentration includes an overland travel time, t;, and a channelized travel time, t:, typically
in a swale, storm drain, paved gutter, or channel. Overland travel time, also known as initial travel time,
will vary with distance, surface slope, depression storage, surface cover, antecedent rainfall, and
infiltration capacity of the soil. Channelized travel time can be estimated from the hydraulic properties
of the swale, storm drain, gutter, or channel. The time of concentration is calculated using
Equation 600.2 for both urban and non-urban areas.

t =t +t, (600.2)
where

t. = time of concentration (minutes)
t, =initial or overland travel time (minutes)

t, =channelized travel time in a swale, storm drain,
paved gutter, and channel (minutes).
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Initial or overland travel time is calculated using Equation 600.3.

o 0.395(1.1-C, )\L

i 033
S

(600.3)

where

t, = overland or initial flow time (minutes)
C, =runoff coefficient for 5-year frequency from Table 600-6

L =length of overland flow (ft), 500 foot maximum for
nonurban, 300 foot maximum for urban

S =average basin slope along the length of overland flow (ft/ft).

In some urban watersheds, the overland flow time may be very short as flows quickly channelize.

To calculate channelized travel time, the hydraulic properties of the swale, storm drain, paved gutter, or
channel are first used to calculate flow velocity using Equation 600.4.

L (600.4)

L
t = -t =
* 60K\[s, 60V,

where

t, = channelized travel time (minutes)

L, =length of channel (ft)

K = conveyance coefficient from Table 600-1
S, = channel slope (ft/ft)

V, = velocity (ft/sec).

Table 600-1. Conveyance Coefficient K (UDFCD, 2016)

Type of Land Surface K
Heavy meadow 2.5
Tillage/field 5.0
Short pasture and lawns 7.0
Nearly bare ground 10
Grassed waterway 15
Paved areas and shallow paved swales 20

The total time of concentration can then be calculated by adding initial travel time to channelized travel
time as shown in Equation 600.2.
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For urban areas, the time of concentration calculated using Equation 600.2 should be checked against
Equation 600.5 and the lesser time of concentration shall be sued.

L

60(24i+12),[S,

t,=(18—15i)+ (600.5)

where

t. =maximum time of concentration for an urban watershed (minutes)
L, = combined length of overland and channelized flow (ft)
i =imperviousness (expressed as a decimal)

S, =slope of flow path (ft/ft).

Equation 600.5 was developed as part of a calibration study between the Rational Method and CUHP.
Typically, Equation 600.5 will result in the lesser time of concentration and will govern in an urban
environment. Furthermore, a minimum total time of concentration of 10 minutes should be used for
non-urban watersheds, and a minimum total time of concentration of 5 minutes should be used for
urbanized areas.

When using the Rational Method, it may be worth checking runoff peaks for multiple scenarios in each
basin. Sometimes a lower portion of the catchment or areas of high imperviousness will produce a larger
peak than is computed for the whole basin. This occurs most often when the basin is long or the upper
portion contains grassy parkland and the lower portion is developed urban land.

602.3 Intensity

Rainfall intensity, I, is the maximum average rainfall rate in inches per hour for a duration equal to the
time of concentration. Each return period will have a different intensity for a given time of
concentration. After the design return period has been selected and the time of concentration has been
calculated, Equation 500.1 can be used to determine the appropriate intensity. Refer to Section 500 for
additional information.

602.4 Runoff Coefficient

The runoff coefficient, C, represents the effects of infiltration, evaporation, retention, routing, and
interception, all of which affect peak runoff rates. The runoff coefficient varies by return period as well.
The methodology to determine the runoff coefficient presented in this Section is adapted from the
USDCM. The coefficients presented were calibrated for the Denver and Boulder area and may not be
valid for use in other locations.

Runoff coefficients are influenced by soil type, imperviousness, and storm return period. Soil is
categorized into four hydrologic groups by the NRCS — Types A, B, C, and D — based on water infiltration
rates. Recommended imperviousness percentages, i, are listed in Table 600-2. Runoff coefficient
equations are listed in Table 600-3 by soil type and storm return period. Note that imperviousness
values from Table 600-2 must be converted to a decimal before being used to calculate runoff
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coefficients. Runoff coefficients are also presented and organized by imperviousness, soil type, and
return period in Table 600-6 at the end of this section.

Table 600-2. Recommended Percentage Imperviousness Values (UDFCD, 2016)

Land Use or Surface Characteristics Percentage Imperviousness
Business
Downtown areas 95
Suburban areas 75
Residential
Single-family

2.5 acres or larger 12

0.75-2.5 acres 20

0.25-0.75 acres 30

0.25 acres or less 45
Apartments 75

Industrial
Light areas 80
Heavy areas 90
Parks, cemeteries 10
Playgrounds 25
Schools 55
Railroad yard areas 50
Undeveloped Areas
Historic flow analysis 2
Greenbelts, agricultural 2
Off-site flow analysis 45
(when land use is not defined)
Streets

Paved 100
Gravel (packed) 40
Drive and walks 90
Roofs 90
Lawns, sandy soil 2
Lawns, clayey soil 2
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Table 600-3. Runoff Coefficient Equations Based on NRCS Soil Group and Return Period (UDFCD, 2016)

NRCS Storm Return Period
Soil
T 2-Year 5-Year 10-Year 25-Year 50-Year 100-Year
ype
A Ca=0.89i Ca=0.93i Ca =0.94i Ca =0.944i Ca =0.95i Ca=0.81i +0.154
B Cs =0.89i Cs =0.93i Cs=0.81i+0.125 | Cg=0.70i+0.23 Cs =0.59i + 0.364 Cs =0.49i + 0.454
c/D Cc/p = 0.89i Cc/p=0.87i +0.052 | C¢p=0.74i+0.2 Cc/p=0.64i+0.31 | Ccp=0.54i +0.418 | Cc/p =0.45i +0.508

where

i =imperviousness (expressed asa decimal) (see Table 600—2)
C, =Runoff coefficient for NRCS Type A soils
C, =Runoff coefficient for NRCS Type B soils
C,» =Runoff coefficient for NRCS Type C and D soils.

602.5 Basin Delineation

The first step in applying the Rational Method is to delineate all subbasins using available contour and
topographic data. Basins delineated by computer programs should have their boundaries verified. Basin
delineations should include all area both tributary to and within the area of study. Field checks should
be performed for each basin when feasible, or where available topography does not offer definitive
boundaries.

The major storm drainage basin may not always coincide with the minor storm drainage basin. This is
often the case in urban areas where minor storm flow may stay within a curb and gutter section, but a
portion of the major storm flow will overtop the back of curb or street crown and flow into an adjacent
subbasin.

602.6 Major Storm Analysis
Typical application of the Rational Method assumes that all of the runoff is collected by the storm sewer.

For the minor storm design, the time of concentration is dependent upon the flow time in the sewer.
However, during the major storm, storm drains will most likely be at capacity and will not be able carry
the additional water flowing to the inlets. This additional water then flows overland past the inlets,
generally at a lower velocity than the flow in the storm sewers. Using a separate time of concentration
analysis for pipe flow and surface flow during the major storm event is acceptable but very complex and
most likely not worth the effort. The simplified approach of using the minor storm time of concentration
for all frequency analysis is acceptable for Boulder County.

602.7 UD-Rational

UD-Rational is a macro-enabled Microsoft Excel spreadsheet published by the UDFCD to assist with
using the Rational Method. The spreadsheet can calculate the runoff coefficient, time of concentration,
and rainfall intensity. The spreadsheet is available at the UDFCD website (www.udfcd.org).
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603 COLORADO URBAN HYDROGRAPH PROCEDURE

CUHP is a method of hydrologic analysis based upon the unit hydrograph principle. It has been
developed and calibrated using rainfall-runoff data collected in Colorado, mostly in the Denver and
Boulder metropolitan areas. This section provides general background information on the use of the
computerized version of CUHP to calculate runoff. Additional information on the various parameters
discussed in this section can be found in the USDCM.

CUHP has been created as a Microsoft Excel based program by the UDFCD. The program is commonly
used in conjunction with EPA SWMM to route flows from and through multiple subbasins, or
subcatchments, to a common design point. The latest versions of CUHP and the associated users’
manual are available on the UDFCD website (www.udfcd.org).

603.1 Pervious and Impervious Areas

The urban landscape comprises both pervious and impervious surfaces. The degree of imperviousness is
the primary variable within the program that affects the total volume and rate of runoff. The estimated
future imperviousness is typically used for design purposes. For subcatchments with nonhomogeneous
imperviousness, the subcatchment area-weighted average imperviousness should be used. CUHP can
also define the percentage of impervious area directly or indirectly connected to the drainage system
and the percentage of pervious area that receives runoff from impervious areas. The CUHP users’
manual contains additional information on this aspect of the program.

603.2 Depression Losses
Rainwater that is collected and held in small depressions and does not become part of the general

surface runoff is called depression loss. Depression losses include water intercepted by vegetation and
imperfections in pavement, roofs, or other surfaces. CUHP requires depression loss depths in inches to
calculate runoff. Table 600-4, adapted from the USDCM, can be used as a guide for estimating
depression losses to be entered into CUHP.

Table 600-4. Typical Depression Losses for Various Land Covers

Land Cover Range Recommended
Impervious
Large paved areas 0.05-0.15 0.1
Roofs, flat 0.1-0.3 0.1
Roofs, slopes 0.05-0.1 0.05
Pervious
Lawn grass 0.2-0.5 0.35
Wooded areas and open fields 0.2-0.6 0.4

Note: All values are in inches for use with CUHP.
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603.3 Infiltration

The flow of water into the soil surface is called infiltration. NRCS soil type is the most important factor in
determining the infiltration rate. Horton’s equation is used to model infiltration within CUHP and is
described further in the USDCM. Recommended parameters for Horton’s equation are provided in
Table 600-5, adapted from the USDCM.

Table 600-5. Recommended Horton’s Equation Parameter

Infiltration
NRCS Hydrologic (inches/hour) Decay
Soil Group Coefficient
Initial Final
A 5.0 1.0 0.0007
B 4.5 0.6 0.0018
C 3.0 0.5 0.0018
D 3.0 0.5 0.0018
603.4 Rainfall

A 2-hour design storm is required to use CUHP. It can be created automatically within CUHP using the 1-
hour point rainfall depth obtained in accordance with Section 500. When using an area-corrected rainfall
distribution, the 6-hour point depth rainfall is also required. CUHP will then automatically create design
storms longer than 2 hours as required for area correction. The user can also enter a previously created

hyetograph.

603.5 Catchment Parameters

The following basin and hydrologic parameters are required by CUHP. The units listed are the defaults

used by CUHP.

1. Area— Catchment area in square miles

2. Target Node — EPA SWMM node that corresponds to CUHP subcatchment; only required if using
EPA SWMM in conjunction with the CUHP model

3. Raingage — CUHP design storm hyetograph

4. Length to Centroid — Distance in miles from the subcatchment outlet along the main drainageway

path to the nearest point on the drainageway path to the subcatchment centroid

5. Length — Distance in miles from the subcatchment outlet along the main drainageway path to the

furthest point of the subcatchment

6. Slope — Length-weighted, average slope of the subcatchment in feet per foot. Vegetated channels
with slopes greater than 4 percent must be adjusted according to the procedure described in the

USDCM

7. Percent Imperviousness — The portion of a subcatchment’s total surface area that is impervious,
represented as a percent value between 0 and 100

600-8
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8. Maximum Depression Storage — Pervious and impervious depression storage in inches

9. Horton’s Infiltration Parameters — Initial infiltration rate (inches/hour), decay coefficient
(dimensionless), and final infiltration rate (inches/hour) for soil within the subcatchment.

In addition to the parameters listed above, CUHP provides the user with optional overrides for Cy, C;, Cp,
hydrograph shape, directly connected impervious fraction, and receiving pervious fraction. The program
can also verify that parameters are within recommended limits. The user should take advantage of this
functionality to ensure results from the model are valid.

603.6 Catchment Delineation Criteria and Routing

The maximum size of a subcatchment is limited to 5 square miles. Whenever a larger subcatchment is
studied, it should be subdivided into subcatchments of 5 square miles or less, and individual
subcatchment storm hydrographs should be routed downstream using appropriate channel routing
procedures such as those used by EPA SWMM. For areas less than 90 acres, a 1-minute time step should
be used. The subcatchment shape can have a profound effect on the results and, in some instances, can
result in underestimating peak flows. Irregularly shaped or very long subcatchments with a length-to-
width ratio of four or more should be subdivided into more regularly shaped subcatchments. CUHP can
create interface files that allow EPA SWMM to route subcatchment hydrographs, calculating a
composite storm hydrograph at each design point. The CUHP users’ manual provides information on
calibrating the CUHP model, interfacing CUHP with EPA SWMM, and running multiple scenarios.

604 STORM WATER MANAGEMENT MODEL

EPA SWMM is a computer model that will generate surface runoff hydrographs from subcatchments and
then route and combine those hydrographs. The program can also route and combine subcatchment
hydrographs created by CUHP and is particularly useful for projects that require multiple CUHP
subcatchments. EPA SWMM and the users’ manual can be obtained from the EPA website
(www.epa.qgov/water-research/storm-water-management-model-swmm) or via an internet search for
“EPA SWMM.”

604.1 Routing
EPA SWMM consists of a network of open channels, pipes, and specialized units such as diversion nodes,

storage units, and pumps. When modeling a project with storm sewers or culverts that are undersized
for the design storm it is critical to include overflow links and diversions nodes in the model at locations
with undersized infrastructure. Failure to do so may result in peak flows being underestimated. The
output of the model should be carefully examined to determine if the capacity of any links are being
exceeded.

604.2 Routing Method

Three hydrograph routing algorithms are available within EPA SWMM. They include steady flow,
kinematic wave, and dynamic wave. The kinematic wave algorithm provides an acceptable degree of
accuracy and is recommended for most projects in the county. Steady flow is the simplest routing
strategy and translates inflow hydrographs to the downstream end with no delay or change in shape.
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Steady flow routing will typically overestimate peak flows and is not recommended. Dynamic wave
routing is theoretically the most accurate method but requires a more refined model and tends to be
unstable when analyzing complex systems. For most projects, the increase in accuracy is minimal and
does not justify the extra time and effort required to create a stable model. Dynamic wave routing is not
recommended.

605 HYDROLOGIC MODELING SYSTEM

HEC-HMS provides much of the same functionality as EPA SWMM and can be used to generate surface
runoff hydrographs from subcatchments and route the hydrographs along a drainage network. CUHP
will not directly interface with HEC-HMS, as it will with EPA SWMM. The program and users’ manual is
available at the HEC website (http://www.hec.usace.army.mil/software/hec-hms) or via an internet
search for “HEC-HMS software.”

606 STREAMSTATS

StreamStats is a web-based application developed by the USGS that provides an assortment of
hydrologic tools in a visual, map-based format. The application can delineate the drainage basin for a
given design point and calculate hydrologic parameters, including area, slope, and estimated
precipitation. A regression analysis can be performed to estimate peak flows for the 2-, 5-, 10-, 25-, 50-,
100-, 200-, and 500-year return periods. All of the equations in Colorado StreamStats are documented in
the report titled Regional Regression Equations for Estimation of Natural Streamflow Statistics in
Colorado (Capesius and Stephens, 2009), available at (http.//pubs.usgs.qov/sir/2009/5136/pdf/SIR09-
5136.pdf) or via an internet search for “USGS Report 2009-5136.”

Predicted error is provided with peak flow estimates, and can frequently exceed 100 percent. Because of
the high margin of error of estimated flows, this method is not a substitute for detailed hydrologic
analysis. StreamStats is a useful tool for the hydrologic engineer, but any results from the application
should be used with care and in consideration of the uncertainties of the results and an appreciation for
the risks associated with the project. Availability of regression equations and peak flows is limited to
hydrologic basins with parameters that are within certain limits. StreamStats is available online at
(http.//water.usgs.qov/osw/streamstats/colorado.html) or via an internet search for “USGS StreamStats
Colorado.”

Flows generated by StreamStats can be used in Boulder County only for designs related to a single-
family residence where published flows do not exist. For all other development, a detailed analysis is
required using one of the other methods discussed in this Section if published flows do not exist for a
given project location.
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Table 600-6. Rational Method Runoff Coefficient, C (Page 1 of 2) (UDFCD, 2016)

Percentage

. 2-Year 5-Year 10-Year 25-Year 50-Year 100-Year
Imperviousness

Type A NRCS Hydrologic Soil Group

2 0.02 0.02 0.02 0.02 0.02 0.17
5 0.04 0.05 0.05 0.05 0.05 0.19
10 0.09 0.09 0.09 0.09 0.10 0.23
15 0.13 0.14 0.14 0.14 0.14 0.28
20 0.18 0.19 0.19 0.19 0.19 0.32
25 0.22 0.23 0.24 0.24 0.24 0.36
30 0.27 0.28 0.28 0.28 0.29 0.40
35 0.31 0.33 0.33 0.33 0.33 0.44
40 0.36 0.37 0.38 0.38 0.38 0.48
45 0.40 0.42 0.42 0.42 0.43 0.52
50 0.45 0.47 0.47 0.47 0.48 0.56
55 0.49 0.51 0.52 0.52 0.52 0.60
60 0.53 0.56 0.56 0.57 0.57 0.64
65 0.58 0.6 0.61 0.61 0.62 0.68
70 0.62 0.65 0.66 0.66 0.67 0.72
75 0.67 0.70 0.71 0.71 0.71 0.76
80 0.71 0.74 0.75 0.76 0.76 0.80
85 0.76 0.79 0.80 0.80 0.81 0.84
90 0.80 0.84 0.85 0.85 0.86 0.88
95 0.85 0.88 0.89 0.90 0.90 0.92
100 0.89 0.93 0.94 0.94 0.95 0.96

Type B NRCS Hydrologic Soil Group

2 0.02 0.02 0.14 0.24 0.38 0.46

5 0.04 0.05 0.17 0.27 0.39 0.48
10 0.09 0.09 0.21 0.30 0.42 0.50
15 0.13 0.14 0.25 0.34 0.45 0.53
20 0.18 0.19 0.29 0.37 0.48 0.55
25 0.22 0.23 0.33 0.41 0.51 0.58
30 0.27 0.28 0.37 0.44 0.54 0.60
35 0.31 0.33 0.41 0.48 0.57 0.63
40 0.36 0.37 0.45 0.51 0.60 0.65
45 0.40 0.42 0.49 0.55 0.63 0.67
50 0.45 0.47 0.53 0.58 0.66 0.70
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Table 600-6. Rational Method Runoff Coefficient, C (Page 2 of 2) (UDFCD, 2016)

Im:(:r:vizzasi(:ss 2-Year 5-Year 10-Year 25-Year 50-Year 100-Year
55 0.49 0.51 0.57 0.62 0.69 0.72
60 0.53 0.56 0.61 0.65 0.72 0.75
65 0.58 0.60 0.65 0.69 0.75 0.77
70 0.62 0.65 0.69 0.72 0.78 0.80
75 0.67 0.70 0.73 0.76 0.81 0.82
80 0.71 0.74 0.77 0.79 0.84 0.85
85 0.76 0.79 0.81 0.83 0.87 0.87
90 0.80 0.84 0.85 0.86 0.89 0.90
95 0.85 0.88 0.89 0.90 0.92 0.92

100 0.89 0.93 0.94 0.94 0.95 0.94

Type C/D NRCS Hydrologic Soil Groups

2 0.02 0.07 0.22 0.32 0.43 0.52

5 0.04 0.10 0.24 0.34 0.45 0.53
10 0.09 0.14 0.27 0.37 0.47 0.55
15 0.13 0.18 0.31 0.41 0.50 0.58
20 0.18 0.23 0.35 0.44 0.53 0.60
25 0.22 0.27 0.39 0.47 0.55 0.62
30 0.27 0.31 0.42 0.50 0.58 0.64
35 0.31 0.36 0.46 0.53 0.61 0.67
40 0.36 0.40 0.50 0.57 0.63 0.69
45 0.40 0.44 0.53 0.60 0.66 0.71
50 0.45 0.49 0.57 0.63 0.69 0.73
55 0.49 0.53 0.61 0.66 0.72 0.76
60 0.53 0.57 0.64 0.69 0.74 0.78
65 0.58 0.62 0.68 0.73 0.77 0.80
70 0.62 0.66 0.72 0.76 0.80 0.82
75 0.67 0.70 0.76 0.79 0.82 0.85
80 0.71 0.75 0.79 0.82 0.85 0.87
85 0.76 0.79 0.83 0.85 0.88 0.89
90 0.80 0.83 0.87 0.89 0.90 0.91
95 0.85 0.88 0.90 0.92 0.93 0.94
100 0.89 0.92 0.94 0.95 0.96 0.96
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Section 700 Open Channels

701 INTRODUCTION

Water that is conveyed so that the top surface is exposed to the atmosphere is defined as open channel
flow. Open channel flow occurs in streams, rivers, canals, drainage channels, and roadside ditches as
well as in conduits such as culverts and storm drains that are not flowing full. This section discusses
open channel flow and presents criteria to be used for hydraulic design and evaluation of open
channels, including roadside ditches. Any work in natural channels may be subject to the restrictions of
Boulder County and FEMA floodplain regulations. Section 1400, Environmental and Regulatory
Permitting discusses the permits that will be required for work in channels.

For a thorough discussion of open channel design principles, the user is encouraged to review the most

recent version of the USDCM (UDFCD, 2016). Many other excellent references are available, including
Chow (1959) and King and Brater (1963).

702 HYDRAULICS OF OPEN CHANNELS

The hydraulics of an open channel can be complex, ranging from steady state uniform flow to unsteady,
rapidly varied flow. Most drainage design involves uniform, gradually varied, or rapidly varied flow
states. Steady uniform flow occurs when the depth of flow remains constant. The calculations for both
uniform and gradually varied flow are relatively simple and are based on the assumption of parallel
streamlines. By contrast, rapidly varied flow calculations, which are used for things like hydraulic jumps
and flow over spillways, have solutions that are generally empirical in nature. This section presents basic
equations and computational procedures for uniform, gradually varied, and rapidly varied flow for
hydraulic jumps and weirs.

702.1 Uniform Flow

Open channel flow is considered 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 is called the normal depth. For a prismatic channel cross
section, the water surface will be parallel to the channel bottom during uniform flow. Uniform flow
rarely occurs in nature and is difficult to achieve, even in a laboratory. However, channels are designed
by assuming uniform flow as an approximation that is adequate for planning purposes.

Calculations for normal flow depth shall be based on Manning's equation shown as Equation 700.1. A
spreadsheet is an effective tool for quick analysis.
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Q: 149 A5/3P—2/3\/§:£AR2/3\/§
n

n

where:

Q = flow rate (ft3/s)

n=Manning roughness coefficient

A=area (ftz)

P = wetted perimeter (ft)

R = hydraulic radius = A/P (ft)

S =slope of the energy grade line (ft/ft).

(700.1)

For prismatic channels with uniform flow, the slope of the energy grade line (EGL), hydraulic grade line
(HGL), and bottom of channel can be assumed to be equal. Table 700-1 provides recommended
Manning roughness coefficients for various channel conditions. As the roughness increases, a given flow
rate will have a greater depth and slower velocity. Conversely, a lesser roughness results in shallower
depth and faster velocity. Selection of roughness coefficients for both the main channel and the
overbanks is a critical part of the design and evaluation of an open channel.

Table 700-1. Manning Roughness Coefficients (modified from UDFCD, 2016)

For Velocity, Froude For Water Surface
Location and Cover Number, and Shear Elevation and
Stress Calculations Depth Calculations
Main Channel
Sand or clay bed 0.03 0.04
Gravel or cobble bed 0.035 0.07
Troweled concrete 0.012 0.015
Vegetated Overbanks
Turfgrass sod 0.03 0.04
Native grasses 0.032 0.05
e o
Willow stands, woody shrubs 0.07 0.16

702.2 Critical Flow

Critical flow in an open channel is characterized by the following conditions:

1. The specific energy is at a minimum for a given discharge.

2. The discharge is at a maximum for a given specific energy.

3. The specific force is at a minimum for a given discharge.

700-2
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4. The velocity head is equal to half the hydraulic depth in a channel with a minimal slope.

5. The Froude Number (Fr) is equal to 1.0.

When critical flow exists for uniform flow, the channel slope is at the critical slope. A slope flatter than
critical will cause subcritical flow and result in a Froude number smaller than 1.0. A slope steeper than
critical will cause supercritical flow and result in a Froude number larger than 1.0. When flow is at or
near critical, it is unstable because minor changes in specific energy, such as from channel debris, will
cause a major change in depth. The Equation 700.2, used to calculate the Froude Number, should be
used to check flow state for all open channel designs.

o Y (700.2)

where:

Fr =Froude number (dimensionless)
v =velocity (ft/s)
g = gravitational acceleration (32.2 ft/sz)

A=channel flow area (ftz)
T = top width of flow area (ft)
D, =hydraulic depth, D, = A/T (ft).

702.3 Gradually Varied Flow

The most common occurrence of gradually varied flow in storm drainage design is the backwater
created by culverts, inlets, and channel constrictions. For these conditions, flow depth will be greater
than normal depth in the channel and the water surface profile must be computed using a backwater
technique—either the direct step or the standard step method. The direct step method is best suited to
the analysis of simple prismatic channels, whereas the standard step method is best suited for irregular
or nonuniform cross-sections. The most general and widely used program is currently HEC-RAS,
developed by the U.S. Army Corps of Engineers. HEC-RAS is recommended for calculating water surface
profiles in Boulder County. If a designer would like to compute water surface profiles by hand, the
methodology for using both the direct-step and standard-step methods can be found in the HEC-RAS
Hydraulic Reference Manual (Brummer, 2010), as well as in Open Channel Hydraulics (Chow, 1959).

702.4 Rapidly Varied Flow

Rapidly varied flow is characterized by very pronounced curvature of the streamlines. The change in
curvature may become so abrupt that the flow profile is virtually broken, resulting in a state of high
turbulence. Several common instances of rapidly varied flow include weir flow, orifice flow, and
hydraulic jumps. Only hydraulic jumps will be discussed in this section. In Boulder County, weir and
orifice flow are used almost exclusively for detention pond outlets and will be discussed in Section 1200,
Detention and Permanent Water Quality.
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Hydraulic jumps may occur at grade control structures, inside storm drains or culverts, and at the outlet
of a spillway and can be very erosive and affect hydraulic capacity. For grassed channels, the forces from
a hydraulic jump must be controlled to prevent serious damage. Drops or other grade control structures
can be used to direct the jump to an area specifically designed to resist the forces that come with it.

Jump locations within storm drain systems can be approximated by intersecting the energy grade line of
the supercritical and subcritical flow reaches. Because storm drain velocity is limited to 16 feet per
second, and because all storm drains in the county are required to be concrete, little threat of damage
exists, but pipe capacity may be impacted. The effect on pipe capacity can be determined by evaluating
the energy grade line and taking into account the energy lost by the jump. In general, for Froude
Numbers less than 2.0, energy loss is less than 10 percent.

For long concrete boxes, the concerns of the jump are the same as for storm drains. However, the jump
can be adequately defined for box conduits and for spillways using the jump characteristics of
rectangular sections. A detailed evaluation of the hydraulic jump is beyond the scope of this MANUAL,
but design procedures are provided in Chow (1959) and Peterska (1978). The UDFCD’s USDCM also has
procedures and calculations that can be used. Calculations must be included with the required
submittals in accordance with Section 200.

703 OPEN CHANNEL DESIGN STANDARDS

The design standards for all open channels in the county, with the exception of roadside ditches, are the
same as those in the most recent edition of the USDCM. The design process for an open channel can be
somewhat circular because of a wide range of options available for materials, typical cross section,
channel slope, and the prevalence of drop structures. The design components that have the greatest
potential effect on the performance and cost of the improvements should be evaluated early on to
guide the design process. Design considerations include allowable velocity, required capacity, curvature
limitations, right-of-way constraints, structures such as bridges or culverts, maintenance access, access
and safety of recreational users including boaters, and the desire for ecological components to be
included in the design. Figure 700-1 shows an example of the typical natural stream in Boulder County.

The USDCM offers guidance on channel centerline and cross section layout, hydraulic analysis, and using
rocks and boulders for protection from erosion. The USDCM also puts a considerable amount of
emphasis on preserving and restoring natural stream corridors. Boulder County is a strong proponent of
the use of ecological concepts to preserve and restore our local channels. Ecological channel design
includes bioengineering practices that utilize vegetation in a combination with natural structural
measures to stabilize and protect stream banks while providing habitat for a number of species. Master
plans often specify where ecological treatments have already been approved for use and are expected
to be constructed.

Ecological design can have numerous public and environmental benefits when applied in an appropriate

location, but care should be taken in selecting the location and completing the design calculations to
ensure an ecological design will hold up under the stream forces it is intended to withstand. Numerous
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types of bioengineering components can be used in Boulder County. General schematic details of the
bioengineering components that have been approved for use by the county are included as an appendix
to this MANUAL. Table 700-2 lists some of the potential advantages and disadvantages to using an
ecological channel design, as opposed to the more traditional riprap and concrete design concepts.
Boulder County is a strong proponent of using ecological design concepts to restore channels damaged
by flood events, with particular emphasis on reaches where riparian vegetation was destroyed. The
potential for every channel restoration project to include ecological components shall be examined and
discussed with the county.

Figure 700-1. Typical Natural Stream (Boulder County, 2016).

Table 700-2. Ecological Treatment Advantages and Disadvantages

Advantages Disadvantages
Environmental clearances (may facilitate permits) Potentially more expensive
Aesthetically pleasing Specialized vegetation
Fish passage Additional maintenance required
Habitat for fish, birds, and macroinvertebrates Susceptible to failure during larger storms
Open space creation and preservation May require a larger footprint
Water temperature moderation Specific hydrologic conditions required
Water quality enhancement
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Ecological channel design may be applied when the overall channel design is firmly rooted in
engineering principles and when the following conditions are met:

1. Hydrologic conditions are favorable for establishment and successful growth of vegetation.

2. Designs are conservative in nature, and bioengineered features are used to provide redundancy.
3. Maintenance responsibilities are clearly defined.

4. Adequate structural elements are provided for stable conveyance of the major storm runoff.

5

. Species are selected based on individual site characteristics.

It is important to note that bioengineered elements are commonly designed to withstand flows from
more frequently occurring storms. Design events are typically between the 1.5-year to 10-year storm,
with the 100-year storm occasionally being a consideration. While designing for a larger event is
prudent, stability during such events may often be achieved by traditional engineering techniques
because bioengineered elements may not remain stable above a certain threshold. If stability is critical
at a given location, such as at bridge piers or near a structure, bioengineering measures may not provide
sufficient stability on their own, without the addition of traditional engineering techniques.
Bioengineering techniques can be incorporated into almost all traditional engineering projects, often to
great ecological benefit. The design approach must balance ecological function with the need for
channel stability when selecting a design discharge. If a channel segment is expected to withstand the
100-year event, it needs to be designed to meet that criterion, regardless of the techniques used. Both
the county and the design engineer should discuss and agree upon the various ecological and hydraulic
criteria the design will meet.

The key elements to consider in an ecological channel design include hydrology, hydraulics,
geomorphology, physiochemistry, and biology. Each of the following elements should be addressed
when designing the channel.

1. Future hydrologic changes associated with urbanization
2. Channel Stability

3. Hydrology to support vegetation

4

. Supplemental structural measures.

The USDCM should be reviewed as part of the design process because it offers valuable guidance on
typical minimum standards. The Natural Channel Design Review Checklist published by the US Fish and
Wildlife Service should also be reviewed to ensure that all appropriate parameters have been
considered.

No specific criteria or design guidance is included in this MANUAL because each site is unique and will
require a solution based on the goals for each site. However, there are publications that offer guidance
on ecological channel design, and these should be consulted to ensure the design will stand up to the
chosen design hydraulic event. The Technical Supplements contained in Stream Restoration Design
(National Engineering Handbook 654) (NRCS, 2007), offer extensive and detailed guidance on physical
design of ecological channels. Specifically, Technical Supplements 141 through 140 offer design guidance
and equations for soil bioengineering, using large woody material for habitat and bank protection,
vegetated rock walls, fish passage, and fish lunkers, among many other components.
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Monitoring and maintenance should be performed throughout the life of the ecological channel design.
The following list consists of four periods when a bioengineered structure is most at risk:

1. Immediately after construction

2. During the driest time of the year

3. During high magnitude discharge events
4

. When a shift in plant community occurs away from plants chosen for biostabilization.

To achieve the highest likelihood of establishment of the specified vegetation, a 3-year maintenance
plan from a certified landscaping company that understands native vegetation will be required. If seed is
used, Boulder County Parks and Open Space shall be consulted to provide a site-specific seeding mix for
each project. Plantings need to be completed in the fall or late winter to provide the best odds of
establishment. Depending on the site, irrigation may also be required. Other techniques to improve the
odds of successful vegetation establishment include the following:

1. Pretreating the project site to remove invasive or noxious species

2. Selecting an appropriate and diverse early-seral seed mix with the potential to fully occupy the
site’s botanical niches

3. Adequate seeding rate and seeding techniques coupled with soil amendments as determined by
proper soil testing

4. Minimizing or eliminating the use of nitrogen, because exotic weeds are often preferentially
stimulated over native species

5. Monitoring the nontarget species and noxious weed seeds that are often present in a seed mix

6. Developing an iterative weed management plan based on regularly scheduled monitoring.

704 ROADSIDE DITCH DESIGN STANDARDS

Much like the design of any open channel, design of roadside ditches is a balance of several design
components, including velocity, capacity, available right-of-way, slope, and cross-sectional geometry. A
wide range of roadside ditch geometry is allowed in the county. Section 900, Roadways, discusses
several constraints and factors to consider when laying out a roadside ditch. The capacity requirements
of a roadside ditch are based on roadway encroachment, also discussed in Section 900.

This section discusses permissible velocities and Froude numbers when designing a roadside ditch.
Roadside ditch hydraulic calculations will be completed using Manning’s equation. The Manning’s
roughness coefficients for calculating velocity, Froude number, and shear stress included in Table 700-1
will be used for all roadside dich calculations, including capacity and water surface elevation. The
designer should note that if a ditch is expected to be vegetated, there is a much higher potential for
erosion until vegetation is complete. The use of erosion control measures prior to revegetation will
minimize this potential.
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Roadside ditch flow with depths less than or equal to 1.0 feet have no Froude number or velocity
limitations. For ditch flow depths greater than 1.0 feet, velocity shall not exceed 7.0 feet per second,
and the Froude number shall not exceed 0.8. These criteria are shown in Table 700-3.

Table 700-3. Allowable Velocity and Froude Number for Roadside Ditches

. Maximum Allowable Values
Design
Flow Depth Flow Depth
Component
P <1.0feet > 1.0 feet
Velocity No maximum 7 fps
Froude Number No maximum 0.8

Where roadway slopes are steep enough to result in ditch slopes that are too steep for ditch velocities
or Froude numbers to meet criteria, a flattened ditch slope may be used with ditch checks placed at
intervals to make up for grade discrepancies. An example of a ditch check is in Section 1100, Hydraulic
Structures.
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Section 800 Storm Drains

801 INTRODUCTION

The criteria presented in this section shall be used to design and evaluate storm drain systems in
Boulder County. “Storm drain system” refers to the system of inlets, pipes, manholes or junctions,
outlets, and other appurtenant structures that are designed to collect and convey the minor storm
runoff and discharge it to a major drainage system. The storm drain system is a part of the local drainage
system, which may also include curb and gutter, streets, roadside ditches, swales, and channels. This
section presents both technical criteria and the general procedure for design and evaluation of pipes
and inlets. Allowable roadway encroachment is discussed in Section 900, Roadways.

802 DESIGN CRITERIA

802.1 Design Storm Frequency
A storm drain system is required when the allowable street capacity is exceeded during the 5-year
event.

802.2 Construction Materials

Pipes, materials, and related items that are suitable for roadway cross culverts in accordance with
Section 1000 are also suitable for storm drain systems. These requirements limit pipe materials to
reinforced concrete.

802.3 Horizontal and Vertical Alignment

Storm drains shall be designed with enough cover to support the vehicular bridge loadings listed in the
Boulder County Multimodal Standards and with the pipe manufacturer’s recommendations. The
minimum cover shall be 12 inches. Trench installations shall be in accordance with the most recent
edition of the CDOT M&S Standard Plans. Manholes will be required whenever there is a change in size,
vertical or horizontal alignment, elevation, grade, and at all junctions.

The minimum clearance between a storm drain and a water main shall be 12 inches, regardless of which
is higher. Concrete encasement or bridging of the water line will be required for clearances of 12 inches
or less. The work shall be in accordance with the CDOT M&S Standard Plans, Boulder County Standard
Drawings, or other approved details, and the design must be approved by both the county and the utility
owner.

The minimum clearance between a storm drain and a sanitary sewer shall also be 12 inches. When a
sanitary sewer lies above a storm drain, the sanitary sewer shall have an impervious encasement or be
constructed of structural drain pipe for a minimum of 10 feet on each side of where the storm drain
crosses. When a sanitary sewer is below a storm drain and has less than 18 inches clearance, concrete
encasement or bridging of the sanitary line will be required. The work shall be in accordance with the
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CDOT MA&S Standard Plans, Boulder County Standard Drawings, or other approved details, and the
design must be approved by both the county and the utility owner.

Storm drain alignment between manholes shall be straight. Manholes shall be spaced no more than
400 feet apart for trunk lines 36 inches in diameter and smaller and 500 feet for trunk lines larger than
36 inches in diameter.

802.4 Pipe Size
Storm drain trunk lines shall have a minimum diameter of 18 inches or the hydraulic equivalent if using a

shape other than circular. Storm drain laterals from inlets shall have a minimum diameter of 15 inches
or the hydraulic equivalent if using a shape other than circular.

802.5 Storm Inlets

The standard inlets permitted for use in Boulder County streets are a CDOT Type R curb opening inlet, a
CDOT Type C grated inlet, and a Denver Type 16 combination inlet. Type R and Type 16 inlets shall be
used with a 6-inch vertical curb and gutter section, and Type C inlets shall be used in roadside ditches.
Type C inlets shall be installed in accordance with the CDOT standard plans, including creating a sump
condition where one does not naturally exist.

802.6 Storm Drain Capacity and Velocity
The storm drain system shall be designed to convey the minor storm without resulting in pressure flow.

The minor storm capacity and velocity shall be calculated using the Manning’s n values in Table 800-1.

Table 800-1. Manning’s n Values for Capacity and Velocity

Manning’s n Value
Pipe Material
Capacity Calculation Velocity Calculation
RCP (newer) 0.013 0.011
RCP (older) 0.015 0.012
RCP (preliminary design) 0.015 0.012
Smooth Plastic 0.011 0.009

The maximum full flow velocity shall be less than 15 feet per second (fps). The energy grade line (EGL)
for the 5-year design flow shall be at or below finished grade at all manholes, inlets, or other junctions.
The EGL and hydraulic grade line (HGL) for both the 5-year and 100-year events shall be calculated for all
storm drain systems. Hydraulic losses will include friction, expansion, contraction, and junction losses at
a minimum. The methods for estimating these losses are presented in the following sections. If the 100-
year HGL is above any manhole or inlet cover, or if the manhole or inlet is located in a floodplain,
manhole and inlet covers shall be bolted down.
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802.7 Storm Drain Outlets

All storm drain outlets into open channels shall be constructed with a headwall and wingwalls or a flared
end section. Riprap shall be provided at the outlet in the form of a blanket or low tailwater basin. Storm
drain outlets shall meet the requirements of Section 1000 for culvert outlets.

803 HYDRAULICS OF STORM DRAINS

Presented in this section are the general aspects of hydraulic design and evaluation of storm drains that
need to be considered. Hydraulic design calculations can be done manually with a spreadsheet or by
using a computer model. Both methods are briefly discussed below. The user is assumed to possess a
basic working knowledge of storm drain hydraulics and is encouraged to review technical literature
available on the subject as needed.

803.1 Manual Hydraulic Calculations

Manual storm drain hydraulic calculations shall be performed in accordance with the HEC-22 (Brown et
al., 2013). Procedures and coefficients presented in HEC-22 shall be used for system design unless they
are specifically included in this MANUAL. HEC-22 includes discussion on open channel flow, where the
water surface within the pipe remains open to the atmosphere, and pressure flow, where there is no
exposed water surface within the pipe. It also includes a design example.

Two of the critical design elements of a storm drain system are the HGL and the EGL. The HGL is a line
that represents the water surface elevation at any point along an open channel. In pressure flow
situations, the HGL is the level to which water would rise in a vertical tube at any point along the pipe.
The EGL is an imaginary line that represents the total energy at any point in the system. Total energy
includes elevation head, velocity head, and pressure head and is the HGL plus the velocity head (V%/2g).
The total energy at any section equals the energy at any downstream section plus the losses that occur
between the two points.

Losses are typically classified as either friction or form losses. Friction losses occur as water flows along
the length of a pipe. Form losses occur at the exit from the system and at junctions such as manholes
within the system. Because the county does not allow transitions or bends outside of manholes, form
losses will be restricted to exit losses when flow leaves the system, and structure losses, such as through
inlets or manholes and are referred to by HEC-22 as inlet and access hole losses. Although rare, losses
due to hydraulic jumps in storm drains are discussed in Section 700, Open Channels.

803.2 Hydraulic Calculations Using a Computer Model
Computer models are often used to calculate the HGL and EGL of storm drain systems. The benefits of

using a computer model include consistency, speed, and the ability to check the validity of the model
with relative ease. This section provides specific guidance for UD-Sewer 2009; however, other programs
such as StormCAD may be used if specifically approved by the county.

UD-Sewer is a computer model that assists in the design and flow analysis of storm drain systems. The
program uses Manning’s equation to analyze and size storm sewer systems. The program can also use

November 2016 800-3



Boulder County Storm Drainage Criteria Manual

the Rational Method to calculate runoff, perform hydraulic and EGL calculations, and provide plots
of the storm drain, ground line, HGL, and EGL. The USDCM (UDFCD, 2016) provides additional
information, as does the UD-Sewer user’s manual. The user’s manual is embedded in the software,
which can be obtained from the UDFCD website (http://udfcd.org/software) or via an internet search for
“UDFCD UD-Sewer.”

803.2.1 Rational Method
UD-Sewer uses the Rational Method to calculate runoff based on input parameters provided by the
user. The user can override Rational Method calculations by manually entering known flows that have
been calculated separately; however, values must be entered for Rational Method parameters or the
program will give an error.

803.2.2 Bend and Lateral Loss Coefficients
UD-Sewer requires bend and lateral loss coefficients for each storm drain segment within a model. Bend

and lateral losses both occur at a manhole or inlet junction. Bend losses are the result of the angle
between the incoming storm drain and the exiting trunk line at a junction. Lateral losses are the result of
turbulence or eddies that occur from lateral flows joining a trunk line. These coefficients are calculated
by the program based on user inputs that define the geometry of the system.

To calculate the bend loss coefficient, the user must select the shape of the manhole invert and enter
the angle between the incoming and downstream pipe segments. To calculate the lateral loss
coefficient, the user must enter the angle between the incoming lateral and downstream trunk line.
When entering the angle, the user must select main line or lateral line. Lateral loss is only applied to the
main lines of a storm sewer system in UD-Sewer. For all lateral lines, the user should select lateral line
and the program will default to zero. If more than one lateral enters a manhole, the user must exercise
judgment to determine the appropriate loss coefficient.

804 HYDRAULICS OF STORM INLETS

Presented in this section are the general procedures for sizing and spacing of inlets in a storm drain
system. Design calculations can be done manually, but this section will focus on the use of UD-Inlet to
calculate street and inlet capacity. The USDCM provides additional details on the equations and
methodologies that have been incorporated into the UD-Inlet spreadsheet.

804.1 Introduction

Inlets on a continuous grade are located so that ponding will not occur once the inlet is at capacity. Flow
will instead bypass the inlet. Sump inlets are located at roadway sags or similar low points that will not
allow water to bypass after the inlet reaches capacity. A sump condition can occur at a change in street
grade from positive to negative or at an intersection due to the crown slope of a cross street.

804.2 Inlet Capacity

Inlet capacity may be calculated using the UD-Inlet spreadsheet developed by the UDFCD, with
exceptions noted below. UD-Inlet is an Excel-based program that calculates both street and inlet
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capacities based on several parameters entered by the user. In general, the procedure consists of
defining the amount and depth of flow in the gutter and determining the theoretical flow interception
by the inlet. The calculations within the spreadsheet program are based on physical research completed
at Colorado State University. The most recent version of UD-Inlet can be obtained via an internet search
for “UD-Inlet UDFCD” or from the UDFCD website (http.//udfcd.org/software). Additional information
specific to inlets on grade and in a sump condition is included in the following sections.

Information required by the spreadsheet includes design flow; height of curb; distance from curb face to
street crown; gutter width; street cross and longitudinal slopes; gutter cross slope; Manning’s n for the
street; maximum allowable spread from gutter flow line; maximum allowable depth at gutter flow line;
and allowable flow depth at the street crown. Additionally, if flow is allowed behind the curb, the
allowable spread width behind the curb and side slope behind the curb, and Manning’s n behind the
curb must be entered. The spreadsheet can use the Rational Method to calculate a design flow or will
accept a flow entered by the user. If the inlet receives bypass from an upstream inlet, the bypass flow
can be entered or retrieved from another UD-Inlet spreadsheet. Default clogging factors included in the
UD-Inlet spreadsheet shall be used to account for potential debris clogging, pavement overlaying, and
varying design assumptions.

804.3 Continuous Grade Condition

The capacity of an inlet on grade is dependent on street slope, depth of flow in the gutter, height and
length of curb opening, street cross slope, and the amount of depression at the inlet. Cost effective inlet
design will allow for some bypass. The amount of carryover must be included in the drainage facility
evaluation as well as in the design of the inlet. Boulder County allows Type R and Type 16 inlets in a
continuous grade condition.

804.4 Sump Condition

The capacity of each sump inlet is dependent on depth of flow in the gutter, height and length of curb
opening, street cross slope, and the amount of local depression at the inlet. Type R and Type 16 inlets
are allowed for a sump inlet on curb and gutter system. A Type C inlet can be used in a ditch or as an
areainlet.

At the time of publication of this MANUAL, UD-Inlet either overestimated or underestimated the
capacity of inlets in sumps, leading to the installation of both oversized and undersized inlets
throughout Colorado. A study done in 2007 entitled “Sump Inlet Hydraulics” found that current design
procedures utilized by UD-Inlet were not consistent due to the application of inconsistent design
parameters used to size a sump inlet under various conditions. Laboratory tests of several different inlet
types were completed by the UDFCD in partnership with Colorado State University, and the data was
used to modify design procedures for inlets in sumps. The USDCM provides modified design procedures
for grate, curb opening, and combination inlets located in sumps that shall be used to design sump inlets
in Boulder County.

804.5 Inlet Spacing

The optimum spacing of storm inlets is dependent upon several factors, including traffic requirements,
contributing land use, street slope, allowable street capacity, and distance to the nearest outfall system.

November 2016 800-5


http://udfcd.org/software

Boulder County Storm Drainage Criteria Manual

The suggested sizing and spacing of the inlets is based on an ideal interception rate of 70 percent to
80 percent. This spacing has been found to be more efficient than a spacing using a 100 percent
interception rate; although, the downstream-most inlet will still need to be designed to intercept
100 percent of the flow. Considerable improvements in overall system efficiency can be achieved if the
inlets are located in the local sumps created by street intersections.

Inlet spacing is typically an iterative process, and the designer may have to move inlet locations multiple
times before determining the appropriate spacing to meet design criteria and maintain efficiency. After
initial inlet locations are determined, the designer should recalculate the peak flow to each inlet and
check that the allowable street capacity has not been exceeded. If the actual flow is less than the
allowable street capacity, inlets may be spaced further apart to prevent overdesign of a system. Locating
inlets is a balance between meeting criteria and efficient design. It is not usually possible to have
optimum inlet spacing throughout an entire storm drain system.

804.6 Inlet Grates

All grates used on storm inlets in Boulder County will be bicycle-safe grates in accordance with the Guide
for the Development of Bicycle Facilities (AASHTO, 1999).

805 DESIGN OF STORM DRAIN SYSTEM

This section presents the general procedure used to design a storm drain system from preliminary
through final design. Using the Rational Method for sizing the drain system is also discussed. A typical
local drainage system consists of flow in the storm drain and allowable flow in the gutter. These flows
are ultimately discharged to a larger drainage system or an open channel with capacity for a much larger
event.

805.1 Preliminary Design

The preliminary design of the storm drain system begins after a preliminary development plan has been
prepared that delineates the general development areas, major drainage paths, and drainage outfall
locations. Allocation of space for drainage facilities and considerations shall be incorporated into the
preliminary development plan. The drainage engineer must have input into the development plan to
ensure proper drainage planning.

1. Gather Basic Data. The first step in any drainage project is the collection of basic data.
Information typically required is as follows:

a. Topographic maps of the development and drainage basins that show existing and proposed
roadways, existing and proposed land uses, major drainage features such as creeks and
streams, development area, and property boundaries

b. Typical street cross sections
c. Preliminary grading information, such as contours, profiles, and control elevations
d. Soils information

e. Existing and proposed utilities
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f. Existing irrigation and raw water facilities and requirements for maintaining facilities
g. Rainfall information.

2. Perform Hydrologic Analysis. Perform the hydrologic evaluation of the basin(s) for both the
minor and major storms, typically using the Rational Method. Divide each basin into smaller
subbasins, and calculate the peak design flow for each hydrologic point of interest. The degree of
basin subdivision will depend on the detail of information available and the experience of the
licensed professional drainage engineer. Some general guidelines are included in Section 600.

3. Complete Preliminary Sizing. Preliminary sizing should be completed for the minor storm.
Beginning at the upper end of the basin, calculate the quantity of flow in the street until the
allowable capacity of the street matches the design runoff. The storm drain system will start at
this point, provided that no alternate method of removing runoff from the street exists. Removal
of all the street flow by the storm drain system is not required, except at sump areas, and is
typically not economical. The sum of the flow in the storm drain plus the flow in the street must
be less than or equal to the allowable capacity of the street and storm drain.

For preliminary sizing purposes, the diameter, type of pipe, and slope is generally sufficient.
Manning's n values should be those in Table 800-1. In some instances, a profile may be required
to check utility conflicts or to assure compatibility with the major drainage system. The
preliminary vertical alignment should not be steeper than the proposed street grade. The
designer should also be aware of utility considerations, especially when crossing water and
sanitary main and service lines.

4. Route the Major Storm. After sizing the storm drain, route the major storm through the system
and compare the flows to the allowable capacity. The combined total of the allowable street
capacity during the major storm and the storm drain capacity during the major storm should
equal or exceed the 100-year runoff. A plan and profile of the pipes, EGL, and HGL will be
required. If the combined allowable capacity is less than the design flow, some or all of the
following actions may be taken:

a. Increase storm drain size

b. Increase street grade within acceptable limits or revise street classification to allow additional
capacity

c. Revise major drainage system such that the runoff is collected further upstream

d. Provide additional onsite detention within the development to decrease peak flow.

5. Evaluate the Preliminary Design. In addition to a cost estimate for the design, the preliminary
system can also be evaluated by developing alternatives and comparing the total benefits. The
impact of the system outfall on downstream properties must be identified and mitigated if
problems exist.

805.2 Final Design

Final design consists of final revisions to the system model and preparation of plans, profiles, and
specifications for the storm drain system in sufficient detail for construction. Basic data, hydrologic
analysis, and inlet sizing performed for the preliminary design should be reviewed and verified. Drainage
subbasin boundaries should be confirmed or revised as necessary, and design peak flows should be
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recalculated accordingly. The drain pipe and inlet sizes and locations are then finalized while taking into
account final street and storm drain grades, locations of existing and proposed utilities, and the design
of the major drainage system. The EGL and HGL should be revised accordingly including energy losses at
manholes and any other structures. If special transitions are required to reduce losses, the structural
design of the facilities must include energy loss considerations.
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Section 900 Roadways

901 INTRODUCTION

The criteria presented in this section shall be used to determine allowable stormwater encroachment
within public streets. The review of all planning submittals as outlined in Section 200 will be based on
the criteria herein.

Street, road, and roadway are all general terms that denote a public way for purposes of vehicular

travel, including the entire area within the right-of-way. The criteria herein will use these general terms
interchangeably.

902 FUNCTION OF STREETS IN THE DRAINAGE SYSTEM

Curb and gutter sections and roadside ditches along urban and rural streets are part of both the Minor
and Major Drainage Systems. When the drainage in the street exceeds the allowable limits, a storm
drain system or an open channel is required to convey the excess flow. The primary function of streets is
traffic movement, and the drainage function may only cause limited interference with the traffic
function of streets.

The design criteria for collection and conveyance of runoff on public streets are based on a reasonable
frequency and magnitude of traffic interference. Depending on the street classification, some traffic
lanes are allowed to be fully inundated during the minor or major storm event. During less intense
storms, runoff will inundate traffic lanes to a lesser degree. The primary function of streets as part of the
Minor Drainage System is to convey nuisance flows to a storm drain system or open channel without
interfering with traffic movement. As part of the Major Drainage System, the function of streets is to
provide an emergency path for flood flows with minimal damage to the urban environment.

903 DRAINAGE IMPACTS ON STREETS

Storm runoff can affect traffic function of a street in the following ways:

1. Sheet flow across roadways

2. Concentrated flow in the gutter

3. Ponded water at low points

4. Concentrated flow across traffic lanes
5

. Damage to the street section and required maintenance.

The criteria contained in this section of the MANUAL are intended to manage the impacts of stormwater
on transportation infrastructure and to maintain a standard and consistent level of safety on county
streets and roads during a given storm event.
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904 STREET CLASSIFICATION

Each street in Boulder County has an assisgned functional classification based on its role in connecting
and providing access between various land uses. These functional classifications are listed in Boulder
County’s Multimodal Transportation Standards and assigned through the approval of the most recent
Boulder County Road Map. The extent to which stormwater is allowed to encroach into the driving lanes
of a roadway is based on that roadway’s functional class.Limiting flow encroachment on a roadway is
the primary criteria by which roadway safety is maintained during a storm event.

Although a majority of county roads will utilize a roadside ditch, some county streets will utilize a curb
and gutter section. Using a curb and gutter or roadside ditch to convey flow does not affect the criteria
for allowable encroachment because safety concerns remain the same for both types of roadways. The
allowable lateral encroachment onto the roadway for each of the county’s functional roadway
classifications is presented in Table 900-1. These criteria may be listed by the width of roadway that
must remain free of water or by the amount of ponding permissible at the crown during each storm
event. In no case shall any roadway improvement, reconstruction, or expansion cause more flow
encroachment on a parcel or structure outside the county right-of-way than currently exists. These
criteria apply to roads with roadside ditches, curb and gutter sections, and culvert crossings. They do not
apply to bridge crossings. Criteria for bridge crossings are included separately in Section 1000.

Table 900-1. Allowable Flow Depth and Encroachment for County Roads

Minor Storm

Functional Classification

Encroachment

Major Storm
Encroachment

Principal Arterial (PA)

10 feet clear each way

10 feet clear in center

Minor Arterial (MA)
Collector (C)
Residential Collector (RC)

Flow may spread to crown Allowable depth at crown = 3 inches

Flow may spread to crown Allowable depth at crown = 3 inches

Allowable depth at crown =3 inches | Allowable depth at crown =9 inches

Local (L) Allowable depth at crown =3 inches | Allowable depth at crown =9 inches

Local Secondary (LS) Allowable depth at crown =3 inches | Allowable depth at crown =9 inches

Townsite Road Allowable depth at crown =3 inches | Allowable depth at crown =9 inches

905 HYDRAULIC EVALUATION

905.1 Streets With Curb and Gutter

The minor and major storm capacity of each street section may be calculated in one of two ways. The
first is by using the UD-Inlet spreadsheet created by the UDFCD to calculate street and inlet capacities.
The second is to calculate capacity manually using the Manning’s equation shown as Equation 900.1 or
the modified Manning’s equation shown as Equation 900.2. Equations 900.1 and 900.2 assume a gutter
cross slope equal to the roadway cross slope.
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where

Q=228 g%gkr%
n

q=228 %y %

nS

X

discharge (ft)

street cross slope (ft/ft)

depth of water at face of curb (ft)
top width of flow spread (ft)
longitudinal grade of street (ft/ft)

Manning’s roughness coefficient.

(900.1)

(900.2)

Roadway sections typically do not have gutter cross slopes equal to roadway cross slopes. A composite

analysis must be completed for these sections, as presented by Equations 900.3 through 900.8.

where

Q=q, +Q,

Q = total street section capacity (cfs)

Q, =discharge in the section that is above the depressed section (cfs).

Q,, = flow rate in the depressed section of the gutter (cfs)

The theoretical flow rate, Q, is:

Q= Q.
1-E,
where
1
E =
° SW/SX
1+ 5
RN
(T/w)-1
where
s, =5 +2
w
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(900.6)

900-3



Boulder County Storm Drainage Criteria Manual

where

a = gutter depression (ft)

W = width of gutter (ft).

Figure 900-1 shows the geometric variables.

T, Tcrown I
T, Tuax
_Seack W Ty
\
m %
5l o
S .
o

Figure 900-1. Gutter Section Composite Cross Slope (UDFCD, 2016)
From the geometry, it can be shown that:
y=a+TS (900.7)

and
a=tsrilow (900.8)
2 2

where

y =flow depth at the curb (ft)

A=flow area (sf).

A Manning’s n value of 0.016 should be used for the gutter and street flow areas. A Manning’s n value of
0.025 should be used for sidewalk and grass areas in UD-Inlet, if needed. A reduction factor from
Figure 900-2, excerpted from the USDCM, shall also be applied, which will reduce effective street
capacity. The reduction factor accounts for the increased effect on capacity that items like debris and
parked cars can have at steeper roadway slopes. UD-Inlet includes these reduction factors.

While the criteria in Table 900-1 must be used as a limitation on flow in streets, street capacity is
typically limited by right-of-way, especially during the major storm event.
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Figure 900-2. Reduction Factor for Gutter Flow (UDFCD, 2016).

905.2 Roads With Roadside Ditches

County roadways are often characterized by roadside ditches rather than a curb and gutter section. The
capacity of the roadside ditch is limited by the ditch depth, maximum allowable flow velocity, and
maximum allowable Froude number. A new or reconstructed roadside ditch must also not allow more
flow to leave the county right-of-way during the major storm event than the currently existing

configuration. Figure 900-3 shows a typical county roadside ditch.

Figure 900-3. Example of a Roadside Ditch (Boulder County, 2016).
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Roadside ditch layouts will vary with each site’s limitations and capacity requirements. Roadside ditch
capacity shall be that which is required to limit encroachment as specified in Table 900-1. Safety is a
primary concern in the roadside ditch design. Flatter side slopes and shallower depth are safer
configurations than steeper side slopes and deeper depth. Side slopes recoverable by an errant vehicle
are generally 4:1 or flatter. Slopes of 3:1 are considered a threshold for guardrail on heavily travelled
roads. Where paths are adjacent to slopes steeper than 3:1, an optimum separation of 5 feet from the
top of slope should be provided.

Right-of-way constraints and roadway slopes do not always allow for ideal ditch sections. A
3:1 maximum ditch side slope is preferred, but this may be steepened if right-of-way constraints require
it. A depth of less than 24 inches is preferred, but this may be increased if necessary. Deeper ditches
may be required if encroachment criteria cannot be met by using a flat-bottom ditch because of right-of-
way constraints. Roadway slopes and ditch velocity restrictions may also require deeper ditches.
Maximum allowable flow velocity and Froude number for roadside ditches are given in Section 700,
Open Channels.

Stable cut and fill slopes shall be provided no steeper than 2:1 on the plains and 1.5:1 in mountainous
areas as an absolute minimum standard. A geotechnical report may be required for slopes steeper than
2:1. Ditch slopes steeper than 3:1 must be protected by a turf reinforcing mat, crimped mulch, or riprap.

The layout of a roadside ditch can be especially challenging when the existing drainage pattern of an
entire area is sheet flow toward the new roadway. This can occur in both the mountains and the plains.
Once the roadway is constructed, sheet flow on the upstream side of the roadway will become
concentrated in roadside ditches whose capacity may be quickly exceeded. There are two options for
handling this flow. The first is to enlarge the ditches on the upstream side of the road to convey the
design runoff until the ditch reaches a natural cross drainage. The second is to construct cross culverts at
locations where there is not a natural cross drainage. For the second option, a ditch will then be
required on the downstream side of the road to convey the runoff to the nearest natural drainage. It is
not permissible to discharge concentrated runoff to a downstream property that is currently not
receiving it without first acquiring easements and agreements from the property owner and providing a
means of preventing erosion and routing the flow that is acceptable to the property owner.

Private driveway culverts located in roadside ditches must be sized to meet the criteria for the minor
and major storm events in accordance with this MANUAL. The culverts must not create a headwater
condition that violates the encroachment criteria in this section. These requirements apply to both new
and replacement culverts, although existing culverts may be replaced in kind without a hydrologic and
hydraulic analysis, provided the new culvert is at least 18 inches in diameter and that there is no
evidence or report of erosion, roadway overtopping, or other damage to the area surrounding the
culvert to be replaced. If evidence of any of these is found, the replacement culvert may be sized to
match the larger of the nearest upstream and downstream culverts in the same ditch provided it is
larger than the culvert being replaced and has not resulted in erosion, damage, or overtopping.
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Section 1000 includes an example for sizing a private driveway culvert located in a roadside ditch. When
culvert sizing results in an unreasonably large culvert that will not be readily accommodated by the
existing roadside ditch, a Design Exception may be requested.

906 ROADWAYS ADJACENT TO CHANNELS

The design of roadways adjacent to open channels should consider the impacts both the roadway and
the channel will have on each other. The goal of Boulder County is to construct new and replacement
roadways above the 100-year floodplain to prevent damage to long stretches of roadway during large
storm events. Depending on the characteristics of area surrounding the roadway, however, meeting this
goal may not always be feasible or prudent.

When a replacement roadway is constructed in an area with a constricted floodplain, such as a canyon,
raising the road grade will typically result in a more constricted channel width. This in turn may increase
100-year flow velocity and depth, possibly resulting in more damage to downstream facilities during a
large event. If the 100-year floodplain is removed from the roadway, water may encroach onto private
property on the other side of the channel where it otherwise would not. Causing any increase in water
surface elevation on private property is not permitted without obtaining an easement from the property
owner, one that the owner may refuse to grant. Figure 900-4 shows an example of a roadway adjacent
to a channel.

Figure 900-4. Example of a Roadway Adjacent to a Channel (Boulder County, 2016).
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If constructing a new or replacement roadway above the 100-year floodplain will result in additional
floodwater encroachment onto private property or an increase in the 100-year floodplain, the approval
process for a new or replacement roadway adjacent to a channel will require an alternatives analysis
that includes an assessment of cost, benefit, and risk for each alternative. The analysis will evaluate the
5-year, 10-year, 25-year, and 100-year events at a minimum, and more return periods may be requested
by the county. Alternatives will also consider protection of the roadway surface and subgrade, an
analysis of public safety, and the potential for public notification or permanent signage.
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1001 INTRODUCTION

Culverts and bridges convey surface water through or beneath an embankment such as a highway,
railroad, or canal. The size, alignment, and support structures of a culvert or bridge directly affect the
capacity of the drainage system. An undersized culvert or bridge will force water out of the channel and
cause flooding and damage. Culverts and bridges may significantly influence upstream and downstream
flood risks, floodplain management, and public safety.

A Boulder County floodplain development permit is required for all work within a floodplain regulated
by the county. FEMA regulations will apply to all work in a FEMA-regulated floodplain. Limited guidance
on current FEMA and county floodplain regulations is included in Section 1400. These regulations are
both nuanced and subject to change over time. MANUAL users are encouraged to consult the FEMA
website and the county for guidance on regulations at the start of each project.

Because trails often follow drainageways such as creeks and rivers, a new bridge, bridge replacement, or
large box culvert sometimes presents the opportunity to remove an at-grade trail crossing and replace it
with a designated pathway under a bridge or through an additional box culvert section designed to
house the trail. If this option is considered, design guidance can be found in the USDCM (UDFCD, 2016).
Additionally, some flood control improvements may be eligible for UDFCD maintenance assistance. The
UDFCD should be contacted to determine if a project qualifies.

The criteria presented in this section shall be used to evaluate and design culverts and bridges for public
roadways and private driveways, whether they are located within the public right-of-way or not. The
review of all submittals outlined in Section 200, Submittals will be based on the criteria herein.
Stormwater crossings of CDOT roadways may have additional requirements.

1002 CULVERT DESIGN STANDARDS

Culverts shall be designed and constructed to the following standards. If any criteria for culverts are
provided in the Boulder County Multimodal Transportation Standards, the criteria in this MANUAL will
take precedence. All proposed culverts are subject to review and approval by the Boulder County
Transportation Department. This includes culverts to be placed in both the public right-of-way and on
private lands. Review must be conducted and approved by the Transportation Department regardless of
whether a Building Permit, Floodplain Development Permit, or Access Permit is required.

1002.1 Construction Materials

All roadway cross culverts within Boulder County shall be reinforced concrete unless otherwise
approved by the County Engineer and Road Supervisor. Culverts under private driveways may be
reinforced concrete or corrugated steel. Aluminum and plastic culverts are not permitted. Construction
materials used for irrigation and raw water lines within the county right-of-way must be approved by
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the county before installation. The types of pipe, materials, and related items shall meet the most
recent versions of the standards listed in Table 1000-1.

Table 1000-1. Types of Pipe, Materials, and Related Items Standards

Item Standard
Reinforced Concrete Pipe—Round ASTM C76 or AASHTO M 170
Reinforced Concrete Pipe—Elliptical ASTM C507 or AASHTO M 207
Reinforced Concrete Pipe—Joints ASTM C443 or AASHTO M 198
Reinforced Concrete Box Culvert—Joints ASTM C1677
Reinforced Concrete Pipe—Arch ASTM C506 or AASHTO M 206
Precast Concrete Box Culverts ASTM C1433/C1577 or AASHTO M 259/M 273
Concrete for Cast-in-place culverts CDOT 601
Corrugated Steel Pipe—Galvanized AASHTO M 36
Structural Plate ASTM A761 or ASHTO M 167

1002.2 Minimum Culvert Size
The minimum culvert size shall be an 18-inch-diameter round pipe or equivalent. Equivalents are a
22-inch by 12-inch arch or a 23-inch by 14-inch elliptical section.

1002.3 Roadway Overtopping

A major factor to be considered when designing a culvert under a roadway is the roadway’s functional
classification and the associated allowable roadway encroachment or overtopping. Table 900-1 in
Section 900, Roadways presents allowable roadway encroachment and overtopping criteria for culvert
design for both the minor and major storm event for each of the county’s roadway classifications.
Design standards and criteria for bridges is separate and is discussed in Section 1004.

Where roadway overtopping is anticipated to occur, the depth of overtopping can be assumed as the
difference between the headwater elevation and the roadway crown elevation. This is a conservative
estimate, as water will tend to spread out once it leaves the channel banks. Where overtopping is not
permitted but some amount of encroachment is permitted, the culvert headwater elevation can be set
at the elevation corresponding to the limits of encroachment.

For allowable overtopping, the roadway crown is assumed to act as a broad-crested weir. A weir
coefficient of 2.8 shall be assumed along with a weir length not to exceed 100 feet, regardless of
roadway geometry. The designer should first calculate weir flow using the allowable overtopping depth
for the major storm as given in Table 900-1. The designer should then calculate flow through the culvert
per Section 1005, with culvert headwater set at the allowable overtopping elevation. If the calculated
weir flow plus the flow through the culvert exceeds the culvert’s 100-year design flow, the allowable
overtopping condition has been met. Weir flow is discussed in the design example in Section 1006.2.

1002.4 Allowable Headwater

The maximum headwater for the 100-year design flow shall be 2.0 times the culvert diameter or culvert
rise dimension for shapes other than round (HW/D < 2.0) for culverts with a rise dimension less
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than or equal to 48 inches. For culverts with larger rise dimensions, the headwater to depth ratio for the
100-year design flow shall be less than 1.5. There is no maximum headwater value for the minor storm.

1002.5 Velocity and Outlet Protection

A minimum flow velocity within the culvert of 3 feet per second is required so that sediment will not
accumulate in the culvert. The minimum flow velocity should be calculated using the Manning’s
equation and assuming open channel flow and a normal depth equal to 0.25 times the vertical
dimension of the culvert. Manning’s n values are presented in Table 1000-2.

Table 1000-2. Manning’s n Values for Culverts

Pipe Material Manning’s n
RCP 0.013
Annular CMP (2%- x %-inch corrugation)® 0.024
Annular CMP (3 x 1-inch corrugations) @ 0.027
Helical CMP® 18Inch | 24Inch | 36Inch 48 Inch
2%- x Y-inch corrugation 0.014 0.016 0.019 0.020
3- x 1-inch corrugations N/A N/A 0.021 0.023

(a) The n value for CMP shall be 0.027 unless pattern and corrugations are specified on the
drawings.

The design must also include revetment to protect the outlet from erosion caused by the maximum
velocity exiting a culvert. Table 1000-3 presents the required culvert outlet protection based on
maximum culvert exit velocity. Maximum exit velocity shall be calculated using the major storm design
flow and the methods described in Section 1005.

The most common type of culvert outlet protection is riprap, either as a riprap apron or as a low
tailwater basin. Procedures for designing a riprap apron or low tailwater basin downstream of a culvert
outlet, including for multiple conduit installations, can be found in the UDFCD’s USDCM. Both of these
procedures are applicable for Froude numbers up to 2.5.

Table 1000-3. Required Culvert Outlet Protection

Culvert Exit Velocity Protection
(V) Required
V < 5.5 fps None
5.5 fps <V <16 fps Riprap apron or low tailwater basin
> 16 fps Energy dissipator structure

An economical culvert design that meets allowable headwater requirements should not normally result
in a Froude number larger than 2.5 when design velocities are kept below 16 feet per second. The
designer should generally strive to keep culvert slopes as flat as practicable to limit the amount of
revetment that is required at the outlet. A riprap apron is typically used when the culvert is discharging
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to a well-defined channel that can be expected to have a tailwater elevation equal to at least one-third
of the height of the discharging conduit. A low tailwater basin is typically used when the receiving
channel may have little or no tailwater or where the receiving channel is not well defined.

1002.6 Headwalls, Wingwalls, and End Sections

All culverts in the public right-of-way shall be designed with headwalls and wingwalls or flared end
sections at the inlet and outlet, with the exception of private driveway culverts that are less than 36
inches in diameter, which may have projecting ends. Headwalls, wingwalls, and end sections shall be in
accordance with the most recent edition of the CDOT M&S Standard Plans. Headwalls or end sections
shall be located to provide a grade no steeper than 3H:1V between the back of the structure and the
edge of the shoulder or back of walk. Outlet protection shall be provided at both the inlet and outlet of
every culvert as required by Section 1002.5 until velocities fall below 5.5 feet per second. Figure 1000-1
is an example of a concrete box culvert in Boulder County.

o : g il e, T N R - )

Figure 1000-1. Example of a Concrete Box Culvert Adjacent to a Trail (Boulder County, 2016).

1002.7 Structural Design and Minimum Cover

Culvert installations shall be designed for the vehicular bridge loadings listed in the Boulder County
Multimodal Standards, in accordance with the design procedures in the latest edition of the AASHTO
Standard Specifications for Highway Bridges, or appropriate ASTM standard, and with the pipe
manufacturer’s recommendations. The minimum cover shall be 12 inches in all cases. Trench
installations shall be in accordance with the most recent edition of the CDOT M&S Standard Plans.

1002.8 Fish Passage
Depending on the site location, a culvert may need to accommodate migrating fish. The U.S. Fish and

Wildlife Services and the Colorado Parks and Wildlife should be consulted early in the planning process
to determine requirements related to fish passage. Some locations may require a bridge to span the
natural channel, but culvert modifications, including oversizing the culvert or placing it below grade and
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filling the lower portion with native streambed material, can often be used to meet regulatory design
criteria. All culvert projects should examine the potential to incorporate ecological components into the
design.

1003 LOW WATER CROSSING DESIGN STANDARDS

A low water crossing is a privately constructed and maintained embankment structure that provides
property ingress and egress through a floodplain. Low water crossings should be used only as a last
resort and are only allowed for Local, Local Secondary, and Townsite Roads or private driveways at
elevations less than 6,000 feet. Low water crossings are generally not feasible above 6,000 feet for
several reasons. Typical stream cross sections in mountainous areas would require driveway slopes to be
significantly above the maximum allowed by the Boulder County Multimodal Transportation Standards.
In addition, if a low water crossing in a canyon were to block debris, the resulting backup in floodwater
has less space available to spread out before causing damage to roadways and adjacent properties. The
low water crossing is designed to allow access across the drainageway during a minor storm event.
Access generally will not be possible during larger storm events.

If the low water crossing is located in a FEMA-regulated floodplain, it is subject to FEMA regulations, and
design flow rates may be determined from the FEMA Flood Insurance Study (FIS), available by entering
the crossing address into the FEMA Flood Map Service Center’s interactive website at
(https://msc.fema.gov/portal). Flow rates may also be available from studies published by Boulder
County or from USGS gaging stations. For low water crossings on unstudied or ungauged streams, the
design flow rates may be determined using the USGS program Streamstats that can be found at
(http://water.usgs.qov/osw/streamstats/colorado.html).

Culverts in a low water crossing must meet the culvert design standards of Section 1002 for construction
materials, minimum culvert size, velocity, and outlet protection. Low water crossings have unique design
standards for allowable roadway overtopping, allowable headwater, and end treatments, as well as
additional criteria for roadway surfacing, embankment materials, and backwater. The standards for
design of low water crossings are below. Some are also included as part of Figure 1000-2, Low Water
Crossing Schematic, located at the end of this section.

1003.1 Embankment and Roadway Surfacing
Embankment slopes shall not be steeper than 3H:1V, regardless of the surface treatment used.

Embankment slopes within the public right-of-way shall be slope paved with concrete a minimum of
4 inches thick. Low water crossings outside the public right-of-way may be slope paved with 4 inches of
concrete or protected with 18 inches of grouted, Type M riprap installed in accordance with UDFCD
specifications. The roadbed for the approach to the crossing and over the crossing must be designed to
withstand the forces of the 100-year overtopping event.

1003.2 Slope Paving and Headwall

The slope paving and headwall shall be as shown on Figure 1000-2, Low Water Crossing Schematic,
located at the end of this section. Slope paving shall extend to the edge of the proposed roadbed. A
vertical headwall and wingwalls will not be allowed for use in a low water crossing.
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1003.3 Allowable Backwater
Backwater from the low water crossing shall not increase the 100-year water surface elevation by more

than 1.0 feet on streams that are not regulated by FEMA.

1003.4 Maximum Crossing Height
The maximum crossing height for a low water crossing is the distance between the highest point on the

road surface and the channel invert. The maximum crossing height shall be determined by comparing
the channel capacity at the crossing location with and without the proposed crossing. The 100-year
capacity above the proposed crossing, including the 1.0-foot allowable increase in the 100-year water
surface elevation, shall be greater than the 100-year capacity without the crossing. The low water
crossing design example in Section 1006.2 details the calculations required for this analysis. The existing
water surface elevation for the 100-year event may be calculated using HEC-RAS or an iterative process
using the Manning’s equation. A site survey must be conducted to ensure accurate calculations.

1003.5 Structural Design and Minimum Cover
Minimum cover over low water crossing culverts shall be 12 inches for round corrugated metal pipe,

6 inches for round concrete pipe, and 18 inches for arch pipes or 12 inches for arch pipes if an HS 10-44
loading is applied. If the manufacturer recommends a larger minimum cover, that minimum shall be
required.

1003.6 Culvert Sizing
The culvert sizing for a low water crossing shall be completed once the maximum crossing height is

determined. The culvert size shall be determined using the minor storm event. Weir flow over the
crossing is allowed up to a depth of 6 inches during the minor storm event. The culverts shall be sized
for a capacity equal to the minor storm event minus the allowable weir overflow. The procedure used
for low water crossing culvert sizing is presented in Section 1006.2.

1004 BRIDGE DESIGN STANDARDS

All bridges shall be designed in accordance with the latest edition of the Boulder County Multimodal
Standards, although the criteria in this MANUAL will take precedence if there is a discrepancy. The
majority of the criteria in this section apply to bridges on public roads. Section 1004.5 is dedicated
specifically to private driveway bridges, and Section 1004.6 is dedicated specifically to pedestrian
bridges. All bridges adjacent to roadways, regardless of category, must also adhere to the encroachment
and overtopping requirements of Table 900-1. Design flow rates may be determined in the same
manner as in Section 1003 for low water crossings. Figure 1000-3 shows an example of a bridge in
Boulder County with an aesthetic component.

It is possible that a bridge designed to meet the criteria of this MANUAL may be on a roadway that
becomes flooded during the storm event the bridge is designed to pass. New bridges shall be designed
to the standards of this MANUAL regardless of adjacent roadway flooding because roadways that
experience frequent flooding may be reconstructed at a higher elevation in the future to achieve an
overall greater level of protection.
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1004.1 Public Bridge Sizing Criteria

In addition to the criteria set forth in Section 1002, the low chord of any public bridge shall provide a
minimum freeboard. If any criteria for freeboard are provided in the Boulder County Multimodal
Transportation Standards, the criteria in this MANUAL will take precedence.

All bridges on Collector, Residential Collector, Local, and Local Secondary roadways, or with a 100-year
flow that is less than 1,000 cfs, shall have a low chord elevation set at or above the energy grade line
(EGL). All bridges on Minor Arterial and Principal Arterial roadways, or where the 100-year flow is higher
than 1,000 cfs, shall have a low chord elevation set at least 1 foot above the EGL.

- A.:& ,m 4 B By o o, &

Figure 1000-3. Example ofa Bridge With an Aesthefi Component (Boulder County, 2016).

1004.2 Hydraulic Analysis

The hydraulic analysis of a bridge opening is a complicated undertaking. Design calculations for all
bridges must be prepared and certified by a licensed Colorado Professional Engineer. The procedures for
design as outlined in the Federal Highway Administration (FHWA) publication Hydraulic Design of Safe
Bridges shall be used for the hydraulic analysis of the proposed design. HEC-RAS may be used to
complete the hydraulic analysis of bridge openings provided the guidance in the publication is followed.
All bridges are assumed to remain in place during all storm events and shall not be assumed to break
away or otherwise be removed from any modeling scenario.

1004.3 Inlet and Outlet Configuration

Where bridge abutments and foundations are located below the 100-year water surface elevation,
concrete wingwalls shall be tied to the existing side slopes to prevent erosion behind the abutments and
to provide slope stabilization from the top of the embankment to the toe of slope. Riprap protection on
the inlet and outlet transition slopes shall be provided to prevent erosion caused by eddy currents.
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1004.4 Scour Analysis and Countermeasures

Velocity limitations through the bridge opening are intended to limit potential scour. Regardless of the
results of the scour analysis, a maximum 100-year average channel velocity of 16 feet per second shall
be allowed through a bridge opening.

If any criteria for scour analysis are provided in the Boulder County Multimodal Transportation
Standards, the criteria in this MANUAL will take precedence. Whenever a new or replacement bridge is
designed, it is critical that scour depths at piers and abutments be estimated. The scour estimate must
consider subsurface data and a hydraulic analysis of the proposed design.

The FHWA has published a set of Hydraulic Engineering Circulars to provide guidance for bridge scour
and stream stability analysis. The set includes HEC-18, Evaluating Scour at Bridges, HEC-20, Stream
Stability at Highway Structures, and HEC-23, Bridge Scour and Stream Instability Countermeasures:
Experience, Selection, and Design Guidance. Latest editions of each shall be used in concert with each
other to evaluate stream stability, potential scour, and appropriate scour countermeasures. HEC-RAS
may be used to provide the raw data required for the HEC-18 equations. HEC-RAS may also be used to
evaluate scour, but the user must be experienced in the nuances HEC-RAS presents in evaluating scour
and the potential errors that can occur. Using HEC-RAS default values will cause inaccurate results.

The potential for local scour (pier and abutment) and general scour (contraction, stream degradation,
and pressure) should be evaluated using HEC-18 to determine the extent of the various types of scour as
applicable to each site. HEC-20 should be consulted to determine the general stability of the stream and
whether lateral channel movement should be anticipated. If there is potential for scour during the scour
design storm shown in Table 1000-4, countermeasures shall be designed in accordance with HEC-23. In
all cases, the length of bridge piles shall be such that the design structural load may be safely supported
entirely below the probable scour depth.

Table 1000-4. Bridge Scour Design Standards

Design Storm for Design Storm
Roadway . .
ee L. Abutment, Pier Cap, and | for Foundation
Classification . . . .
Retaining Wall Design Design
Principal Arterial (PA) 500-year 500-year
Minor Arterial (MA) 500-year 500-year
Collector (C) 500-year 500-year
Residential Collector (RC) 100-year 500-year
Local (L) 100-year 500-year
Local Secondary (LS) 50-year 500-year
Townsite Road 50-year 500-year

1004.5 Design Standards for Private Driveway Bridges
According to the FHWA, scour at bridge foundations is the most common cause of bridge failure. Private

driveway bridges are usually constrained by cost and other factors from meeting typical bridge scour
design standards and are therefore, at a larger risk of failure from scour. To mitigate the scour threat, a
risk- and resiliency-based approach has been adopted for private driveway bridges. This approach
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factors in the importance of the bridge foundation stability in ensuring a safe and reliable waterway
crossing and is referenced in HEC-18. The objective of these guidelines is to protect bridges from failure
during relatively common flood events, such as the 5-, 10-, and 25-year events, while remaining within
the constraints inherent in private driveway bridge design.

This MANUAL contains different design criteria for private bridges located in mountainous areas and
those located in the plains areas of the county. When floodwaters overtop a private bridge or when a
private bridge is knocked off its foundations during a storm event, the effects can be experienced by the
entire community. Overtopping causes an increase in backwater upstream of the bridge, an increase in
velocity through the bridge opening that could cause erosion downstream of the bridge, and the
potential for debris to accumulate at the upstream face of the bridge, further increasing upstream
backwater and downstream velocity. When a bridge is completely dislodged, it can cause an enormous
channel blockage. These conditions are more critical in mountainous areas because of the reduced
available floodplain width that exists in canyon roadways. A small blockage can result in a large increase
in water surface elevation. By contrast, a reduction in capacity cause by blockages in the plains areas
results in a smaller increase in water surface because the water has more room to spread out. Tables
1000-5 and 1000-6 provide criteria for the design private driveway bridges.

Table 1000-5. Design Recurrence Intervals for Private Driveway Bridges

. Minimum Hydraulic | Foundation and Scour
Type of Crossing or . . . .
e Capacity Design Calculations Design
Street Classification @) b)
Event Event
Private Driveways below
6,000 feet of elevation >-year flow 25>-year
Private Driveways above
6,000 feet of elevation 10-year flow >0-year

(a) Minimum hydraulic capacity shall be calculated using the freeboard requirements in
Table 1000-6.

(b) Should the required bridge foundation depth be unreasonable based on the
predicted scour, appropriate scour countermeasures should be implemented to
mitigate the predicted scour depth.

Table 1000-6. Freeboard Requirements for Private Driveway Bridges

Average Channel Flow Minimum Required Freeboard
Depth® (FB)
> 1.5 feet Lesser of 1.5 feet and (0.1Q%3+0.008V?)
< 1.5 feet 0.5 feet

(a) Average channel flow depth shall be for the design event specified in
Table 1000-5 and shall be the average distance from the channel
thalweg to the water surface taken at 50 feet upstream of the bridge,
at the bridge, and at 50 feet downstream of the bridge.

The type of bridge foundation and foundation elevations should be determined by the bridge structural
design engineer. During the design of the bridge foundations, the design engineer shall consider the
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design loading, the findings of the geotechnical investigation, scour depth as calculated using the
procedures in HEC-18, anticipated frost depth, pressure flow during the 100-year event, and any other
factors the engineer considers appropriate in his or her professional judgement. If scour is anticipated,
the engineer can either design scour countermeasures using the procedures in HEC-23 for the design
storm listed in Table 1000-5 or locate the bridge foundations below the anticipated depth of scour by a
distance that provides a sufficient factor of safety in his or her professional judgement. Scour
countermeasures will be required if anticipated scour depth is in excess of 5 feet.

The superstructure and abutments of all private bridges shall be designed to withstand the buoyant and
lateral forces generated by the 50-year event so that the superstructure will not become dislodged from
the abutments during this event. The types of lateral forces to be considered include drag and impact
forces from floating debris and ice and any other forces the engineer considers appropriate. The bridge
will be designed to withstand twice the calculated buoyant and lateral forces of clear water to provide
for the accumulation of debris.

Structural, scour, and foundation design calculations must be accompanied by a certification statement
that is signed and sealed by a professional engineer licensed in the State of Colorado and submitted to
the county for review. The certification statement shall read as follows.

| hereby affirm that the design calculations and plans for the private access bridge at [insert
address] were prepared by me, or under my direct supervision, for the owners thereof, in
accordance with the requirements of the International Building Code, the Boulder County Land
Use Code, the Boulder County Multimodal Transportation Standards, the Boulder County Storm
Drainage Criteria Manual, any approved variances and exceptions thereto, and my professional
engineering judgment. | understand that Boulder County does not and will not assume liability
for facilities, structures, or improvements designed by others.

Registered Professional Engineer [Affix Seal]

State of Colorado No.

All assumptions made by the bridge design engineer shall be provided in the calculations. Furthermore,
the design of all private bridges may be subject to review by a third party at the county’s discretion.
When located within a FEMA floodplain, all private driveway crossings are subject to requirements of
the National Flood Insurance Program (NFIP) and local floodplain management regulations.

The county recognizes that in certain limited instances, it may be exceptionally difficult to conform to
these standards. In these instances, the applicant will document in writing good and sufficient cause for
a requested Design Exception on the most recent Boulder County Private Driveway Design Exception
Request Form, which must then be signed and sealed by a professional engineer licensed in the State of
Colorado.

Upon receipt of a written request for a Design Exception from a particular provision of this MANUAL, the
County Engineer will issue a determination on whether the Design Exception should be granted or
denied given the specific circumstances for which it was requested. The County Engineer will provide a
copy of the determination to the applicant. Determinations made by the County Engineer in interpreting
and enforcing the standards in this MANUAL involve the considered application of professional
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engineering and transportation planning judgment and skill in the context of each particular situation
and are not appealable

1004.6 Design Standards for Pedestrian Bridges

Several types of pedestrian bridges can be constructed in the county. Table 1000-7 below describes each
type and the applicable criteria. The design of bridges crossing raw water ditches shall be in consultation
with and approved by the ditch owner(s).

Table 1000-7. Pedestrian Bridge Criteria

Pedestrian Bridge Type Criteria

A —Small Trail Bridge

Description

There are no capacity or minimum
span length requirements. They may
be tethered or designed to break

A private or public bridge crossing
a stream, raw water ditch, or major
drainage, not intended to carry

motorized vehicles, and generally
in low density and/or open areas

away during a storm event less than
the minor storm.

B — Private Access
Pedestrian Bridge

A bridge crossing not intended to
carry motorized vehicles, providing
primary and/or sole access for
users to private property.

These must comply with the private
driveway bridge standards set forth
in Section 1004.5. Breakaway or
tethered designs are not permitted.
When located within a FEMA
floodplain, all private crossings are
subject to the requirements of the
National Flood Insurance Program
(NFIP) and local floodplain
management regulations.

C — Large Multiuse
Bridges

A large bridge on a multiuse path
or regional trail system, or used for
maintenance access to or along a
raw water ditch or major
drainageway. These bridges are
rated to carry small service vehicles
including light duty pick-up trucks.

These must also comply with design
standards for private bridges as set
forth in Section 1004.5. Break away
or tethered designs are not
permitted. When located within a
FEMA floodplain, all private crossings
are subject to the requirements of
the National Flood Insurance
Program (NFIP) and local floodplain
management regulations.

1005 CULVERT HYDRAULICS

Presented in this section are the general procedures that shall be used for hydraulic design and analysis
of culverts. The user is assumed to possess a basic working knowledge of culvert hydraulics and is
encouraged to review the technical literature on the subject that is included in FHWA HDS-5, Hydraulic
Design of Highway Culverts. The two primary types of culvert flow are inlet control and outlet control.
Under inlet control, the cross-sectional area of the barrel, inlet geometry, and headwater are the factors
that affect capacity. Outlet control involves the additional consideration of tailwater and the slope,
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roughness, and length of the culvert barrel. The Culvert Design Form, shown in Figure 1000-4, is a
template for culvert hydraulic analysis that can be used with the information and equations below. It
can be found at the end of this section.

1005.1 Inlet Control Condition

Under inlet control conditions, the slope of the culvert is steep enough that the culvert does not flow
full. The control section of a culvert operating under inlet control is located just inside the entrance.
Inlets may be either 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, as shown in
Figure 1000-5. In this situation, the culvert inlet acts like a weir.

ENERGY GRADE LINE

Figure 1000-5. Inlet Control — Unsubmerged Inlet (UDFCD, 2016).

In a submerged condition, the headwater submerges the top of the culvert but the pipe does not flow
full, as shown in Figure 1000-6. In this situation, the culvert inlet acts like an orifice.

AH P ‘\\

Figure 1000-6. Inlet Control — Submerged Inlet (UDFCD, 2016).

In the submerged inlet condition, the equation governing the culvert capacity is the orifice flow
equation. However, because of the uncertainty in estimating the orifice coefficient for a submerged
culvert inlet, it is recommended that the inlet control nomographs published in HDS-5 be used to
determine headwater for submerged inlets operating under inlet control. Some of the more commonly
used nomographs are included at the end of this section, cumulatively designated as Figure 1000-7,
Common Nomographs. The remainder can be found in the second edition of HDS-5, publication number
FHWA-NHI-01-020. Table 1000-8 provides the appropriate chart to use for various types of culverts and
end treatments.
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Table 1000-8. Inlet Control Nomograph Selection

Material Cross Section End Treatment Chart
Concrete Circular None (Projecting), Headwall 1B
Concrete Circular Flared end section®® 1B
Concrete I(-|Oovr;z|;)ntal Elliptical Sr?;(:\;vililozg Projecting (use scale 1 for 98
Corrugated Metal | Circular None (Projecting), Headwall, Mitered 2B
Corrugated Metal | Circular Flared end section 2B
Concrete Rectangular Wingwalls, angle and headwall bevel varies 8B-13B

(a) End sections conforming to fill slope are the sections commonly available from manufacturers.
From limited hydraulic tests they are equivalent in operation to a headwall in both inlet and outlet control
(HDS-5, 2012).

1005.2 Outlet Control Condition

Outlet control occurs when the culvert barrel is not capable of conveying as much flow as the inlet
opening will accept. Either subcritical or pressure flow exists in the culvert barrel under these
conditions. Outlet control will govern if the headwater is deep enough, the culvert slope is sufficiently
flat, or the culvert is sufficiently long.

Outlet control generally exists under two conditions. The first, and less common, occurs when
headwater is not high enough to submerge the top of the culvert and the culvert slope is subcritical, as
shown in Figure 1000-8.

Figure 1000-8. Partially Full Conduit (UDFCD, 2016).

The more common outlet control condition exists when the culvert is flowing full, as illustrated in
Figure 1000-9. A culvert with a submerged inlet and an unsubmerged outlet may also operate under
outlet control, especially if it has a long barrel length or a flat enough slope. Culverts under outlet
control may flow full or partly full, depending on various combinations of hydraulic factors.
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Figure 1000-9. Full Conduit (UDFCD, 2016).

Culvert capacity under outlet control is calculated using Bernoulli's equation for the conservation of
energy. An energy balance is determined between the headwater at the culvert inlet and at the culvert
outlet and includes inlet losses, friction losses, and velocity head. The general equation is expressed as:

H=h,+h,+h, (1000.1)
where

H = total energy head (ft)

h, = entrance head loss (ft), K.V?/2g

h, =friction losses (ft)

h, = velocity head (ft), V*/2g

K, = entrance loss coefficient per Table 1000-8.

Friction loss is the energy required to overcome the culvert barrel roughness and is calculated by the
following equation.

h, =(29n°1/R")(v*/29) (1000.2)

where
n=Manning's coefficient per Table 1000-3
L =Length of culvert (ft)
R =Hydraulic radius (ft)
V = Velocity of flow (fps)

g = Acceleration due to gravity, 32.2 ft / s°.
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Table 1000-9. Culvert Entrance Loss Coefficients, K¢, for Outlet Control Calculations (HDS-5)

Structure and Entrance Type Ke Structure and Entrance Type Ke
RCP RCB
Headwall, socket end of pipe 0.2 Wingwalls at 30° to 75° to barrel
Headwall, square edge 0.5 Square edge at crown 0.4
Projecting from fill, socket end 0.2 Rounded or beveled top edge 0.2
Projecting from fill, square cut end 0.5 Wingwalls at 10° to 25° to barrel
Mitered to conform to fill slope 0.7 Square edge at crown 0.5
Side- or slope-tapered inlet 0.2 Wingwalls parallel (side extensions)
Beveled edges, 33.7° or 45° bevels 0.2 Square edge at crown 0.7
Rounded (radius = D/12) 0.2 Side- or slope-tapered inlet 0.2
End section that conforms to fill slop® 0.5 No wingwalls

cmp®) Square edge on 3 sides 0.5

Projecting from fill 0.9 Rounded or beveled on 3 sides 0.2

(a) End sections that conform to fill slope are the sections commonly available from manufacturers. From
limited hydraulic tests, they are equivalent in operation to a headwall in both inlet and outlet control.
Some end sections, which incorporate a closed taper in their design, have a superior hydraulic
performance. These latter sections can be designed by using the information given for the beveled
inlet.

(b) Conditions not listed specifically for CMP have the same coefficient as RCP.

Combining the equations yields the following equation, which can be used to calculate culvert capacity
directly only when the tailwater is at or above the crown of the culvert outlet.

H=(K,+1+29nL/R**)(v?/29) (1000.3)

When the tailwater is below the culvert outlet crown, the tailwater depth used for calculations shall be
the larger of the tailwater anticipated in the downstream channel at the culvert outlet and the average
of the critical depth in the culvert and the culvert diameter, (D+d.)/2. The FHWA has determined the
average of the critical depth and the culvert diameter to be an adequate approximation for tailwater
depth for culverts that flow partially full. Critical depth calculation is a direct process for a box culvert
but an iterative one for a circular pipe that is easily accomplished with a spreadsheet. Critical depth
occurs when the Froude number is equal to 1.0. The flow area and top width will be those that occur at
critical depth in the pipe. Many online tutorials are available.

v
gD,

Fr=

(1000.4)
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where

Fr =Froude number (dimensionless)
v = velocity (ft/s)
g = gravitational acceleration (32.2 ft/sz)
D, =hydraulic depth, D, = A/T (ft)
A=flow area (ftz)

T = top width of flow area (ft).

In addition to equation 1000.3, outlet control nomographs published by the FHWA in HDS-5 can also be
used to calculate the required headwater under outlet control conditions where the outlet is
submerged. Some of the more commonly used nomographs are included at the end of this section,
included within Figure 1000-7. The remainder can be found in the second edition of HDS-5, publication
number FHWA-NHI-01-020. Table 1000-10 provides the appropriate chart to use for various types of
culverts. End treatments do not affect outlet control.

Table 1000-10. Outlet Control Nomograph Selection

Material Cross Section Chart
Concrete Circular 5B
Corrugated Metal Circular 6B
Concrete Rectangular 15B
Concrete Horizontal Elliptical (Oval) 33B

When using the outlet nomographs for corrugated steel pipe, the data must be adjusted to account for
the variation in the n value between the nomographs and the culvert being evaluated. The adjustment is
made by calculating an equivalent length according to the following equation:

L'=L(n'/n)’ (1000.5)
where

L'=Equivalent length

L= Actual length

n=Manning's n value, shown on the HDS-5 nomographs

n'= Actual n value of a culvert from Table 1000-2.

Culvert capacity shall be computed using the Culvert Design Form in Figure 1000-4 at the end of this
section. Three example calculations for culvert sizing are provided in Sections 1006.1 through 1006.3.
The first is for a roadway crossing culvert, the second is for a low water crossing, and the third is for
private driveway culvert in a roadside ditch. The FHWA HDS-5, Hydraulic Design of Highway Culverts,
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offers extensive guidance on the design of culverts that are under roadways and that may be used in
conjunction with the requirements of this MANUAL.

1005.3 Computer Applications

Although the procedures and nomographs for analyzing culvert hydraulics are still used, engineers
increasingly design culverts by using computer applications. Among the applications approved for use by
Boulder County is the FHWA’s HY-8 Culvert Analysis Program and the UDFCD’s UD-Culvert spreadsheet,
both of which may be used to calculate roadway overtopping, inlet and exit velocity, and hydraulic grade
line.

1006 DESIGN EXAMPLES

Three design examples are included in this section. The first example details the analysis of an existing
roadway crossing culvert by using the Culvert Design Form. The second is for design of a private
driveway culvert in a roadside ditch. The third is for the design of a low water crossing.

1006.1 Crossing Culvert Analysis Example

The procedure to evaluate culverts is based on the procedures presented in HDS-5. The methodology
consists of evaluating the culvert headwater requirements for both inlet and outlet control. The type of
flow control that results in a larger required headwater is the governing flow condition.

An example calculation for rating an existing culvert is presented in Figure 1000-10, Culvert Design Form
Example, located at the end of this section. The culvert is a 48-inch CMP with 2%/5 x %-inch annular
corrugations. The length is 150 feet. The upstream invert elevation is 5540.0, and the downstream invert
elevation is 5535.5. The slope is 0.030. The low point of the embankment over the culvert has an
elevation of 5551.9. The n value is 0.024 (from Table 1000-2). The culvert has flared end sections. All
depths in Figure 1000-10 are in feet unless noted otherwise.

The tailwater rating values are provided for this example and shown in Column 5 of Figure 1000-10. If
the tailwater condition is unknown, it must be computed using the normal depth (subcritical or critical
only) of a trapezoidal channel approximating the existing drainageway. A HEC-RAS model of the site
could also be used to determine the tailwater rating curve.

The entrance loss coefficient, Ke, can be determined from Table 1000-9 as 0.5 for an end section that
conforms to fill slope, which is the category used to represent a common flared end section. The full
flow and the velocity are calculated from these values for comparison. The rating then proceeds in the
following sequence:

e Step 1: The culvert design process begins with selecting a discharge range or a headwater depths
range and then using an inlet control nomograph to determine the corresponding values. This
example begins with a range of headwater depths that are entered in Column 3. Headwater to
pipe diameter ratios (Hw/D) are calculated and entered in Column 2. If the culvert is not circular,
the culvert height is used for the calculation.
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e Step 2: For each H,,/D ratio, inlet capacity is read from the appropriate inlet control nomograph
(Chart 2B for this example) and entered into Column 1. Flared end sections are hydraulically
equivalent to headwalls according to HDS-5. Scale (1) should be used on Chart 2B to determine
discharges, which then completes the inlet control rating.

e Step 3: For outlet control, the Q values that have been entered in Column 1 are used to
determine the head values (H) in Column 4 from the appropriate outlet control nomograph
(Chart 6B for the example).

e Step 4: The tailwater depths (Tw) are then entered into Column 5 for each Q value in Column 1.
The depths have been provided in this example, but must be calculated if they are not available.
If the tailwater depth is less than the diameter of the culvert, Columns 6 and 7 must be
calculated per Step 5, and the larger of the tailwater depth and the value of Column 7 shall be
used as h,. If the tailwater depth is greater than the diameter of the culvert, the tailwater values
in Column 5 are entered into Column 8 as the values for h,, and Step 6 should begin (Step 5 being
skipped).

e Step 5: Approximate tailwater depths are calculated if tailwater depths from Step 4 are less than
the diameter of the culvert. The critical depth, d., for each Q value in Column 1 is calculated and
entered into Column 6. The average of the critical depth and the culvert diameter is calculated
and entered into Column 7 as the approximate h, value.

e Step 6: The headwater values (HW) are calculated according to Equation 1000.6:
H,=H+h, —LS, (1000.6)

where H is from Column 4 and h, is either the value from Column 8 where Ty = D or the larger
value of Column 5 and Column 7 where Ty, < D. L is the length of the culvert barrel and S, is its
slope.

e Step 7: The final step is to compare the inlet and outlet control headwater requirements
(Columns 3 and 9) and record the higher of the two values in Column 10. The type of flow control
is recorded in Column 11. The headwater elevation is calculated by adding the controlling
headwater (Column 10) to the upstream invert elevation. A culvert’s rating curve can then be
plotted from the values in Columns 12 and 1.

Outlet velocity for designing downstream protection can be computed using V = Q/A. For full flow
conditions, the culvert area is the full cross sectional area of the culvert. For partially full conditions, the
culvert area is the area calculated at a depth of h,. Channel protection shall be as described in Section
1002.5. Velocity values are not shown in Figure 1000-10 but should be calculated for the 100-year event.
To size a culvert crossing, the same form can be used, with some variation in the basic data. First, a
design Q is selected and the maximum allowable headwater is determined, subject to the conditions of
Section 1002.4. An inlet type is selected and the invert elevations and culvert slope are estimated based
on site constraints. A culvert type and size is then selected and rated for both inlet and outlet control. If
the controlling headwater exceeds the maximum allowable headwater, design data should be modified
and the procedure repeated until the desired results are achieved.

1000-18 November 2016



Boulder County Storm Drainage Criteria Manual

1006.2 Low Water Crossing Design Example
A low water crossing is planned in an ungauged stream with steep vegetated banks and an invert

composed mostly of gravel and cobble. StreamStats indicates the major storm discharge is 1430 cfs and

the minor storm discharge is 200 cfs. The existing channel has an average slope of 1.6 percent and a

typical cross section is shown in Figure 1000-11, Low Water Crossing Designh Example, at the end of this

section. A Manning’s n value of 0.040 is assigned to the channel in accordance with Section 700. Design

of a low water crossing is an iterative approach described in the steps below. AutoCAD, spreadsheet
software, and HEC-RAS can all be used to assist with the analysis.

Step 1: Calculate the existing 100-year water surface elevation. Determine the flow area, wetted
perimeter, and hydraulic radius of the typical section at several different water surface
elevations. Use Manning’s equation to determine discharge at each of those water
surface elevations. Adjust the water surface elevation until the calculated discharge is equal to
the 100-year flow rate. In this example, a water surface elevation of 5406.0 resulted in a
discharge of 1,431 cfs, which is acceptably close to the 100-year flow rate of 1,430 cfs. This water
surface is shown in Figure 1000-11 at the end of this section.

Step 2: Calculate the proposed 100-year water surface elevation. A low water crossing may cause
a maximum increase of 1.0 feet in the 100-year water surface elevation. The proposed 100-year
water surface elevation is 5407.0 feet, which is also shown in Figure 1000-11 at the end of this
section.

Step 3: Determine the proposed road grade elevation. Using Manning’s equation, calculate the
discharge above several potential road grade elevations using the existing conditions n value and
the proposed 100-year water surface elevation of 5407.0. Do not account for flow in any
potential culverts. The entire 100-year flow should pass over the low water crossing. Select the
highest road grade elevation that will convey a flow equal to or slightly greater than the 100-year
discharge at a water surface of 5407. In this example, a discharge of 1,462 cfs was calculated at a
corresponding road grade elevation of 5404.1, shown in Figure 1000-11 at the end of this
section. This flow rate is considered acceptably close to the 100-year flow rate of 1,430 cfs.

Step 4: Calculate the discharge over the road grade during the minor storm. The maximum
allowable overtopping depth (H) is 0.5 feet during the 5-year event. Use the weir equation,
equation 1000.7, to determine the 5-year discharge over the low water crossing, Qo, using a weir
coefficient (C) of 2.8. The length of the weir (L) can be determined from the typical channel cross
section and the selected road grade elevation, up to a maximum of 100 feet. In this example, the
weir length is 38 feet.

Q, = CLH* (1000.7)
Q, =(2.8)(38)(0.5)" =37.6¢fs (1000.8)

Step 5: Determine the minimum required culvert capacity, Q. This is the difference between the
channel 5-year design flow and the allowable discharge over the low water crossing.

Q,=Q,—Q, =200-37.6 =162 cfs (1000.9)
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e Step 6: Select the culvert size. The proposed road grade elevation must accommodate
the selected culvert size with the minimum allowable cover over the top of the pipe. Assume a
53-inch by 34-inch HERCP, which has a wall thickness of 5 inches. The proposed road grade is
49 inches above the channel invert (5404.1 — 5400.0 = 4.1 feet = 49 inches). The distance from
the pipe invert to the top of the pipe is 39 inches (34 + 5 = 39 inches). This results in 10 inches of
cover between the top of the pipe and the road grade. This distance is greater than the allowable
minimum of 6 inches, and the 53-inch by 34-inch Horizontal Elliptical Reinforced Concrete Pipe
(HERCP) is an acceptable alternative.

e Step 7: Calculate the number of culverts required. Assume inlet control and use the nomograph
in Chart 29B to calculate capacity of the 53-inch by 34-inch HERCP. Allowable headwater is equal
to the proposed crossing height plus 6 inches of allowable overtopping, or 55 inches (49 + 6 =
55 inches). The ratio of headwater to interior pipe height, HW/D, is 1.62 (55 inches / 34 inches =
1.62). Because there is no scale for an entrance that is mitered to conform to the slope, use
Scale 1 to the right of the nomograph. The nomograph indicates the capacity of a single culvert
to be 84 cfs. The number of culverts needed is calculated by dividing the total required culvert
capacity by the individual culvert capacity, or 162 cfs / 84 cfs = 1.9. Rounding up, two culverts are
required.

The low water crossing will use two 53-inch by 34-inch HERCP culverts with a road grade elevation of
5404.1. Figure 1000-11 shows the final design data.

1006.3 Private Driveway Culvert Design Example

A driveway is planned to provide access to a new residence from a collector roadway with an existing
roadside ditch. The collector has a transverse slope of 2 percent. The roadside ditch is trapezoidal with
1:1 side slopes, a 2-foot bottom width, and a 3.5-foot depth as shown in Figure 1000-12.

Roadway Crown
Vehicle Lanes Shoulder

0.25 ft 5ft 6t 4 ft—=f Maximum Major
W Storm Encroachment

} Maximum Minor
0.3 ft 2% Storm Encroachment

? T Proposed Driveway
3.T ft Surface
Not to Scale Ditch Invert

SR

9 ft

Figure 1000-12. Private Driveway Culvert Example Ditch Geometry.

The driveway is assumed to have no slope over the ditch for calculation purposes. The calculated
discharge for the major design storm is 28 cfs. The minor design storm discharge is 12 cfs. Floodwater
encroachment onto the road must not exceed the limitations set forth in this MANUAL. Inlet control is
assumed for this example; however, actual projects should use Figure 1000-4, Culvert Design Form, at
the end of this section to determine if culverts are under inlet or outlet control.
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e Step 1: During the major storm, water on a collector may be 3 inches deep at the crown of the
road as shown in Table 900-1. The depth of the water from the crown of the road to the ditch
invert is 4.05 feet. This value is assumed as the headwater depth.

e Step 2: Calculate the discharge through an 18-inch CMP (D = 1.5 feet) with flared end sections
and a headwater depth of 4.05 feet using Chart 2B.
Hw _ 405ft _
4) - 155 = 27 (1000.10)
HDS-5 states that flared end sections are hydraulically equivalent to headwalls. A HW/D ratio of
2.7 on Scale 1 of Chart 2B gives a discharge of 15.5 cfs for an 18-inch CMP.

e Step 3: Calculate weir flow over the road and driveway during the major storm. Flow over the
road and ditch are calculated independently. Because the road grade is sloped across the cross
section, the average depth of flow over the road is used. Flow outside the top of the ditch side
slope is assumed to be negligible for this example, but it may be considered if the designer feels
it is appropriate. Assume a weir coefficient of 2.8.

Qweir = Qroad + eriveway

Q. . =CLH¥*+ CLH*?

welr » (1000.11)
Q,., =(2.8)(15)((0.55+0.25)/2)" + (2.8)(9)(0.55)""

Q,.. =16.9 cfs.

Total flow over the road and driveway is 16.9 cfs.

e Step 4: The combined flow through the 18-inch CMP and over the road/driveway is 32.4 cfs,
which is more than the major design storm flow. Encroachment onto the collector will not
exceed allowable and the chosen culver is acceptable. If the combined flow would have been less
than the major storm flow, a larger culvert would be required, and Steps 2—3 would be repeated
using a 24-inch CMP.

e Step 5: Verify that the minor storm meets criteria. During the minor storm, flow may spread to
the crown of a collector. Assuming encroachment extends to the roadway crown vyields a
headwater depth of 3.8 feet.

Hw/ _ 3.8ft _
A = {5 = 253 (1000.12)

Chart 2B indicates a capacity of 15 cfs, which is greater than the minor storm flow. Encroachment
will meet criteria.

e Step 6: Verify that the culvert has a minimum 12 inches of cover. The driveway surface is 3.5 feet
or 42 inches above the ditch invert.

42in—18in=24 in (1000.13)
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The 18-inch CMP has 24 inches of cover, which is greater than the 12-inch minimum. An 18-inch CMP
meets all criteria for this location.
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Figure 1000-11 — Low Water Crossing Design Example
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Section 1100 Hydraulic Structures

1101 INTRODUCTION

This MANUAL defines hydraulic structures as structures that control storm runoff during a condition of
rapid directional change or rapid acceleration or deceleration of velocity. These structures include drop
structures, check structures, rundowns and energy dissipators for pipe outfalls, and raw water ditch
crossings. Culverts, bridges, weirs, and channel bends also cause rapid changes in velocity, but these are
discussed in other sections of this MANUAL.

Because each hydraulic structure is site specific, the criteria in this section are somewhat generalized.
The design of channel drops, checks, and rundowns within the Denver and Boulder metropolitan areas
has evolved considerably over the last few decades due to performance evaluations and maintenance
concerns. It is reasonable to assume that the design of these structures will continue to be refined over
time. This section relies heavily on design guidance in the USDCM (UDFCD, 2016) so that Boulder County
can benefit from the ongoing performance evaluations of recently constructed channel drops, checks,
and rundowns.

This section will also include discussion on aspects of design that are often neglected, but play an
important role in the overall function and lifespan of a structure. These include safety, access, and
environmental considerations. Coordinating with the County Engineer is strongly encouraged when
planning and designing hydraulic structures.

1102 SLOPING DROP STRUCTURES

The design, specifications, and criteria for all sloping drop structures within Boulder County shall be in
accordance with the most recent version of the USDCM. All sloping drops shall be grouted sloping
boulder (GSB) drops unless a Design Exception is granted for the use of sculpted concrete where specific
aesthetic concerns may justify its use. Construction quality control and oversight is a key component to
the successful installation of any drop structure. Care should be taken during construction to ensure that
the drop is constructed in strict accordance with the design plans and specifications. Minor
modifications to the design of GSB drops may be incorporated to allow for fish passage and to minimize
impacts to macroinvertebrates, especially on perennial streams, with the approval of the County
Engineer, which is discussed more at the end of this section.

1103 VERTICAL DROP STRUCTURES

Vertical drop structures are generally discouraged because they can cause dangerous hydraulic
conditions and require extensive maintenance. Vertical drop structures should not be used on a channel
where fish passage is a concern or where the design flow exceeds 500 cfs or a unit discharge of 35 cfs
per foot (cfs/ft). These structures may be acceptable in locations where the drop footprint needs to be
minimized and where there is a very low chance of access by minors. If a vertical drop structure is
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allowed, the net drop structure height should be limited to 2 feet. A stilling basin 1 foot deep should be
constructed immediately downstream of the crest. The design procedure for a vertical drop structure
can be found in Open Channel Hydraulics (Chow, 1959) for a straight drop spillway. This procedure is
also provided for reference in the USDCM.

1104 LOW FLOW DROP STRUCTURES AND CHECK STRUCTURES

Low flow drop structures and check structures may be used when a channel has not yet experienced
significant erosion and degradation, but is anticipated to degrade in the future. The criteria and design
guidance in the USDCM may be used for low flow drop structures and check structures on major
drainageways.

Where roadside ditches require check structures to maintain their stability, a lesser degree of protection
is needed, as the forces associated with flows in roadside ditches are considerably less than those in a
major drainageway. Figure 1100-1 is a schematic of a roadside ditch check that may be used in the
county. Roadside ditch checks can be used to flatten proposed ditch slopes or where erosion is already
apparent in a retrofit scenario.

Figure 1100-1. Schematic Roadside Ditch Check Structure.
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1105 CULVERT RUNDOWNS

When a culvert or storm drain discharges above a channel invert, a riprap rundown has historically been
constructed to convey the water from the pipe outlet to the channel invert. Culvert rundown
installations have a very high rate of failure and are not permitted in Boulder County without a Design
Exception. If the culvert or storm drain cannot be designed to discharge within 1 foot of the channel
invert, a pipe should be used to convey flows to just above the channel invert. Appropriate energy
dissipation in the form of a riprap apron, low tailwater basin, or Type VI stilling basin should be used at
the pipe outlet to prevent erosion at the pipe outlet.

1106 ENERGY DISSIPATORS

Energy dissipators are required at channel drops when the unit discharge exceeds 35 cfs/ft and at the
outlet of culverts or storm sewers when the velocity exceeds 16 fps. The USBR Type lll and USBR Type IX
energy dissipators are approved for use in Boulder County for spillways and channels, and the USBR
Type VI is approved for pipe outlets. Comprehensive design guidance for each of these structures can be
found in the Hydraulic Design of Stilling Basins and Energy Dissipators (USBR, 1987) and is included in
HEC-14 (Thompson and Kilgore, 2006). Figure 1100-2 is a photograph of a Type VI impact basin in
Colorado.

Figure 1100-2. Example of a USBR Type VI Impact Stilling Basin (CDOT, 2004).
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1107 RAW WATER DITCH CROSSINGS

A structure shall be constructed at all raw water ditch crossings to separate peak storm runoff from
irrigation and other raw water delivery flows unless otherwise permitted. Three types of structures are
recognized to achieve this requirement.

1. Type 1 structures result in complete separation of storm flows and raw water flows. This type of
control is often used for smaller ditches or where intermingling of storm and raw water flows
would cause water quality concerns. Type | structures are typically an irrigation flume crossing of
a gulch or a pipe to convey storm flows under the ditch.

2. Type 2 structures discharge storm flows into the raw water ditch and then release excess flows
into the drainageway downstream via a formal control structure. This type of control is often used
where the ditch has water rights on the stream in question, in which case not all storm flows may
need to be returned to the drainageway. This type of control could also be used where the ditch
does not have water rights on the stream in question, in which case all storm flows would have to
be returned to the drainageway. In this latter case, the type of structure required may be very
difficult to design and operate to meet all regulatory requirements. The requirements for this
type of structure may be less expensive than complete flow separation, especially for larger
drainageways.

3. Type 3 structures discharge runoff into the raw water ditch without returning the runoff peak
back to the drainageway. This type of structure requires a thorough analysis of the ditch capacity
and the storm runoff peaks and volumes and may require a detention pond to reduce the runoff
to what the ditch is capable of conveying.

A typical ditch crossing does not exist because each raw water ditch crossing a drainageway will have its
own unique design and requirements. When a raw water ditch crossing structure is required, the
applicant shall meet with the County Engineer and the ditch owner(s) to develop specific design
requirements for the structure, and shall obtain written approval of the design from the raw water ditch
owner(s).

1108 ACCESS, SAFETY, AND ENVIRONMENTAL IMPACT

Drop structures are constructed to dissipate the erosive forces of water at specific locations to limit
those forces in the rest of the channel. The focus is traditionally on the hydraulic design of the structure,
but other considerations play an important role in how the structure will interact with other aspects of
its surroundings besides simply the physical force of the water.

Maintenance access must be provided to each drop structure constructed in Boulder County. Routine
inspection and maintenance will ensure the structure is performing as it should and could catch any
structure failures early enough to prevent more expensive rehabilitation. The county should be
consulted early in the design process to identify maintenance access requirements.
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Channels may be used by kayakers, paddle boarders, or swimmers or are enjoyed by hikers or campers
who may venture to the water’s edge. Drop structures should be designed in a way that is consistent
with the requirements for recreational user safety. Drop structures in boatable channels should
incorporate a boat chute, bypass, or full river passage to allow passage for boats.

Fish passage through drop structures and consideration of macroinvertebrate habitat is critical in certain
channels. Colorado Parks and Wildlife, the US Fish and Wildlife Service, or other local agency can
establish the need to provide fish passage and specific site requirements. Regulatory requirements and
project objectives generally should be established early, but additional requirements may arise during
the 404 permitting process. Features that improve habitat and offer fish passage can include creating
currents that encourage passage, avoiding sediment deposition, avoiding shallow zones, and providing
resting areas. Features should be designed to accommodate behaviors and capabilities of target species.
When fish passage or habitat is an important design element or a permit requirement, specialists in fish
passage should be included on the design team.

Where both fish and boat passage is desired, inclusion of integral fish passage features into boatable
drop structures is feasible. This usually results in a roughened channel type of fish passage such as a rock
ramp or riffle-pool fishway. Roughened channel fish passages can be readily included into boatable drop
structures, but the specific criteria depend on the target species and other related factors.
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Section 1200 Detention and

Permanent Water Quality

1201 INTRODUCTION

This section presents the criteria for design and evaluation of all detention and water quality facilities
for Boulder County. The main purpose of a detention facility has historically been to store the excess
storm runoff associated with increased basin imperviousness and discharge this excess at a rate similar
to the rate experienced before development. In recent years, detention facilities have also frequently
been viewed as a unique opportunity to improve the water quality of runoff coming from developed
areas. This runoff typically carries higher levels of nitrogen, phosphorus, and sediment that can damage
the ecosystems of the natural streams downstream of the development.

This section discusses detention both with and without a water quality component; water quality

facilities located outside a detention basin, including proprietary facilities; and when detention and
water quality are required.

1202 LOW IMPACT DEVELOPMENT

Boulder County requires low impact development (LID) principles to be followed for all new and
redevelopment by minimizing directly connected impervious areas (MDCIA). MDCIA can be
accomplished by routing runoff from impervious surfaces over pervious areas to decrease runoff
velocities and promote infiltration. At least 20 percent of the total impervious area of all new
development and redevelopment sites must first drain to a pervious area equal to at least 10 percent of
the total impervious surface area of the development site, prior to discharging from the site.

In addition to the benefits of decreasing runoff velocities and promoting infiltration, the Water Quality
Capture Volume (WQCV), Excess Urban Runoff Volume (EURV), and 100-year detention volume can all
be calculated using the effective imperviousness value that results from the use of LID. Effective
imperviousness shall be calculated in accordance with the USDCM (UDFCD, 2016). A lower effective
imperviousness will then result in smaller required water quality and detention volumes.

1203 DETENTION

This section presents circumstances under which stormwater detention is required with development,
the criteria for detention basin design, and maintenance requirements of detention basins.

1203.1 Detention and Development

Full-spectrum detention is required for all new development and redevelopment. Subdivided
development may use a single detention facility provided it captures runoff from the entire
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development. Exceptions to the detention requirement may be granted if the project has any of the
following characteristics, provided the new or additional undetained runoff will cause no adverse
impacts to any downstream properties.

1. Parcels that are 3 acres or larger, have one single-family dwelling, and have a total
imperviousness of less than 10 percent

2. Additions to buildings where the total impervious area, both existing and proposed, covers less
than 5,000 square feet of impervious paved and roof surfaces

3. Fill areas that are not paved over or otherwise made impervious

4. Other situations as may be determined by the County Engineer to be in the best interest of the
county.

Exceptions may also be granted for slightly smaller single-family residential parcels provided low-impact
development principles are included in the design. These may include using pervious pavers or
pavement for driveways and walkways and routing roof drainage across a vegetated pervious area prior
to discharging it to a roadside ditch or stream. An exemption to provide detention issued by Boulder
County does not eliminate potential liability to others. All detention facilities in the county are subject to
oversight by the county.

1203.2 Design of Detention Facilities

The UDFCD has invested a significant amount of energy into developing detailed design guidance for
detention basins. The USDCM (UDFCD, 2016) provides discussion on the applicability of regional,
subregional, and on site detention; an explanation for why full-spectrum detention is the preferred
approach; and calculations for sizing the pond volume and designing the outlet structure. The USDCM
shall be used for sizing and designing all detention basins for full-spectrum detention in Boulder County.
Detention facilities may include extended detention basins, constructed wetlands, sand filters, and rain
gardens. The USDCM also includes weir and orifice equations for the design of detention basin outlets
that may also be used for other applications within this MANUAL as needed.

1203.3 Maintenance of Detention Facilities
The performance of detention facilities is extremely sensitive to a lack of maintenance. Detention facility

outlets in particular must be regularly maintained to ensure the basins meet the requirements of
Colorado water law and do not detain water longer than allowable. If detention is to be constructed,
Boulder County requires an enforceable maintenance agreement to be in place before issuing any
applicable local permits. The agreement must include the party responsible for maintaining the facility,
inspection frequency, and proposed maintenance activities.

1203.4 Detention and Water Rights
Senate Bill 15-212 became effective on August 5, 2015, as Colorado Revised Statute (CRS) §37-92-602

(8), Concerning a Determination that Water Detention Facilities Designed to Mitigate the Adverse Effects
of Storm Water Runoff Do Not Materially Injure Water Rights. This statute provides legal protection for
any stormwater detention and infiltration facility in Colorado, provided the facility does not materially
injure water rights and meets the following criteria that are applicable in Boulder County.
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1. Itis owned or operated by a governmental entity or is subject to oversight by a governmental
entity.

2. It continuously releases or infiltrates at least 97 percent 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 percent 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 such as coagulation, flocculation, and disinfection.

There are reporting requirements for any owner or operator of any detention facility constructed after
August 5, 2015 that seeks protection under the new statute. A data sheet and online map-based
compliance portal website has been developed that will allow owners and operators in Boulder County
to upload the required notification information. The notification requirement applies only to facilities
constructed after August 5, 2015. Facilities in existence before August 5, 2015, are defined in the statute
as materially noninjurious to water rights and do not require notification. A guidance document from
the State Engineer that further clarifies the requirements of Senate Bill 15-212 can be found online
(http.//water.state.co.us/DWRIPub/Documents/DWR%20Storm%20Water%20Statement.pdf) or via an
internet search for “Senate Bill 15-212 state engineer guidance.”

The compliance portal can be found online (https://maperture.digitaldataservices.com/qvh/?viewer=
cswdif). A document containing frequently asked questions, links to a video tutorial, and the link to the
compliance portal can be found online (http://www.crgov.com/DocumentCenter/View/12225) or via an
internet search for “Colorado water rights compliance portal.” The owner or operator must report new
detention via the portal, and the county must approve the portal entry once it is complete. The owner
or operator shall inform the county once the portal documentation is ready for approval.

1204 PERMANENT WATER QUALITY

This section presents circumstances under which permanent water quality facilities are required with
development; the options available to provide permanent water quality treatment; and maintenance
requirements associated with permanent water quality facilities. Permanent water quality can be
provided with a volume-based approach by capturing and slowly releasing the Water Quality Capture
Volume (WQCV). Other mechanisms used to provide water quality treatment do not utilize the WQCV
and instead use filtration, infiltration, sorption, or biological processes to reduce pollutants.

1204.1 Permanent Water Quality and Development

Permanent water quality treatment is required for all new development and redevelopment. Where
detention is required, permanent water quality treatment shall be included within the detention facility.
Exceptions to the permanent water quality requirement may be granted if the project has any of the
following characteristics:

1. Residential development density that does not exceed one single-family dwelling per 3 acres
2. Residential projects with a total imperviousness less than 10 percent for any given acre

3. Residential development on sites smaller than 0.5 acre

November 2016 1200-3


http://water.state.co.us/DWRIPub/Documents/DWR%20Storm%20Water%20Statement.pdf
https://maperture.digitaldataservices.com/gvh/?viewer=cswdif
https://maperture.digitaldataservices.com/gvh/?viewer=cswdif
http://www.crgov.com/DocumentCenter/View/12225

Boulder County Storm Drainage Criteria Manual

4. Exclusions from post-construction stormwater management provided by the most recent MS4
permit

5. Other situations as may be determined by the County Engineer to be in the best interest of the
county.

Exceptions may also be granted provided low-impact development principles are included in the design.
These may include the using pervious pavers or pavement for driveways and walkways and routing roof
drainage across a vegetated pervious area prior to discharging it to a roadside ditch or stream. All
permanent water quality facilities in Boulder County are subject to oversight by the county.

1204.2 Permanent Water Quality Treatment for Impairments and TMDLs
Where new development or redevelopment is located within an area that drains to an impaired

waterbody on the 303(d) list, or to a waterbody with an approved TMDL, the county requires that
permanent water quality facilities be selected based on their effectiveness at treating the pollutants of
concern, to the extent practicable. The selection process should reference data available from the
International Stormwater BMP database, available online (http://www.bmpdatabase.org/).

1204.3 Permanent Water Quality Treatment within Detention Basins

When detention facilities are designed to provide full-spectrum detention, the WQCV can be
accommodated within the volume of the pond, without the need for additional volume to treat water
quality. The WQCV can be treated in Boulder County in extended detention basins, constructed wetland
ponds, sand filters, and rain gardens. The sizing and design of water quality facilities within detention
basins shall be in accordance with the most recent version of the USDCM.

1204.4 Additional Permanent Water Quality Treatment Options

Multiple methods to treat water quality do not rely on using a part of a large detention basin. These
include volume-based treatment in basins that are only large enough to treat the WQCV and flow-based
treatment facilities that utilize mechanisms other than sedimentation. Design of permanent water
quality facilities outside of a full-spectrum detention facility in Boulder County shall be in accordance
with the latest version of the USDCM unless otherwise noted.

1204.4.1 Volume-Based Facilities
Facilities that rely on capturing the WQCV and releasing it slowly are volume-based facilities. These

include rain gardens, sand filter basins, and green roofs. They typically provide very good sediment
removal and moderate to good nutrient removal. They do require space to be set aside so that storage
of the WQCV can be achieved. Fact sheets in the USDCM provide additional information on each type of
volume-based treatment.

1204.4.2 Flow-Based Facilities
Facilities that are designed based on an anticipated flow rate to be treated include grass swales, grass

buffers, constructed wetland channels, infiltration trenches, and proprietary facilities. The USDCM
provides design guidance on grass swales, grass buffers, and constructed wetland channels. Infiltration
trenches and proprietary facilities are discussed below. Grass swales, grass buffers, and constructed
wetland channels do not provide the degree of treatment that most of the flow-based methods provide,
but they can provide a significant benefit to sites that will not accommodate a basin.
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1204.4.3 Proprietary Treatment

Proprietary treatment facilities may be used to provide permanent water quality if they have been
preapproved for use by Boulder County. Proprietary facilities are typically used only for very small peak
flow rates, as they become cost ineffective at higher flow rates that are more suited to a water quality
basin.

A proprietary treatment facility may be used in Boulder County if it has been certified by the
Washington State Department of Ecology (WSDOE) Water Quality Program. WSDOE has a very thorough
process by which to test and certify water treatment technologies. This process is known as the
Technology Assessment Protocol-Ecology (TAPE) program. The TAPE program maintains an extensive
list of stormwater treatment technologies approved through their processes. The list of products is
categorized by the type of treatment provided and the level of testing that has been completed.
Treatment categories include pretreatment, oil, enhanced, basic, phosphorus, and construction. The
“basic” category of treatment will be used most often, as these products will meet the conditions of
Boulder County’s MS4 permit for total suspended solids (TSS) removal. Products must meet the
conditional or general use designation, indicating they have passed field performance tests. Products
only meeting the pilot use level will not be accepted.

In the absence of any national program to test proprietary products, the WSDOE TAPE program
provides a consistent and independent metric by which to evaluate proprietary systems. The list of
approved designs is available online (http://www.ecy.wa.qgov/programs/wq/stormwater/newtech/
technologies.html) or can be found via an internet search for “WSDOE TAPE products.” Some
commercial products that currently have the TAPE certification for conditional or general use for various
categories of treatment include StormFilter, Vortechs, and Filterra.

The TAPE program has also approved the Media Filter Drain, which is an infiltration trench developed by
the Washington State Department of Transportation (WSDOT) for use along highways. It has been very
successful in removing metals such as zinc and copper from highway runoff, and is currently being used
along some highways in Colorado.

The product ultimately chosen for water quality treatment should be evaluated based on the category it
is certified for to ensure that it will meet specific site needs. Things to consider when choosing a
proprietary product include the design flow rate to be treated, the anticipated peak flow rate through
the system, and the target pollutants to be removed by the system.

1204.5 Maintenance Requirements
The performance of permanent water quality facilities is extremely sensitive to a lack of maintenance. If

permanent water quality facilities are to be constructed, Boulder County requires an enforceable
maintenance agreement to be in place prior to issuing any applicable local permits. The agreement must
include the party responsible for maintaining the facility, inspection frequency, and proposed
maintenance activities.
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1301 INTRODUCTION

Construction typically results in land disturbance that can lead to erosion and sedimentation if action is
not taken to prevent it. Erosion caused by construction activities can result in safety hazards, expensive
maintenance problems, unsightly conditions, slope instability, ecosystem disruptions, and air and water
quality problems. A commitment to control erosion and transport of sediment and other pollutants
during design, construction, and maintenance is a priority to Boulder County.

This section discusses requirements and methodologies to limit erosion and the transport of sediment
and other pollutants during construction, including site and material management practices. It applies to
all stormwater generated from construction activity on any developed or undeveloped lands within the
unincorporated county that eventually enters Boulder County’s Municipal Separate Storm Sewer System
(MS4), other storm drainage systems, or any waters of the state located within unincorporated Boulder
County, unless specifically exempted. Discussion of features implemented to enhance water quality on a
permanent basis, after construction is complete and final stabilization has been achieved, is included in
Section 1200, Detention and Permanent Water Quality. The county should be contacted for additional
information on county procedures regarding maintaining water quality during construction.

1302 STORMWATER MANAGEMENT PLAN DEVELOPMENT

Stormwater Management Plans (SWMPs) are required for all construction projects in Boulder County
that require a stormwater quality permit from the county or a Colorado Discharge Permit System (CDPS)
Construction Discharge Permit from the Colorado Department of Public Health and Environment
(CDPHE), also known as a state stormwater discharge permit. Information on these permits is in
Section 1400, Environmental and Regulatory Permitting. The SWMP consists of both a SWMP plan and
report, both of which will be considered part of the construction documents so that construction
contractors are bound to their contents, just as they would be to a construction plan set. This section
describes the plan requirements, and Section 1303 describes the report requirements.

The design of construction best management practices (BMPs) for erosion and sediment control shall be
consistent with the guidance in the CDOT Erosion Control and Stormwater Quality Guide (CDOT, 2006) or
in the USDCM (UDFCD, 2016) and with the additional provisions and guidance in this MANUAL. In
general, CDOT guidance will be used for linear projects such as roadways, and UDFCD guidance will be
used for other projects. A combination of approaches is also acceptable. CDOT guidance can be found
online at (https://www.codot.gov/programs/environmental/water-quality/documents/erosion-storm-
quality) or via an internet search for “CDOT Erosion Control Guide.”
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Guidance from the UDFCD can be found online (http://udfcd.org/volume-three) or via an internet search
for “UDFCD Drainage Criteria Manual Volume 3.” These documents offer a considerable amount of
guidance and background on construction BMPs that are not repeated in this section. Design engineers
are encouraged to review these documents thoroughly to ensure that all appropriate considerations
have been evaluated.

It should be noted that construction BMPs also include material management and site management
BMPs, in addition to erosion and sediment control BMPs and that the SWMP documents need to reflect
these BMPs as necessary. A key to effective stormwater management during construction is an
understanding of how requirements can change over the course of a construction project. SWMPs may
require multiple phases to be effective. SWMPs will require, at a minimum, initial BMPs that should be
installed prior to any construction and final stabilization measures that will be completed as a last phase
of the project.

Standard SWMP notes are included as an appendix to this section of the MANUAL and must be included
on all plans, regardless of their assumed applicability before the start of construction. Boulder County
has specific standards, in addition to what UDFCD and CDOT require, that shall be applied to all work in
waterways, dewatering operations, and horizontal directional drilling. These requirements, if applicable,
should be included on all SWMP documents.

Any work in or near a waterway will require a stormwater quality permit from the county. Application
requirements for a stormwater quality permit are generally included in the CODE. Section 1400,
Environmental and Regulatory Permitting, contains additional details.

1302.1 Work in Waterways

In addition to requiring a floodplain development permit from the county, construction in waterways
requires a high standard of care in order to avoid and minimize damage to waterways, habitat, and
aquatic life. The following list provides some general principles for working in a waterway:

1. Every effort shall be made to balance the protection of riparian habitat and protection of the
stream bed/waterway itself.

2. No construction equipment shall be operated within the waterway or below the existing water
surface unless specifically authorized by the stormwater quality permit issued by Boulder County,
and any other applicable state or federal license or permit. Applicants are encouraged to create a
dry work surface unless this would result in drying out a large section of the waterway and making
it uninhabitable by aquatic life.

3. When work takes place within a channel, a temporary water diversion to bypass the work area is
generally required to stabilize the work area and control erosion during construction. Diversions
typically require an impervious liner to minimize seepage into the work area.

4. Dewatering operations will be required after the diversion is in place to manage seepage and
establish a dry work surface. The water level at the work site should be below the subgrade an
amount sufficient to provide a solid work surface that resists deformation during subgrade
compaction.
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5. Access must be planned and obtained to minimize entry into the waterway and disturbance to
the channel. An engineered temporary stream crossing may be constructed only with county
approval when an actively flowing waterway needs to be crossed regularly by construction
vehicles. Design considerations are included in Volume 3 of the USDCM.

6. When possible, perform in-channel work between October 1 and March 31. While flood flows can
happen at any time, this window historically provides a lower chance of high flows, excessive
dewatering requirements, and failures during construction. Consider historical flow records for
the subject waterway and other low-flow periods that may be created by diversions/water
deliveries.

7. During cut and fill operations, avoid letting waste or excess material enter waterways or placing it
on unstable areas. Excavated material should be carefully moved to areas needing fill or to a
stockpile located outside the floodplain.

1302.2 Construction Dewatering

Dewatering is typically necessary and ongoing during construction that involves deep excavations,
instream work, pumped surface diversions, or even open trench construction in some cases.
Section 1302.1 contains additional information specific to instream dewatering. A discussion on
permitting for discharge from construction dewatering is included in Section 1400, Environmental and
Regulatory Permitting. Some general principles for dewatering that will minimize turbidity in the
pumped water include:

1. For upland dewatering, use perimeter well points outside of the excavated area to draw down the
water table rather than dewatering directly from the excavation

2. Place a submersible pump in a perforated bucket filled with gravel for short-term pumping

3. Construct a filtering sump pit for pumping groundwater below the bottom of the excavation for
multiple-day operations

4. To avoid capturing the silt that can accumulate on the bottom of the sediment basin, use a

flotation collar, or other flotation device, to pump from the surface

5. Use approved tanks or containers to provide retention time for sediment settling.

Additional guidance on construction dewatering is provided in Volume 3 of the USDCM.

1302.3 Horizontal Directional Drilling

Horizontal directional drilling or boring allows for the installation of underground utilities without
digging trenches. This technique can provide more resilient and deeper installation and causes less
surface impacts such as traffic delays and land disturbance. However, because of geologic conditions
and the high pressures used during this process, there is a potential for drilling fluids to be released into
the environment. The following practices will help prevent drilling fluid releases and minimize their
impacts.

1. Evaluate the site for areas that have the potential to release fluids (dry and cracked soils or
fractures and voids in geologic strata).
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. Establish containment areas for equipment, drilling fluids, and cutting refuge. Containment areas
consist of some type of plastic sheathing formed with straw wattles to form a pit-like area, or an
equivalent technique such as a compacted earthen berm.

. Stage a vacuum truck, spill kits, and cleanup materials on site for immediate spill response before
initiating any construction activities.

. Examine drilling fluid pressures and return flows. Shut down drilling operations immediately if
pressures and return flows indicate that drilling fluid is being released.

. Assign staff to inspect the bore alignment and 100 feet up and downstream of the alighment,
particularly when boring underneath waterways and diversion ditches, or when the bore
alignment is in close proximity to storm drainage facilities. Shut down drilling operations
immediately if a drilling fluid release is detected.

. Contain all drilling fluids and cuttings for proper transportation and disposal at an approved

facility.

1303 STORMWATER MANAGEMENT REPORT DEVELOPMENT

SWMP reports for county roadway projects should use the CDOT SWMP report template. Local
development and drainage projects should use the SWMP report template included as an appendix to

this section. SWMP reports will be considered part of the construction documents so that contractors
are bound to their contents, as they would be to a construction plan set.

The SWMP report template for use on local development and drainage projects includes sections titled
Introduction, Site Description, SWMP Plans, Potential Pollutant Sources, Best Management Practices,
Final Stabilization and Long Term Maintenance, and Inspection and Maintenance. Inspection forms and

spill report forms are also included. The template details what information should be in each section so

that the permittee complies with the state stormwater discharge permit and Boulder County’s

stormwater quality permit.

1304 POTENTIAL POLLUTANT SOURCES

The main pollutant resulting from erosion is sediment. Sediments
are typically inorganic silt, clay, or sand particles and in fine
organic particulates. Less common pollutants include metals or
nutrients, such as nitrogen or phosphorus, that may be disturbed
during construction activities. These kinds of pollutants are often
bound to soil or dust particles and transported off site along with
the sediment. The mobility of pollutants that are bound to
sediment is, therefore, dependent on the transport of the
sediment particles themselves.

1300-4

Pollutants Commonly Discharged
from Construction Sites

Sediment
Solid and sanitary wastes
Phosphorus (fertilizer)
Nitrogen (fertilizer)
Concrete truck washout
Construction chemicals
Construction debris/trash
Oil and grease
Pesticides
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Other potential pollutants not associated with erosion are the chemicals that are used and stored at
construction sites, including, but not limited to, pesticides, insecticides, petroleum products, solvents,
disinfectants, and coolants.

1305 BEST MANAGEMENT PRACTICES

Construction BMPs should be selected, designed, installed, and maintained based on site-specific
conditions before, during, and after construction. The number of stages that must be addressed in the
SWMP depends on the type of construction activity. In general, the three stages of erosion and
sediment control should include initial clearing and grading; utility, infrastructure and building
construction; and final stabilization. BMPs appropriate to each phase of construction should be planned,
installed, and monitored as construction progresses. It is important to understand whether the primary
role of each BMP is erosion or sediment control. Effectively managed construction sites will provide a
combination of BMPs that provide both functions. Table 1300-1 lists the various construction BMPs in
the CDOT and UDFCD manuals that are available for use on projects in Boulder County. They are
organized by the function they serve according to how CDOT groups them. CDOT and UDFCD have many
similar BMPs, but some are unique to each organization and may not have a corresponding BMP in the
other column. In addition, Faircloth Skimmers® are specifically approved by Boulder County for use
during construction to modify the outlet of a sedimentation basin.

1306 INSPECTION AND MAINTENANCE

The construction site should be routinely checked for proper construction BMP installation and function
in accordance with the SWMP plans and report. Any BMPs with loss of integrity, loss of function, or
breaches shall be repaired immediately to reduce the potential for stormwater to transport sediment
and other pollutants off site.

Good housekeeping practices such as proper waste handling, material storage, waste disposal, street
sweeping, and effective vehicle tracking control reduces the potential for stormwater contamination.
Documented inspections are required, but routine oversight of the site should include daily evaluation
of BMPs to ensure that they are in place and operating effectively.

1307 FINAL STABILIZATION AND LONG-TERM MAINTENANCE

Final stabilization is achieved when all ground-disturbing activities at the site have been completed and
the site has been revegetated. Revegetation is reached when a uniform perennial vegetative cover with
a density of 70 percent of preconstruction levels has been established, or when an equivalent area of
erosion control measures such as riprap have been employed. Preconstruction photographs shall be
taken to aid the estimation of restored vegetative cover.
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Table 1300-1. Construction Best Management Practices (Page 1 of 2)

CDOT

UDFCD

Erosion Control BMPs

Seeding Temporary and Permanent Seeding (TS/PS)
Mulching Mulching (MU)

Mulch Tackifier

Soil Binder Soil Binders (SB)

Erosion Control Blankets

Erosion Control Blankets (ECB)

Turf Reinforcement Mats

Turf Reinforcement Mats (TRM)

Embankment Protector

Temporary Slope Drains (TSD)

Berm/Diversion

Temporary Diversion Channel (TDC)

Check Dams

Check Dams (CD)

Outlet Protection

Temporary Outlet Protection (TOP)

Temporary Drainage Swale

Earth Dikes and Drainage Swales (ED/DS)

Grading Techniques

Terracing (TER), Surface Roughening (SR)

Compost Blanket and Filter Berm (CB)

Rough Cut Street Control (RCS)

Streambank Stabilization (SS)

Sediment Control BMPs

Erosion Bale

Straw Bale Barrier (SBB)

Erosion Logs

Sediment Control Log (SCL)

Silt Fence

Silt Fence (SF)

Storm Drain Inlet Protection

Inlet Protection (IP) (multiple types)

Sediment Trap

Sediment Trap (ST)

Sediment Basin

Sediment Basin (SB)

Dewatering Structure

Stabilized Construction Entrance

Vehicle Tracking Control (VTC) (multiple types)

Brush Barrier

Brush Barrier (BB)

Gravel Barrier

Rock Sock (RS)

Silt Barrier

Vegetated Buffers (VB)

Chemical Treatment (CT)
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Table 1300-1. Construction Best Management Practices (Page 2 of 2)

CDOT

UDFCD

Materials Handling and Spill Prevention BMPs

Stockpile Management

Stockpile Management (SP)

Material Management

Good Housekeeping Practices (GH)

Material Use

Good Housekeeping Practices (GH)

Spill Prevention and Control

Good Housekeeping Practices (GH)

Waste Management BMPs

Concrete Waste Management

Concrete Washout Area (CWA)

Solid Waste Management

Good Housekeeping Practices (GH)

Sanitary and Septic Waste Management

Good Housekeeping Practices (GH)

Liquid Waste Management

Good Housekeeping Practices (GH)

Hazardous Waste Management

Good Housekeeping Practices (GH)

Contaminated Waste Management

Good Housekeeping Practices (GH)

General Pollution Prevention BMPs and Site Management

Dewatering Operations

Dewatering Operations (DW)

Temporary Stream Crossing

Temporary Stream Crossing (TSC) (multiple types)

Clear Water Diversion

Temporary Diversion Channel (TDC)

Nonstormwater Discharge Management

Wind Erosion Control

Wind Erosion/Dust Control (DC)

Paving Operations

Paving and Grinding Operations (PGO)

Street Sweeping and Vacuuming

Street Sweeping and Vacuuming (SS)

Vehicle and Equipment Management

Good Housekeeping Practices (GH)

Construction Fence (CF)

Construction Phasing/Sequencing (CP)

Protection of Existing Vegetation (PV)

Stabilized Construction Roadway (SCR)

Temporary Batch Plant (TBP)

Stabilized Construction Roadway (SCR)

Stabilized Staging Area (SSA)

When the site has been fully stabilized, and when construction BMPs are no longer needed and have
been removed, the owner/operator shall submit a notice of termination to the county. Upon inspection

and approval by the county, the owner/operator will notify the CDPHE that final stabilization is complete

by submitting an Inactivation Notice.
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Best Management Practices

1.

Contractor/permittee shall periodically inspect all installed BMPs, provide maintenance, and
make repairs as necessary to prevent their failure.

Silt fence or an equivalent shall be placed as perimeter control on all construction activities that
occur on land. Unless otherwise specified in the Contract Documents, or otherwise requested,
remove perimeter controls within 30 days after the date of warranty performance of the work
or in accordance with BMPs.

Vehicle tracking controls shall be used at all vehicle and equipment access points to the site to
prevent sediment exiting the project site onto paved public roads. Access shall be provided only
at locations approved by the Engineer. Vehicle tracking control locations shall be recorded on
the SWMP site map.

Allinlets and culverts shall be protected during onsite construction activities. Inlet protection
locations shall be recorded on the SWMP site map.

Concrete wasted in designated dewatering areas shall be collected, removed from the project
site, and disposed of properly. Wasted concrete also includes excess concrete removed from
forms, spills, slop, and all other unused concrete that ends up on the ground.

The Contractor/permittee must maintain a spill kit on site when working around surface waters.
If pollutants are spilled into any surface waters during the course of construction activities, the
Contractor/permittee must notify the Owner’s Representative or Engineer immediately.

All existing mature trees within the designated project area are to be fence protected in place at
dripline unless otherwise directed by the Engineer. Prior to the initiation of work, the Engineer
shall mark any trees and/or large shrubs to be removed as part of construction activities. Areas
of tree removal shall be determined and marked in collaboration between the
Contractor/permittee and the Engineer.

All excavation activities occurring within 10 feet of the dripline shall be performed by hand and
if necessary roots shall be cleanly cut not torn or ripped. If exposed, tree roots shall be backfilled
and watered on the same day of cutting and approved root stimulator shall be applied. Soils
shall not be compacted within the dripline of mature trees unless otherwise approved by the
Engineer.

Waste Management

1.

The Contractor/permittee shall not burn, bury, or otherwise discharge construction or
demolition waste on the site unless specified otherwise.

The Contractor/permittee shall provide a portable toilet and associated maintenance schedule
for the construction area sufficient to accommodate the construction crew and all other
authorized persons to be onsite during construction activities.

Hazardous Materials

1.

The Contractor/permittee shall transport, use, and store hazardous materials in accordance with

all regulatory requirements. Spilled hazardous materials, including hazardous liquid wastes, shall

be removed from the site and the property restored to its pre-spill state in accordance with

regulatory requirements.

The Contractor/permittee shall immediately report spills to the proper regulatory authority and

shall immediately notify the Engineer.

Handling of construction fuels and lubricants:

A. The Contractor/permittee shall employ persons qualified to handle construction equipment
fuels and lubricants.
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B. The Contractor/permittee shall refuel and service equipment away from floodplains of
rivers, streams and other bodies of water. The Contractor/permittee shall ensure equipment
that enters the water is free from external grease, oil, and mud.

C. The Contractor/permittee shall prevent handling and fueling operations from contaminating
the ground, surface water, and ground water. The Contractor/permittee shall use
containment berms and an impermeable base course or other system to contain spilled fuel.

General Care of Water

Care of water shall include the design of all temporary care of water provisions including coffer dams,
sumps, pumping systems, pipelines, channels, flumes, drains, and other protective and dewatering
works to allow for work to be performed under dry conditions.

1.

10.

No construction equipment shall be operated below the existing water surface unless
specifically authorized by the stormwater quality permit issued by Boulder County, and any
other applicable local, state or federal license or permit.

The Contractor/permittee is responsible for all Care of Water including but not limited to
designing, supplying, constructing, operating, and removing all care of water provision including
coffer dams and sediment removal systems; designing, supplying, installing, maintaining, and
removing protective works for winter operations of care of water systems.

The Contractor/permittee shall comply with all USACE 404 permit requirements including any
special care requirements issued for this project.

When required the Contractor/permittee shall design temporary stream diversions to facilitate
upstream fish passage. Instream velocities shall be limited to 7 ft/sec when this provision is
required.

Care of water shall include provisions for handling groundwater, rainstorm runoff, snow,
snowmelt, and ice that may enter the work area.

Protective works shall be designed by the Contractor/permittee as necessary to include
enclosures, insulation, and heating systems to ensure that dewatering systems operate
continuously and do not become frozen during cold weather.

The Contractor/permittee shall provide and maintain sediment ponds or other means, remove
sediment from waters collected within active construction areas prior to allowing it to enter or
return into the watercourse. Contractor/permittee shall dispose of sediments in a suitable off-
site waste disposal facility.

The Contractor/permittee shall monitor water turbidity during construction activities and shall
shut down works at times of excess turbidity in order to allow the water to clear prior to re-
commencement of in-stream work.

Turbidity is expected during placement and removal of water control. If waters become
noticeably turbid, Contractor/permittees should promptly halt operations to allow waters to
clear prior to resuming operations. Furthermore, shutdowns for silty or turbid water may be
specified by the Engineer or the Owner’s Representative, at their discretion.

In the event of unscheduled construction activity that results in a visually conspicuous plume of
sediment, Contractor/permittee shall immediately notify the Engineer and undertake mitigation
actions necessary to comply with the specified clean water criteria.
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Coffer Dams

1.

The Contractor/permittee is responsible for the final layout, configuration, maintenance, and
removal in their entirety of all coffer dams to be constructed within the project site.

The Contractor/permittee is responsible for the reclamation, to original or better condition, of
all areas impacted by the construction of coffer dams. Reclamation may include but is not
limited to the restoration of stable slopes typically equal to or less than 3H:1V, installation of
approved erosion control fabric, and installation of an approved native seed mix.

Cofferdams located in the waterway shall be placed in a manner to prevent their erosion from
normal or expected high flows. Furthermore, they should be placed to a sufficient elevation to
prevent their overtopping during reasonably anticipated flood events that may compromise the
design and performance of the cofferdam.

The use of riprap or other protection measures on the surfaces of the cofferdam, including the
toe of cofferdam slopes exposed to high velocities, is required.

All temporary fills must be removed in their entirety following construction activities and
affected areas graded to proposed conditions.

Coffer dams shall provide a bypass waterway that is armored and of the minimum dimensions
shown in the typical water control channel detail.

Any coffer dam failures or other works efforts that cause a plume of turbid water to flow
downstream shall be reported to the Engineer.

Heavy Equipment Operations and Maintenance

1.

Equipment operated below the ordinary high water mark of the river channel, must be
inspected and clean of fuel, lubricant leaks, and invasive aquatic species.

To minimize the spread of invasive species, all equipment shall be power-washed and free of
weeds prior to its delivery to the project area. If equipment was used in another wet area within
10 days of initiating work, decontamination practices should be employed to minimize the
spread of didymosphenia, New Zealand mud snails, whirling disease, zebra mussels, and other
aquatic hitchhikers.

Equipment operating within or adjacent to any surface waters shall be free of fluid leaks.
Biodegradable hydraulic fluids shall be utilized for all equipment operating in surface waters.
The Contractor/permittee shall submit a list of equipment operating with certified non-toxic,
biodegradable hydraulic fluids to the engineer prior to use. All fueling, oiling, or maintenance of
equipment shall be performed in designated upland locations, with adequate BMPs to contain
potential spills.
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INTRODUCTION

a) The Colorado Discharge Permit System (CDPS) General Permit and SWMP
For construction projects that require the disturbance of one acre or more, the U. S. Environmental
Protection Agency (EPA) requires that the project owner apply for a stormwater permit under the
National Pollutant Discharge Elimination System (NPDES) program. For the purposes of the
NPDES program, construction activities are defined as clearing, excavating, grading, etc.

The EPA has delegated this permit program in the State of Colorado to the Colorado Department of
Public Health and Environment (CDPHE). In compliance with the provisions of the Colorado Water
Quiality Control Act, (25-8-101 et seq., CRS, 1973 as amended), and the Federal Water Pollution
Control Act, as amended (33 U.S.C. 1251 et seq.; the “Act”), and the regulations and standards
adopted and promulgated thereunder, the CDPS General Permit (COR-030000) is issued. This
permit is more specifically known as the Colorado Discharge Permit System (CDPS) general permit
for Stormwater Discharges Associated with Construction Activities (state stormwater discharge
permit). Projects issued a certificate of permit coverage under the state stormwater discharge permit
are granted permission to discharge stormwater associated with construction activity into State
waters. The state stormwater discharge permit issued for this project follows this page.

This document comprises the Stormwater Management Plan (SWMP) required by CDPHE, for
construction projects that disturb one acre or greater of land in accordance with the state stormwater
discharge permit. This document establishes a plan to manage the quality of stormwater runoff from
construction activities associated with the [PROJECT NAME] in Boulder County, Colorado with the
use of best management practices.

This SWMP meets all requirements of Sections B and C of Part | of COR-030000.

This plan is a guide to be used in the field to control and reduce erosion and the discharge of
sediments and other pollutants. The plan should be changed, updated, and revised as necessary
throughout the construction project. Best management practices should be moved, added, or
redesigned as necessary to reduce and control erosion and the discharge of sediment and pollutants
in accordance with good engineering, hydrologic and pollution control practices as specified in the
Boulder County SDCM.

b) Project Owner and Operator
The project owner and operator is:
CONTRACTOR NAME
CONTRACTOR ADDRESS 1
CONTRACTOR ADDRESS 2
CONTRACTOR PHONE NUMBER

[Project Name] SWMP I-1
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C) SWMP Signatory Requirements and Certification

The SWMP must clearly identify contractor(s) and/or subcontractor(s) responsible for
implementation of the day-to-day activities necessary to complete project. Contractors and
subcontractors must certify that they understand the requirements of the state stormwater discharge
permit and the plan. Each contractor and/or subcontractor must complete one of the Contractor’s
Certification Forms, on page I-4 (Photocopy as necessary).

d) SWMP Administrator

The SWMP Administrator is responsible for the developing, implementing, maintaining, and
revising all aspects of the SWMP. [ldentify the SWMP Administrator. This can be a specific
individual, position, or title]

e) Retention of Records

CONTRACTOR must maintain a copy of this SWMP on site at all times. CONTRACTOR shall
retain copies of the SWMP and all reports required by the state stormwater discharge permit for a
period of at least three years from the date that the project is completed.

f) Standard Permit Conditions
This section discusses state and federal penalties for non-compliance with the state stormwater
discharge permit as well as termination of coverage of the permit. Further explanation of these issues
is stated within each individual heading.

f.1) Duty to Comply with Permit Conditions

The EPA and CDPHE have substantial penalties for non-compliance with the state stormwater
discharge permit. Any non-compliance constitutes a violation of the Act and is grounds for
enforcement action including: permit termination; revocation, re-issuance, or modifications; or
denial of permit renewal application. Individuals responsible for such violations are subject to
criminal, civil and administrative penalties.

f.2)  Final Stabilization and Termination of Coverage

Final stabilization is achieved when all ground surface disturbing activities at the site have been
completed, and when a uniform perennial vegetative cover with a density of 70 percent or pre-
disturbance levels has been established or equivalent erosion reduction measures (such as the use of
riprap, gabions, or geotextiles) have been employed. Preconstruction photographs shall be taken to
aid the estimation of restored vegetative cover. When the site has been fully stabilized, and when
BMPs are no longer needed and have been removed, the CONTRACTOR can submit a notice of
termination to Boulder County. Upon approval by Boulder County, the CONTRACTOR will notify
CDPHE when final stabilization is complete by submitting an Inactivation Notice to CDPHE. The
Inactivation Notice is located after the Contractor Certification forms in this document.

[Project Name] SWMP -2
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CONTRACTOR’S AND SUBCONTRACTOR’S CERTIFICATION

“l certify under penalty of law that | understand the terms and conditions of the general Colorado
Discharge Permit System (CDPS) permit that authorizes stormwater discharges associated with industrial
activity form the construction site identified as part of this certification.”

Signature For Responsible For
(Name) (Company)
(Position) (Street / P.O. Box)

(Signature)

(City, State, Zip)

Er;aeizl: Phone: (Activity)
(Name) (Company)

(Position) (Street / P.O. Box)

(Signature) (City, State, Zip)

I[E)r;aei:l: Phone: (Activity)
(Name) (Company)

(Position) (Street / P.O. Box)

(Signature) (City, State, Zip)

I[E)r;tzi:l: Phone: (Activity)

[Project Name] SWMP
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1. SITE DESCRIPTION

a) Construction Activity Description

[Provide a description of the nature of the construction activity at the site and the project itself.
Include a general description of the location and extents of the project, a summary of the
construction to be completed, and the end product]

b) Proposed Sequence of Major Activities
The sequencing of construction activity will be as follows:
1. [Describe the sequence of the construction activities and associated BMPs in a bulleted list
or in a detailed schedule attached to this report.]

C) Area Estimates

The approximate area of the construction site is [TOTAL PROJECT AREA] acres. The area to
undergo disturbance is approximately [EXPECTED AREA OF DISTURBANCE DUE TO
CONSTRUCTION INCLUDING CLEARING EXCAVATION, GRADING, ETC] acres.

d) Soils

[Provide a summary of any existing data used in the development of construction plans or the
SWMP that describe the soil and existing potential for soil erosion. This may include soils data, site
soil investigations, etc.]

e) Existing Vegetation

[Provide a description of the existing vegetation at the site and an estimate of the percent vegetative
ground cover. Pre-disturbance pictures should be taken so final stabilization can be validated as
being achieved.]

f) Potential Pollution Sources

[Provide a precise location and description of all potential pollution sources] The Contractor will
reduce the potential for contamination to stormwater runoff by implementing the best management
practices contained in this document.

g) Non-Stormwater Discharges

[Provide a precise location and description of any anticipated allowable sources of non-stormwater
discharge at the site (e.g. uncontaminated springs, irrigation return flow, construction dewatering,
etc.)]

h) Receiving Waters

[Provide a general description of drainage at the site. Provide the name of receiving water(s) and the
size, type and location of any outfalls. If the stormwater discharge is to a municipal separate storm
sewer system, include the name, location of discharge, and the ultimate receiving water(s).]

[Project Name] SWMP 1-1
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2. SWMP PLANS

[Provide a brief description of attached maps for the SWMP. The map(s) must include
1) Construction site boundaries
2) All areas of ground surface disturbance
3) Areas of cut and fill
4) Areas used for storage of building materials, equipment, soil, or waste
5) Locations of dedicated batch plants
6) Locations of all structural BMPs
7) Locations of all non-structural BMPs as applicable
8) Delineations of all floodplains and floodways
8) Locations of springs, streams, wetlands and other surface waters

SWMP plans shall include construction details for each construction BMP that is specified on the
SWMP plan.]

[Project Name] SWMP 2-1
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3. POTENTIAL POLLUTANT SOURCES

The following sources and activities have been identified as having the potential to contribute
pollutants to stormwater discharges. These sources will be controlled through BMP selection and
implementation as described in Section 4 Best Management Practices of this chapter.

[Identify and describe sources determined to have the potential to contribute pollutants to
stormwater discharges. As required under Section 1.B.3.d of the state stormwater discharge permit,
at a minimum, each of the following sources/activities must be evaluated for the potential to
contribute pollutants to stormwater discharges:

1) All disturbed and stored soils

2) Vehicle tracking of sediments

3) Management of contaminated soils

4) Loading and unloading operations

5) Outdoor storage activities (building materials, fertilizers, chemicals, etc.)

6) Vehicle and equipment maintenance and fueling

7) Significant dust or particulate generating processes

8) Routine maintenance activities using fertilizers, pesticides, detergents, fuels, solvents, oils, etc.
9) On-site waste management practices (waste piles, liquid wastes, dumpsters, etc.)

10) Concrete truck/equipment washing, including the concrete truck chute, fixtures and equipment
11) Dedicated asphalt and concrete batch plants

12) Non-industrial waste sources such as worker trash and portable toilets; and

13) Other areas or procedures where potential spills can occur]

[Project Name] SWMP 3-1
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4. BEST MANAGEMENT PRACTICES

a) Erosion and Sediment Control Devices

Soil erosion and sediment controls are measures that are used to reduce the amount of soil particles
that are carried off a land area and deposited in the receiving water. This section provides a general
description of the most appropriate measures planned for this project. The contractor or whoever the
owner/operator has chosen as the responsible party for the erosion and sediment control devices
must amend this SWMP and adjust the locations and types of best management practices as needed
depending on the daily construction activities so that erosion, sediment, and other pollutants are
controlled in accordance with good engineering, hydrologic and pollution control practices as
specified in the Boulder County SDCM..

All applicable soil erosion and sediment control measures shall be implemented in accordance with
the guidelines contained herein prior to commencement of field construction activities at each
location. Measures shall be maintained during and after the construction activity until final
stabilization is accomplished. Upon successful revegetation of the disturbed area, all temporary soil
erosion and sediment control measures will be removed by the contractor.

a.l) Structural Practices

Various structural erosion and sediment control devices will be used on site. This section gives a
description of each. [Provide a description and location of all structural erosion and sediment control
practices that will be implemented with this project in the following subsections or in a general
paragraph where appropriate. Practices may include, but are not limited to straw bales,
wattles/sediment control logs, silt fences, earth dikes, drainage swales, sediment traps, subsurface
drains, pipe slope drains, inlet protection, outlet protection, gabions, and temporary or permanent
sediment basins.] The locations of these measures are shown on the SWMP Plans.

a.1.1) [NAME OF PRACTICE]

[Provide a description and location of the structural erosion and sediment control practice.
Description should include the installation and implementation of the BMP. Insert additional
sections as needed.]

a.2) Non-Structural Practices

Various non-structural erosion and sediment control devices will be used on site. This section gives
a description of each. [Provide a description and location of all non-structural erosion and sediment
control practices that will be implemented with this project in the following subsections or in a
general paragraph where appropriate. Practices may include, but are not limited to temporary
vegetation, permanent vegetation, mulching, geotextiles, sod stabilization, slope roughening,
vegetative buffer strips, protection of trees, and preservation of mature vegetation.]

[Project Name] SWMP 4-1
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a.2.1) [NAME OF PRACTICE]

[Provide a description and location of the non-structural erosion and sediment control practice.
Description should include the interim and permanent stabilization practices and site-specific
scheduling for implementation. Insert additional sections as needed.]

b) Phased BMP Implementation

[Provide a description of the relationship between phases of construction, and the implementation of
structural and non-structural stormwater management controls. Identify stormwater management
controls to be implemented during the project phases. These controls can include, but are not limited
to clearing and grubbing; road construction; utility and infrastructure installation; vertical
construction; final grading; and final stabilization. Phased implementation should be based on the
proposed sequence of major activities included in Section 1.b.]

C) Materials Handling and Spill Prevention

[Describe and locate all practices implemented at the site to minimize impacts from procedures or
significant materials (defined in Part I.E. of the state stormwater discharge permit) that could
contribute pollutants to runoff. Such procedures or significant materials could include exposed
storage of building materials, paints and solvents, fertilizers or chemicals, waste material, and
equipment maintenance or fueling procedures. ldentify any areas or procedures where potential
spills can occur and response procedures.]

c.2.1) [NAME OF PRACTICE]
[Provide a description and location of the practice. Insert additional sections as needed.]

d) Dedicated Concrete or Asphalt Batch Plants

[Provide a description and location of all practices implemented at the site to control stormwater
pollution from dedicated concrete batch plants or dedicated asphalt plants included in this
certification.]

d.2.1) [NAME OF PRACTICE]
[Provide a description and location of the practice. Insert additional sections as needed.]

e) Vehicle Tracking Control

[Provide a description and location of all practices implemented at the site to control potential
sediment discharges from vehicle tracking. Practices can include minimizing site access, street
sweeping or scraping, tracking pads, graveled parking areas, requiring that vehicles stay on paved
areas on-site, wash racks, contractor education, and/or sediment control BMPs, etc.]

e.2.1) [NAME OF PRACTICE]
[Provide a description and location of the practice. Insert additional sections as needed.]

[Project Name] SWMP 4-2
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f) Waste Management and Disposal

[Provide a description and location of the practices implemented to control stormwater pollution
from all construction site wastes (liquid and solid), including concrete washout activities. Describe
and locate the practices to be used that will ensure that wash water from concrete activities is never
discharged from the site as surface runoff or to surface waters as this is an illegal practice.]

f.2.1) [NAME OF PRACTICE]
[Provide a description and location of the practice. Insert additional sections as needed.]

g) Groundwater and Stormwater Dewatering

[Provide a description and location of the practices implemented to control stormwater pollution
from the dewatering of uncontaminated groundwater or stormwater from excavations, wells, etc. to
the ground. For any construction dewatering of groundwater not authorized under a separate CDPS
dewatering permit, the SWMP shall clearly describe and locate the practices to be used that will
ensure that no groundwater from construction dewatering is discharged from the site as surface
runoff or to surface waters.]

g.2.1) [NAME OF PRACTICE]
[Provide a description and location of the practice. Insert additional sections as needed.]
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5. FINAL STABILIZATION AND LONGTERM MANAGEMENT

a) Final Stabilization

Final stabilization consists of the final planting of perennial vegetation in all disturbed, unvegetated
areas affected by construction that are not covered with a hardscape such as rock, asphalt, or
concrete.

The temporary erosion control devices shall be removed upon project completion by the contractor.
The owner/operator is responsible for final site stabilization (with perennial vegetative species)
within 30 days of project completion or as otherwise specified by the contract documents. Following
the completion of construction and planting activities, the construction inspector shall conduct
periodic site reviews to ensure that vegetation establishment is satisfactory. If vegetative cover is not
adequate, special steps to correct problems shall be implemented such as over-seeding, mulching,
sodding, or the use of erosion control blankets.

Final stabilization is achieved when all soil-disturbing activities at the site have been completed, and
when a uniform perennial vegetative cover with a density of 70 percent has been established or
equivalent measures (such as the use of riprap, gabions, or geotextiles) have been employed. When
the site has been fully stabilized and all stormwater discharges from construction activities that are
authorized by this state stormwater discharge permit are eliminated, the project is then terminated.
The Contractor will notify CDPHE and Boulder County when final stabilization is complete by
submitting an Inactivation Notice. The Inactivation Notice is located after the Contractor
Certification forms at the end of the Introduction.

[Provide a description of all practices to be used to achieve final stabilization of all disturbed areas at
the site. Final stabilization practices must include, as appropriate, seed mix selection and application
methods, soil preparation and amendments, soil stabilization practices, and appropriate sediment
control BMPS as needed until final stabilization is achieved.]

a.l) [NAME OF PRACTICE]
[Provide a description and location of the practice. Insert additional sections as needed.]

b) Long-Term Practices

The following practices will be installed as permanent controls or controls that do not need to be
removed after construction is terminated and the site is fully stabilized with vegetation. These
practices will be used to control pollutants in stormwater discharges that will occur after
construction operations have been completed.

b.1) [NAME OF PRACTICE]

[Provide a description of the practice that will be used to control pollutants in stormwater discharges
that will occur after construction operations have been completed at the site. Insert additional
sections as needed.]
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6. INSPECTION AND MAINTENANCE

a) Maintenance and Inspection

All erosion and sediment control devices shall be installed pursuant to the specifications and the
construction details. They shall be maintained so that they remain effective at all times. Sediment
will be removed from behind sediment controls when it reaches one-half the height of the control.

A thorough inspection of the stormwater management system shall be performed at least once every
14 days and within 24 hours after the end of any precipitation or snowmelt event that causes surface
erosion. Any reduction in inspections shall comply with the requirements of section 1.6.a of the state
stormwater discharge permit and shall be documented in the inspection record. During inspection,
the construction inspector shall complete the inspection forms found in Appendix 1. These sheets
should be copied and used as necessary. Ineffective temporary erosion control measures shall be
repaired as soon as possible after identification. The construction inspector shall immediately install
additional temporary erosion control devices in any area deemed in need of protection.

If inspection results indicate a need for revision to the SWMP, the plan shall be revised and
implemented, as appropriate, within seven calendar days following the inspection. All modifications
should be noted on the Record of Revisions sheet found in Appendix 1. The inspection reports shall
identify any incidents of non-compliance with the state stormwater discharge permit.

b) Material Management Practices

Properly managing hazardous, toxic, or petroleum products on the construction site will greatly
reduce the potential for stormwater pollution by these materials. Good housekeeping along with
proper use and storage of these construction materials form the basis for proper hazardous material
management.[Provide a description of all maintenance procedures implemented at the site to
maintain all erosion and sediment control practices and other protective practices identified in the
SWMP.]

b.1) Good Housekeeping

The proper use of materials and equipment along with the use of good housekeeping practices
greatly reduces the potential for contaminating stormwater runoff. The following is a list of good
housekeeping practices to be used during the construction project:

e Storage of hazardous materials, chemicals, fuels, and oils, and fueling of construction
equipment, shall not be performed within 150 feet of any stream bank, wetland, water supply
well, spring, or other water body.

e An effort will be made to store only enough product required to do the job.

e Materials stored on the site will be stored in a neat, orderly manner in their appropriate
containers and, if possible, under a roof or other enclosure.
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e Products will be kept in their original containers with the original manufacturer’s label.

e Substances will not be mixed with one another unless recommended by the manufacturer.

e Whenever possible, all of the product will be used up before disposing of the container.

e Manufacturer’s recommendations for proper use and disposal of a product will be followed.

e If surplus product must be disposed of, manufacturers’ or local and state recommended methods
for proper disposal will be followed.

b.2) Product-Specific Practices

Due to the chemical makeup of specific products, certain handling and storage procedures are
required to promote the safety of handlers and prevent the possibility of pollution. Care shall be
taken to follow all directions and warnings for products used on the site. All pertinent information
can be found on the Material Safety Data Sheets (MSDS) for each product. The MSDS sheets should
be located with each product container it represents. Several product-specific practices are listed in
the following sections. [delete or add subsections as applicable]

b.2.1) Petroleum Products

On-site vehicles will be monitored for leaks and receive regular maintenance to reduce the chance of
leakage. Petroleum products will be stored in tightly sealed containers that are clearly labeled.
Preferably, the containers will be stored in a covered truck or trailer that provides secondary
containment for the products.

Bulk storage tanks having a capacity of greater than 55 gallons will be provided with secondary
containment. Containment can be provided by a temporary earthen berm or other means. After each
rainfall, the contractor shall inspect the contents of the secondary containment area. If there is no
visible sheen on the collected water, it can be pumped to the ground in a manner that does not cause
scouring. If a sheen is present, it must be cleaned up prior to discharging the water.

Bulk fuel or lubricating oil dispensers shall have a valve that must be held open to allow the flow of
fuel or oil. During fueling operations, the contractor shall have personnel present to detect and
contain spills.

b.2.2) Fertilizers

Fertilizers used to stimulate vegetation growth will be used in minimal amounts recommended by
the manufacturer with the approval of Boulder County Parks and Open Space if the project is subject
to their approval. Once applied, the fertilizer will be worked into the soil to limit exposure to
stormwater.
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C) Spill Control and Cleanup

In addition to the material management practices discussed previously, the following spill control

and cleanup practices will be followed to prevent stormwater pollution in the event of a spill:

e Spills will be contained and cleaned up immediately after discovery.

e Manufacturer’s methods for spill cleanup of a material will be followed as described on the
material’s MSDS.

e Materials and equipment required for cleanup procedures will be kept readily available on the
site, either at an equipment storage area or on contractor’s trucks. Equipment to be kept on the
site will include but not be limited to brooms, dust pans, shovels, granular absorbents, sand, saw
dust, absorbent pads and booms, plastic and metal trash containers, gloves, and goggles.

e Personnel on the site will be made aware of cleanup procedures and the location of spill cleanup
equipment.

e Toxic, hazardous, or petroleum product spills will be documented to the appropriate federal,
state, and local agencies.

e Spills will be documented and a record of the spills will be kept with this SWMP.

If a spill occurs that is reportable to the federal, state, or local agencies, the contractor is responsible
for making the notifications.

The federal reportable spill quantity for petroleum products is defined in 40 CFR 110 and is any oil

spill that:

e Violates applicable water quality standards,

e Causes a film or sheen upon or discoloration of the water surface or adjoining shoreline, or

e Causes a sludge or emulsion to be deposited beneath the surface of the water or adjoining
shorelines.

The federal reportable spill quantities for hazardous materials are listed in 40 CFR, Part 302.4 in the
table entitled List of Hazardous Substances and Reportable Quantities. Ethylene glycol (antifreeze)
should be included in this list and has a reportable quantity of one pound. A procedure for
determining a reportable spill is included in Appendix 2 along with a copy of the Spill Report Form
to be filled out in case of a spill.

A release of any chemical, oil, petroleum product, sewage, etc., which may enter waters of the State
of Colorado (which include surface water, ground water and dry gullies or storm sewers leading to
surface water) must be reported to CDPHE immediately (25-8-601 CRS). Written notification to
CDPHE must follow within five (5) days (5 CCR 1002-61, Section 61.8(5)(d)). Any accidental
discharge to the sanitary sewer system must be reported immediately to the local sewer authority and
the affected wastewater treatment plant.
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Releases of petroleum products and certain hazardous substances listed under the Federal Clean
Water Act (40 CFR Part 116) must be reported to the National Response Center as well as to
CDPHE as required under the Clean Water Act and the Oil Pollution Act.

If a spill is reportable, the Contractor’s superintendent will notify the Owner and the following
authorities:

Federal: National Response Center - 1-800-424-8802

State: Colorado Department of Public Health and Environment
Toll-Free 24-hour Environmental Emergency Spill Reporting Line
1-877-518-5608

Local: Local Emergency Planning Committee (OEM) (303) 273-1622
Division of Oil & Public Safety-Storage Tanks (303) 318-8547
Oil and Gas Conservation Commission (303) 894-2100

If a reportable release occurs, a modification to the SWMP must be made within 14 days. The

modification shall include:

e adescription of the release;

e the date of the release;

e an explanation of why the spill happened;

e adescription of procedures to prevent future spills and/or releases from happening; and

e adescription of response procedures if a spill or release would occur again and within 14 days of
the release.

A written description of the release must be submitted to the permitting authority that includes:
e adescription of the release, including the type of material and an estimated amount of spill;
e the date of the release;

e an explanation of why the spill happened;

e adescription of the steps taken to prevent and control future releases.

These modifications to the SWMP must be made by the contractor and will be documented on the
Spill Report form in Appendix 2. In addition, the Spill Report form must be certified at the bottom.
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SWMP REPORT APPENDIX 1
INSPECTION FORMS
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Boulder County, Colorado

[Project Name]
([Project Location])

SWMP INSPECTION REPORT

Project:_ [Project Name] Drawing No.:

Construction Engineer: Contractor:

Inspector: Title: Date:

Site Conditions:

Type of Inspection: WEEKLY BIWEEKLY PRECIP EVENT

OTHER

If deviated from minimum schedule explain why:

Control Measure

In Conformance

Corrective

. . with Design Action Required
Insert applicable | Location of Control Measure

<[:ontrol nl?sasures] I - SIEmIRE S Ez2pETR )
[Control Measure] YES/NO YES / NO
[Control Measure] YES/NO YES / NO
[Control Measure] YES/NO YES / NO
[Control Measure] YES/NO YES / NO
[Control Measure] YES/NO YES / NO
[Control Measure] YES/NO YES / NO
[Control Measure] YES/NO YES / NO
[Control Measure] YES/NO YES / NO
[Control Measure] YES/NO YES / NO
[Control Measure] YES/NO YES / NO
[Control Measure] YES/NO YES / NO
[Control Measure] YES /NO YES /NO

LIST LOCATION OF DISCHARGES FROM THE SITE (Sediment or other pollutants):

LIST LOCATION WHERE ADDITIONAL BMPS ARE NEEDED:
LIST LOCATION WHERE BMP MAINTENANCE IS NEEDED:
VIOLATIONS NOTED: (Explain each “NO circled above)

RECOMMENDED REMEDIAL ACTIONS:

[Project Name] SWMP Sheet 1 OF 3

Inspection Form




Section 1300 Appendix B — SWMP Report Template for Local Development and Drainage Projects

Correction Actions
Comments:

Location BMP (Provide Description of Corrective Action and Preventative Date

Measures Taken)

After corrective actions(s) have been taken, or where a report does not identify and incidents requiring corrective action,
the report shall contain a signed statement indicating the site is in compliance with the state stormwater discharge permit
to the best of the signer’s knowledge and belief.

Signed:

Name:

Date:

[Project Name] SWMP Sheet 2 OF 3
Inspection Form
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Boulder County, Colorado
[Project Name]
([Project Location])
STORMWATER MANAGEMENT PLAN
RECORD OF REVISIONS

Project: [Project Name] Drawing No.:
Construction Engineer: Contractor:
Inspector: Date:
Date Sections Description of Modification Approval Signatures
Modified
[Project Name] SWMP Sheet 3 OF 3

Inspection Form
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Boulder County, Colorado
[Project Name]
([Project Location])
Stormwater Management Plan

Spill Report Form

Spill Reported By:

Name Phone Number
Company:
Date Reported: Time:
Date of Spill: Time:
Name of Facility:
Legal Description: QTR, SEC , TWP , Range

County __Adams

Describe Spill Location and Events Leading to Spill:

Material Spilled:

Source of Spill:

Amount Spilled (Gallons or Pounds):

Amount Spilled to Waterway (Gallons or Pounds):

Nearest Municipality:

[Project Name] SWMP Sheet 1 OF 2
Spill Report Form
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Containment or Cleanup Action:

List Environmental Damage (fish kill, etc.):

List Injuries or Personal Contamination:

Date and Time Cleanup Completed or Terminated:

If Cleanup Delayed, Nature and Duration of Delay:

Description of Materials Contaminated:

Approximate Depth of Soil Excavation:

Action To Be Taken to Prevent Future Spills:

Agencies Notified:

Local: Date:
State: Date:
Fed: Date:
Signed:
Contractor Superintendent or
Environmental Inspector
[Project Name] SWMP Sheet 2 OF 2

Spill Report Form
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Section 1400 Environmental and

Regulatory Permitting

1401 INTRODUCTION

Regulatory compliance and environmental permitting need to be considered for every project. Permits
are required for most construction projects, regardless of whether a project is a large or small stream
restoration project, or a public or private infrastructure project. This section lists the permits that may
be required and the regulations that may apply when doing work within Boulder County. Table 1400-1
lists the most common potential permits, issuing agencies, and governing policies for projects in the
county. This list may not be all-inclusive as a project may require an environmental permit that is not
listed. It is important to note that the applicability and requirements of each permit can change over
time. The text of this MANUAL may become outdated as governing policies are amended. Permitting
professionals, developers, and design engineers are encouraged to consult the most current guidance
available at the onset of each project to ensure compliance.

Table 1400-1. Summary of Environmental Permits

Permit Name Issuing Agency Governing Policy
404 Permit USACE Clean Water Act
ESA “No Effect” Determination USFWS Endangered Species Act
Categorical Exclusion EPA National Environmental Policy Act
Environmental Assessment EPA National Environmental Policy Act
Environmental Impact Statement EPA National Environmental Policy Act
401 Water Quality Certification CDPHE State Water Quality Permit
CDPS Construction Stormwater CDPHE State Stormwater Permit
CDPS Construction Dewatering CDPHE State Stormwater Permit
CDPS Industrial Stormwater CDPHE State Stormwater Permit
Stormwater Quality Permit Boulder County Local Permitting
Access, Building, Construction, Grading, Floodplain | Boulder County Local Permitting

Detailed analysis of each project’s characteristics is required to determine specific permit requirements
and necessary compliance measures. Upfront coordination with each permitting agency s
recommended to understand all current permit requirements and approval schedules as approvals can
often take several months, depending on the permit. It is also important to note that incorporating
ecological design components into a project may potentially minimize the number of environmental
permits required or expedite the approval process.
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1402 CLEAN WATER ACT 404 PERMIT

The Clean Water Act (CWA) provides the basic structure for regulating discharges of pollutants into
waters of the United States and regulating quality standards for surface water. Section 404 of the CWA
establishes a permitting process that regulates the discharge of dredged or fill materials into waters of
the U.S., including rivers, lakes, streams, and most wetlands. Regulated activities include fills for
development, water resource projects including dams and levees, channel restoration or improvements,
infrastructure development, and conversion of wetlands to uplands for farming and forestry.

An individual permit is required for potentially significant impacts. Individual permits are reviewed by
the U.S. Army Corps of Engineers (USACE), which evaluates applications under a public interest review,
as well as the environmental criteria set forth in the CWA. For most discharges that will have only
minimal adverse effects, a general permit may be suitable. General permits are issued on a nationwide,
regional, or state basis for particular categories of activities. The general permit process eliminates
individual review and allows certain activities to proceed with little or no delay, provided the conditions
of the general permit are met. For example, minor road activities, utility line backfill, and bedding are all
activities that can all be considered for a general permit.

When landowners apply for an individual 404 Permit, they must show that they have taken steps to
minimize wetland and stream impacts, provide compensation for any unavoidable impacts, and engage
in activities to restore or create wetlands and streams. Boulder County requires a 404 Permit, or a letter
from the USACE stating that a 404 Permit is not needed, before a Floodplain Development Permit will be
issued for work within the bed and banks of a waterway. Individual permits for projects in Boulder
County are reviewed and approved by the Denver Regulatory Office of the Omaha District of the USACE.
Additional details can be found via an internet search for “Section 404 Permit Program” or online
(http.//www.epa.qov/cwa-404/section-404-permit-program).

1403 ENDANGERED SPECIES ACT

The purpose of the Endangered Species Act (ESA) is to conserve threatened and endangered species and
the ecosystems they depend on. It is administered by the U.S. Fish and Wildlife Service for terrestrial
and freshwater organisms. ESA compliance was recently added to the list of documentation that must
be provided to the Federal Emergency Management Agency (FEMA) before they will issue a Conditional
Letter of Map Revision (CLOMR).

ESA compliance begins with one of three possible effect determinations: (1) no effect; (2) may affect,
but is not likely to adversely affect; (3) and may affect, and is likely to adversely affect. The Colorado
Ecological Service Field Office can be of service in completing an effect determination. If a no effect
determination is made, ESA compliance is achieved. If a CLOMR application is being submitted as part of
the project, documentation of the no effect determination must be submitted with the application. If
any other determination is made, additional action may be required, such as completing a biological
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assessment. The Colorado Ecological Service Field Office can provide guidance on additional steps that
will be required.

1404 NATIONAL ENVIRONMENTAL POLICY ACT (NEPA)

The National Environmental Policy Act (NEPA) was signed into law on January 1, 1970. It establishes
national policy and goals for the protection, maintenance, and enhancement of the environment. It also
provides a process for implementing these goals within federal agencies. The NEPA process consists of
an evaluation of the environmental effects of any federal undertaking, including its alternatives. A NEPA
analysis is required if any federal permit is issued, including a 404 Individual Permit (general permits do
not trigger the NEPA process), or if any federal funds are used to pay for any part of a project. There are
three levels of analysis: categorical exclusion; preparation of an Environmental Assessment/Finding of
No Significant Impact (EA/FONSI); and preparation of an environmental impact statement (EIS).

1404.1 Categorical Exclusion (CE)

A project or action may be categorically excluded from requiring a detailed environmental analysis if it
has certain characteristics that a federal agency has previously determined will cause no significant
environmental impact. A number of agencies have developed lists of actions that are typically
categorically excluded from requiring any environmental evaluation under NEPA regulations.

Details on categorical exclusions can be found via an internet search for “NEPA Categorical Exclusion,”
followed by an agency name (e.g., USACE). Guidance on categorical exclusions that are identified by the
Federal Highway Administration (FHWA) can be found online (https://www.environment.fhwa.dot.qov/
projdev/docuce.asp)

1404.2 Environmental Assessment

If a categorical exclusion does not apply, a written EA must be prepared to determine if a federal
undertaking would significantly affect the environment. If it will not, the agency issues a FONSI. The
FONSI may address measures an agency will take to mitigate potentially significant impacts.

When the significance of impacts of a project proposal is uncertain, an EA is prepared to assist in making
this determination. If it is found that significant impacts will result, the preparation of the EIS should
commence immediately.

A concise public document shall be prepared that addresses the following:

1. Briefly provide sufficient evidence and analysis for determining whether to prepare an
environmental impact statement or a finding of no significant impact.

2. Aid an agency's compliance with NEPA when no environmental impact statement is necessary.

3. Facilitate preparation of a statement when one is necessary.

The EA shall include a brief discussion of the need for the proposed project, alternatives to the proposed
project, environmental impacts of the proposed project and alternatives, and a listing of agencies and
persons consulted. EAs do not need to be circulated, but they must be made available to the public
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through notices of availability in local, state, or regional clearinghouses, newspapers, and other means.
A public hearing may or may not be required. A 30-day review period is required but may be reduced in
rare circumstances.

After public comments are received and considered, a determination of the significance of the impacts is
made. If the project would result in significant impacts, an EIS must be prepared. However, if it is
evident that there are no significant impacts associated with the project, a FONSI may be prepared.

Details on the EA can be found via an internet search of “NEPA Environmental Assessment” or online
(https://www.environment.fhwa.dot.gov/projdev/docuea.asp).

1404.3 Environmental Impact Statement

An EIS is a more detailed evaluation of a proposed project and its alternatives. If the EA determines that
the environmental consequences of a proposed federal undertaking may be significant, an EIS is
required. A federal agency may also choose to prepare an EIS without first preparing an EA if it
anticipates that a project may have significant environmental impact or if it is environmentally
controversial. The public, other federal agencies, and outside parties may provide input during the
preparation of an EIS and then comment on the draft EIS when it is completed.

After an EIS is prepared, a federal agency will prepare a public record of its decision that addresses how
the EIS findings, including consideration of alternatives, were incorporated into the decision-making
process. An EIS is completed in the following ordered steps: Notice of Intent (NOI), draft EIS, final EIS,
and record of decision (ROD).

As an example, the EIS documentation process adopted by the FHWA can be found via an internet
search for “FHWA NEPA EIS” or online (https://www.environment.fhwa.dot.gov/projdev/docueis.asp).

1405 STATE WATER QUALITY CLEARANCES

The Water Quality Control Division (WQCD) of the CDPHE reviews applications and issues Water Quality
Certifications and other water quality permits, including the State Water Quality Certification, the
Colorado Discharge Permit System (CDPS) Construction Stormwater Permit, the CDPS Construction
Dewatering Permit, and the CDPS Industrial Stormwater Permit.

1405.1 Water Quality Certification

The WQCD reviews applications and issues the 401 Water Quality Certification for projects or actions
that are applicable to the provisions of the Colorado 401 Certification Regulation (No. 82: 5 CCR 1002-
82). A 401 certification is required when any federal license or permit, such as an individual 404 permit,
is issued to construct or operate a facility that may result in any fill or discharge into navigable waters of
the U.S.
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Details of the application process and the requirements of the application can be found via an internet
search for “CDPHE 401 Water Quality Certification” or online (https://www.colorado.qov/pacific/
cdphe/wq-401-water-quality-certification).

1405.2 CDPS Construction Stormwater Permit
The WQCD reviews applications for and issues the Construction Stormwater Permit. This permit is for

the regulation of stormwater runoff from construction activities and specific allowable non-stormwater
discharges that are identified in the permit. Construction activities include all activities that disturb the
ground surface, including, but not limited to, clearing, grading, excavation, demolition, installation of
new or improved haul and access roads, staging areas, stockpiling of fill materials, and borrow areas.

Process and application details can be found via an internet search for “CDPHE Construction General
Permits” or online (https.//www.colorado.qov/pacific/cdphe/wq-construction-general-permits).

1405.3 CDPS Construction Dewatering Permit

The WQCD reviews applications for and issues the Construction Dewatering Permit. This permit
authorizes the discharge of construction dewatering source water throughout Colorado to waters of the
state. Construction dewatering source water includes surface water or stormwater that has mixed with
groundwater and been exposed to construction activities. This permit only authorizes discharges for
which the source water is drawn from specific areas identified in the application.

Process and application details can be found via an internet search for “CDPHE Construction General
Permits” or online (https.//www.colorado.qgov/pacific/cdphe/wq-construction-general-permits).

1405.4 CDPS Industrial Stormwater Permit
The WQCD reviews applications for and issues the Industrial Stormwater Permit. This permit is for

individual discharges of industrial process water to surface water, groundwater, or stormwater facilities.
Discharges to groundwater may occur via impoundments, whether or not they discharge to surface
water, land application, and septic systems whose design capacity is greater than 2,000 gallons per day.

Process and application details can be found via an internet search for “CDPHE Commerce and Industry
Permitting” or online (https://www.colorado.gov/pacific/cdphe/clean-water-commerce-and-industry-

permitting).

1406 FLOODPLAIN REGULATIONS AND PERMITTING

FEMA and Boulder County both maintain regulatory floodplains within the county. While most of the
county’s regulated floodplains are also regulated by FEMA, some are not. Additionally, the Colorado
Water Conservation Board (CWCB) has established regulations that govern all floodplains in Colorado.
The three sets of regulations and requirements are discussed briefly below, and references are included
that will provide additional information. If more than one set of regulations applies to a regulatory
floodplain, the more stringent set of regulations will govern.
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1406.1 Boulder County Floodplain Regulations

Boulder County floodplain regulations will govern when it comes to complying with development
standards, changes to the floodplain extents or elevations, and permitting issues within a designated
floodplain. A Floodplain Overlay (FO) Zoning District is established by the CODE. The CODE also offers
detailed information on the restrictions and requirements associated with various portions of the FO
district and the definitions of several relevant terms, including “floodway” and “floodfringe.” The
restrictions and requirements in the CODE are intended to provide a reasonable degree of flood
protection to the county. The CODE can be found via an internet search for “Boulder County Land Use
Code” or online (http://www.bouldercounty.org/property/build/pages/lucode.aspx).

Development within the floodway and floodfringe is discouraged. Restrictions on development in the
floodway or floodfringe are nuanced and should be reviewed carefully. Floodway delineations adopted
by Boulder County that are more restrictive than those adopted by FEMA shall govern. A floodplain
development permit is required for all development within the FO district or regulatory floodplain,
regardless of whether or not there is a change in the 100-year water surface elevation. The CODE
includes the submittal requirements for the floodplain development permit. Additional information on
this permit can be found via an internet search for “Boulder County floodplain development permit” or
online (http://www.bouldercounty.orq/roads/permits/pages/floodcontrol.aspx).

1406.2 Colorado Water Conservation Board Floodplain Regulations
Floodplains in Colorado are regulated by the Colorado Water Conservation Board (CWCB) in accordance

with Rules and Regulations for Regulatory Floodplains in Colorado (CWCB, 2010), which were developed
to limit the impacts of floods and to preserve health, safety, welfare, and property by limiting
development in floodplains. These rules and regulations can be found via an internet search for “CWCB
floodplain regulations” or online (http.//cwcb.state.co.us/Documents/FloodplainRulesReqsUpdate/
CWCB Adptd FP _Rules BasisPurp %2011172010.pdf). State regulations are subject to change and
should be evaluated at the beginning of each project.

1406.3 Federal Emergency Management Agency Floodplain Requirements

Communities that participate in the National Flood Insurance Program (NFIP) must meet FEMA
minimum requirements. Boulder County is one such community. Any development within a FEMA-
regulated floodplain that results in a change to the existing regulatory floodway, the effective base flood
elevation (BFE), or the lateral extents of the 100-year floodplain requires a CLOMR before construction.
A Letter of Map Revision (LOMR) is then required once construction is complete. Regardless of which
floodplain regulations govern, applications for all CLOMRs and LOMRs are made to and issued by FEMA.
The requirements of the CLOMR and LOMR process, along with associated fees, may be found by
searching the FEMA website (www.fema.qgov).

1407 COUNTY PERMITTING

All projects must adhere to and comply with the codes, permitting requirements, and regulations
specific to the jurisdictions in which they are located, in this case Boulder County. Detailed analysis at
the beginning of each project will be required to determine specific permit requirements and necessary
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compliance measures. At the discretion of the county, maintenance eligibility guidelines published by
the UDFCD should also be adhered to when deciding what improvements to natural channels will be
included, provided the county wishes a project to be qualified by the UDFCD as maintenance eligible.

1407.1 Boulder County Stormwater Quality Permit

The CODE specifies when a stormwater quality permit is required and provides for limited exemptions. A
stormwater quality permit will be required for all work in an active waterway. Allowable changes and
required amendments to the issued county stormwater quality permit are included in the CODE.
Compliance with the county permit once construction is complete is also discussed in the CODE.

The CODE also includes information on the application approval process, enforcement and penalties,
administrative appeals, and related provisions. Standard operating procedures for many of the aspects
of the stormwater quality permit have been developed by the county and are subject to revision. The
county should be contacted at the beginning of any project to determine applicable procedures.

1407.2 Additional Boulder County Permits
In addition to the floodplain development permit discussed in 1406, the county also requires and issues
building, construction, grading, and access permits.

A building permit is required for any construction that physically changes or adds structures to a
property, or for work regulated by county codes. Information regarding building permits can be found
online (http.//www.bouldercounty.org/property/build/pages/buildingpermitreqgs.aspx) or via an internet
search for “Boulder County building permits.”

A construction permit is needed to construct or maintain any road, drainage, or other improvement
within county right-of-way. Additional information on construction permits can be found online
(http.//www.bouldercounty.org/roads/permits/pages/constructpermit.aspx) or via an internet search
for “Boulder County construction permit.”

A grading permit is required for grading, excavation, or placement of fill in excess of 50 cubic yards,
with certain exceptions. Information on grading permits can be found via an internet
search for “Boulder County Grading Permit” or online (http://www.bouldercounty.orq/doc/landuse/
b17gradingpermitreqgs.pdf). A grading permit typically requires a soil erosion and sedimentation plan in
accordance with the CODE. The requirements of a soil erosion and sedimentation plan are currently
included in the CODE.

An access permit is needed to construct any driveway providing vehicular access to or from any county
right-of-way. Additional information on access permits can be found via an internet search for
“Boulder County access permit” or online (http://www.bouldercounty.org/roads/permits/pages/
accesspermit.aspx).
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1408 MISCELLANEOUS PERMITTING CONSIDERATIONS

Preapplication meetings with the USACE and other regulatory agencies are encouraged by the USACE to
facilitate the review of potentially complex or controversial projects, or projects that could have
significant impacts on the human environment. Pre-application meetings can help streamline the
permitting process by alerting the applicant to potentially time-consuming concerns that are likely to
arise during the evaluation of their project.

Compliance with state or federal permitting requirements does not preclude the need to comply with

county regulations, standards, or criteria. If necessary, joint discussions between all regulatory agencies
should be initiated during the project planning stages and continued as needed.

1409 REFERENCES
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Bioengineering Components Schematic Details
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WELL GRADED, SOIL MIXTURE. COMPACT MIN
" ] BOTTOM WRAP TO BE IMBEDDED BELOW INVERT OF LOW SPECIFICATIONS.
BY 6" LIFTS TO 90% MAXIMUM DRY
DENSITY WITHIN 3% OF THE OPTIMUM PLACE SEED IN WRAPS AS FLOW CHANNEL. PREPARE COMPACTED SgEé“fhcﬂHgHéﬁkN%ﬂ ZETTOM
MOISTURE CONTENT, USE TOPSOIL FOR THEY ARE CONSTRUCTED SUBGRADE PER SPECIFICATIONS AND SLOPES EXPOSED TO
THE TOP 6” OF THE LIFT. (COORDINATE WITH ECOLOGIST) OR PLACE ON UNDISTURBED FREQUENT FLOODING
SUGRADE :
@ SOIL WRAPPED LIFT LOW FLOW CHANNEL EXAMPLE @ SOIL RIPRAP WITH MULCH EXAMPLE
NTS NTS
GEOGRID LAYER. GEOGRID TO EXTEND TO
EXISTING GROUND. GEOGRID SHALL NOT PRE—EROSION GROUND
HAVE A WIDTH LESS THAN/VEET
v
AN VARIES
SEE SECTIONS
\ \\ EMBED LOGS 1/2 TO 2/3
\\ T NN T ~9 DIAMETER BELOW GRADE
%gggNyDToggfgﬁT YEA%D C(nypfwu SEED BENCH AND DISTURBED AREAS PER FONDER
- n_qgn DRAW SEED MIX (SEE SPECIFICATIONS)
! | 3 FT MIN. OVERLAP WITH GEOGRID (TOP LSJ';'ELLTEE)ESD}AR'&E[ETZEVAST}ES (12°-18°) IN ADDITION TO SEEDING, PLANT A MiX OF
AND BOTTOM) THAT REQUIRE REMOVAL SHRUBS AND TREES AT 4 TO 6 FOOT SPACING

N 912 COORDINATE WITH ECOLOGIST (SEE LIST BELOW)

NATIVE SOIL FILL OR AS APPROVED,
COMPACT TO 90% OF THE MAX. DRY
DENSITY

EXCAVATE AS NEEDED TO PROVIDE /

RECOMMENDED WIDTH OF GEOGRID.

SOIL WRAPPED BLANKET
EXISTING CHANNEL INVERT SEE SOIL WRAPPED LIFT DETAIL FOR
BLANKET COMPOSITION

SHRUB/TREE LIST (SMALL STOCK - 40> IN)
SKUNKBRUSH (Rhus Trilobata)

GAMBEL'S OAK (Quercus gambeli)

SNOWBERRY (Symphoricarpos occidentalis)
MOUNTAIN MAHOGANY (Cercocarpus montanus)
PONDEROSA PINE (Pinus ponderosa)

RIPRAP TOE

EXISTING GROUND 3

SINGLE SOIL WRAPPED

OVERLAP 2" X 18" HARDWOOD STAKES PROPOSED GRADE LIFT
SECURE WITH 40d BARBED AND BENCHING SEE DETAILS
OR RING SHANK NAIL
DRILL PILOT HOLE EROSION CONTROL BLANKET ON DISTURBED SLOPE
TO PREVENT STAKE SPLITTING NEDIA ENTERPRISES STRAW/COCONUT BLANKET SC400B

OR APPROVED EQUIVALENT

@ LOG GRADE BANK STABILIZATION— EXAMPLE

NTS

@ SOIL WRAP LIFTS FOR STEEP BANKS EXAMPLE

o T RN AR, e e | REMSION| DESCRIPTION BY | DATE SOIL RIPRAP, SOIL LIFTS LOW FLOW CHANNEL, Tm——
ST o7 TP P | 303875 a0s FOR CONSTRUCTION S = AND SOIL LOG BANK STABILIZATION
|1 ECOLOGICAL CONNECTIVITY AND DESIGN PROJECT ||| 2 OF 18




> SOIL RIPRAP OR
FEATURE NATURAL CHANNEL

BOULDERS »@ - MATERIAL BETWEEN
SOIL RIPRAP OR NATURAL : o DROPS
CHANNEL MATERIAL BOULDERS 1'-0" DROP HEIGHT AT CREST
BETWEEN DROPS (TYPICAL)

1'-0" DROP HEIGHT AT CREST

NVZ NV 73 0 N7 \7, N\ = AN —
SR R - <SR X \,\_/ S N2 X / APPROXIMATELY 4’ OR TO BEDROCK
N2
/\F\- e \\\—/ e /\ o O YA AN AN AN PREPARE SUBGRADE PER
ISP SPECIFICATIONS

— ~=—15" MIN.

gg:JLFt)E?RmRE GROUT SEEPAGE CUTOFF
18" DEPTH OF TYPE M SOIL RIPRAP RECOMMEN’gEz 0’5 ?ﬁﬂfﬁ%
BEDDING UNDER BOULDERS

DEPENDING ON BEDROCK DEPTH

@ CHECK STRUCTURE DROP EXAMPLE — PROFILE

NTS

END CHANNEL
TREATMENT SECTION

UPSTREAM GRADE 30" BOULDER — TYPICAL

LOW FLOW
WDTH

EXISTING GROUND

6»
H
il
9
1

N\
v
)}

|

~BEGIN CHANNEL

(T
=
)
I
f
)

A%nmxj 0\“\1\{%{' TREATMENT SECTION DOWNSTREAM GRADE
N SN S J
SRS “
5‘%‘%@@ Nz 'i GROUT SEEPAGE CUTOFF
SIS
Sy ——
=1 - 3 UPSTREAM BOULDER DROP SECTION
NTS
y
E{/
TOP OF BOULDER 30" BOULDER — TYPICAL
OPTIONAL SOIL RIPRAP =~y ELEVAVIONS (E.G.—6233.9) UPSTREAN CRADE
_5 SIZED AND SPECIFIED S~o ACTUAL ELEVATIONS WILL g LOW FLOW
~~~~~~ FOR EACH PROJECT DAY y&R’Y AND ARE PROJECT SPECIFIC -~ / ‘( WDTH "
- T~~~ N i S 7
~—_ S~ N e s /
N ~~< ™ - A EXISTIN ROUND/
- ~~a ~~o . NOTES: et A 6e
\\\\ \\\\ \\\\\ ™M BOULDER PLACEMENT SHALL Bg /STEPPED IN ACCORDANCE WITH THE TGP OF BOULDER ELE)/ﬂTION;/
Y S~ ~~o SHQW\I\V ON THE PLAN. Y 7 ) e . DOWNSTREAM GRADE
~ ~~ >~ /
\\\ N \\\ 2. BOU\LQERS SHALL BE PL/Mﬁ:'D WITH THE TOP FLAT UNLESS OTHERWISE DIBECTED BY/'fHE ENGWEER.//
No \\\ AN AN ; / / // /
3. BOULDER\S\QHALL BE/PLACED SUCH THAT ADJACENT BOULDERS TOUC)'{ EACH O#IER AND VOIDS/QRE
Q}CH ECK. STRUCTURE. EXAMPLE PLAN VIEW MNNIZED (LKE 3-PU1E) A MNMUM VERTCAL OWERLAP GF 6 AL 5 WATANED FROW O 4 ) DOWNSTREAM BOULDER DROP_SECTION
AN \\\ SO BOULDER TO THE NEXT. ALL BOULDER PLACEMENT SHALL /BE APPRI’{VED BY//THE ENGMER DUﬁ{NG NTS
N o o CONSTRUCTION. )/ / / /
\ N N / /
PREPARED BY:  ENGINUITY ENGINEERING SOLUTIONS THESE DRAWINGS ARE FOR EXAMPLE pesnE: REVISION| DESCRIPTION BY | DATE SHEET/REFERENGE No.
OO TLE oK, COLORADO Eaiz7 - PURPOSES ONLY AND ARE NOT INTENDED | | | e ((R=D CHECK STRUCTURE EXAMPLE
BOULDER, GOUNTY DEPT. OF TRANSPORTATION o e ieeie FOR CONSTRUCTION [€ED)
BOULDER, COLORADO 80306 R Ef- g ECOLOGICAL DESIGN AND CONNECTIVITY PROJECT 3 OF 18
. DATE" A S
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PLACE BOULDERS AS TIGHTLY
AS POSSIBLE WITH THE
REQUIRED BOULDER HEIGHT
VERTICAL TO MINIMIZE VOIDS
AND GROUT STABLILITY

PLACE BOULDERS IN
STAIRSTEP FASHION ON

SLOPE WITH FLATTEST
TOP 1/2 OF BOULDER TO

BOULDERS MUST SURFACE SET HORIZONTAL NOTES: ;;%UTE&S&RE QTS;’;C% ;2;1_?@%T
— FREEMSF'NG%EATN E%EPT BE SIZED AND THE TOP 1. THE TOPS OF BOULDERS MAY VARY FROM THE DESIGN GRADE BY 4"+ AND S oL TS AT QUTLET ELEVATION (6" ABOVE
T DROP CREATS ACCORDINGLY CREATE "STEPS” EXCEPT AT THE DROP CRESTS, UP TO 20% OF THE BOULDERS MAY PROTRUDE be ST CHANNEL INVERT). PIPE ALIGNWENT MAY
AS SHOWN IN ABOVE THE DESIGN GRADE UP TO 8” (OR AS DIRECTED OR INDICATED). AT THE BOULDERS. CRUSHED OR PUNCTURED
THE PLAN AND DROP CREST NO BOULDER SHALL VARY FROM THE DRAWING BY MORE THAN 2" OR FIPE SHALL BE REPLACED.
PROFILES AS INDICATED ON THE DRAWINGS. THE ENGINEER MAY REQUEST GREATER VARIATION
AT SELECT LOCATIONS. -
2. BEFORE GROUTING, CLEAN ALL DIRT AND MATERIALS FROM ROCK THAT COULD T0 MNMIZE
PREVENT THE GROUT FROM BONDING TO ROCK. FINAL PLACEMENT OF BOULDERS TO / PROTRUSION
GROUT THICKNESS BE APPROVED BY THE ENGINEER PRIOR TO GROUTING. PLACE CLASS A GEOTEXTILE OVER
SHALL BE 1/2 OF THE — 3. PLACE GROUT BY INJECTION METHODS TO FILL VOIDS TO THE SPECIFIED GROUT e et &5 ceout
ROULDER HEIGHT. MIN DEPTH, CLEAN EXCESS GROUT FROM ALL EXPOSED SURFACES.
» M. 4. THE CONTRACTOR SHALL CONTROL GROUT MIX AND PLACEMENT PROCEDURES TO WEEP DRAN WANIFOLD 4° PVC
PREPARE SUBGRADE PER THE ACHIEVE THE SPECIFIED THICKNESS AND GRADE OF THE GROUT LAYER. INTENT IS TO PERFORATED PIPE (END VIEW). PLACE WITH CRANULAR WEER DRAN
SPECIFICATIONS MINIMIZE VISIBILITY OF GROUT, BUT ACHIEVE MINIMUM THICKNESS INDICATED WHERE B . T (L horaT FLTER MATERWAL
SPECIFIED, OR ON DRAWING. OUTLET PIPES AND END CAPS AS MINIMUM 6 THICKNESS PREPARED SUBGRADE
BEFORE GROUTING, CLEAN ALL DIRT AND BLACE CROUT IN A MANNER : : e A B0 SURROUNDIG PE
MATERIAL FROM ROCK THAT COULD PREVENT AT RS AL Voe 10 e HSE
THE GROUT FROM BINDING TO THE ROCK

SPECIFIED GROUT THICKNESS

@ GROUTED BOULDER PLACEMENT EXAMPLE

NTS

@ TYPICAL WEEP DRAIN SYSTEM

’7 WDTH AS SPECIFIED ON PLAN 4‘

PLACE BOULDERS IN STAIRSTEP FASHION
ON SLOPE WITH FLATTEST SURFACE SET USE 24"-30" BOULDERS
HORIZONTAL AND THE TOP ON BOTTOM OF
. RUNDOWR. BOULDERS, SEE PLAN
CREATE 18" VERTICAL ]
DROP ON OUTSIDE EDGE
OF BOULDER RUNDOWN

| 1-0°, 100"

USE 30° MIN. BOULDERS
ON OUTSIDE EDGE

12" D50 RIPRAP (SOIL IN VOIDS)
24" THICK

THICKENED GROUT EDGE

1" WIDE x 1’ DEEP. PLACE AT
UPSTREAM END OF BOULDER
RUNDOWN.

PREPARE SUBGRADE PER THE SPECIFICATIONS

PLACE AND GROUT BOULDERS PER GROUTED

PLACE ADDITIONAL GROUT UPSTREAM AND
BOULDER: DETALLS SHOWN ONTHIS SHEET DOWNSTREAM OF WALL TO ACHIEVE SEAL

mssgg OFTLE AND GROUTED
@ EXAMPLE OF GROUTED BOULDER RUNDOWN SECTION ‘
NTS
@ GENERAL GROUT CUTOFF DETAIL FOR UPSTREAM SECTION
NTS

e SEEMEREES || e || T o form EXAMPLE OF TYPICAL DETAILS FOR GROUTED BOULDER ||
BOULDER oouuwnnw; ;); TRANSPORTATION R FOR CONSTRUCTION — E = g RUNDOWNS
| = ECOLOGICAL CONNECTIVITY AND DESIGN PROJECT |||4 OF 18




@©

N

\

Key into bank for @ minimum
length equal to bank
height. Vegetate key excavation
with live cuttings/clumps

Toe of Bank

/ Existing Streambed

Back fill excavation
with cobbles and
chink gaps

~2.5
—

<

— \
/ Anticipated

Scour Hole

@&)CK BOLSTER

Varies J

<0.3'

’/(— 3-5

‘— -4

@ TYPICAL ROCK DIMENSIONS AND PLACEMENTS

Notes: The rocks should be rectangluar or nearly so at
the rock to rock contact. The rock to rock contact
should be solid. If rocks are not perfectly flat, the

Footer rocks should be

@ROCK VANE SECTION B

50% larger than others

thicker end should be placed downstream.

PrePAED For: PREPARED 8%, ENGINUITY ENGINEERING SOLUTIONS THESE DRAWINGS ARE FOR EXAMPLE seSe: REVISION| DESCRIPTION BY | DATE SR 10
O L oN, COLORADO B0z - PURPOSES ONLY AND ARE NOT INTENDED | | | e =) SMALL CROSS VANE EXAMPLE
BOULDER COUNTY DEPT. OF TRANSPORTATION L FOR CONSTRUCTION (R-D
BOULDER, COLORADO 80306 — e CR_) ECOLOGICAL DESIGN AND CONNECTIVITY PROJECT
sty - =] 5 OF 18
Re




Sm——

\Key into bank for

a minimum length
equal to bank
height Vegetate

Key excavation with
live cuttings/clumps
before backfill.

Fit rock together
tightly on side of
vane

’ ’ Toe of Bank
| ~l /3W | /

@ROCK VANE PLAN_VEIW

*Notes (1): Total drop not to exceed 6 inches for warm water fish species

Existing
Stream Bed

~2.5'

Back fill excavation
with cobbles and

chink gaps

DIMENSIONS AND PLACEMENTS

@ TYPICAL ROCK

Live cutting/clumps

@ROCK VANE SECTION B

General Notes: The rocks should be rectangluar or nearly so at the rock to rock contact.

Footer rocks should be
50% larger than others

The rock to rock contact should be solid. If rocks are not

perfectly flat, the thicker end should be placed downstream. Fill gaps with smaller stones.

/Anticipated

e

Scour Hole

Notes (3): Stone sized to
be stable at highest design

discharge

PrepaReD For: FREPARED B ENGINUITY ENGINEERING SOLUTIONS THESE DRAWINGS ARE FOR EXAMPLE DR REVISION| DESCRIPTION BY | DATE SRR
O ETon, CoLoRADS Hoizs 2 PURPOSES ONLY AND ARE NOT INTENDED | | | e =) STEPPED POOL ROCK CROSS VANE EXAMPLE
BOULDER COUNTY DEPT. OF TRANSPORTATION R FOR CONSTRUCTION [€ED)
Zo0iotn, COLORADO 80306 G Ef- % ECOLOGICAL DESIGN AND CONNECTIVITY PROJECT 6 OF 18
DATE S
[€D)




Live cuttings

/ Live Clumps
[/

C \
e 0o : Po-e:- ol

/ AN WA D \

e PO

‘ — \( : . _ 4 »}\}\ A\ \
V===
‘ :;//‘///‘_7 /y/ﬁ// E— ///-’j> Logs (2 min)
- ———— =

\ Rebar Anchor/

(2min)

End Rock Elevated

Geotextile

D=___ —"

@ CROSS—SECTION

N Soil Anchors
: /<>

2x4

Min. 2ft. into
stream _bed

@ CROSS—SECTION LOG

Nail

Staple or Nail

Geotextile

( > DETAIR

Notes: Install live clumps and
live cuttings into adjacent
protection during
construction. Extend to
below stream bed. Use logs
that are straight, uniform
diameter and free of rot,
disease or insect infestation.

PREPARED FOR: PREPARED BY: ENGINUITY ENGINEERING SOLUTIONS o

10106 WEST SAN JUAN WAY. ST_215 THESE DRAWINGS ARE FOR EXAMPLE

]| m
<
v

DESCRIPTION BY

DATE

LITTLETON, COLORADO 80127 PURPOSES ONLY AND ARE NOT INTENDED

DRAWN:

PH : 303-872-9112

FX : 303-872-9104 FOR CONSTRUCTION

CHECKED:

BOULDER COUNTY DEPT. OF TRANSPORTATION
2525 13TH STREET
BOULDER, COLORADO 80306

DATE:

(=]
Ao i e S e 4

a'aaa\ar%

LOG CHECK DAM - SMALL STREAM EXAMPLE
(Less than 12ft)
ECOLOGICAL DESIGN AND CONNECTIVITY PROJECT

SHEET/REFERENCE NO.
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Natural Ground

Riffle Boulder

e

5\
: KS
0O
RYK
Stability
Depth

A,

7

|

Bank full

Channel width

Bank Full Depth
J

S

| 207

AT
s
A
AN AN TA)

||

B\

N

)

N

Gap between ri

i iffle
boulder of J—3D—
v

— Al

|«—»|— 212x differential head

@ CHUTE SECTION VIEW

Notes (1): Sheet pile to follow natural ground to high bank.

Level energy dissipator.
/ > Dsp of chute rock

Min. thickness =

2Dsgq of chute rock

@ CHUTE SIDE VIEW

General Note: Maximum slope for warm water species is 5%.

| ’ . —
OZLORED

< Flow

H

Pl [
(>4

~

>12x differential head —|

NSO AT

v -
_@__j% _/;OC, : —/;; i _/;o; _/;o; /—;

1.5 |

Chute rock size to be stable at highest discharge.
(use rock chute design)

Sheet _—

Pile cut off

Stability depth
22H

Maximum slope for salmonids is 10%.

Notes (2): Plant edge with live
cuttings. Offset riffle boulders so flow
is circuitous.

Notes (4): Riffle boulder
typical 1.5 to 2.5x Dia.
of rock in chute. Riffle
boulders should be
seated in the rock
mantle of the chute.

@ CHUTE PLAN VIEW

Sheet Pile
Cutoff

Riffle Boulders

Flow

PRSI e ey

T\\\\\\\\\\\ ALALLLLNAM MMV \\\\\\\\\\\\\\\\\\ AN

ey ety el |

O.

ISOSOSOSOSOSOSOSOIOITOX

Bank Full Width

Project Riffle

— Boulder ¥ CFIOW

above grade

@ CLOSE UP CHUTE SIDE VIEW

¥ 1)
T777777777777777 77777 7777777777 7777777777 7777777777777

P e
LITTLETON, COLORADO 80127 PURPOSES ONLY AND ARE NOT INTENDED

THESE DRAWINGS ARE FOR EXAMPLE

PH : 303—-872-9112
BOULDER COUNTY DEPT. OF TRANSPORTATION R FOR CONSTRUCTION
BOULDER, COLORADO 80306 P e
%

prsE REVISION | DESCRIPTION BY | DATE
DRAWN: CRZD
[@ED)
CHECKED: ( — )
DATE' CRZD
R=D

ROCK SHUTE-SHEET PILE CUT OFF

ECOLOGICAL DESIGN AND CONNECTIVITY PROJECT

SHEET/REFERENCE NO.
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Sheet Pile Vortex Weir

@WEIR LAYOUT

Plant edge wit_h/ | |
W W

live cuttings.

Key sheetpile y
into bank

P______}:g
Optional slotted |

PVC well screen : | |

drain pipe.
|\\
Optional wingwall to

protect banks from

c sct;n;;

gl'___l/d__ 33

Anticipated

I
U (§Ve/nmin)‘

Weir Crest

Upstream weir

Anticipated
deposition
behind weir.

Elev=Bank full
_/ water surface

Scour hole

lining of scour hols

PROFILE VEIW

@WEIR

Natural Ground

Plant edge with live

Anticipated deposition
behind weir.

ptional Chginnel

failing due to scour . N
hole | —
/
Bankfull . |
width (W) Sheet Pile —— ]
@WEIR PLAN VIEW
Jtability =2
depth
=12x differential head =12x differential head
PREPARED FOR: PREPARED BY:  ENGINUITY ENGINEERING SOLUTIONS THESE DRAWINGS ARE FOR EXAMPLE prsE REVISION| DESCRIPTION BY | DATE S
O TS Ton, CoLORADG Hoisy 20 PURPOSES ONLY AND ARE NOT INTENDED | | | e CR= SHEET PILE VORTEX WEIR
BOULDER GOUNTY DEPT. OF TRANSPORTATION R FOR CONSTRUCTION [€ED)
BOULDER, COLORADO 80306 — e CRZD ECOLOGICAL DESIGN AND CONNECTIVITY PROJECT
Wlty) DATE E E_ % 9 OF 18




[ dq

Flow — Riffle

1
Run /

Riffle /

Run /

Gh'de/

Optional Sheet
Pile

@PLAN VEIW

Bankfull Depth

Bankfull Depth

@SECTION B—POOL

Notes (1): Notes (1): Bottom width of pool is Notes (3 and 4):
Slope Riffle(Sgr) =—____ (~1.5Sy to 2S,) ~% the bottom width of riffle Dr=____(Bankfull depth)
Slope Run(Spy) =_—__ (~2S) Dp=—___(~2 to 3Dg)
Slope Pool(Sp) =____ (0 to %Sp)
Slope Glide(Sg) =—_—__ (=Sgw)
(Slope from beginning of run to the end of
the glide should be <% of riffle slope)
Notes (2):
‘— Riffie Lpe=——__
Flov _> 5 R , Len=————(~%3Lgr)
AN %} un . — Glide _“ Riffle —»‘ | 2 Dy zf trock ::P :————EN::RF;
?  —— Run — ¢ =———\"™LRN
2 XY XY XY ) ~ ‘_ boul _,"_ Gide — ‘ (Length of riffle ~% length of entire pool
— including run, pool and glide as shown on
Ler L L Lo —]| X A . AV g the plans)
Optional sheetpile cutoff. Use if O\;erallsilope LRFRﬂ/Z (LRN + Lp + LG)

structure is constructed on highly

erodible fine sands or similar mobile,

permeable bed material

@PROHLE (CENTERLINE)

General Notes:

o Chute rock size to be stable at highest design discharge (use rock chute design and apply results to riffle slope)
e Minimum rock thickness shall not be less than 2Ds
¢ Design was originally developed for a Rosgen C stream

Optional sheetpile cutoff.
Use to resist advancing
downstream headcuts

PREPARED FOR:

BOULDER COUNTY DEPT. OF TRANSPORTATION
2525 13TH STREET
BOULDER, COLORADO 80306

PREPARED BY: ENGINUITY ENGINEERING SOLUTIONS
10106 WEST SAN JUAN WAY, ST. 215
LITTLETON, COLORADO 80127
PH : 303-872-9112
FX : 303-872-9104

THESE DRAWINGS ARE FOR EXAMPLE
PURPOSES ONLY AND ARE NOT INTENDED
FOR CONSTRUCTION

DESIGNED:

DRAWN:

=
[}
o
=

DESCRIPTION

BY | DATE

CHECKED:

DATE:

y

U U
N\ & &%

STEPPED-POOL ROCK CHUTE EXAMPLE
ECOLOGICAL DESIGN AND CONNECTIVITY PROJECT

SHEET/REFERENCE NO.
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Stone Drop i/
% | Adjust position IHI
alignment of structure
to guide flows through
the turn.

/A

°d " Place| live cuttings
© © in bank excavation

C e |
1 LAYO UT o to low water before
| backfill |
| 1 1 |

Wain i [

S

Place live cuttings
in bank excavation \ —

o low water before 3 \ \ Fill all voids around
backfil ! k ! boulders with
ol \ graded gravel |
ani \ Flow=>
— — — T Wrap lower rock
\ with geotextile
weir stone o 4 SECTION A
/ 0
— = (0}
Oo
© o
(o)) R Notes (4): Stone
P )T size to be stable at
T ] /"5"2 highest design
@SECTION B é}%// discharge.
N
Varies
General Notes: The rocks should be rectangluar or nearly so at the rock to 03 -
rock contact. The rock to rock contact should be solid. |If rocks are not | P /I' o
perfectly flat, the thicker end should be placed downstream. Fill gaps with
smaller stones.
@KPICAL ROCK DIMENSIONS AND PLACEMENTS
PREPARED FOR: PREPARED BY:  ENGINUITY ENGINEERING SOLUTIONS DESIGHED: SHEET/REFERENCE No.
R PURPOSES ONLY AND ARE NOT INTENDED | | Fossr———— EE:"_S"’g" — - STONE DROP-SMALL STREAM EXAMPLE
BOULDER COUNTY DEPT. OF TRANSPORTATION R FOR CONSTRUCTION R—
égﬁﬁm'ﬂsz,mogi.rz%{)oaom — SR CR- D ECOLOGICAL DESIGN AND CONNECTIVITY PROJECT
@ T — E:: % 11 OF 18




Notes (1): Typically place
lunkers in sets of three on
the outer and lower )5 of
the channel bend. Final
alignment and placement

should be determined in WOOd LUHRG[’ (B)
Lunkers the field at low water.
The designer should

(T ST T T N/ B B
observe the current \ \ anchor rock ) \
patterns to assure that L __ _ __ __ _ D U _/L _____ D O _,/gjp,onk
flow will pass into and out |~ — 3 spacer

of the structures. The
designer should also assure ’
that the Lunkers are placed —— 2" long spacer
below low water elevation. " —— &' planks

—— wood bloks

Instream boulders may be
placed as guide to deflect
flows through the lunkers

%%

Level Foundation

8' planks Wood Lunker Notes:
I—Iﬁ 3 spacer Lunker material is rough
7 cut hard wood at least

l—— 6"x6"x8" » .
wood blocks 2" thick

@ GENERAL LUNKER LAYOUT

Stone LUHK@f (A) ™ 2" long spacer

8' planks

Cover rock

6" min
thickness

' Spacer
| rock
Level
Foundation

f

=

Vegetated Geograid
or other soil

bioengineering treatment

I
z Low Water

Stone Lunker Notes: Use
sound rock. Place so that
there is solid contact and
no movement

A\
\ | [ 24" min anchor rock
R\ to hold wood lunker
\
\\
\\ /,/,
\\ ,//
\‘\ //
N 4 below
R\ / scour
\
\\\ /,,/
@ CROSS—SECTION \
PREPARED FOR: PFREPARED BY: ENGINUITY ENGINEERING SOLUTIONS THESE DRAWINGS ARE FOR EXAMPLE pEsE: REVISION| DESCRIPTION BY DATE SHEET o= to-
1O S TN, COLORADO Baiay - PURPOSES ONLY AND ARE NOT INTENDED | | Feme——— | [CR= D LUNKER FISH HABITAT OPTIONS
BOULDER. GOUNTY DEPT. OF TRANSPORTATION e FOR CONSTRUCTION [€ED)
%, COLORADO 80306 —— e CR_ D ECOLOGICAL DESIGN AND CONNECTIVITY PROJECT
R Enginuity g ) 12 OF 18




Flow

i

Place live clumps and live—]

clumps in excavated bank
area before rock and backfil A~ — | !
o9

(7(70 |

~
\\
\

\
[}
i

;

/
—//
o

/ Stream Bank

|
|
A

~4W

@ HOOK VANE PLAN VEIW

General Notes: The rocks should be rectangular
placed downstream.

Live cuttings/clumps

— 3-5
=

PLACEMENTS

@ﬂPICAL ROCK DIMENSIONS AND

Notes (3):Stone sized to be stable highest design discharge

~W

< )HOOK VANE SECTION B

Backfill excavation
with cobble and
chink gaps

or nearly so at the rock to rock contact. The rock to rock contact should be solid. If rocks are not perfectly flat, the thicker end should be

SHEET/REFERENCE NO.

PREPARED FoR: PREPARD BY.  ENGINUITY ENGINEERING SOLUTIONS THESE DRAWINGS ARE FOR EXAMPLE REVISION| DESCRIPTION BY | DATE
O ST, COLORADO Boiy — PURPOSES ONLY AND ARE NOT INTENDED | | | CR= ) HOOK VANE
BOULDER COUNTY DEPT. OF TRANSPORTATION PH : 303-872-9112 FOR CONSTRUCTION (R—D
B00LDER, COLORADO 80308 e REae: R ECOLOGICAL DESIGN AND CONNECTIVITY PROJECT
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F _TOE

@ PLAN VIEW O

Existing top
of bank

Notes (1):

Install vertical
bundles as directed
in field. Base of
bundles need to be
at or below phreatic
line. Install with
rock.

Ha= Key barb into bank

Vertical bundles

Apron

Juniper Revetment
w/soil anchors
or Rock Bolster

Key stone spur into bank as
directed by engineer.

‘ L |

@ STONE SPUR WITH ROCK TOE

N
[——— 2.5Hg
He \| I_i

N~ —-

4o

Apron i
|
I

|
e Tk
t T

@SECTION B

2.5Hp

0 0:-v-u
LD

Hy —

@SECTION A
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Notes (1): Trees in revetment
shall be tightly secured to bank
and in firm contact with spur.
Trees are continuous over spur
and are shown as ending only
for clarity of drawing.

One to three of
Juniper Revletment

5-10° angle to
facilitate key
into bank.

YOS

v"v“

9 '
'V‘)‘ KX p Vertical
N\'@Ql%“? bundles

S Lhe

L8

';"
%

Key into bank
as directed by
engineer.

Drive timber poles as forms 7/
for spur construction and TH)),
support. Remove when 0, Y
construction is complete. /} //
Jk

Rock Bolster or

soil anchors \

Vegetated spur

PR

?
A

s
SN

25
.

/] __—=

! of bank

=S
KK

A
S N)

S

N,

S—

L
72

K7
Y

<=
X2
9,
7R

So<
L

7L

VEGETATIVE SPUR WITH JUNIPER REVETMENT

O,

Juniper Tree
Approx. Location
of Soil Anchors or

Notes (2): Overlap juniper by % to % length in
Rock Bolster

a shingle—like arrangement. Secure at overlap
with three wraps of 12 gage wire or %" cable
and clamp securely. Anchor with a minimum
of two sets of soil anchors or rock bolsters
per trunk as per specifications. Start at toe
of bank. If additional rows are required,
offset by not more than tree width. Press
rows tight together. Cable rows together with
12 gage wire or %” cable and clamp.

< FLOW

L
-
L=10-12 3

@ JUNIPER REVETMENT

4"-6" dia. posts
for framing

N Natural

Ground
Vertical bundles
Approx. Juniper Revetment
Channel = w/ soil anchors
Bottom

\ or Rock Bolster
Key spur into (See Details)

| bank as directed

L Rock Bolster by engineer.

I
\ Soil anchor:

@ VEGETATED SPUR

%" to 1" U—shaped rebar or
eyebolt epoxy into holes

Rock bolster
(min.) 36"\

non—greased, wire rope.

following drilling.
eliminate air pockets.
C881, Type IV Grade 3.

manufacturer.

@ ROCK BOLSTER

Ha

VVVVVVVYV

—

Approx. Channe
Bottom

VVVVVVVYV

(A}SECHON A

Notes (3):
1) Remove loose and failing bank material, excavate key into
bank as

shown
2) Excavate trench along alignment of spur at depth as
shown. Trench

should be a minimum of J% thickness of vegetated spur at
section A.

3) Install two pairs of framing posts at width of spur.
4) Place live material tightly between anchor posts.

Butt ends shall be firmly into bank as length of material
permits.

Material shall overlap by J%—%L.
5) Install soil anchors in pairs or Rock Bolster as specified.
6) Tightly secure live material to soil anchors with ratcheting
cable clamps.
7) Place vertical bundles into key area as shown.

Butt ends of live material must extend firmly to soil.
8) Backfill over key.
9) Install juniper revetment over spur at bank if specified.

Notes (4): Secure logs to rock bolsters at overlap with a
minimum of three wraps of %—J%" diameter galvanized
If constructing in or near water
drill holes in rock bolsters with gas or pneumatic drill.
Holes must be clean of all dust, debris, oil, and soap
Insert a U—shaped 1” rebar into holes
several times to dispense and completely mix epoxy and

Epoxy resin systems shall meet the requirements of ASTM
Test strength of bond after
minimum cure time recommended by the epoxy
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Cross—Sectional Views Descriping Installation

Notes (1):

e Excavate trench ideally to low water

2-3
typical
@ STONE SILL: STEP 1 ;

Notes (2):

e Install live poles on 4 to 8 ft. centers if trench
may not reach reliable water table.
e Place a mix of live and dead cuttings along

downstream side of trench (approximantely
12—15 per ft of trench).

@ STONE SILL: STEP 2

[

Notes (3):

e Cover cuttings with soil and wash in
to acheive good soil to stem contact.
e Place appropriately sized stone in
trench (12" minus typical). Irrigate live
cuttings for establishment if trench
does not reach reliable water table.

@ STONE SILL: STEP 3
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Continuous riprap )
and/or juniper revetment Juniper Tree )
along toe of bank Approx. Location
of Soil Anchors or

Rock Bolster

Vertical bundles
.){ \ as directed
C~L., Log Revetment bank
Sand/Gravel stabilization. Minimun one ﬂ CFLOW

Bar —_— ) rock bolster per log.

L
=35’ "
Live clumps =012

X as directed
% Continuous riprap @ JUNIPER REVETMENT

and/or juniper
revetment along
toe of bank

Existing banks

New bank
alignment

Notes (3):

Overlap juniper by % to 5 length

in a shingle—like arrangement.
overlap with three wraps of 12 gage wire or
%" cable and clamp securely. Anchor with a Rock bolster
minimum of two sets of soil anchors per \
trunk as per specifications. Start at toe of

bank. If additional rows are required, offset
by not more than tree width. Press rows tight

together. Cable rows together with 12 gage

wire or }§" cable and clamp.

Secure at

%" to 1” U—shaped rebar or
eyebolt epoxy into holes

(min.) 36”

@ ROCK BOLSTER

Cable with a minimum of 3 wraps and two cable
clamps

" Rock bolster

@ LOG REVETMENT

Proposed

bank toe

Notes (2):

Secure logs to rock bolsters at
overlap with a minumum of three
wraps of %" diameter galvanized
non—greased, wire rope. Drill holes in
rock bolsters

with gas or pneumatic drill. The min.
depth should be 6”. Holes must be
clean of all dust, debris, oil, and
soap following drilling. Insert a
U—shaped or eyebolt rebar into holes
several times to dispense and
completely mix epoxy and eliminate
air pockets.

Epoxy resin systems shall meet the
requirements of ASTM C881, Type IV
Grade 3. Test strength of bond after
minumum cure time recommended by
the epoxy manaufacturer.
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as directed

Log Revetment bank Exist d i
stabilization. Minimun one Xistng ground line
rock bolster per log.

Sand,/Gravel -0
Bar \ -

Continuous riprap
and/or juniper
revetment along
toe of bank

Existing banks

@ TREE REVETMENT FULL LAYOUT

Cable with a
minimum of 3
wraps and two

alignment cable clamps

Juniper Tree
Approx. Location
of Soil Anchors or
Rock Bolster

36" Rock
7, C Flow Bolster Min.
s ") ¥
L=10-12"
Flow

@ JUNIPER REVETMENT
Notes (3): Overlap juniper by % to J5 length in a shingle—like arrangement. Secure at overlap with
three wraps of 12 gage wire or }§" cable and clamp securely. Anchor with a minimum of two sets of
soil anchors per trunk as per specifications. Start at toe of bank. If additional rows are required, offset
by not more than tree width. Press rows tight together. Cable rows together with 12 gage wire or % Proposed
cable and clamp. Bank

%" to 17 U—shaped rebar or
eyebolt epoxy into holes

Rock bolster
(min.) 36”\

Notes (4): Secure to rock bolsters at overlap with a minimum

of three wraps of J§ — J4" diameter galvanized non—greased,
wire rope. If constructing in or near water drill holes in rock
bolsters with gas or pneumatic drill. Holes must be clean of
all dust, debris, oil, and soap following drilling. Insert a
U-shaped 1” rebar into holes several times to dispense and -
completely mix epoxy and eliminate air pockets. Epoxy resin EZIrS,EV >
systems shall meet the requirements of ASTM C881, Type IV
Grade 3. Test strength of bond after minimum cure time
recommended by the epoxy manufacturer.

@ ROCK BOLSTER @ TREE REVETMENT
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