DESIGN & TECHNICAL CRITERIA

STORM DRAINAGE

i
Z
@
8 m
1

JEFFERSON COUNTY, COLORADO PLANNING & ZONING DIVISION



Storm Drainage Design & Technical Criteria

Acknowledgements

Preparation of this document involved the efforts of
Planning and Zoning and Transportation and Engineering.

Revision Dates
The Storm Drainage Design and Technical Criteria was prepared by WRC Engineering, Inc. in May 1987 and was adopted by
the Board of County Commissioners of Jefferson County, Colorado, and has since been amended on the following dates:

March 19, 1996
May 12, 1998
May 27, 2003
November 25, 2003
October 1, 2013 (Temporary Regulation Amendment)
April 12014
November 24, 2015

Jefferson County Planning and Zoning Division
100 Jefferson County Parkway, Suite 3550, Golden, Colorado 80419
303-271-8700 e http://planning.jeffco.us



Page 7

18

24

24

Table of Contents

m

loodplain Regulations
Introduction

ainfall

Introduction

Jefferson County Rainfall Zones

Description of the Zones

Selecting the Rainfall Zone

Colorado Urban Hydrograph Procedure Design Storms
Time-Intensity-Frequency Curves

n -

1 General Provisions

1.1 Short Title

1.2 Jurisdiction

1.3 Purpose and Effect

1.4 Enactment Authority

1.5 Amendment and Revisions

1.6 Enforcement Responsibility

1.7 Review and Approval

1.8 Waivers

1.9 Interpretation

1.10  Relationship to Other Standards
1.11  Abbreviations

2 Drainage Planning Submittal Requirements
2.1 Introduction

2.2 Phase | Drainage Report

2.2.1 Phase | Report Contents

2.2.2 Phase | Drawing Contents

2.3 Phase Il Drainage Report

2.4 Phase Ill Drainage Report

2.4.1 Phase Il and Phase lll Report Contents
2.4.2 Phase Il and Phase lll Drawing Contents
2.5 Abridged Drainage Report

2.6 Exception to The Requirement for a Drainage Report
2.7 Construction Plans

2.8 As-Built Drawings and Final Acceptance Certificate
3 Drainage Policy

3.1 Introduction

3.2 Basic Principles

3.2.1 Multi-Purpose Resource

3.2.2 Water Rights

3.2.3 Major Drainageway

3.3 Regional and Local Planning

3.3.1 Post Development Flow Conditions
3.3.2 Master Planning

3.3.3 Drainage Problem Areas

3.3.4  Public Improvements

3.3.5 Basin Transfer

3.3.6  Storm Runoff Detention

3.3.7 Stormwater Quality

3.3.8 Floodplain Management

3.3.9 Operations and Maintenance
3.3.10 Drainage Easement Requirements
3.3.11 Storage Facilities

3.3.12 Inadvertent Detention Storage
3.4 Planning and Design

3.4.1  Minor and Major Drainage System
3.4.2 Storm Runoff

3.4.3 Streets

3.4.4  Floodproofing Existing Structures
q

4.

5

5.

5.

5

5

5

5

MRS g o

Storm Drainage Design & Technical Criteria 3



Page 33 6 Runoff
6.1 Introduction
Rational Method
Colorado Urban Hydrograph Procedure
Storm Flow Analysis
On-site Flow Analysis
Off-site Flow Analysis
.1 Tributary Area Within a Major Drainageway Basin
.2 Tributary Area Not Within a Major Drainageway Basin

pen Channels

Introduction

Channel Types

Natural Channels

Grass Lined Channels
Composite Channels
Bioengineered Channels
Concrete Lined Channels
Rock Lined Channels
Flow Computation
Design Standards for Major Drainageways
Natural Channels

Grass Lined Channels
Design Standards for Small Drainageways
Natural Channels

Grass Lined Channels
Concrete Lined Channels
Riprap Lined Channels
Street/Roadside Ditches
Channel Rundowns
Cross-Sections

Design Flow

Flow Depth

Outlet Configuration

nPn -

34

oDUubwL

n -

~hown -

h PPRONDOMDTOARRDL PO S g BARRNDD-
-

47 torm Sewers
Introduction
Construction Materials
Hydraulic Design

Pipe Friction Losses
Pipe Form Losses
Storm Sewer Outlets
Partially Full Pipe Flow
Vertical Alignment
Horizontal Alignment
Pipe Size

Manholes

Checklist

torm Sewer Inlets
Introduction
Standard Inlets
Inlet Hydraulics
Inlet Spacing
Inlet Capacity

57 10 Streets/Roads
101 Introductions
10.2  Function of Streets in the Drainage System
10.3  The Allowable use of Streets/Roads as a Drainage System
10.4  Hydraulic Evaluation
10.4.1 Allowable Gutter Capacity
10.4.2 Street/Road with Roadside Ditches

Nwo

55

OOOOOE VVPEODPREEDDO NNNNNNNNNNNNNNNNNNNNNNNN 000000 D

UDhWNL2g DNDUDAWWWWWMN =

4 Storm Drainage Design & Technical Criteria



Page 59 11 Culverts

11.1 Introduction

11.2  Culvert Hydraulics

11.8  Culvert Design Standards
11.8.1 Construction Material and Pipe Size
11.3.2 Inlet and Outlet Configuration
11.8.3 Hydraulic Data

11.3.4 Velocity Considerations
11.3.5 Headwater Considerations
11.3.6 Cross Culvert Location
11.8.7 Structural Design

11.3.8 Trashracks

11.4  Design Example

11.5  Culvert Sizing Criteria

11.6  Checklist

65 12 Hydraulic Structures
12.1 Introduction
12.2  Conduit Outlet Structures
12.3  Channel Grade Control Structures (Check And Drop Structures)
12.4  Bridges
12.5 Irrigation Ditch Crossings

65 13 Storm Water Quality Management Control
13.1 Introduction
13.2  Temporary Erosion Control for Construction Activities
13.83  Permanent Controls for Storm Water Quality Management
13.3.1 Objectives for Permanent Storm Water Quality Control
13.3.2 Best Management Practices for Permanent Control
13.3.3 Minimum Design Criteria

68 14 Detention
14.1 Introduction
14.2  Detention Methods
14.3  Design Criteria
14.3.1 Volume and Release Rates
14.3.2 Design Frequency
14.3.3 Hydraulic Design
14.4  Design Standards for Open Space Detention
14.4.1 State Engineer’s Office
14.4.2 Grading Requirements
14.4.3 Retaining Walls
14.4.4 Freeboard Requirements
14.4.5 Trickle Flow Control
14.4.6 Outlet Configuration
14.4.7 Embankment Protection
14.4.8 Vegetation Requirements
14.5  Design Standards for MPLD
14.6  Design Standards for Parking Lot Detention
14.6.1 Depth Limitation
14.6.2 Freeboard Requirements
14.6.3 Overflow Requirements
14.6.4 Outlet Configuration
14.6.5 Performance
14.6.6 Flood Hazard \Warning
14.6.7 EURV
14.7  Design Standards for Underground Detention
14.7.1 Materials
14.7.2 Configuration
14.7.3 Overflow Requirements
14.7.4 Inlet and Outlet Design
14.7.5 EURV
14.7.6 Maintenance Access
14.8 Design Standards For Combined Detention Ponds
14.9  Design Examples

Storm Drainage Design & Technical Criteria 5



Page 82 Appendix
Checklist
Standard Forms
Standard Details

List of Tables

201
501
502
503
701
801
802
803
901
1001
1002
1003
1004
1005
1101
1102
1301
1401

Drawing Symbol Criteria and Hydrology Review

Design Point Rainfall Values

CUHP Design Storms for Jefferson County (A-D)
Time-Intensity-Frequency Tabulation

Street/Roadside Ditch Capacities

Storm Sewer Alignment and Size Criteria

Energy Loss Coefficient Bends at Manholes

Manhole and Junction Losses

Standard Inlets

Allowable Use of Streets/Roads for Minor Storm Runoff
Allowable Use of Streets,/Roads for Major Storm Runoff
Allowable Flow Depths for Standard Street Templates
Allowable Cross Street Flow

Allowable Culvert Overtopping

Hydraulic Data for Culverts

Culvert Rating Example

Possible Sources of Pollutants in Storm \Water

Weir Flow Coefficients

List Of Figures

501
502
701
702
703
704
801
802
803
901
1401
1402
1403
1404
1405
1406
1407
1408

6 Storm Drainage Design & Technical Criteria

Rainfall Zones

Time-Intensity-Frequency Curves (A-D)
Roughness Coefficient for Grassed Channels
Street/Roadside Ditch Sections

Trickle Channel Details

Channel Rundown Details

Hydraulic Properties Circular Pipe

Hydraulic Properties Horizontal Elliptical Pipe
Hydraulic Properties Arch Pipe

Inlet Design Example - Minor Storm
Detention Pond Outlet Configurations
Detention Pond Details

Weir Design Example

Outlet Design Example

Underground Detention

Pond Forebay with Dissipator

Embankment Protection Details and Rock Sizing Chart
Mountain Porous Landscape Design



Chapter 1 - General Provisions
1.1 Short Title

These regulations together with all future amendments will be known as the “Jefferson County Storm Drainage
Design and Technical Criteria” (hereafter called Criteria) as referenced in the Jefferson County Land Development
Regulation (hereafter called Regulation).

1.2 Jurisdiction

These Criteria will apply to all land within the unincorporated areas of the County, including any public lands.
These Criteria will apply to all facilities constructed on County ROW, easements dedicated for public use, and
to all privately owned and maintained drainage facilities, including but not limited to detention ponds, water
quality facilities, storm sewers, inlets, manholes, culverts, swales and channels.

1.3 Purpose And Effect

Presented in these Criteria are the minimum design and technical criteria for the analysis and design of storm
drainage facilities. All subdivisions, rural clusters, rezonings, site development plans, site approvals, land disturbance
permits or any other proposed development or construction submitted for approval under the provisions of the
Regulation will include adequate storm drainage system analysis and appropriate drainage system design. Such
analysis and design will meet or exceed the criteria set forth herein. Options to the provisions of these Criteria
may be suggested by the applicant. The applicant will have the burden of showing that the options are equal or
better. Policies and technical criteria not specifically addressed in these Criteria will follow the provisions of the
Urban Drainage and Flood Control District (hereafter called UD&FCD) “Urban Storm Drainage Criteria Manual”
(hereafter called Manual). The applicant is also referred to the Colorado Department of Transportation Standard
Plans for additional design details not covered in these Criteria or the Manual. Drainage facilities in place or under
construction at the time of Criteria adoption will be accepted without regard to the provisions of these Criteria.

1.4 Enactment Authority

The Regulation has been adopted pursuant to the authority conferred within: Article 28 of Title 30 (County Plan-
ning); Article 2 of Title 43 (State, County and City Highway Systems); Article 20 of Title 29 (Land Use Control and
Conservation); and other applicable sections of the CRS, as amended. As part of the authority provided by which
the County promulgates the Regulation, these Criteria are adopted by resolution.

The Regulation refers to these Criteria being the source of County policy, guidelines, criteria and submittal re-
quirements for storm water management issues during the development process.

1.5 Amendment and Revisions
These policies and criteria may be amended as new technology is developed and/or if experience gained in the
use of these Criteria indicates a need for revision. Amendments and revisions will be made by resolution.

1.6 Enforcement Responsibility
It will be the duty of the Board of County Commissioners acting through Planning and Zoning to enforce the
provisions of these Criteria.

1.7 Review and Approval

The County will review all drainage submittals for general compliance with these Criteria. An approval by the
County does not relieve the owner, engineer or designer from responsibility of ensuring that the calculations,
plans, specifications, construction and record drawings are in compliance with these Criteria.

The UD&FCD may be requested to review reports and construction plans required by these Criteria. Where
delineated floodplains, major drainageway improvements or drainageways eligible for UD&FCD maintenance
assistance are involved within the UD&FCD boundary, their approval will be required.

1.8 Waivers

Waivers of these Criteria will be reviewed and approved in accordance with the waiver section in the Regulation.

1.9 Interpretation
In the interpretation and application of the provisions of these Criteria, the following will govern:

Storm Drainage Design & Technical Criteria 7



1.9.1 In its interpretation and application, the provisions will be regarded as the minimum requirements for the
protection of the public health, safety, comfort, convenience, prosperity and welfare of the residents of the County.

1.9.2 Whenever a provision of these Criteria and any other provisions of the Regulation or any provision in any
law, ordinance, resolution, rule or regulation of any kind, contain any restriction covering any of the same subject
matter, whichever restrictions are more restrictive or impose higher standards of requirements will govern.

1.9.3 These Criteria will not abrogate or annul any permits or approved drainage reports, construction plans,
easements or covenants issued before the effective date of these Criteria.

1.10 Relationship to Other Standards

These Criteria are consistent with the UD&FCD criteria. If special districts impose a more stringent criteria, this
difference is not considered a conflict. If the State or Federal Government imposes stricter criteria, standards or
requirements, these will be incorporated into the County’s requirement after due process and public hearing(s)
needed to modify the County’s regulations and standards.

1.11 Abbreviations

As used in these Criteria, the following abbreviations will apply:
ASP Aluminized Steel Pipe

BMPs Best Management Practice(s)

CDOT  Colorado Department of Transportation

CRS Colorado Revised Statute

CMP Corrugated Metal Pipe

CSP Corrugated Steel Pipe

CSPA Corrugated Steel Pipe Arch

CUHP  Colorado Urban Hydrograph Procedure

EURV  Excess Urban Runoff Volume

FEMA  Federal Emergency Management Agency

FHAD  Flood Hazard Area Delineation

FIRM Flood Insurance Rate Map

HDPE  High Density Polyethylene Pipe

JCD Jefferson Conservation District

MDCIA Minimized Directly Connected Impervious Area
MPLD  Mountain Porous Landscape Detention

NOAA  National Oceanic and Atmospheric Administration
RCP Reinforced Concrete Pipe

ROW Right-of-Way

UD&FCD Urban Drainage and Flood Control District
USDCM Urban Storm Drainage Criteria Manual (Manual)
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Chapter 2 - Drainage Planning Submittal Requirements

2.1 Introduction

Drainage reports and plans, construction drawings, specifications and as-built information will be submitted and
approved as required by the Regulation and Building Permit Procedure. All submitted reports will be clearly and
cleanly reproduced. Photostatic copies of charts, tables, nomographs, calculations or any other referenced mate-
rial will be legible. Washed out, blurred or unreadable portions of the report are unacceptable and could warrant
resubmittal of the report. The submittal will include a declaration of the type of report submitted (i.e., Phase-I,
Phase-II or Phase-III). Incomplete or absent information may result in the report being rejected for review.

A pre-application consultation is suggested of all applicants for all processing steps of the Regulation. The appli-
cant will consult with Planning and Zoning for general information regarding regulations, required procedures,
possible drainage problems and specific submittal requirements.

2.2 Phase | Drainage Report
For development processes that require the submittal of a Phase I Drainage Report, a Phase I Report which com-
plies with the requirements of Section 2.2 must be submitted by the developer or owner.

This report will review at a conceptual level the feasibility and design characteristics of the proposed develop-
ment. The Phase I Drainage Report will be in accordance with the following outline and contain the applicable
information listed:

2.2.1 Phase | Report Contents
The following is an outline of the minimum Phase I Drainage Report requirements.

I. General Location and Description
A. Location
1. Vicinity map
2. City, County, State Highway and local streets within and adjacent to the site or the area to be served by the
drainage improvements
3. Township, range, section, 1/4 section
Major drainageways and facilities
Names of surrounding developments
Description of Property
Area in acres
Ground cover (type of ground cover and vegetation)
Major drainageways
Existing major irrigation facilities such as ditches and canals
Proposed land use
Floodplains delineated by FHAD studies or on FEMA FIRM maps
Significant geologic features
. Drainage Basins and Sub-Basins
Major Basin Description

NN =m0

=

1. Reference and include maps of major drainageway planning studies such as FHAD reports, major drainageway
planning reports and FIRMs.

2. Major basin drainage characteristics, existing and planned land uses within the basin, as defined by Planning
and Zoning

3. Identification of all nearby irrigation facilities which will influence or be influenced by the local drainage
B. Sub-Basin Description
1. Discussion of historic drainage patterns of the property in question

2. Discussion of on-site and off-site drainage flow patterns and impact on development under existing and fully
developed basin conditions as defined by Planning and Zoning

Storm Drainage Design & Technical Criteria 9



III. Drainage Facility Design

General Concept

Discussion of concept and typical drainage patterns

Discussion of compliance with off-site runoff considerations

Discussion of anticipated and proposed drainage patterns

Discussion of the content of tables, charts, figures, plates or drawings presented in the report
Specific Details (Optional Information)

Discussions of drainage problems encountered and solutions at specific design points

Discussion of detention storage and outlet design

Discussion of maintenance and access aspects of the design

Discussion of impacts of concentrating the flow on the downstream properties

Specific Details (Required for any proposed modifications to the Floodplain Overlay District)
Discussion on whether the floodplain modification will affect off-site property

Discussion of the design of the modified watercourse, in conformance with UD&FCD and County requirements
Discussion of the location of the modified watercourse and reason for modifications

Discussion of any State and Federal permits that are required for the modification of the watercourse

Hydraulic and hydrologic calculations for the 100-year storm demonstrating that the modified watercourse
w111 maintain the flood carrying capacity

6. Discussion of the maintenance requirements and identification of the organization responsible for maintenance
7. A developer and engineer’s certifications as required for a Phase III Drainage Report

IV. References

Reference all criteria, master plans and technical information used in support of concept.

2.2.2 Phase | Drawing Contents

(a) General Location Map: Drawings may be 24" x 36” or 22" x 34”. A map will be provided in sufficient detail to
identify drainage flows entering and leaving the development and general drainage patterns. The map should be
at a scale of 1”7 = 1000" to 1” = 4000" and show the path of all drainage from the upper end of any off-site basins
to the defined major drainageways. The map should identify any major facilities from the property (i.e., develop-

ment, irrigation ditches, existing detention facilities, culverts, storm sewers) along the flow path to the nearest
major drainageway.

Bl S A O Il S S el

Basins and divides are to be identified and topographic contours are to be included.

(b) Floodplain Information: A copy of applicable FHAD and/or FIRM maps showing the location of the subject
property will be included with the report as outlined in Section 2.2.1. All major drainageways (see Section 3.2.5)
will have the floodplain defined and shown on the report drawings.

(c) Drainage Plan: Map(s) of the proposed development at a scale of 1” = 20" to 1” = 100’ on a 24" x 36" or 22"
x 34” drawing will be included. The plan should show the following:

1. Existing topographic contours at 2-foot maximum intervals. In mountain areas, the maximum interval is 5
feet. The contours should extend a minimum of 100 feet beyond the property lines

2. All existing drainage facilities
3. Approximate flooding limits based on available information

4. Conceptual major drainage facilities including detention basins, storm sewers, swales, riprap and outlet struc-
tures in the detail consistent with the proposed development plan

5. Major drainage boundaries and sub-boundaries

6. Any off-site feature influencing development

7. Proposed flow directions and, if available, proposed contours
8. Legend to define map symbols

9. Title block in lower right corner
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2.3 Phase Il Drainage Report
The purpose of the Phase II Drainage Report is to identify and/or refine conceptual solutions to the problems
which may occur on-site and off-site as a result of the development. For development processes that require the
submittal of a Phase II Drainage Report, a Phase II Drainage Report which complies with the requirements of Sec-
tion 2.3 must be submitted by the developer or owner. All reports will be typed on 8-1/2" x 11” paper and bound.
The drawings, figures, plates and tables will be bound with the report or included in a pocket attached to the
report. The report will include a cover letter presenting the preliminary design for review and will be prepared by
or supervised by an engineer licensed in Colorado. The report will contain a certification sheet as follows:

“This report (plan) for the Phase Il drainage design of (name of Development)

was prepared by me (or under my direct supervision) in accordance with the

provisions of Jefferson County Storm Drainage Design and Technical Criteria

and was designed to comply with the provisions thereof. | understand that

Jefferson County does not and will not assume liability for drainage facilities
designed by athers.”

Registered Professional Engineer
State of Colorado No.
(Affix Seal)

2.4 Phase Ill Drainage Report
The purpose of the Phase III Drainage Report is to provide final drainage design for a project including design
details for drainage facilities.

For development processes that require the submittal of a Phase III Drainage Report, a Phase III Report which
complies with the requirements of Sections 2.3 and 2.4 must be submitted by the developer or owner. If applicable,
the Phase III Drainage Report must address comments made during review of the Phase II Report.

All reports will be typed on a 8-1/2” x 11” paper and bound. The drawings, figures, charts, plates and/or tables will
be bound with the report or included in a folder/pocket attached at the back of the report. The report will include
a cover letter presenting the final design for review and will be prepared by or under the direction of an engineer
licensed in Colorado, certified as shown below in for the Phase III report. The report must contain a developer
and engineer certification sheet as follows:

“This report (plan) for the Phase Ill drainage and water quality design of (name
of Development) was prepared by me (or under my direct supervision) in
accordance with the provisions of Jefferson County Storm Drainage Design
and Technical Criteria and was designed to comply with the provisions thereof.
| understand that Jefferson County does not and will not assume liability for
drainage facilities designed by others.”

Registered Professional Engineer
State of Colorado No.
(Affix Seal)

“(Owner/Applicant) hereby certifies that the drainage facilities for (Name of
Development) will be constructed according to the design presented in this
report. | understand that Jefferson County does nat and will nat assume liability
for drainage facilities designed or reviewed by my engineer. | also understand
that Jefferson County relies on the representations of others to establish

that drainage facilities are designed and built in compliance with applicable
guidelines, standards or specifications. Review by Jefferson County can
therefore in no way limit or diminish any liability which | or any other party may
have with respect to the design or construction of such facilities.”

(Owner/Applicant)
By:
Date

The Phase III Drainage Report will be prepared in accordance with the outline shown in Section 2.4.1. The report
drawings will follow the requirements presented in Section 2.4.2 below.

Three (3) signed and stamped original copies of the approved Phase III Drainage Plan and Report will be submit-
ted to the County for signature and retention in their files.

Storm Drainage Design & Technical Criteria 11



2.4.1 Phase Il and Phase lll Report Contents

The Report will be in accordance with the following outline and contains the applicable information listed:
General Location and Description

Location

Vicinity map

Township, range, section, 1/4 section

Local streets within and adjacent to the subdivision with ROW width shown

Major drainageways, facilities and easements within and adjacent to the site

Names of surrounding developments

Description of Property

Area in acres

Ground cover (type of trees, shrubs, vegetation, general soil conditions, topography and slope)
National Resources Conservation Service (NRCS) soils classification map and discussion

Major drainageways

General project description

Irrigation facilities

Proposed land use

. Drainage Basins And Sub-Basins

Major Drainage Basins

. On-site and off-site major drainage basin characteristics and flow patterns and paths

Existing and proposed land uses within the basins if known

N RN S e N e
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3. Discussion of all drainageway planning or floodplain delineation studies that affect the major drainageways,
such as FHAD Studies and Outfall System Planning studies

4. Discussion of the condition of any channel within or adjacent to the development, including existing condi-
tions, need for improvements and impact on the proposed development

5. Discussion of the impacts of the off-site flow patterns and paths, under fully developed conditions

6. Identification of all irrigation facilities within the basin which will influence or be influenced by the local
drainage

B. Sub-Drainage Basins

1. On-site and off-site minor drainage basin characteristics and flow patterns and paths under historic and de-
veloped conditions

2. Existing and proposed land uses within the basins

3. Discussion of irrigation facilities that will influence or be impacted by the site drainage

4. Discussion of the impacts of the off-site flow patterns and paths, under fully developed conditions
III. Drainage Design Criteria

A. Regulations: Discussion of the optional provisions selected or the deviation from the Criteria, if any, and its
justification

B. Development Criteria Reference and Constraints

1. Discussion of previous drainage studies (i.e., project master plans) for the site in question that influence or are
influenced by the drainage design and how the plan will affect drainage design for the site

2. Discussion of the effects of adjacent drainage studies
3. Discussion on drainageways and storage facilities and how they interrelate to water rights

4. Discussion of the drainage impact of site constraints such as streets, utilities, light rail rapid transit, existing
structures and development or site plan

12 Storm Drainage Design & Technical Criteria
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Hydrological Criteria

Identify design rainfall

Identify runoft calculation method

Identify detention discharge and storage calculation method
Identify design storm recurrence intervals

Discussion and justification of other criteria or calculation methods used that are not presented in or referenced
y these Criteria

. Hydraulic Criteria
Identify various capacity references
Discussion of other drainage facility design criteria used that are not presented in the Criteria
Waivers from Criteria
Identify provisions by section number for which a waiver is requested
Provide justification for each waiver requested
IV. Dramage Facility Design

g W
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General Concept

Discussion of concept and typical drainage patterns

Discussion of compliance with off-site runoff considerations

Discussion of the content of tables, charts, figures, plates or drawings presented in the report

Discussion of anticipated and proposed drainage patterns. Discuss how runoff is conveyed off-site to nearest
adequate drainage facility. Discuss flow path and downstream capacity

Specific Details
Discussion of drainage problems encountered and solutions at specific design points
Discussion of detention storage and outlet design

Ll

Discussion of storm water quality facilities

Discussion of maintenance access and aspects of the design

Discussion of easements and tracts for drainage purposes, including the conditions and limitations for use
Stormwater Storage Facilities

O I o N el

Discuss detention pond designs, including release rates, storage volumes and water surface elevations for the
EURV and emergency overflow conditions, outlet structure design, emergency spillway design, etc

2. Discuss pond outfall locations and design, including method of energy dissipation

3. Discuss how runoff is conveyed from all pond outfalls and emergency spillways to the nearest major drain-
ageway, including a discussion of the flow path and capacity downstream of the outfall to the nearest major
drainageway

4. Discuss maintenance aspects of the design and easements and tracts that are required for stormwater storage
purposes

D. Water Quality Enhancement BMPs

1. Discuss the design of all structural water quality BMPs, including tributary areas, sizing, treatment volumes,
design features, etc.

2. Discuss how runoff is conveyed from all pond outfalls to the nearest adequate drainage facility, including a
discussion of the flow path and capacity downstream

3. Discuss the operation and maintenance aspects of the design and easements and tracts that are required for
stormwater quality enhancement purposes

E. Additional Permitting Requirements
1. Section 404 of the Clean Water Act
2. The Endangered Species Act
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Other local, state or federal requirements

Conclusions

Compliance with Standards

Criteria

Major Drainageway Planning Studies

Manual

Drainage Concept

Effectiveness of drainage design to control damage from storm runoff
Influence of proposed development on the Major Drainageway Planning Studies recommendation(s)
VI. References

Reference all criteria and technical information used.

D= s g W

VII. Appendices

Hydrologic Computations

Land use assumptions regarding adjacent properties

Initial and major storm runoff at specific design points

Historic and fully developed runoff computations at specific design points
Hydrographs at critical design points

Time of concentration and runoff coefficients for each basin

Hydraulic Computations

Open channel design

Detention area/volume capacity and outlet capacity calculations; depths of detention basins
Water Quality Volume Calculations

. Downstream/outfall system capacity (including design storm) to major drainage system. Include a solution to
mltlgate downstream capacity problems from the development. See Section 3.3.3 for more information

5. Downstream/outfall system capacity for internal, adjoining and connecting major drainageways. Include a
solution to mitigate downstream capacity problems from within and adjoining the development. See Section 3.3.3
for more information

6. Emergency spillway sizing calculations

7. Stabilization and grade control improvements and calculations for ditches and drainageways.
8. Energy dissipation at pipe outfalls

9. Culvert capacities (Required for Phase I1I)

10. Storm sewer capacity, including energy grade line (EGL) and hydraulic grade line (HGL) elevations (Required
for Phase I1I)

11. Actual street capacity as calculated using the UD&FCD Spreadsheet. Compare with allowable depths listed in
Chapter 10 (Required for Phase III)

12. Storm inlet capacity including inlet control rating at connection to storm sewer (Required for Phase III)
13. Check and/or channel drop design (Required for Phase I1I)
14. Water Quality Calculations (Required for Phase III)

2.4.2 Phase Il and Phase Ill Drawing Contents
A. Historic Drainage Conditions Plan: All drawings will be 24” x 36” or 22" x 34"in size. The plan should in-
clude the following:

1. A map in sufficient detail to identify drainage flows entering and leaving the development and general drain-
age patterns. The map should be at a scale of 1” = 1000" to 1” = 4000’ and show the path of all drainage from the
upper end of any off-site basins to the defined major drainageways (see Drainage Policy). The map will identify any
major construction (i.e., development, irrigation ditches, existing detention facilities, culverts, storm sewers) along
the entire path of drainage. Basins and divides are to be identified and topographic contours are to be included.

R EE ke
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2. Boundary of the proposed development at a scale of 1”7 = 20’ to 1” = 100’
3. Existing floodplain limits for all major drainageways (see Section 3.2.3)

4. Existing contours at 2-foot maximum intervals. In mountain areas, a maximum interval of 5 feet may be used
if approved by Planning and Zoning. The contours should extend a minimum of 100 feet beyond the property
lines

5. Property lines and easements with purposes noted

6. Existing drainage facilities and structures, including irrigation ditches, street/roadside ditches, crosspans,
drainageways, gutter flow directions and culverts. All pertinent information such as material, size, shape, slope
and location should also be included

7. Overall historic drainage area boundary and drainage sub-area boundaries

8. Definition of flow path leaving the development through the downstream properties ending at a major drain-
ageway or adequate drainage facility

9. Legend to define map symbols (see Table 201 for symbol criteria)
10. Title block in lower right hand corner

B. Developed Drainage Conditions Plan: Map(s) of the proposed development at a scale of 1” = 20" to 1” = 100’
ona24” x 36” or 22" x 34” drawing will be included. The plan will show the following:

1. Boundary of the proposed development at a scale of 1” = 20" to 1” = 100'".

2. Existing and proposed contours at 2-feet maximum intervals. In mountain areas, the maximum interval is 5
feet. The contours should extend a minimum of 100 feet beyond the property lines.

3. Property lines and easements with purposes noted.
4. Streets, indicating ROW width, flowline width, curb type, sidewalk and approximate slopes.

5. Existing drainage facilities and structures, including irrigation ditches, street/roadside ditches, crosspans,
drainageways, gutter flow directions and culverts. All pertinent information such as material, size, shape, slope
and location will also be included.

6. Overall drainage area boundary and drainage sub-area boundaries.

7. Proposed type of street flow (i.e., vertical or combination curb and gutter), street/roadside ditch, gutter, slope
and flow directions and crosspans.

8. Proposed storm sewers and open drainageways, including inlets, manholes, culverts and other appurtenances,
including riprap protection.

9. Proposed outfall point for runoff from the developed area and facilities to convey flows to the final outfall
point without damage to downstream properties.

10. Proposed storm water quality facilities.

11. Routing and accumulation and flows at various critical points for the initial storm runoff listed on the drawing
using the format shown in Table 201.

12. Routing and accumulation of flows at various critical points for the major storm runoff listed on the drawing
using the format shown in Table 201.

13. Volumes and release rates for detention storage facilities and information on outlet works.
14. Location and elevations of all existing and proposed floodplains affecting the property.

15. Location and (if known) elevations of all existing and proposed utilities affected by or affecting the drainage
design.

16. Routing of on-site and off-site drainage flow through the development.

17. Definition of flow path leaving the development through the downstream properties ending at a major drain-
ageway or adequate drainage facility.

18. Legend to define map symbols (see Table 201 for symbol criteria).
19. Title block in lower right hand corner.
20. Detention Pond Summary as shown in Table 201.
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2.5 Abridged Drainage Report

When an applicant is requesting a stormwater detention variance, Planning and Zoning will accept an abridged
drainage report in lieu of a Phase III Drainage Report to determine the eligibility of the project for a stormwater
detention variance. If the stormwater detention variance is denied by Planning and Zoning, the applicant will be
required to submit a Phase III Drainage Report.

1. The standard engineer’s and developer’s certifications in Section 2.4.

2. Calculations demonstrating that the site meets the requirements in Section 3.3.6 and 3.3.7 for a stormwater
detention and water quality variance.

3. Calculations demonstrating that the project will be designed to carry surface and subsurface water to the near-
est adequate street/roadside ditch, storm drain and/or natural watercourse.

4. Hydraulic and hydrologic calculations for any required and existing drainage structures to demonstrate that
they meet the relevant provisions in these Criteria.

5. Calculations for any drainageways that impact the property and determination of the required easement width
and location.

6. Discussion of any other Phase III Drainage Report requirements that impact the property as deemed necessary
by Planning and Zoning.

2.6 Exception to the Requirement for a Drainage Report
Planning Engineering will accept a letter from the applicant stating that there will be no new construction in lieu
of a drainage report if all of the following conditions are met:

1. No increase in impervious area and no new construction.
2. The existing facilities on the site were constructed legally.
3. There are no drainageways that impact the property.

2.7 Construction Plans

Where drainage improvements are to be constructed, the final construction plans (24" x 36” or 22” x 34") will be
submitted with the Phase III Drainage Report. Approval of the final construction plans by Planning and Zoning
is a condition of issuing the construction permits. Four (4) copies of the approved plans will be submitted to the
County for file. The plans for the drainage improvements will include but are not limited to:

1. Storm sewers, inlets, outlets and manholes with pertinent elevations, dimensions, type and horizontal control
indicated.

2. Culverts, end sections and inlet/outlet protection with dimensions, type, elevations and horizontal control
indicated.

3. Channels, ditches and swales (including side/rear yard swales) with lengths, widths, cross-sections and erosion
control (i.e. riprap, concrete, grout) indicated.

4. Checks, channel drops, erosion control facilities.
5. Detention pond grading, trickle channels, outlets, forebay, micropool, overflow weir and landscaping.

6. Water Quality/Detention pond cross-section including a 100-year water surface elevation, EURV elevations,
micropool, forebay, outlet structure and 1-foot freeboard.

7. Stormwater quality facilities.

8. Other drainage related structures and facilities (including, alternative water quality BMP’s, underdrains and
sump pump lines).
9. Maintenance access considerations.

10. Overlot grading and erosion and sedimentation control plan (refer to the Jefferson County Zoning Resolution,
Land Disturbance).

11. The hydraulic grade line and energy grade line for all storm sewers will be shown on the profile sheets and
calculation included in the Phase III Drainage Report.
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The information required for the plans will be in accordance with sound engineering principles, these Criteria and
the County requirements for subdivision designs. Construction documents will include geometric, dimensional,
structural, foundation, bedding, hydraulic, landscaping and other details as needed to construct the storm drain-
age facility. The approved Phase III Drainage Plan will be included as part of the construction documents for all
facilities affected by the drainage plan. Construction plans will be signed by a registered professional engineer as
being in accordance with the County approved drainage report/drawings.

2.8 As-Built Drawings and Final Acceptance Certificate
As-built drawings for drainage facilities and grading will be submitted in accordance with the Development Agree-
ments, Warranties and Guarantees Section of the Regulation.

Table 201
Drawing Symbol Criteria and Hydrology

Review Table
A A = Basin Designation

qp B = Area in Acres
C = Composite Runoff Coefficients

D = Design Point Designation

- - - - Basin Boundary

Summary Runoff Table
(To be placed on drainage plan)

Design Point Contributing Area (Acres) Runoff 5 year (CFS) Peak 100 year (CFS)
XX XX o XX XX o X XX o X

Detention Pond Summary

Pond Number | 5-year 100 year Water Quality |Total 5-Year 100-year 100-Year
Detention Detention Volume Volume Release Rate |Release Rate |Water
Volume Volume Elevation

1 X XXX X XXX X XXX X XXX XX XX XXX X

2 X XXX X XXX X, XXX X XXX XX XX XXX X

3 X XXX X XXX X XXX X XXX XX XX XXX X

4 X XXX X XXX X XXX X XXX XX XX XXX X
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Chapter 3 - Drainage Policy

3.1 Introduction

The provisions for adequate drainage are necessary to preserve and promote the general health, welfare and eco-
nomic wellbeing of the County. Drainage is a regional feature that affects all governmental jurisdictions and all
parcels of property. This characteristic of drainage makes it necessary to formulate a program that balances both
public and private involvement. Overall coordination and master planning must be provided by the governmental
units most directly involved, but drainage must be integrated at a regional level.

When planning drainage facilities, certain underlying principles provide direction for the effort. These principles
are made operational through this set of policy statements. The application of the policy in turn is facilitated by
technical criteria and data.

3.2 Basic Principles

3.2.1 Multi-Purpose Resource
The county encourages the use of stormwater runoff as a multi-purpose resource and to require space allocation
for appropriate drainage facilities in the planning of new developments.

Stormwater runoff is a resource that is a subsystem of urbanization. This subsystem should be multi-purpose to
satisty the demands placed on water within urban development. The stormwater resource has the potential for
a beneficial use if it is compatible with adjacent land uses and Colorado Water Law. Examples of beneficial use
include groundwater infiltration and use in landscape features.

The planning of drainage facilities must be included in the development process. The provision for adequate
drainage becomes a competing use for space along with other land uses. If adequate provision is not made in a
land use plan for the drainage requirements, storm water runoff will conflict with other land uses and will result
in water damages and will impair or even disrupt the functioning of other urban systems.

Drainage facilities can fulfill other purposes aside from just drainage. Facilities that are not typically designed for
drainage, such as recreational areas and parking lots, can frequently be designed to provide water quantity and
quality benefits.

Elimination or reduction in the size of detention and/or retention facilities is preferred where acceptable ground-
water infiltration methods are used.

3.2.2 Water Rights

The county requires that analysis of impacts on water rights be included in the planning and design of proposed
drainage facilities.

When the drainage sub-system interferes with existing water rights, the value and use of the water rights are af-
fected. Drainageways and storage facilities frequently interrelate with water rights, which must be addressed when
planning new facilities to preserve their integrity.

3.2.3 Major Drainageway

The county defines a major drainageway as any drainage flow path with a tributary area of 130 acres or more.

3.3 Regional and Local Planning

3.3.1 Post Development Flow Conditions

The county encourages infiltration and for post development flow conditions to be in a manner and quantity
(flow rate) as to not do more harm than the predevelopment flow within the drainage basin, unless the owner/
developer can obtain approval and/or easements from the affected property owner(s).

Colorado follows the modified civil law rule that the owner of upstream property possesses a natural easement
on land downstream for drainage of surface water flowing in its natural course. Natural drainage conditions can
be altered by the owner of the upstream land provided the water is not sent down in a manner or quantity to do
more harm to the downstream land than formerly. During the development process, if water is allowed to flow
into the development in its historic manner and quantity and is discharged in the historic manner and quantity,
the alterations are generally acceptable. When the development alters the natural drainage into the development
in a manner or quantity that results in more harm to the downstream land, it may violate the modified civil law
rule. Likewise, if the development does not return the drainage to the natural drainage conditions or does so in a
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manner or quantity that results in more harm, it may violate the modified civil law rule. Development proposals
that violate the modified civil law rule will not be approved unless the owner/developer obtains approvals and/
or easements from the affected property owner(s).

3.3.2 Master Planning

The county requires that new developments comply with adopted regional drainage master plans.

As set forth in Section 3.2.1, drainage planning is required for all new developments. In recognition that drain-
age boundaries are non-jurisdictional, the County participates in the preparation of regional basin-wide master
plans. These plans define major drainage facilities, including those that are required public improvements for
new developments.

3.3.3 Drainage Problem Areas

The county requires offsite analysis and drainage facilities for development in a drainage problem area. A drain-
age problem area is an area where there is no downstream outfall to a street, roadside ditch, open channel or
storm sewer that meets the relevant requirements in these Criteria. The offsite analysis will address downstream
conditions at every point along the project site boundaries where stormwater runoff will exit the property.

The county allows stormwater retention in drainage problem areas only if there is no other viable option, in the
opinion of Planning and Zoning, available to resolve the drainage impact from the development. Stormwater
retention facilities must be designed to meet these criteria (storage).

There are areas within the County where significant drainage problems exist. Any new development in those
areas may compound the existing drainage problems. Depending on specific details of the drainage problem, the
following techniques for reducing or eliminating negative impacts have been used successfully:

Over-detention with reduced release rates
Downstream improvements to the drainage system
Reduction of impervious area

Infiltration water quality BMPs

e Stormwater retention

3.3.4 Public Improvements
The county requires the construction of improvements to the local drainage system and the major drainageway
as defined by the approved Phase I1I Drainage Report and plan for all development.

Public improvements associated with drainage may include improvements to both the local drainage system and
the major drainageway. The local drainage system consists of curb and gutter, inlets and storm sewers, culverts,
bridges, swales, ditches, channels, detention/retention areas and other drainage facilities required to convey the
minor and major storm runoff to the major drainageway. The major drainageway system consists of channels,
storm sewers, bridges, detention/retention areas and other facilities serving more than the development or prop-
erty in question, that may be impacted by the development.

3.3.5 Basin Transfer

The county does not allow the inter-basin transfer of storm drainage runoff and to maintain the historic
drainage path within the drainage basin. The transfer of drainage from basin to basin is a viable alternative
only in certain instances and will be reviewed on a case-by-case basis. When basin transfer is permitted, the
plan must achieve historic flow conditions at the confluence of the basins and meet the requirements of post
development flow conditions.

Colorado drainage law recognizes the inequity of transferring the burden on managing storm drainage from one
location or property to another. Liability questions also arise when the historic drainage continuum is altered.
The diversion of storm runoff from one basin to another should be avoided unless specific and prudent reasons
justify and dictate such a transfer. Prior to selecting a solution, alternatives should be reviewed. Planning and
design of stormwater drainage systems should not be based on the premise that problems can be transferred from
one location to another.

3.3.6 Stormwater Runoff Detention

The county requires that stormwater detention and/or retention be provided for all developments, unless a vari-
ance is granted as noted in the variance procedure below. The required minimum volume and maximum release
rates will be determined in accordance with the requirements of these criteria. Detention/retention volumes may
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be reduced with the incorporation of impervious area reduction methods identified in the stormwater quality
section. Regional detention and/or retention ponds may be used in satisfying storage requirements only if it
can be demonstrated that the pond(s) has adequate storage capacity and that the pond(s) has been designed
and constructed in accordance with the requirements of these Criteria.

Variance Procedure:

Planning and Zoning may grant an administrative variance of the detention and/or retention requirement. The
variance will only be considered if it is determined by Planning and Zoning that there are no cumulative effects
from previous variances in the development proximity and the applicant demonstrates the following:

1. For non-residential and multi-family residential development, and for single family residential development
with lot sizes less than five acres, cumulative impervious areas including the structures, streets/roads/driveways
(paved or unpaved) and parking areas, will not total more than 10,000 square feet. The development proposal will
restrict the allowable impervious area at the time of building permit issuance so that the maximum impervious
area established in the variance request is not exceeded.

2. For other residential development, cumulative impervious areas including the structures, streets/roads/drive-
ways (paved or unpaved) and parking areas, will not total more than 20,000 square feet. The development pro-
posal should restrict the allowable impervious area at the time of building permit issuance so that the maximum
impervious area established in the variance request is not exceeded.

In order for the variance to be approved, the applicant must submit an abridged drainage report as identified in
Section 2.5 of these Criteria. The abridged drainage report must address water quality as specified in the water
quality section below.

If it is determined, to the satisfaction of Planning and Zoning, that no new impervious area will result from a
development proposal, then a letter stating this information may be accepted in lieu of the requirement for sub-
mittal of a drainage report (reference Section 2.6 of these Criteria).

3.3.7 Stormwater Quality

The county requires BMPs to reduce stormwater quality pollution caused by development, unless a variance
is granted as noted in the variance procedure below. Regional water quality facilities may be used in satisfy-
ing the BMP requirements only if it can be demonstrated that the facility provides the required water quality
capture volume and that the facility has been designed and constructed in accordance with the requirements
of these Criteria.

Land development and human activities affect both the quantity and the quality of stormwater discharged to re-
ceiving waters. Development increases the volume of stormwater and the pollutants leaving the project property.
To remove pollutants, the collection and conveyance infrastructure must be supplemented with collection and
infiltration BMPs. The increase in impermeable areas such as rooftops, parking lots and paved areas decreases the
opportunity for stormwater to infiltrate and percolate into the ground, and the absence of vegetation allows for
increased flow velocity and sediment erosion.

To mitigate the negative effects of land development on stormwater quality, stormwater quality improvement
BMPs are required. Refer to the Manual for BMPs and design specifications.

Variance Procedure:

Planning and Zoning may grant an administrative variance of the requirement for a Step 1 and/or Step 2 BMP.
The variance will only be considered if all of the following apply:

1. A variance of the detention and/or retention requirement is approved.
2. The project disturbs less than one acre of ground.
3. The project is not part of a larger common plan of development or sale.

A common plan of development or sale is a site where multiple separate and distinct construction activities may
be taking place at different times on different schedules, but still under a single plan. Examples include:

1. Phased projects and projects with multiple filings or lots, even if the separate phases or filings/lots will be
constructed under separate contracts or by separate owners (e.g., a development where lots are sold to separate
builders).

2. A development plan that may be phased over multiple years, but is still under a consistent plan for long-term
development.
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3. Projects in a contiguous area that may be unrelated but still under the same contract, such as construction of
a building extension and a new parking lot at the same facility.

3.3.8 Floodplain Management
The county requires developments that impact floodplains to comply with the floodplain regulations of the
Zoning Resolution and Regulation.

Although in many circumstances it may be desirable to leave the floodplain in its natural state, it is evident that
development in areas encumbered by floodplains often results in alterations within the floodplain limits. The
County has adopted floodplain regulations as part of its Zoning Resolution and the Regulation. These regulations
should be referenced when alterations within floodplains are proposed.

3.3.9 Operations and Maintenance

The county requires that maintenance access be provided to all storm drainage facilities to assure continuous
operational capability of the system. The property owner is responsible for the maintenance of all drainage
facilities including inlets, pipes, culverts, channels, ditches, hydraulic structures and detention basins located
on their land unless modified by the development improvements agreement. Should the owner fail to adequately
maintain said facilities, the county will have the right to enter said land for the purposes of operations and
maintenance. All such maintenance costs will be assessed to the property owner. Where floodplains or major
drainageway improvements, are in whole or in part within the UD&FCD boundary, the approval by UD&FCD
is required to assure UD&FCD maintenance eligibility.

An important part of all storm drainage facilities is the continued maintenance of the facilities to ensure they will
function as designed. Maintenance responsibility lies with the owner of the land, except as modified by specific
agreement. Maintenance responsibility will be delineated on Plats and Final Development Plans. Maintenance access
for detention ponds must be adequate for maintenance and be shown on the Plats and Final Development Plans.

3.3.10 Drainage Easement Requirements

Drainage easements are required for all onsite drainage facilities and for offsite drainage facilities in accordance
with Section 3.3.1. All drainage easements must be dedicated to Jefferson County in a form acceptable to the
County Attorney’s office and must be shown on plats and/or final development plans. The county has the right
to access drainage easements, and the right, but not the obligation, of construction and/or maintenance within
drainage easements. Drainage easements will be kept clear of obstructions to the flow and/or obstructions to
maintenance access.

The easement requirements are indicated on the following table.

Drainage Facility | Drainage Easement Width
1. | Storm Sewer/Subsurface Groundwater Collection System Mains /Interceptor
(a) Underdrains less than 36" dia. 20
(b)Underdrains equal to or greater than 36" dia. Twice the pipe invert depth with sewer placed within the middle

third of the easement (minimum width = 20)

2. | Open Channel/Swales
(a) @, less than 1 cfs 5’ minimum

(b) G, , greater than or equal to 1 cfs and/or less than or| 15" minimum
equal to 20 cfs

(c) @100 greater than 20 cfs 13" minimum (must accommodate Q,, plus one foot of freeboard
and required access)
3. | Detention/Retention/Water Quality Ponds/MPLDs As required to contain storage and associated facilities plus
adequate maintenance access to the pond and around perimeter.
4. | Along Side Lot Lines for Single-family Residential 9" minimum, centered on the lat line.

Subdivisions as required.

3.3.11 Storage Facilities

The policy of the county is to:

1. Restrict development to areas outside of the reservoir’s high water line created by the design flood for the
emergency spillway.

2. Restrict development to areas outside of the high water line created by the breach of a dam (excepting
existing Class 1 classified dams). If the development proposal is to improve the existing dam to a Class 1 clas-
sification, plans must be approved by the reservoir owner and dam safety branch of the Colorado Division of
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Water Resources. The improvements to the dam must be completed, inspected and approved prior to any build-
ing permit within the boundary of the plat. All construction plans required to improve a dam to a class 1, as
indicated above, is the responsibility of the developer.

3. Require developments downstream of a Class 2 dam to have the dam safety branch of the Colorado Division
of Water Resources determine if the proposed development is within the high-water line created by the breach
of dam. For developments downstream of a Class 3 or Class 4 dam, a breach of dam study may be required to
determine the limits of the breach of dam if the dam safety branch of the Colorado Division of Water Resources
does not have the information available. The dam safety branch of the Colorado Division of Water Resources
must approve the required study.

4. Restrict development to areas outside emergency spillway paths, beginning at the dam and proceeding to
the point where the flood water returns to the natural drainage course.

The problem of dam safety and the related hazard of the emergency spillways has been brought to the attention
of the public by nationwide dam failures, and is the subject of a National Dam Safety Program by the federal
government. Jurisdictional dams are classified by the State Engineer as high, moderate, low or Class 1 to Class 4
structures depending on conditions downstream. Dams are classified as high hazard or Class 1 structures when,
in the event of failure, there is a potential loss of life. Dams presently rated as low to moderate or Class 2 to Class
4 hazard structures may be changed to higher hazard rating if development occurs within the potential path of
flooding due to a dam breach. In this case, the reservoir owners would be liable for the cost of upgrading the
structure to meet the higher hazard classification.

3.3.12 Inadvertent Detention Storage

The county does not assume any reduction in peak flows for inadvertent stormwater storage created by em-
bankments with undersized culverts when calculating downstream flows, unless such detention is covered by
agreement with the county and is designed and constructed in accordance with these Criteria.

The county does not assume any reduction in peak flows for inadvertent stormwater storage due to privately
owned non-flood-control reservoirs. For publicly owned water storage reservoirs, with the approval of the owner,
only detention storage above the spillway crest can be used in the calculation of downstream flows.

3.3.13 Irrigation Facilities
The policies of the county are as follows:

1. To require development to direct storm runoff into historic and natural drainageways and avoid discharg-
ing into irrigation ditches, unless the discharge is approved by the ditch company or equivalent entity.

2. Whenever development will alter patterns of the storm drainage into irrigation ditches by increasing flow
rates, volumes or changing points of concentration, the written consent from the ditch company or equivalent
entity is required.

3. The discharge of runoff into the irrigation ditch will be approved only if such discharge is consistent with
an adopted master drainage plan and is in the best interest of the county.

4. Whenever irrigation ditches cross major drainageways within the developing area, the developer is required
to design and construct the appropriate structures to separate storm runoff from ditch flows subject to the
condition noted in Policy 3 above.

5. Whenever physical modifications and/or relocation of irrigation ditches are proposed in conjunction with
development, written consent from the ditch company or equivalent entity will be submitted. Relocated irriga-
tion ditches will not be placed in public rights-of-way except for crossings of public right-of-way that are at
right angles or as close to right angles as possible.

6. If storm water is carried within an irrigation ditch, a drainage easement will be dedicated to the county
and will meet the easement width set forth in Section 3.3.10 of these Criteria. An irrigation ditch easement
will be dedicated within the development boundary at the discretion of the ditch company or equivalent entity.
The irrigation ditch easement agreement will address the relinquishment of any irrigation ditches that will be
abandoned within the development boundary.

7. If an irrigation ditch is abandoned or terminated by the ditch company or equivalent entity, said ditch is
deemed to be a natural drainageway. Modifications or alterations to the abandoned or terminated ditch are
only allowed subject to approval by Jefferson County in accordance to these Criteria.
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8. To assume that an irrigation ditch does not intercept the storm runoff from the upper basin and that the
upper basin is tributary to the basin area downstream of the ditch. The physical aspects of a bermed irrigation
ditch structure within a development will be analyzed to determine any drainage impacts of new development.

There are many irrigation ditches and reservoirs in the county area. The ditches and reservoirs have historically
intercepted the storm runoff from the rural and agricultural type basins, generally without major problems. With
urbanization of the basins, however, the storm runoff has increased in rate, quantity and frequency, as well as
changes in water quality. The irrigation facilities can no longer be utilized indiscriminately as drainage facilities
and, therefore, policies have been established to achieve compatibility between urbanization and the irrigation
facilities.

In evaluating the interaction of irrigation ditches with a major drainageway for the purpose of basin delineation,
the ditch should not be utilized as a basin boundary due to the limiting flow capacity of the ditch. The ditches
will generally be flowing full or near full during major storms; therefore, the tributary basin runoff would flow
across the ditch.

[rrigation ditches are designed with flat slopes and limited carrying capacity, which decreases in the downstream
direction. As a general rule, irrigation ditches cannot be used as an outfall point for the storm drainage system
because of these physical limitations. In addition, certain ditches are abandoned after urbanization and could not
be successfully utilized for storm drainage.

In certain instances irrigation ditches have been successfully utilized as outfall points for the initial drainage
system, but only after a thorough hydrological and hydraulic analysis. Since the owner’s liability from ditch fail-
ure increases with the acceptance of storm runoff, the responsibility must be clearly defined before a combined
system is approved.

3.4 Planning and Design

3.4.1 Minor and Major Drainage System
The county requires that all development include the planning, designing and implementation for both the
minor and major drainage systems.

The county requires that all minor drainage systems be sized without accounting for peak flow reductions from
on-site detention, unless otherwise approved by Planning and Zoning.

Every urban area has two separate and distinct drainage systems, whether or not they are actually planned or
designed. One is the Minor Drainage System and the other is the Major Drainage System, which are combined to
form the Total Drainage System.

The Major Drainage System is designed to convey runoff from the 100-year recurrence interval flood to minimize
health and life hazards, damage to structures and interruption to traffic and services. Major storm flows can be
carried in the urban street system (within acceptable depth criteria), channels, storm sewers and other facilities.

The Minor Drainage System is designed to transport the runoff from five-year frequency events with a minimum
disruption to the urban environment. Minor storm drainage can be conveyed in the curb and gutter area of the
street or street/roadside ditch (subject to street classification and capacity) by storm sewer, channel or other con-
veyance facility.

3.4.2 Storm Runoff

The county allows storm runoff to be determined by either the Rational method or the Colorado Urban Hydro-
graph Procedure (CUHP), within the limitations as set forth in these criteria. For basins larger than 160 acres,
the peak flows and volumes will be determined by CUHP.

3.4.3 Streets
The county allows the use of streets for drainage within certain limitations as defined in these Criteria.

Streets are an integral part of the urban drainage system and may be used for transporting storm runoff up to
design limits. The engineer should recognize that the primary purpose of streets is for traffic, and therefore the
use of streets for storm runoff must be restricted.

3.4.4 Floodproofing Existing Structures
The county encourages the floodproofing of existing structures not in conformance with the adopted floodplain
regulations by utilizing the criteria presented in the "Homeowners Guide to Retrofitting, FEMA".
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Floodproofing can be defined as those measures which reduce the potential for flood damages to existing proper-
ties within a floodplain. The floodproofing measures can range from elevating structures to intentional flooding of
noncritical building spaces to minimize structural damages. Floodproofing measures are only a small part of good
floodplain management which encourages wise floodplain development to minimize the adverse effects of floods.

Chapter 4 - Floodplain Regulations

As set forth in the Floodplain Overlay District of the Zoning Resolution and the Regulation, the regulation of
floodplains is necessary to preserve and promote the general health, welfare and economic well being of the region.

Chapter 5 - Rainfall

5.1 Introduction

Presented in this section are the design rainfall data to be used with the CUHP and the Rational Method. All
hydrological analysis within the jurisdiction of these Criteria will utilize the rainfall data presented herein for
calculating storm runoff.

The design storms and time intensity frequency curves for the County were developed using the rainfall data and
procedures presented in the Manual and are presented herein for convenience.

5.2 Jefferson County Rainfall Zones

5.2.1 Description of the Zones

A review of the isopluvial maps presented in the NOAA Atlas for Colorado shows that Jefferson County can be
divided into four rainfall zones. Within each zone, the precipitation values for various return periods and dura-
tion storms up to 0.4 inch within a small area of the County. These zones are delineated on Figure-501 and are
discussed below:

Zone 1: Covers the area from the east Jefferson County line to the 6000-foot contour at the foothills boundary.
The point rainfall values in this zone vary less than 0.4 inch for return periods from 2-year to 100-year and for
storm durations from 1 hour to 6 hours.

Zone lIA: Covers the area from the 6000-foot contour to the 7500-foot contour and generally represents the foothills
of the front range. The point rainfall values in this zone decrease from east to west by less than 0.3 inch for the
storm durations and return periods noted.

Zone lIB: Covers the area from the 7500-foot contour to a line defined by the South Platte drainage basin tributary
to the town of South Platte. The point rainfall values in this zone decrease from east to west by less than 0.4 inch.

Zone lll: Covers the area tributary to the South Platte River at the town of South Platte and is bounded on the south
and west by the County lines. The point rainfall values in this zone vary by less than 0.4 inch.

5.2.2 Selecting the Rainfall Zone

Since some of the drainage basins will include areas from more than one zone, the following criteria will be used
to select the design rainfall and intensity date. Basin area refers to the actual basin or sub-basin for which storm
runoff information is being calculated and not necessarily the entire watershed area.

a. If 50 percent or more of the basin area lies in a given zone, the data for that zone will be used.
b. For those basins within three rainfall zones, the zone data with the largest basin area will be used.

5.3 Colorado Urban Hydrograph Procedure Design Storms

For drainage basins less than five square miles, a two-hour storm distribution without area adjustment of the point
rainfall values will be used for the CUHP. For drainage basins between five and ten square miles, a two-hour storm
distribution is used but the incremental rainfall values are adjusted for the large basin area in accordance with
suggested procedures in the NOAA Atlas for Colorado. The adjustment is an attempt to relate the average of all
point values for a given duration and frequency within a basin to the average depth over the basin for the same
duration and frequency. For drainage basins between ten and twenty square miles, a three-hour storm duration
with adjustment for area will be used. The distribution for the last hour was obtained by uniformly distributing
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the difference between the two and three-hour point rainfall values. The adjustment for area was obtained from
the NOAA Atlas for Colorado. The incremental rainfall distributions for all basin areas up to 20 square miles are
presented in Table S02A through Table 502D.

5.4 Time-Intensity-Frequency Curves
The Time-Intensity-Frequency curves for each zone were developed by distributing the one-hour point rainfall
values (Table 501) using the factors obtained from the NOAA Atlas presented below:

Factors for Durations of Less Than One Hour

Duration (minutes)

5

10

15 30

Ratio to one hour depth

0.29

0.45

0.57 0.79

Source: NOAA Atlas 2, Volume Ill, Colorado 1973
The point values were then converted to intensities and plotted on Figure 502. The data are also presented in

Table 503.
Table 501

Design Point Rainfall Values

One-Hour Point Rainfall (In.)
County Zone |2-Year 5-Year 10-Year 50-Year 100-Year
Jefferson | 1.02 1.42 1.68 2.32 2.66
Jefferson IIA  [0.95 1.33 1.57 2.17 2.48
Jefferson IIB | 0.85 1.18 1.39 1.93 2.20
Jefferson lll 0.73 1.06 1.26 1.79 2.06
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Table 502A
CUHP Design Storm for Zone | - Incremental Rainfall Depth/Return Period

Basins Less Than 5 Sq. Miles Basins Between 5 and 10 Sqg. Miles  |Basins Between 10 and 20 Sqg. Miles
Time**|2-Yr* |5-Yr* [10-Yr*|50-Yr*|100-Yr* |2-Yr* |5-Yr* [10-Yr*|50-Yr*|100-Yr* (2-Yr* (5-Yr* [10-Yr*|50-Yr*|100-Yr*
5 0.02 |0.03 [0.03 |0.03 |0.03 0.02 |0.03 |0.03 |0.03 |0.03 0.02 |0.03 |[0.03 |0.03 |0.03
10 |0.04 |0.05 |0.06 |0.08 |0.08 0.04 |0.05 |0.06 |0.08 |0.08 0.04 |0.05 |0.06 |0.08 |0.08
15 |0.09 |0.12 |0.14 |0.12 |0.12 0.08 |0.12 |0.14 |0.12 |0.12 0.09 |0.12 |0.14 |0.12 |0.12
20 |0.16 |0.22 |0.25 |0.19 |0.21 0.16 |0.21 |0.24 |0.19 |0.21 0.15 |0.20 |0.23 |0.19 |0.21
25 |0.26 |0.36 |0.42 |0.35 |0.37 0.24 |0.35 |0.40 |0.34 |0.36 0.23 |0.32 |[0.38 |0.32 |0.33
30 |0.14 |0.18 |0.20 |0.58 |0.67 0.14 |0.17 |0.18 |0.56 |0.64 0.13 |0.16 |0.18 |0.52 |0.60
35 |0.06 |0.08 |0.08 |0.28 |0.37 0.06 |0.08 |0.09 |0.24 |0.36 0.06 |0.08 |[0.08 |0.25 |0.33
40 |0.05 |0.06 |0.07 |0.19 |0.21 0.05 |0.06 |0.07 |0.19 |0.21 0.05 |0.06 |0.07 |0.19 |0.21
45 |0.03 |0.05 |0.0B8 |0.12 |0.16 0.03 |[0.05 |0.068 |0.12 |0.16 0.03 |0.05 |[0.06 |0.12 |0.16
50 |0.03 |0.05 |0.05 |0.12 |0.13 0.03 |0.05 |0.05 |0.12 |0.13 0.03 |0.05 |0.05 |0.12 |0.13
55 |0.03 |0.04 |0.05 |0.07 |0.11 0.03 |0.04 |0.05 |0.07 |0.11 0.03 |0.04 |[0.05 |0.07 |0.11
60 |0.03 |0.04 |0.05 |0.07 |0.11 0.03 |0.04 |0.05 |0.07 |0.11 0.03 |0.04 |0.05 |0.07 |0.1M
65 |0.03 |0.04 |0.05 |0.07 |0.11 0.03 |0.04 |0.05 |0.07 |0.11 0.03 |0.04 |0.05 |0.07 |0.11
70 |0.02 |0.04 |0.05 |0.06 |0.05 0.02 |[0.04 |0.05 |0.06 |0.05 0.02 |0.04 |[0.05 |0.06 |0.05
75 |0.02 |0.03 |0.05 |0.06 |0.05 0.02 |0.03 |[0.05 |0.06 |0.05 0.02 |0.03 |0.05 |0.068 |0.05
80 |0.02 |0.03 |0.04 |0.04 |0.03 0.02 |0.03 |0.04 |0.04 |0.03 0.02 |0.03 |[0.04 |0.04 |0.03
85 |0.02 |0.03 |0.03 |0.04 |0.03 0.02 |0.03 |[0.03 |0.04 |0.03 0.02 |0.03 |0.03 |0.04 |0.03
80 |0.02 |0.03 |0.03 |0.03 |0.03 0.02 |0.03 |0.03 |0.03 |0.038 0.02 |0.03 |[0.03 |0.03 |0.03
85 |0.02 |0.03 |0.03 |0.03 |0.03 0.02 |0.03 |0.03 |0.03 |0.03 0.02 |0.03 |0.03 |0.03 |0.03
100 |0.02 |0.02 |0.03 |0.03 |0.03 0.02 |0.02 |0.03 |0.03 |0.03 0.02 |0.02 |[0.03 |0.03 |0.03
105 |0.02 |0.02 |0.03 |0.03 |0.03 0.02 |0.02 |0.03 |0.03 |0.03 0.02 |0.02 |[0.03 |0.03 |0.03
110 |0.02 |0.02 |0.03 |0.03 |0.03 0.02 |0.02 |0.03 |0.03 |0.03 0.02 |0.02 [0.03 |0.03 |0.03
115 |0.01 |0.02 |0.03 |0.03 |0.03 0.01 |0.02 |0.03 |0.03 |0.03 0.02 |0.02 |[0.03 |0.03 |0.03
120 |0.01 |0.02 |0.02 |0.03 |0.03 0.01 |0.02 |0.02 |0.03 |0.03 0.01 |0.02 |0.02 |0.03 |0.038
125 0.01 |0.02 |0.02 |0.03 |0.03
130 0.01 |0.02 |0.02 |0.03 |0.03
135 0.01 |0.02 |0.02 |0.03 |0.03
140 0.01 |0.02 |0.02 |0.02 |0.03
145 0.01 |0.01 |0.02 |0.02 |0.03
150 0.01 |0.01 |0.01 |0.02 |0.02
155 0.01 |0.01 |0.01 |0.02 |0.02
160 0.01 |0.01 |0.01 |0.02 |0.02
165 0.01 |0.01 |0.01 |0.01 |0.02
170 0.01 |0.01 |0.01 |0.01 |0.01
175 0.01 |0.01 |0.01 |0.01 |0.01
180 0.01 |0.01 |0.01 |0.01 |0.01
Total |1.17 |1.61 |1.89 |2.68 |3.05 1.15 |1.58 |1.85 |2.61 |3.00 1.25 |1.69 |1.98 |2.79 |3.16

**Time in minutes
*Rainfall in inches
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Table 502B
CUHP Design Storm For Zone lIA - Incremental Rainfall Depth/Return Period

Basins Less Than 5 Sq. Miles Basins Between 5 and 10 Sg. Miles  |Basins Between 10 and 20 Sq. Miles
Time**|2-Yr* [5-Yr* |10-Yr*|50-Yr*|100-Yr* |2-Yr* (5-Yr* [10-Yr*|50-Yr*|100-Yr*|2-Yr* |5-Yr* |10-Yr*|50-Yr*|100-Yr*
5 0.02 |0.03 |0.03 |0.03 |0.02 0.02 |0.03 |0.03 |0.03 |0.02 0.02 |0.03 |0.03 |0.03 |0.02
10 |0.04 |0.05 |0.06 |0.08 |0.07 0.04 |0.05 |[0.06 |0.08 |0.07 0.04 |[0.05 |0.06 |0.08 |0.07
15 |0.08 [0.12 |0.13 |0.11 |0.11 0.08 |0.12 |0.13 [0.11 [0.11 0.08 |0.12 |0.13 [0.11 |0.11
20 |0.15 |0.20 |0.24 |0.17 |0.20 0.14 |0.20 |0.23 |0.177 |0.eO |0.14 |0.18 |0.21 |0.17 |0.20
25 |0.24 |0.33 |0.39 |0.33 |0.35 0.23 |0.32 |0.38 |0.31 |0.33 0.22 |0.30 |0.35 |0.29 |0.32
30 |0.13 |0.17 |[0.19 |0.54 |0.62 0.12 |0.17 |0.18 |0.52 |0.BO |0.12 |0.15 |0.17 |0.49 |0.56
35 |0.06 |0.08 |[0.09 |0.26 |0.35 0.06 |0.08 |[0.08 |0.25 |0.33 0.06 |0.08 |0.0S |[0.23 |0.31
40 |0.05 |0.06 |0.07 |0.17 |0.20 0.05 |0.06 |0.07 |0.177 |0.eO |0.05 |0.06 |0.07 |0.17 |0.20
45 10.03 |0.05 |0.068 |0.11 |0.15 0.03 |[0.05 |[0.068 [0.11 |0.15 0.03 |0.05 |0.06 [0.11 |0.15
50 |0.03 |0.05 |[0.05 |0.11 |0.12 0.03 |0.05 |0.05 |0.11 |0.12 0.03 |[0.05 |0.05 [0.11 |0.12
55 |0.03 |0.04 |[0.05 |0.07 |0.10 0.03 |[0.04 |[0.05 |0.07 |0.10 |0.03 |0.04 |0.0O5 |0.07 |0.10
60 |0.03 |0.04 |[0.05 |0.07 |0.10 0.03 |0.04 |0.05 |0.07 |0.10 |0.03 |[0.04 |0.05 |0.07 |0.10
65 |0.03 |0.04 |[0.05 |0.07 |0.10 0.03 |[0.04 |[0.05 |0.07 |0.10 |0.02 |0.04 |0.05 |0.07 |0.10
70 |0.02 |0.04 |[0.05 |0.05 |0.05 0.02 |[0.04 |0.05 |0.05 |0.05 0.02 |0.04 |0.05 |0.05 |0.05
75 |0.02 |0.03 |[0.05 |0.05 |0.05 0.02 |0.03 |[0.05 |0.05 |0.05 0.02 |[0.03 |0.05 |0.05 |0.05
80 |0.02 |0.03 |[0.04 |0.04 |0.03 0.02 |0.03 |0.04 |0.04 |0.03 0.02 |0.03 |0.04 |0.04 |0.03
85 |0.02 |0.03 |[0.03 |0.04 |0.03 0.02 |0.03 |[0.03 |0.04 |0.03 0.02 |0.03 |0.03 |0.04 |0.03
90 |0.02 |0.03 |[0.03 |0.03 |0.03 0.02 |0.03 |[0.03 |0.03 |0.03 0.02 |0.03 |0.03 |0.03 |0.03
95 |0.02 |0.03 |[0.03 |0.03 |0.03 0.02 |0.03 |0.03 |0.03 |0.03 0.02 |0.03 |0.03 |0.03 |0.03
100 |0.02 |0.02 |0.03 |0.03 |0.03 0.02 |0.02 |[0.03 |0.03 |0.03 0.02 |0.02 |0.03 |0.03 |0.03
105 |0.02 |0.02 |0.03 |0.03 |0.03 0.02 |0.02 |0.03 |0.03 |0.03 0.02 |0.02 |0.03 |0.03 |0.03
1710 |0.02 |0.02 |0.03 |0.03 |0.03 0.02 |0.02 |[0.03 |0.03 |0.03 0.02 |0.02 |0.03 |0.03 |0.03
115 |0.01 |0.02 |0.03 |0.03 |0.03 0.01 |0.02 |0.03 |0.03 |0.03 0.02 |0.02 |0.03 |0.03 |0.03
120 |0.01 |0.02 |0.02 |0.03 |0.03 0.01 |0.02 |0.02 |0.03 |0.03 0.01 |0.02 |0.02 |0.03 |0.03

125 0.01 |0.02 |0.02 |0.02 |0.02
130 0.01 |0.01 |0.0,2 |0.02 |0.02
135 0.01 |0.01 |0.01 |0.02 |0.02
140 0.01 |0.01 |0.01 |0.02 |0.02
145 0.01 |0.01 |0.01 |0.02 |0.02
150 0.01 |0.01 |0.01 |0.02 |0.02
155 0.01 |0.01 |0.01 |0.01 |0.02
160 0.01 |0.01 |0.01 |0.01 |0.02
165 0.00 |[0.01 |0.01 |0.01 |0.O1
170 0.00 |[0.01 |0.01 |0.01 |0.O1
175 0.00 |[0.00 |0.01 |0.01 |0.01
180 0.00 |[0.01 |0.0O [0.01 |0.O1

Total |1.12 [{1.55 |1.83 |2.516 |2.86 1.09 |1.54 |1.80 |2.46 |2.80 |1.15 |[1.59 (1.87 |2.57 |2.93

**Time in minutes
*Rainfall in inches
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Table 502C
CUHP Design Storm For Zone lIB - Incremental Rainfall Depth/Return Period

Basins Less Than 5 Sq. Miles Basins Between 5 and 10 Sqg. Miles Basins Between 10 and 20 Sq. Miles
Time**|2-Yr* |5-Yr* [10-Yr*|50-Yr*|100-Yr*/2-Yr* [5-Yr* |10-Yr*|50-Yr*|100-Yr*|2-Yr* |5-Yr* (10-Yr*|50-Yr*|100-Yr*
5 0.02 |0.02 |0.03 |0.03 |0.03 |0.02 |0.02 |0.0O3 |0.03 |0.03 |0.02 |0.02 |0.03 |0.03 |0.03
10 |0.03 |0.04 |0.05 |0.07 |0.07 |0.03 |0.04 |0.05 |0.08 |0.07 |0.03 |0.04 |0.05 |0.07 |0.07
175 |0.07 |0.170 |0.11 |0.10 |0.10 |0.07 |0.170 |0.11 |0.12 |0.10 |0.07 |0.10 |0.11 |0.10 |0.10
20 |0.14 |0.18 |0.21 |0.15 |0.18 |0.13 |0.17 |0.20 |0.19 |0.18 |0.12 |0.16 |0.19 |0.15 |0.18
25 |0.21 |0.30 |0.35 |0.28 |0.31 0.20 |0.29 |0.33 |0.34 |0.30 |0.19 |0.27 |0.31 |0.26 |0.28
30 |0.12 |0.15 |0.17 |046 |055 |0.11 |0.15 |0.16 |0.56 |0.53 |0.11 |0.14 |0.15 |0.43 |0.50
35 |0.05 |0.07 |0.08 |0.22 |0.31 0.05 |0.07 |0.08 |0.24 |0.30 |0.05 |0.07 |0.08 |0.21 |0.28
40 |0.04 |0.05 |0.O6 |0.15 |0.18 |0.04 |0.05 |0.0B |0.19 |0.18 |0.04 |0.05 |[0.06 |0.15 |0.18
45 |0.03 |0.04 |0.0O5 |0.10 |0.14 |0.03 |0.04 |[0.0O5 |0.12 |0.14 |0.03 |0.04 |0.0O5 |0.10 |0.14
50 |0.03 |0.04 |[0.04 |0.10 [0.11 0.03 |0.04 |0.04 |0.12 [0.11 0.03 |0.04 |0.04 |0.10 |0.11
55 |0.03 |0.04 |[0.04 |0.0OB |0O.09 |0.03 |0.04 |O.O4 |0.07 |0.09 |0.03 |0.04 |0.04 |0.08 |0.08
60 |0.03 |0.04 |0.04 |0.0OB |0.09 |0.03 |0.04 |0.04 |0.O07 |0.0OS |0.03 |0.O4 |0.04 |0.068 |0.09
65 |0.03 |0.04 |[0.04 |0.0B |0.09 |0.03 |0.04 |0.O4 |0.07 |0.09 |0.03 |0.04 |0.04 |0.08 |0.09
70 |0.02 |0.04 |[0.04 |[0.0O5 |0.04 |0.02 |0.04 |O.04 |O.OB |0.04 |0.02 |0.04 |0.04 |0.05 |0.04
75 |0.02 |0.03 |[0.04 |0.05 |0.04 |0.02 |0.03 |0.04 |0O.0OB |0.04 |0.02 |0.03 |0.04 |0.05 |0.04
80 |0.02 |0.03 |[0.03 |0.03 |0.0O3 |0.02 |0.03 |0.03 |0.04 |0.03 |0.02 |0.03 |0.03 |0.03 |0.03
85 |0.02 |0.03 |0.03 |0.03 |0.03 |0.02 |0.03 |0.03 |0.0O4 |0.03 |0.02 |0.03 |0.03 |0.03 |0.03
890 |0.02 |0.03 |[0.03 |0.03 |0.0O3 |0.02 |0.03 |0.O3 |0.03 |0.03 |0.02 |0.03 |0.03 |0.03 |0.03
g5 |0.02 |0.03 |[0.03 |0.03 |0.0O3 |0.02 |0.03 |0.03 |0.03 |0.03 |[0.02 |0.03 |0.03 |0.03 |0.03
100 |0.02 |0.02 |0.03 |0.03 |0.03 |[0.02 |0.02 |[0.03 |0.03 |0.03 |0.02 |0.02 |0.03 |0.03 |0.03
105 |0.02 |0.02 |0.03 |0.03 |0.03 |0.02 |0.02 |0.03 |0.03 |0.03 |0.02 |0.02 |0.03 |0.03 |0.03
110 |0.02 |0.02 |0.03 |0.03 |0.03 |0.02 |0.02 |[0.03 |0.03 |0.03 |0.02 |0.02 |0.03 |0.03 |0.03
115 |0.01 |0.02 |0.02 |0.03 |0.03 |0.01 |0.02 |0.02 |0.03 |0.03 |0.01 |0.02 |0.02 |0.03 |0.03
120 |0.01 |0.02 |0.02 |0.03 |0.03 |[0.01 |0.02 |[0.02 |0.03 |0.03 |0.01 |0.02 |0.02 |0.03 |0.03
125 0.01 |0.01 |0.02 |0.02 |0.02
130 0.01 |0.01 |0.02 |0.02 |0.02
135 0.01 |0.01 |0.02 |0.02 |0.02
140 0.01 |0.01 |0.01 |0.02 |0.02
145 0.01 |0.01 |0.01 |0.01 |0.02
150 0.01 |0.01 |0.01 |0.01 |0.07
155 0.01 |0.01 |0.01 |0.01 |0.07
160 0.00 |0.01 |0.01 |0.01 |0.01
165 0.00 |0.01 |0.01 |0.01 |0.07
170 0.00 |0.00 |0.01 |0.01 |0.07
175 0.00 |0.00 |0.01 |0.01 |0.07
180 0.00 |0.00 |0.01 |0.01 |0.07
Total |1.03 |1.40 (1.60 |2.21 |2.60 |1.00 |1.38 |1.56 |2.61 |2.56 |1.05 |1.43 (1.67 |2.31 |2.66

**Time in minutes
*Rainfall in inches
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Table 502D
CUHP Design Storm For Zone lll - Incremental Rainfall Depth/Return Period

Basins Less Than 5 Sq. Miles Basins Between 5 and 10 Sq. Miles |Basins Between 10 and 20 Sqg. Miles
Time**|2-Yr* |5-Yr* |10-Yr*|50-Yr*|100-Yr*|2-Yr* |5-Yr* [10-Yr*|50-Yr*|100-Yr*|2-Yr* [5-Yr* |10-Yr*|50-Yr*|100-Yr*
5 0.01 |0.02 |0.03 |0.02 |0.02 0.01 |0.02 |0.03 |0.02 |0.02 |0.01 |0.02 |0.03 |0.02 |0.02
10 |0.03 |0.04 |0.05 |0.06 |[0.06 0.03 |0.04 |0.05 |0.0OB |0.0OB |0.03 |0.04 |0.O5 |0.0B8 |0.06
15 0.06 |0.09 |0.10 |0.179 |0.09 |0.06 |0.09 |0.10 |0.09 |0.09 |0.06 |0.09 |0.10 |0.09 |0.09
20 |0.12 |0.16 |0.19 |0.14 |0.16 0.11 |0.16 |0.18 |0.14 |0.16 |0.11 |0.14 |0.17 |0.14 |0.16
25 0.18 |0.27 |0.32 |0.27 |0.29 |0.18 |0.26 |0.31 |0.26 |0.28 |0.16 |0.24 |0.29 |0.24 |0.26
30 |0.10 |0.14 |0.15 |0.45 |0.52 0.10 |0.13 |0.14 |0.43 |0.50 |0.09 |0.13 |0.14 |0.41 |0.47
35 0.05 |0.06 |0.07 |0.21 |0.29 0.05 |0.06 |0.07 |0.20 |0.28 |0.05 |0.06 |0.07 |0.19 |0.26
40 |0.04 |0.05 |[0.05 |0.14 |0.186 0.04 |0.05 |[0.05 |0.14 |0.16 |0.04 |0.05 |0.05 |0.14 |0.16
45 0.02 |[0.04 |[0.05 |0.09 |0.13 0.02 |0.04 |0.05 |0.0S |0.13 |0.02 |0.04 |0.O5 |0.0S |0.13
50 |0.02 |0.04 |0.04 |0.09 |0.10 |0.02 |0.04 |[0.04 |0.08 |10 |0.02 |0.04 |0.04 |0.0S |0.10
55 0.02 |0.03 |[0.04 |0.08 |0.08 0.02 |0.03 |0.04 |0.0OB |0.08 |0.02 |0.03 |0.04 |0.0B |0.08
60 |0.02 |0.03 |[0.04 |0.068 |0.08 0.02 |0.03 |[0.04 |0.0B |0.08 |0.02 |0.03 |0.04 |0.068 |0.08
65 0.02 |0.03 |0.04 |0.06 |0.08 0.02 |0.03 |0.04 |0.O6 |0.08 |0.02 |0.03 |0.04 |0.0B |0.08
70 |0.01 |0.03 |[0.04 |0.04 |0.04 |0.01 |0.03 |0.04 |0.04 |0.04 |0.01 |0.03 |0.04 |0.04 |0.04
75 0.01 |0.03 |[0.04 |0.04 |0.04 |0.01 |0.03 |0.04 |0.04 |0.04 |0.01 |0.03 |0.04 |0.04 |0.04
80 |0.01 |0.02 |0.03 |0.03 |0.02 0.01 |0.02 |0.03 |0.03 |0.02 |0.01 |0.02 |0.03 |0.03 |0.02
85 0.01 |0.02 |0.02 |0.03 |0.02 0.01 |0.02 |0.02 |0.03 |0.02 |0.01 |0.02 |0.02 |0.03 |0.02
90 |0.017 |0.02 |0.02 |0.03 |0.02 0.01 |0.02 |0.02 |0.03 |0.02 |0.01 |0.02 |0.02 |0.03 |0.02
95 0.01 |0.02 |0.02 |0.03 |0.02 0.01 |0.02 |0.02 |0.03 |0.02 |0.01 |0.02 |0.02 |0.03 |0.02
100 |0.01 |0.02 |0.02 |0.03 |0.02 0.01 |0.02 |[0.02 |0.03 |0.02 |0.01 |0.02 |0.02 |0.03 |0.02
105 |0.01 |0.02 |0.02 |0.03 |0.02 0.01 |0.02 |0.02 |0.03 |0.02 |0.01 |0.02 |0.02 |0.03 |0.02
1710 |0.01 |0.02 |0.02 |0.03 |0.02 0.01 |0.02 |[0.02 |0.03 |0.02 |0.01 |0.02 |0.02 |0.03 |0.02
115 |0.01 |0.02 |0.02 |0.03 |0.02 0.01 |0.02 |0.02 |0.03 |0.02 |0.01 |0.02 |0.02 |0.03 |0.02
120 |0.01 |0.01 |0.02 |0.03 |0.02 0.01 |0.01 |0.02 |0.03 |0.02 |0.01 |0.01 |0.02 |0.03 |0.02

125 0.01 |0.01 |0.01 |0.01 |0.02
130 0.01 |0.01 |0.01 |0.01 |0.O1
135 0.01 |0.01 |0.01 |0.01 |0.O1
140 0.01 |0.01 |0.01 |0.01 |0.O1
145 0.01 |0.01 |0.01 |0.01 |0.O1
150 0.01 |0.01 |0.01 |0.01 |0.O1
155 0.01 |0.01 |0.01 |0.01 |0.O1
160 0.01 |0.01 |0.01 |0.01 |0.O1
165 0.01 |0.01 |0.01 |0.01 |0.O1
170 0.00 |0.00 |0.01 |0.01 |0.O1
175 0.00 |0.00 |0.00 |0.01 |0.O1
180 0.00 |0.00 |0.00 |0.00 |0.01

Total |0.80 |1.23 |1.44 |2.09 |2.32 |0.79 {1.21 (1.41 |2.05 [2.28 |0.85 (1.26 [1.48 [2.11 |2.34

**Time in minutes
*Rainfall in inches
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Table 503

Time-Intensity-Frequency Tabulation

Duration 5 Min 10 Min 15 Min 30 Min 60 Min
Duration Factors 0.29 0.45 0.57 0.79 1.00
County Zone |Frequency |Depth* *|Intensity* | Depth* * |Intensity * | Depth * *|Intensity * | Depth* * |Intensity* |Depth* * |Intensity*
Jefferson | |2-Yr 0.30 3.55 0.46 2.75 0.58 2.33 0.81 1.61 1.02 1.02
5-Yr 0.41 4.94 0.64 3.83 0.81 3.24 1.12 2.24 1.42 1.42
10-Yr 0.49 5.85 0.76 4.54 0.96 3.83 1.33 2.65 1.68 1.68
50-Yr 0.67 8.07 1.04 6.26 1.32 5.29 1.83 3.67 2.32 2.32
100-Yr 0.77 8.26 1.20 7.18 1.52 6.06 2.10 4.20 2.66 2.66
Jefferson IIA |2-Yr 0.28 3.31 0.43 2.57 0.54 2.17 0.75 1.80 0.95 0.95
5-Yr 0.38 4.63 0.60 3.59 0.76 3.03 1.05 2.10 1.33 1.33
10-Yr 0.46 5.46 0.71 4.24 0.89 3.58 1.24 2.48 1.57 1.57
50-Yr 0.63 7.55 0.98 5.86 1.24 4.95 1.71 3.43 2.17 2.17
100-Yr 0.72 8.63 1.12 6.70 1.41 5.65 1.96 3.92 2.48 2.48
Jefferson IIB|2-Yr 0.25 2.96 0.38 2.30 0.48 1.94 0.67 1.34 0.85 0.85
5-Yr 0.35 4.14 0.54 3.21 0.68 2.71 0.94 1.88 1.19 1.19
10-Yr 0.40 4.84 0.63 3.75 0.79 3.17 1.10 2.20 1.39 1.39
50-Yr 0.56 6.72 0.87 5.21 1.10 4.40 1.52 3.05 1.93 1.93
100-Yr 0.64 7.66 0.99 5.94 1.25 5.02 1.74 3.48 2.20 2.20
Jefferson Ill |2-Yr 0.21 2.54 0.33 1.97 0.42 1.66 0.58 1.15 0.73 0.73
5-Yr 0.31 3.68 0.48 2.86 0.60 2.42 0.84 1.67 1.06 1.06
10-Yr 0.37 4.38 0.57 3.40 0.72 2.87 1.00 1.98 1.26 1.26
50-Yr 0.52 6.23 0.81 4.83 1.02 4.08 1.41 2.83 1.79 1.79
100-Yr 0.60 7.17 0.93 5.56 1.17 4.70 1.63 3.25 2.06 2.06

**Depth in Inches
*Intensity,/hour
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Time-Intensity Frequency Curves
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Chapter 6 - Runoff

6.1 Introduction

This chapter presents the criteria and methodology for determining the storm runoff design peaks and volumes
to be used in the County in the preparation of storm drainage studies, plans and facility design. The details of
the rainfall/runoff models are presented in the Manual. The specific input data requirements and modifications
to the procedures are presented in this chapter.

6.2 Rational Method

The Rational Method, in widespread use in the Denver Region, will continue to be utilized for the sizing of storm
sewers and for determining runoff magnitude from unsewered areas. The limit of application of the Rational
Method is approximately 160 acres. It has been concluded that, for tributary basins in excess of 160 acres, the
cost of the drainage works justifies significantly more study, thought and judgment on the part of the engineer
than is permitted by the Rational Method. When the urban drainage basin exceeds 160 acres, the CUHP method
represents better practice and will be used.

The procedures for the Rational Method, as explained in the Manual, Volumel, “Runoff”, will be followed in the
preparation of drainage reports and storm drainage facility designs in the County.

Standard forms and spreadsheets are available in the Manual. The most current versions of these software pro-
grams may be obtained through the District’s web site (www.udfcd.org) or you can use the standard forms for the
calculation of Time of Concentration and Storm Drainage System Design which have been provided at the end
of these Criteria.

6.3 Colorado Urban Hydrograph Procedure

CUHP was originally developed for the Denver area at the time the Manual was prepared. The method may be
used for basins as small as five acres. However, CUHP is required for watershed areas larger than 160 acres. The
procedures for CUHP, as explained in the Manual will be followed in the preparation of drainage reports and
storm drainage facility designs in the County. The design storms to be used with the CUHP method are presented
in Tables 502A-D.

6.4 Storm Flow Analysis

When determining the design storm flows, the engineer should follow particular criteria and guidelines to assure
that minimum design standards and uniformity of drainage solutions are maintained throughout the County.
The information presented herein will be used by the engineer in the development of design storm runoff.

6.4.1 Onsite Flow Analysis

When analyzing the flood peaks and volumes, the engineer should use the proposed fully developed land use plan
to determine runoff coefficients. In addition, the engineer should take into consideration the changes in flow pat-
terns (from the undeveloped site conditions) caused by the proposed street alignments. When evaluating surface
flow times, the proposed lot grading will be used to calculate the time of concentration or the CUHP parameters.

6.4.2 Offsite Flow Analysis

The analysis of offsite runoff is dependent on the development status and whether the tributary offsite area lies
within a major drainageway basin as defined in Section 3.2.3. In all cases, the minor system is designed for the
fully developed minor storm runoff (Section 3.4.1) without the benefits of onsite detention. In some cases credit
is given for detention for the design of the major system (Section 3.3.12).

6.4.2.1 Tributary Area Within a Major Drainageway Basin

(a) Where the offsite area is undeveloped, the runoff will be calculated assuming the basin is fully developed as
defined by Planning and Zoning. If this information is not available, then the runoff will be calculated using the
coefficients defined in Table RO-3 and Table RO-5 of the Manual. The most current versions of these software
programs may be obtained through the District’s web site (www.udfcd.org). No credit will be given for onsite
detention in the offsite area for any design frequency.

(b) Where the offsite area is fully or partially developed, the storm runoff will be based upon the existing platted
land uses and topographic features. No credit will be given for onsite detention in the offsite area for any design
frequency.
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6.4.2.2 Tributary Area Not Within a Major Drainageway Basin

(a) Where the offsite area is undeveloped, the minor system runoff will be calculated assuming the basin is fully
developed as defined by Planning and Zoning. If this information is not available, then the runoff will be cal-
culated using the coefficients defined in Table RO-3 and Table RO-5 of the Manual. The most current versions
of these software programs may be obtained through the District’s web site (www.udfcd.org). The major system
runoff (i.e., 10-year and 100-year) may be calculated assuming the historic runoff rates computed in accordance
with procedures described in Chapter 14 of these Criteria.

(b) Where the offsite area is fully or partially developed, the storm runoff will be based on the existing platted land
uses and topographic features, unless onsite detention in the offsite area has been constructed and accepted by
the County. However, no credit will be given for onsite detention in the offsite area for the minor system design,
unless otherwise approved by Planning and Zoning.

Chapter 7 - Open Channels

7.1 Introduction

This chapter addresses the technical criteria for the hydraulic evaluation and hydraulic design of open channels
in the County. The information presented herein is considered to be a minimum standard. In many instances,
special design or evaluation techniques will be required. Except as modified herein, all open channel criteria will
be in accordance with the Manual and Open Channel Hydraulics, Chow, Ven T., McGraw-Hill, Inc., New York, New
York, 1959

7.2 Channel Types

The channels in the County area are defined as natural or artificial. Natural channels include all water courses
that have occurred naturally by the erosion process such as Clear Creek, Bear Creek, South Platte River, Ralston
Creek, Dutch Creek, Van Bibber Creek, Big Dry Creek and Lena Gulch. Artificial channels are those constructed
or developed by human effort.

7.2.1 Natural Channels

The hydraulic properties of natural channels vary along the channel reach and can be either controlled to the
extent desired or altered to meet given requirements. The initial decision to be made regarding natural channels
is whether or not the channel is to be protected from erosion due to high velocity flows, or protected from exces-
sive silt deposition due to low velocities.

Many natural channels in urbanized and to-be-urbanized areas have mild slopes, are reasonably stable and are
not in a state of serious degradation or aggradation. However, if a natural channel is to be used for carrying storm
runoff from an urbanized area, the altered nature of the runoff peaks and volumes from urban development will
cause erosion. Detailed hydraulic analysis will be required for natural channels in order to identify the erosion
tendencies. Some onsite modifications of the natural channel, such as grade control structures, may be required
to assure a stabilized condition.

The investigations necessary to assure that the natural channels will be adequate are different for every waterway.
The engineer must prepare cross sections of the channel, define the water surface profile for the minor and major
design flood, investigate the bed and bank material to determine erosion tendencies and study the bank slope
stability of the channel under future conditions of flow. Supercritical flow does not normally occur in natural
channels, but calculations must be made to assure that the results do no reflect supercritical flow.

7.2.2 Grass Lined Channels

Grass lined channels are the most desirable of the artificial channels. The grass will stabilize the body of the chan-
nel, consolidate the soil mass of the bed, check the erosion on the channel surface and control the movement of
soil particles along the channel bottom. The channel storage, the lower velocities and the greenbelt multiple-use
benefits obtained create significant advantages over other artificial channels.

The presence of grass in channels creates turbulence which results in loss of energy and increased flow retardance.
Therefore, the designer must give full consideration to sediment deposition and to scour, as well as hydraulics.
Unless existing development within the County restricts the availability of ROW, only channels lined with grass
will be considered acceptable for major drainageways.
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For the purposes of these Criteria, sandy soils are defined as non-cohesive sands classified as SW, SP or SM in ac-
cordance with the Unified Soil Classification System.

7.2.3 Composite Channels
Composite channels are a type of grass-lined channel with a distinct low-flow channel that is vegetated with a
mixture of wetland and riparian species. Design of composite channels will be in accordance with the Manual.

7.2.4 Bioengineered Channels

Bioengineered channels are a type of grass-lined channel that utilize vegetative components and other natural
materials in combination with structural measures to construct natural-like channels that are stable and resistant
to erosion. Design of bioengineered channels will be in accordance with the Manual.

7.2.5. Concrete Lined Channels

Concrete lined channels for major drainageways will be permitted only where ROW restrictions within existing
development prohibit grass lined channels or any other channel lining type. The lining must be designed to
withstand the various forces and actions which tend to overtop the bank, deteriorate the lining, erode the soil
beneath the lining and erode unlined areas, especially for the supercritical flow conditions.

If the project constraints suggest the use of a concrete channel for a major drainageway, the applicant will pres-
ent the concept with justification to Planning and Zoning for consideration of a waiver from these Criteria. The
design of concrete lined channels will be in accordance with the Manual.

A Design Report is required for approval of a concrete lined channel. The contents of such report will be determined
by Planning and Zoning. On the as-built drawings, the engineer will be required to certify that the concrete used
in the lining was tested and meets the accepted specifications.

7.2.6. Rock Lined Channels

Riprap lined channels are generally discouraged and will be permitted only in areas of existing development
where ROW for major drainageways is limited and such limitation prohibits the use of grass lined channels. The
advantage of rock lining a channel is that a steeper channel grade and steeper side slopes can be used. Rock linings
(i.e., revetments) are permitted as a means of controlling erosion for natural channels. The disadvantages are the
large initial cost of construction and the high maintenance costs due to vandalism.

If the project constraints suggest the use of riprap lining for a major drainageway, then the engineer must present
the concept, with justification, to Planning and Zoning for consideration of a waiver from these Criteria. The
design of rock-lined channels will be in accordance with the Manual.

7.3 Flow Computation
Uniform flow and critical flow computations will be in accordance with the Manual.

7.4 Design Standards For Major Drainageways

These standards cover the design of major drainageways as defined by the policy of Section 3.2.3. The design
standards for open channels cannot be presented in a step-by-step fashion because of the wide range of design
options available to the design engineer. Certain planning and conceptual design criteria are particularly useful
in the preliminary design of a channel. These Criteria, which have the greatest effect on the performance and
cost of the channel, are discussed below.

7.4.1 Natural Channels

The design criteria and evaluation techniques for natural channels are:
1. The channel and overbank areas will have adequate capacity for the 100-year storm runoff.

2. Natural channel segments which have a calculated Froude number greater than 0.95 for the 100-year flood
peak will be protected from erosion.

3. The water surface profiles will be defined so that the floodplain can be zoned and protected.

4. Filling of the Floodplain Overlay District reduces valuable channel storage capacity and tends to increase
downstream runoff peaks.

5. Roughness factors (n), which are representative of unmaintained channel conditions, will be used for the
analysis of water surface profiles.

6. Roughness factors (n), which are representative of maintained channel conditions, will be used to determine
velocity limitations.
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7. Structures may be required to control erosion for both the major and the minor storm runoff and should appear
as natural features by imitating surrounding vegetation and natural materials. Where possible, locate structures at
principal grade changes to minimize cost of retaining structures, reduce perceived scale and appearance of mass
and bulk and use existing land forms of the site. All check drops, dams or structures should, whenever feasible,
use natural materials to integrate with natural landscape characteristics.

8. Plan and profile drawings of the floodplain will be prepared. Appropriate allowances for known future bridges
or culverts, which can raise the water surface profile and cause the floodplain to be extended, will be included in
the analysis. The applicant will contact Planning and Zoning for information on future bridges and culverts.

9. Preserve, maintain or enhance natural waterway channel boundaries and alignment in their natural condition
as landscape and visual amenities, focal points for development projects and to help define “edges” in and around
communities. Preserve vegetation groups, rock outcroppings, terrain form, soil, waterways and bodies of water.

With most natural waterways, erosion control structures should be constructed at regular intervals to decrease
the thalweg slope and to control erosion. However, these channels should be left in as near a natural condition as
possible. For that reason, extensive modifications should not be undertaken unless they are found to be necessary
to avoid excessive erosion with subsequent deposition downstream.

The usual rules of freeboard depth, curvature and other rules which are applicable to artificial channels, do not
apply for natural channels. All structures constructed along the channel will be elevated a minimum of one foot
above the 100-year water surface. There are significant advantages which may occur if the designer incorporates
into his planning the overtopping of the channel and localized flooding of adjacent areas which are laid out and
developed for the purpose of being inundated during the major runoff peak.

If a natural channel is to be utilized as a major drainageway for a development, then the applicant will meet with
Planning and Zoning to discuss the concept and to obtain the requirements for planning and design documenta-
tion. Approval of the concept and design will be made in accordance with the requirements of Chapter 2 of these
Criteria.

7.4.2 Grass Lined Channels

Key parameters in grass lined channel design include velocity, slopes, roughness coefficients, depth, freeboard,
curvature, cross section shape and lining materials. Other factors such as water surface profile computation,
erosion control, drop structures and transitions also play an important role. A discussion of these parameters is
presented below.

1. Flow Velocity

The maximum normal depth velocity for the 100-year flood peak will not exceed 5.0 feet per second for grass
lined channels. The Froude number (turbulence factor) will be less than 0.8 for grass lined channels. Grass lined
channels having a Froude number greater than 0.8 are not permitted. The minimum velocity, wherever possible,
will be greater than 2.0 feet per second for the minor storm runoft.

2. Longitudinal Channel Slopes

Grass lined channel slopes are dictated by velocity and Froude number requirements. Where the natural topogra-
phy is steeper than desirable, drop structures will be utilized to maintain design velocities and Froude numbers.

3. Freeboard

Except where localized overflow in certain areas is desirable for additional ponding benefits or other reasons, the
freeboard for the 100-year flow will be as follows:

2

HFB =05+
2g
where
HFB = freeboard height (feet)
V = average channel velocity (fps)
g = acceleration of gravity =32.2 ft/ sec’

The minimum freeboard will be 1.0 foot.
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4. Curvature (Horizontal)
The center line curvature will have a radius twice the top width of the design flow but not less than 100 feet.
5. Roughness Coefficient

The variation of Manning’s “n” with the retardance and the product of mean velocity and hydraulic radius, as
presented in Figure 701, will be used in the capacity computation.

Retardance curve C will be used to determine the channel capacity, since a mature channel (i.e., substantial veg-
etation with minimal pervious maintenance) will have a higher Manning’s “n” value. However, a recently con-
structed channel will have minimal vegetation and the retardance will be less than the mature channel. Therefore,
retardance curve D will be used to determine the limiting velocity in a channel.

6. Cross Sections

The channel shape may be almost any type suitable to the location and to the environmental conditions. Often
the shape can be chosen to suit open space and recreational needs. The limitations within which the design must
fall for the major storm design flow include:

a. Trickle Channel

The base flow will be carried in a trickle channel except for sandy soils (see Section 7.2.2). The minimum capacity
will be 1.0 percent to 3.0 percent of the 100-year flow but not less than 1 cfs. Trickle channels will be constructed
of concrete or other approved materials to minimize erosion, to facilitate maintenance and to aesthetically blend
with the adjacent vegetation and soils. Recommended trickle channel sections are presented on Figure 703. The
minimum trickle channel width will be four feet.

An alternative trickle channel treatment is of greater capacity with natural bottom and appropriate riparian veg-
etation types and mix along edges to reduce erosion and create wetland area. Channel alignment should vary in
character with a meandering quality. Drop structures should be included where necessary and appear as natural
features.

b. Main Channel

A main channel is required for sandy soils. The side slopes must be 4:1 or flatter. The depth of the main channel
is not included in the normal depth limitation. A main channel can also be used for non-sandy soils.

¢. Bottom Width

The minimum bottom width will be consistent with the maximum depth and velocity criteria. The minimum
bottom width will be four feet or the trickle channel width when trickle channel is required.

d. Easement/ROW Width
The minimum easement/ROW width will include freeboard and a 12-foot wide maintenance access road.
e. Flow Depth

The maximum design depth of flow (outside the trickle channel area and main channel area for sandy soils) for
the 100-year flood peak will be limited to 5.0 feet in grass lined channels.

f. Maintenance Access Road

A maintenance access road will be provided along the entire length of all major drainageways with a minimum
width of 12 feet. The County may require the road to be surfaced with six inches of Class 2 road base or concrete
slab.

g. Side Slopes

Main channel side slopes will be 4 (horizontal) to 1 (vertical) or flatter.
7. Vegetation

The grass lining for channels will be in accordance with the Manual.

Vegetation and landform variations are encouraged to enhance the aesthetic quality within channels as long as
the functional factors mentioned below are not compromised. It is recognized that channel capacity will be in-
creased to accommodate an increase in plant material types and densities and variation of landform. Overstory
canopy trees are allowed outside of high hazard areas.
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If extensive modification or disruption is necessary, rehabilitate channel corridor to conform to or improve upon
predevelopment conditions. The stream form and vegetative character should appear as it would occur under
long-term natural processes. Alternative techniques that can be used to achieve these include: varying the slope
and edge of channel; the use of river rock for riprap; replanting appropriately sized riparian vegetation; and
introducing meandering character on flat areas and pools and rocks in steeper areas. A concentration of plant
materials should be included where drainages intersect arterial streets, when feasible, to maintain and enhance
visual access from roadways.

The distance on each side of any flowing or intermittent stream channel should be large enough to ensure its use
as an active and passive recreational and visual amenity.

8. Erosion Control

The requirements for erosion control for grass lined channels will be as defined in the Manual, The design of
conduit outlet structures will be in accordance with the Manual.

9. Water Surface Profiles

Computation of the water surface profile will be presented for all open channels utilizing standard backwater

methods, taking into consideration losses due to changes in velocity of channel cross section, drops, waterway
openings or obstructions. The energy gradient will be shown on all drawings.

7.5 Design Standards For Small Drainageways
These standards cover the design of channels that are not classified as a major drainageway in accordance with
the policy of Section 3.2.3. Additional flexibility and less stringent standards are allowed for small drainageways.

7.5.1 Natural Channels

The design criteria and evaluation techniques for natural channels are:

1. The channel and overbank areas will have adequate capacity for the 100-year storm runoff.

2. Natural channel segments which have a calculated Froude number greater than 0.95 for the 100-year flood
peak will be protected from erosion.

3. Roughness factors (n), which are representative of unmaintained channel conditions, will be used for the
analysis of water surface profiles.

4. Roughness factors (n), which are representative of maintained channel conditions, will be used to determine
velocity limitations.

5. Erosion control structures, such as check drops or check dams, may be required to control flow velocities,
including the minor storm runoff.

6. Plan and profile drawings will be prepared showing the 100-year water surface profile, floodplain and details
of erosion protection, if required.

7.5.2 Grass Lined Channels

Key parameters in grass lined channel design include velocity, slopes, roughness coefficients, depth, freeboard,
curvature, cross section shape and lining materials. Other factors such as water surface profile computation,
erosion control, drop structures and transitions also play an important role. A discussion of these parameters is
presented below.

1. Flow Velocity

The maximum normal depth velocity for the 100-year flood peak will not exceed 7.0 feet per second for grass lined
channels (see Section 7.2.2). The Froude number (turbulence factor) will be less than 0.8 for grass lined channels.
Grass lined channels having a Froude number greater than 0.8 are not permitted. The minimum velocity, wherever
possible, will be greater than 2.0 feet per second for the minor storm runoff.

2. Longitudinal Channel Slopes

Grass lined channel slopes are dictated by velocity and Froude number requirements. Where the natural topogra-
phy is steeper than desirable, drop structures will be utilized to maintain design velocities and Froude numbers.
3. Freeboard

A minimum freeboard of 1 foot will be included in the design for the 100-year flow. For swales (i.e., small drain-
ageways with a 100-year flow less than 20 cfs), the minimum freeboard requirements are 6 inches.
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4. Curvature (Horizontal)

The centerline curvature will have a minimum radius twice the top width of the design flow but not less than 50
feet. The minimum radius for channels with a 100-year runoff of 20 cfs or less will be 25 feet.

5. Roughness Coefficient

The variation of Manning’s “n” with the retardance (curve “C”) and the product of mean velocity and hydraulic
radius, as presented in Figure 701, will be used in the computation of capacity and velocity.

6. Cross Sections

The channel shape may be almost any type suitable to the location and to the environmental conditions. The
section may also be simple V-Section for swales (i.e., Q100 less than 20 cfs). The limitations on the cross section
are as follows:

a. Trickle Channel

The base flow (except for swales) will be carried in a trickle channel for non-sandy soils. The minimum capacity
will be from 1.0 percent to 3.0 percent of the 100-year flow but not less than 1 cfs. The trickle channel can be
constructed of concrete, rock, cobbles or other suitable materials. For sandy soils, a main channel is required in
accordance with Section 7.4.2.6(b). Factors to be considered when establishing the need for trickle channels are:
drainage slope, soil type and upstream impervious area. For 100-year runoff peaks of 20 cfs or less, trickle channel
requirements will be evaluated for each case. Trickle channels help preserve swales crossing residential property.

b. Easement/ROW Width
The minimum easement/ROW width will include freeboard and should include a maintenance access.
c. Flow Depth

The maximum design depth of flow (outside the trickle channel area and main channel area for sandy soils) for
the 100-year flood peak will be limited to 5 feet in grass lined channels.

d. Side Slopes

Main channel side slopes will be 4 (horizontal) to 1 (vertical) or flatter. Side slopes for channels with 100-year
runoff peaks of 20 cfs or less will be 3 (horizontal) to 1 (vertical) or flatter.

7. Grass Lining
The grass lining for channels will be in accordance with the Manual.
8. Erosion Control

The requirements for erosion control for grass lined channels will be as defined in the Manual. The design of
conduit outlet structures will be in accordance with the Manual.

9. Hydraulic Information

Calculations of the capacity, velocity and Froude numbers will be submitted with the construction drawings.
10.Design Example

Grass-lined channel for a watershed area under 130 acres in area.

100-year flow = 30 cfs

Slope = 2%

Side Slopes = 4:1

Find the minimum easement width and the required open channel cross-section.

Channel Cross Section

1" Min. freeboard

High water level
100 year event
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Step 1: (Determine Manning’ n for both the (C) and (V) curves)

To determine the Manning’s n, Figure 701 will be used. To find the V*R-value, an estimated value will have to
be used to start the process. We will estimate that V*R is about 2, which would give us a Manning’s n of .05. If
this estimated number is not between the (V) and (C) curves, the calculations will need to be run with the Man-
ning’s n that is computed from the graph. Using the Manning’s equation Q= 1.49/n (AR2/351/2), the following
information is obtained:

Normal Depth = 1.49’
Velocity (V) = 3.38 feet/sec
Hydraulic Radius (R) =.722
V*R =2.44

Manning’s n (V) =.043
Manning’s n (C) =.051
(From Figure 701)

Our estimate for the Manning’s n was .050, which is in-between the actual (V) and (C) values; therefore, no further
iterations are necessary.

Step 2: (Check limiting velocity and Froude Number with the Manning’s n value from the (V) curve).
Using a Manning's n of .043, the following information is calculated from the Manning'’s equation:

Normal depth = 1.41’

Velocity = 3.79 ft/sec (under S ft/sec OK)

Hydraulic Radius (R) =.722

Flow cross-sectional area (A) = 7.92 ft2

Top Width (T) = 11.26’

Hydraulic Depth (D) = A/T =.7033’

Calculate the Froude Number from the equation Fr = V/(G*D).5
V = average velocity (ft/sec)

G = acceleration of gravity = 32.2 ft/sec2

D = Hydraulic Depth = A/T

The Froude number is calculated to be .796, which is under the maximum of .8.
Step 3: Use the channel capacity design curve (C curve to determine how wide the drainage easement has to be).

Using the Manning’s equation with a Manning’s n of .051 from the previously calculated C curve, the following
were calculated:

Depth = 1.50

Depth with required freeboard = 2.5’

Required width of channel = 20’

Minimum easement width for maintenance = 25’
(Criteria, Section 3.3.9)

Minimum Grading Setback = 7’

(Part II, Section 2 of the Regulation)
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The cross-section shown below would be acceptable:
Channel Cross Section Near Property Line

7' Grading
1" Min. freeboard < setback ;|
\_____4_%__________ ‘_|
_____ {_g___________ i
1| Slope Water High water level |
4 100 year event |
1.5 Flow depth |
) 20' ) 7 |
|
27' Drainage easement width (min. 25') |

7.5.3 Concrete Lined Channels
The criteria for the design and construction of concrete lined channels is presented below:

1. Hydraulics
a. Freeboard

Adequate channel freeboard above the designed water surface will be provided and will not be less than that
determined by the following:

HFB = 2.0+0.025V (d)"’

where
HFB = freeboard height (feet)

V = velocity (fps)
d = depth of flow (feet)

Freeboard will be in addition to superelevation, standing waves and/or other water surface disturbances. These
special situations are to be addressed in a Design Report to be submitted with the construction drawings and
specifications (Section 2.7).

Concrete side slopes will be extended to provide freeboard.
b. Superelevation

Superelevation of the water surface will be determined at all horizontal curves, and design of the channel section
adjusted accordingly.

c. Velocities
Flow velocities will not exceed 18 fps during the 100-year flood.
2. Concrete Materials

A Design Report will be prepared as stated in Section 7.2.5. The minimum concrete material specifications are as
follows:

a. Cement type: sulphate resistant.

b. All concrete will meet CDOT Class B specifications.

¢. Maximum water-cement ratio: 0.50 (six gals. per sack).

d. Admixtures: All proposed admixtures will be discussed in the Design Report.
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Concrete Lining Section

All concrete lining will have a sufficient thickness to withstand the structural and hydraulic loads.

The side slopes will be a maximum of 2 (vertical) to 1 (horizontal), or a structurally reinforced wall if steeper.
Concrete Joints

Expansion/contraction joints will be installed where new concrete lining is connected to a rigid structure or
to existing concrete lining which is not continuously reinforced.

N

b. Longitudinal joints, where required, will be constructed on the sidewalls at least one foot vertically above
channel invert.

c. All joints will be designed to prevent differential movement.
d. Construction joints are required for all cold joints and where the lining thickness changes.
5. Concrete Finish

The surface of the concrete lining will be provided with a wood float finish. Excessive working or wetting of the
finish will be avoided.

6. Concrete Curing

All concrete will be cured by the application of a liquid membrane-forming curing compound (white pigmented)
upon completion of the concrete finish.

Reinforcement steel (where used)

Steel reinforcement will be minimum grade-40 deformed bars. Wire mesh will not be used.
Ratio of longitudinal steel area to concrete cross sectional area will be greater than 0.005.
Ratio of transverse steel area to concrete cross sectional area will be greater than 0.0025.
Additional steel as needed if a retaining wall structure is used.

Farthwork

The following areas will be compacted to a least 95 percent of maximum density as determined by ASTM D-698
(Standard Effort):

a. The 12 inches of subgrade immediately beneath concrete lining (both channel bottom and side slopes).
. Top 12 inches of maintenance road.

P a0 o N

b
c. Top 12 inches of earth surface within 10 feet of concrete channel lip.
d. All fill material.

9. Bedding

Provide six inches of granular bedding equivalent in gradation to 3/4” concrete aggregate (Standard Specifications for
Road & Bridge Construction, CDOT, Current printing, Section 703.02, No. 67) under channel bottom and side slopes.

10. Underdrain
Longitudinal underdrains will be provided on 10-foot centers and will daylight at the check drops. A check valve

or flap gate will be provided at the outlet to prevent backflow into the drain. Weep holes will be provided in verti-
cal wall sections of the channel.

11. Safety Requirements

a. A fence will be installed, as approved by Planning & Zoning, to prevent access wherever the 100-year channel
flow depths exceed three feet.

7.5.4 Riprap Lined Channels
The criteria for the design and construction of riprap lined channels will be in accordance with the Manual.

Riprap lined channels will be designed for a turbulence factor (Froude number) less than 0.8 for the 100-year flood
peaks. The riprap will be designed and constructed in accordance with Section 12.2, “Conduit Outlet Structures”
of these Criteria. Freeboard requirements will be in accordance with the standards for grass lined channels defined
in Section 7.4.2.3 of these Criteria.
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7.6 Street/Roadside Ditches

The criteria for the design of street/roadside ditches is similar to the criteria for grass lined channels with modifica-
tions for the special purpose of minor storm drainage. The criteria is as follows (refer to Figure 702):

1. Capacity

Street/Roadside ditches will have adequate capacity for the minor storm runoff peaks. Capacity will be as defined
in Table 701. Where the storm runoff exceeds the capacity of the ditch, a storm sewer system will be required.
2. Flow Velocity

The maximum velocity for the major storm flood peak will not exceed 5 feet per second

3. Curvature

The minimum radius of curvature will be 25 feet.

4. Roughness Coefficient

Manning’s “n” values presented in Figure 701 will be used in the capacity computation for street/roadside ditches.
5. Grass Lining

The grass lining will be in accordance with the Manual. Alternative seed mixes may be required by Planning and
Zoning as recommended by the JCD.

6. Cross Culvert Location

The surface drainage in a street/roadside ditch will not be carried in excess of 500 feet before being discharged into
a natural drainageway. Grade changes of greater than 2% will require a cross culvert. The final location of culverts
may be slightly altered by existing field conditions encountered during installation. Culverts will be installed at
the slope of the natural terrain.

7. Major Drainage Capacity

The capacity of street/roadside ditches for major drainage flow is restricted by the maximum flow depth allowed
at the street crown (Section 3.4.4). However, the flow spread should not extend outside the street ROW.

7.7 Channel Rundowns

A channel rundown is used to convey storm runoff from the bank of a channel to the invert of an open channel
or drainageway. The purpose of the structure is to minimize channel bank erosion from concentrated overland
flow. The design criteria for channel rundowns is as follows:

7.7.1 Cross-Sections
Typical cross-sections for channel rundowns are presented in Figure 704.

7.7.2 Design Flow

The channel rundown will be designed to carry a minimum of the minor storm runoff or 1 cfs, whichever is greater.

7.7.3 Flow Depth

The maximum depth at the design flow will be 12 inches. Due to the typical profile of a channel rundown begin-
ning with a flat slope and then dropping steeply into the channel, the design depth of flow will be the computed
critical depth for the design flow.

7.7.4 Outlet Configuration

The channel rundown outlet will enter the drainageway at the trickle channel flowline. Erosion protection of the
opposite channel bank will be provided by a 24-inch layer of grouted Type-L riprap. The width of this riprap ero-
sion protection will be at least three times the channel rundown width or pipe diameter. Riprap protection will
extend up the opposite bank to the minor storm flow depth in the drainageway or 2 feet, whichever is greater.
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Table 701

Street/Roadside Ditch Capacities

Ditch Slope Ditch Type 1 Ditch Type 2 Ditch Type 3 (Private Road Only)
Capacity CFS Velocity FPS Capacity CFS Velocity FPS Capacity CFS Velocity FPS
2% 26 4.2 36 4.16 1.8 0.95
2.50% 31 5 42 4.89 2.5 1.25
3.00% 32 5} 40 9 3.2 1.6
3.50% 30 5 37 5l 4 2
4.00% 28 5] 33 3 4.8 2.4
5.00% 21 5 26 5 6 3.1
6.00% 17 9 22 9 8 4
7.00% 15 5 1€ 5} 8 9
8.00% 13 5 16 B 7 5
10.00% 11 5 13 5} 6 9
12.00% g Sl 11 5 5 5
[ Permitted on all mountain roads and local and collector streets
1 Only permitted on private and pubic roads in the mountains
[ Only permitted on private roads in the mountains
1 Only permitted on private roads where the natural terrain bears between south 60 east and south 45 west
Figure 701
Roughness Coefficients for Grassed Channels
0.5
0.4
0.3
] Channel Capacity
0.2 \</ Design Curve
c \
K%
o \ N
c N
c 0.1 N
5 08 N (C)_L—1— Retardance
= N
N
.06
D)
.05 7 ]
.04 f —~
Limiting Velocity — [ | |
.03 D . C ~N—T— [ |
esign Lurve
.02
0.1 0.2 0.3 0.4 0506 0.8 1.0 2 3 4 5 6 10 20 30

VR, product of velocity and hydraulic radius

Reference: Handbook of Channel Design for Soil and Water Conservation, U.S. Department of Agriculture, Soils Conservation Service,
No. SCS-TP-61 March, 1947, Rev. June, 1954.
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Figure 702
Street / Roadside Ditch Sections

DITCH TYPE | / Shoulder, width varies Property line
| \

Property line

DITCH TYPE 1l Shoulder, width varies
A

10" Min. 10" Min.
Maximum depth fur
/5 year flood (Typ.)
Pavement ) Pavement = |1
3 3 3
T Grassed slopes (Typ.) o » _
Allowable longitudinal ‘ 12° Allowable longitudinal 6" LAYER OF RIP—-RAP
slope from 0.5% to 3.0% slope from 0.5% to 1.0% WITH Dgq = 3", AND
p p
s FILTER MATERIAL
DITCH TYPE Il Shoulder, width 2'-3'
Private Road Only / 4 ‘
NOTE: 1. See Table— 701 for capacity of street/roadside ditch.
2. For street/roads with ditch velocities over the maximum

allowed, grouted rip—rap or an engineered alternative
approved by Planning Engineering will be required.
Pavement

Figure 703
Trickle Channel Details

RECTANGULAR CHANNEL SECTION

B 5—0" min
L 4’—0” min -
. S

#4 © 24 /\/ 2 6 x 6 WWF W10 x W10 R |
for d > 6" \SL/ d=6 min."
Optional const. / R ~— - \ -
joint e

6” layer bed /"’

course mat’l. s [ e e

18” 18”

6" Topsoil COMBINATION CHANNEL SECTION
4'—0” min ] —
Grout voids
/between rocks
2'-0"
{ min.
|
\
\ 5” Concrete
\ R |
\ il N 5 Py ° Py i r Ac' ’ ‘
| A E—
\ % <5
\
6 x 6 WWF W10 x W10
\\\ e—— T = &4‘_

6” min.

Reference: WRC Engineering, Inc. gravel filter
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Figure 704
Channel Rundown Details

- {\;‘ ’Flow
|

width or pipe
diameter.

S
O
hete

I
3 times rL:mdown

¢» ——————————————— il |

Minimum 24” layer grouted
Type — L riprap (typ.)

PLAN

Minimum storm flow depth

Minimum 24" layer grouted
Type — L riprap (typ.).

Minor storm flows from
inlets and/or storm sewer.

PROFILE
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Chapter 8 - Storm Sewers

8.1 Introduction
Storm sewers are a part of the Minor Drainage System, and are required when the other parts of the minor system,
primarily curb, gutter and street/roadside ditches no longer have capacity for additional runoff.

Except as modified herein, the design of storm sewers will be in accordance with the Manual Section on “Storm
Sewers.” The user is referred to the Manual and other references cited for additional discussion and basic design
concepts.

Stormwater Quality Considerations: The use of grass swales to promote infiltration is highly encouraged; since
replacing storm sewer with grass swales is not always reasonable, storm sewer is still an integral part in many
drainage system designs.

Standard forms and spreadsheets are available in the Manual. Additionally, the electronic version of the Manual
provides design spreadsheets and software for use in designing storm sewer systems.

8.2 Construction Materials

RCP, in accordance with ASTM C76-03, C506-02 or C507-02, is the only material acceptable for use in storm
sewer construction within County ROW. The minimum class of pipe will be Class II; however, the actual depth
of cover, live load and field conditions may require structurally stronger pipe. CSP and HDPE pipe, in accordance
with manufacturer’s specifications, are only permitted in privately owned and maintained installations.

8.3 Hydraulic Design

Storm sewers will be designed to convey the minor storm flood peaks without surcharging the sewer. The design
of the storm sewer must be checked to show that the hydraulic grade line is below the ground elevation dur-
ing the major storm. To ensure that this objective is achieved the hydraulic and energy grade line calculated by
accounting for pipe friction losses and pipe form losses. Total hydraulic losses will include friction, expansion,
contraction, bend and junction losses. The methods for estimating these losses are presented in the following
sections. The final energy grade line must be at or below the proposed ground surface if the major storm exceeds
the allowable street capacity.

8.3.1 Pipe Friction Losses
The Manning’s “n” values to be used in the calculation of storm sewer capacity and velocity are presented below:

Pipe Roughness Coefficients

Manning’s n-value

Sewer Capacity Velocity
Type Calculation Calculation
RCP 0.015 0.011

CSP 0.026 0.021
HDPE 0.012 0.010

8.3.2 Pipe Form Losses

Generally, between the inlet and outlet structures of the storm sewer system, the flow encounters a variety of
configurations in the flow passageway such as changes in pipe size, branches, bends, junctions, expansions and
contractions. These shape variations impose losses in addition to those resulting from pipe friction. Form losses
are the result of fully developed turbulence and can be expressed as follows:

HL=K v
where 28
HL = head loss (feet)

K = loss coefficient

V = average flow velocity (feet per second)
g

= gravitational acceleration (32.2 ft/sec2)
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The following is a discussion of a few of the common types of form losses encountered in sewer system design.
1. Bend Losses

The head losses for bends, in excess of that caused by an equivalent length of straight pipe, may be expressed by
the relation

2
HL = Kb
2g

in which Kb is the bend coefficient. The bend coefficient has been found to be a function of, (a) the ratio of the
radius of curvature of the bend to the width of the conduit, (b) deflection angle of the conduit, (c) geometry of
the cross section of flow, and (d) the Reynolds number and relative roughness. A table showing the recommended

bend loss coefficient is presented below.
A

Energy Loss Coefficients - Bends

Case |-Conduit on 90 degree curves
6 K,

80 0.25

60 0.20

45 0.18

30 0.14

Note 1: Head loss
applied at PC. for length
Note 2: Applies only to
pipe 48 or greater

Kp=0.25 (99—0)0-5

2. Junction and Manhole Losses

The loss coefficient Kb for bends at manholes is presented in Table 802. A junction occurs where one or more
branch sewers enter a main sewer, usually at manholes. The hydraulic design of a junction is in effect the design
of two or more transitions, one for each flow path. Allowances should be made for head loss due to the impact
and junctions. The head loss for a straight through manhole or at an inlet entering the sewer is calculated from
the following equation. The head loss at a junction can be calculated from:

2 2
V2 o Vi
2g 2g

HL=

where V2 is the outfall flow velocity and V1 is the inlet velocity. The loss coefficient, Kj, for various junctions is
presented in Table 803.

8.3.3 Storm Sewer Outlets

When the storm sewer system discharges into the Major Drainageway System (usually an open channel), additional
losses occur at the outlet in the form of expansion losses. For a headwall and no wingwalls, the loss coefficient
Ke = 1.0 for a flared-end section the loss coefficient is approximately 0.5 or less.

8.3.4 Partially Full Pipe Flow

When a storm sewer is not flowing full, the sewer acts like an open channel, and the hydraulic properties can be
calculated using open channel techniques (refer to Chapter 7). For convenience, charts for various pipe shapes
have been developed for calculating the hydraulic properties (Figures 801, 802, 803). The data presented assumes
that the friction coefficient, Manning’s “n” value, does not vary throughout the depth.
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8.4 Vertical Alignment

The sewer grade will be such that a minimum cover is maintained to withstand AASHTO HS-25 loading on the
pipe. The minimum cover depends upon the pipe size, type and class and soil bedding condition, but will be not
less than 1 foot at any point along the pipe.

The minimum clearance between storm sewer and water main, either above or below, will be 12 inches. Concrete
encasement of the water line will be required for clearance of 12 inches or less.

The minimum clearance between storm sewer and sanitary sewer, either above or below, will also be 12 inches.
In addition, when a sanitary sewer main lies above a storm sewer, or within 18 inches below, the sanitary sewer
will have an impervious encasement or be constructed of structural sewer pipe for a minimum of 10 feet on each
side of where the storm sewer crosses.

8.5 Horizontal Alignment

Storm sewer alignment may be curvilinear for pipe with diameters of 48 inches or greater but only when ap-
proved in writing by Planning & Zoning. The applicant must demonstrate the need for a curvilinear alignment.
The limitations on the radius for pulled-joint pipe are dependent on the pipe length and diameter, and amount
of opening permitted in the joint. The maximum allowable joint pull will be % inches. The minimum parameters
for radius type pipe are shown in Table 801. The radius requirements for pipe bends are dependent upon the
manufacturer’s specifications.

8.6 Pipe Size

The minimum allowable pipe size for storm sewers is dependent upon a practical diameter from the maintenance
standpoint. The length of the sewer also affects the maintenance and, therefore, the minimum diameter. Table
801 presents the minimum pipe size for storm sewers.

8.7 Manholes

Manholes or maintenance access ports will be required whenever there is a change in size, direction, elevation,
grade or where there is a junction of two or more sewers. A manhole may be required at the beginning and/or at
the end of the curved section of storm sewer. The maximum spacing between manholes for various pipe sizes will
be in accordance with Table 801. The required manhole size will be as follows:

Manhole Size

Sewer Diameter Manhole Diameter

15" to 18" 4

21" to 42" 5

48" to b4” B

60" and larger CDOT M-B04-20, Page 2 of 3

Larger manhole diameters or a junction structure may be required when sewer alignments are not straight through
or more than one sewer line goes through the manhole.

8.8 Checklist

To aid the designer and reviewer, the following checklist has been prepared:

1. Calculate energy grade line (EGL) and hydraulic grade line (HGL) for all sewers and show on the construction
drawings or on a separate copy of the plans submitted with the construction drawings.

2. Account for all losses in the EGL calculation including outlet, form, bend, manhole and junction losses. Refer
to Water Surface and Energy Grade Line Calculations for a Storm Sewer - Worksheet 801.

3. Provide adequate erosion protection at the outlet of all sewers into open channels.
4. Check for minimum pipe cover.
5. Check for adequate clearance with other utilities.

Storm Drainage Design & Technical Criteria 49



Table 801

Storm Sewer Alighment and Size Criteria
Minimum Pipe Diameter

Type Minimum Pipe Diameter |Minimum Cross-sectional area
Main trunk 18 inch 1.77 sq. feet
Lateral from the inlet |15 inch 1.23 sq. feet

Note: Minimum size of the lateral will also be based upon a water surface inside the inlet at a minimum distance
of 1 foot below the grate or throat.

Diameter of Pipe |Maximum Allowable Distance between Manholes and/or Cleanouts
15" to 36" 400 feet

42" and larger 500 feet

Minimum Radius for Radius Pipe

Diameter of Pipe Minimum Radius of Curvature
48" to 54" 28.5 feet
57" t0 72" 32.0 feet
78" to 108" 38.0 feet

Reference: Urban Storm Drainage Criteria Manual, DRCOG, 1969
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Table 802
Energy Loss Coefficients - Bends at Manholes
Reference: Modern Sewer Design, AISI, Washington D.C., 1980

I I I I
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Note: Head loss applied at outlet of manhole.
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Table 803
Manhole and Junction Losses
Reference: APWA Special Report No. 49, 1981
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Figure - 80

1

Hydraulic Properties of Circular Pipe
Reference: Concrete Pipe Design Manual ACPA, 1970
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Figure 803

Hydraulic Properties of Arch Pipe

Reference: Concrete Pipe Design Manual ACPA, 1970
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Worksheet 801
Water Surface and Energy Grade Line Calculations for a Storm Sewer
Pipe Material
Manning's n
Station | Invert | Pipe | W.S. | Pipe |Area | ¢ |Velocity | Flow | H | Energy | S, |Avg.S | Length | H | H | H | H | H_ [TotalLoss
Dia. | Elev. | Shape Rate Grade
Line
(ft) (in) (ft) (ft2) (fps) (cfs) (ft) (ft) (ft) (ft) | (ft) | (ft) | (f) | (ft) (ft)
¢ = (2g(n?)) S, =(¢H)
2.21 R1-33
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Chapter 9 - Storm Sewer Inlets

9.1 There are four types of inlets: curb opening, grated, combination and slotted inlets. Inlets are further classified
as being on a continuous grade or in a sump. The term “continuous grade” refers to an inlet so located that the
grade of the street has a continuous slope past the inlet and, therefore, ponding does not occur at the inlet. The
sump condition exists whenever water is restricted or ponds because the inlet is located at a low point. A sump
condition can occur at a change in grade of the street from positive to negative, or at an intersection due to the
crown slope of a cross street.

Presented in this chapter are the criteria and methodology for design and evaluation of storm sewer inlets in the
County. Except as modified herein, all storm sewer inlet criteria will be in accordance with the Manual. Standard
forms and spreadsheets are available in the Manual. Additionally, a series of design spreadsheets and software is
provided on the UD&FCD web site.

9.2 Standard Inlets
The standard inlets permitted for use in the County are:

Table 901

Standard Inlets

Inlet Type Standard Detail Permitted Use

Curb Opening Inlet Type R Standard M-804-12 SD-1 (In Criteria) All street types

Grated Inlet Type C CDOT M-604-10 All streets/roads with a roadside or median ditch
Grated Inlet Type 13 CDOT M-604-13 Private drives, alleys or parking areas
Combination Inlet Type 13 SD-2 (In Criteria) All street types

Slotted Inlet Provide Manufacturer’s Specifications Private drives, alleys or parking areas

Median Inlet SD-3 (In Criteria) In medians

9.3 Inlet Hydraulics

The procedures and basic data used to define the capacities of the standard inlets under various flow conditions
were obtained from the Manual, “Streets/Inlets/Storm Sewers”. The procedure consists of defining the amount
and depth of flow in the gutter, selecting the appropriate inlet type and determining the theoretical flow intercep-
tion by the inlet. To account for effects which decrease the capacity of the various types of inlets, such as debris
plugging, pavement overlaying and variations in design assumptions, the theoretical capacity calculated for the
inlets is reduced to the allowed capacity by applying a clogging factor.

9.4 Inlet Spacing

The optimum spacing of storm inlets is dependent upon several factors including traffic requirements, contrib-
uting land use, street slope and distance to the nearest outfall system. The suggested sizing and spacing of the
inlets is based upon the interception rate of 70% to 80%. This spacing has been found to be more efficient than a
spacing using 100% interception rate. Using the suggested spacing only, the most downstream inlet in a develop-
ment would be designed to intercept 100% of the flow. Also, considerable improvements in over-all inlet system
efficiency can be achieved if the inlets are located in the sumps created by street intersections.

9.5 Inlet Capacity

The hydraulic capacity of an inlet is dependent on the type of inlet and the location (on a continuous grade or
in a sump).

For the continuous grade condition, the capacity of the inlet is dependent upon many factors including gutter
slope, depth of flow in the gutter, height and length of curb opening, street cross slope and the amount of depres-
sion at the inlet. In addition, all of the gutter flow will not be intercepted and some flow will continue past the
inlet area (inlet carryover). The amount of carryover must be included in the drainage facility evaluation as well
as in the design of the inlet (see Figure 901 for example).

The capacity of the inlet in a sump condition is dependent on the inlet geometry and the depth of ponding above
the inlet.
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1. Use the Urban Drainage UD-Inlet spreadsheet or the UD-Inlet software (most current versions) to calculate the
selected inlet capacity.

2. Calculate design peak flow, including local peak flow and carryover flow, if applicable.
3. Determine street/gutter geometry:

(a) Allowable depth to gutter flowline, H

(b) Gutter width, W

(c) Gutter depression, a

(d) Street transverse slope, s_

(e) Street longitudinal slope, s

(f) Manning'’s roughness, n (0.016)

(g) Maximum water spread, T

4. Determine inlet geometry:

(a) Inlet type

(b) Length of a single unit, L (5.00” for Type R, 3.27' for Type 13, 3.27’ for combination)
(c) Width of a grate, W, (n/a for Type R, 1.88' for Type 13,1.88’ for combination)

(d) Height of curb opening, H (6” for Type R, n/a for Type 13, 6" for combination)

(e) Local depression, a,__, (3” for Type R, 0” Type 13, 2” for combination)

(f) Angle of throat, theta (63.4° for Type R, n/a for Type 13, 90° for combination)

(g) Side width for depression pan, W, (3.00" for Type R, n/a for Type 13, 2.00’ for combination)
(h) Number of units, N

5. Determine inlet design coefficients, as applicable
(a) Clogging factor for a grate, C-G (0.5)

(b) Clogging factor for a curb opening, C-C (0.1)
(c) Clogging factor for a slotted inlet, C, (0.5)

(d) Area opening ratio for a grate, A (0.6)

(e) Grate orifice coefficient, C-G (0.67)

(f) Grate weir coefficient, C -G (3.00)

(g) Curb opening orifice coefficient, C,-C (0.67)
(h) Curb opening weir coefficient, C_-C (2.30)

(i) Slotted inlet orifice coefficient, C-S (0.80)

(j) Slotted inlet weir coefficient, C -S (2.48)

Figure 901
Inlet Design Example - Minor Storm Y A
INLET #3
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LEGEND &, = Local runoff for design storm tributary to designated inlet (cfs)
@y = Runoff intercepted by inlet (cfs)
@y = Carry over runoff past inlet (cfs)
b= Runoff in pipe (cfs)
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Chapter 10 - Streets/Roads

10.1 Introduction

The criteria presented in this chapter will be used in the evaluation of the allowable drainage encroachment
within streets/roads. The review of all submittals will be based on the criteria herein and the Manual, “Streets/
Inlets/Storm Sewers”. Standard forms and spreadsheets are available in the Manual. Additionally, a series of design
spreadsheets and software is provided on the UD&FCD web site.

10.2 Function of Streets/Roads in the Drainage System

Streets and roads, specifically the curb and gutter or the street/roadside ditches, are part of the Minor Drainage
System. When the drainage in the street/road exceeds allowable limits, a storm sewer system (Chapter 9) or an
open channel (Chapter 7) is required to convey the excess flows. The streets/roads are also part of the Major Drain-
age System when they carry floods in excess of the minor storm also subject to certain limitations. However, the
primary function of streets/roads is for tratfic movement and, therefore, the drainage function is subservient and
must not interfere with the traffic function of the street/road.

Design criteria for the collection and moving of runoff water on streets/roads is based on a reasonable frequency
and magnitude of traffic interference. That is, depending on the character of the street/road, certain traffic lanes
can be fully inundated once during the minor design storm return period. However, during lesser intense storms,
runoff will also inundate traffic lanes but to a lesser degree. The primary function of the streets/roads for the Mi-
nor Drainage System is therefore to convey the nuisance flows quickly and efficiently to the storm sewer or open
channel drainage without interference with traffic movement. For the Major Drainage System, the function of
the streets/roads is to provide an emergency passageway for the flood flows with minimal damage.

10.3 The Allowable Use of Streets/Roads as a Drainage System

The streets in the County are classified as arterial/parkway, collector and local, according to the average daily
traffic (ADT) for which the street is designed. The larger the ADT, the more restrictive the allowable drainage en-
croachment into the driving lanes. The limits of storm runoff encroachment for each classification is shown in
the following tables:

Table 1001
Allowable Use of Streets/Roads for Minor Storm Runoff
Street/Road Classification Maximum Allowable Street/Road Encroachment

Major Collector/Arterial /Parkway |No curb overtopping. Flow spread must leave at least two 10-foot lanes free of water, 10 feet
each side of the street/road crown/median.

Collector No curb overtopping. Flow spread must leave at least one 10-foot lane free of water, 5 feet
either side of the street/road crown.

Local No curb overtopping for B-inch vertical curb. Flow may spread to the back of sidewalk for a
combination curb, gutter and sidewalk.

Table 1002
Allowable Use of Streets/Roads for Major Storm Runoff
Street/Road Classification Maximum Allowable Street/Road Encroachment

Major Collector/Arterial /Parkway  |Flow may spread to the back of sidewalk or to the top of curb if there is no sidewalk. To allow
for emergency vehicles, the depth of water will not exceed 6 inches at the street crown or 12
inches at the gutter flowline whichever is more restrictive.

Local/Collector Flow may spread to the back of sidewalk or to the top of curb if there is no sidewalk. The depth
of water at the gutter flowline will not exceed maximum allowable depth or 12 inches.
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Table 1003
Allowable Flow Depths for Standard Street Templates
The allowable flow depths presented in this table are based on the maximum allowable encroachment in Tables

1001 and 1002 and the standard templates. Allowable flow depths must be calculated for any modifications to
the standard templates.

Street Classification Allowable Minor Storm Flow Depth  [Allowable Major Storm Flow Depth
Principal Arterial or Parkway (34’ Flowline to Flowline 6" 8.4
with raised median)

Principal Arterial or Parkway (94’ Flowline to Flowline 6" 9.4
without raised median)

Minor Arterial (70’ Flowline to Flowline with raised 5.4" 9.4”
median)

Minor Arterial (7O’ Flowline to Flowline without raised 6" 9.4”
median)

Maijor Collector (49 feet flowline to flowline with raised 6" 9.4”
median)

Major Collector (49’ feet flowline to flowline without B" 9.4
raised median)

Collector (with detached sidewalk) 4.7” 8.4"
Collector (with attached sidewalk) 47" 7.1
Local (34’ Flowline to Flowline, 6” vertical curb and 6" 8.4"

detached sidewalk)

Local (34’ Flowline to Flowline, combination curb, 5" 5"
gutter, sidewalk)

Local (28’ Flowline to Flowline, vertical curb and 6" 8.4"
detached sidewalk)

Local (28’ Flowline to Flowline, combination curb, 5” 5"
gutter, sidewalk)

Table 1004

Allowable Cross Street Flow

Street/Road Classification |Minor Drainage System Maximum Depth |Major Drainage System Maximum Depth

Maijor Collector/Arterial/ |None None

Parkway

Collector None 12" depth at gutter flowline or edge of pavement if no gutter
Local B" depth in *cross pan or gutter flowline |12" depth at gutter flowline or edge of pavement if no gutter

*Cross-pans are prohibited on arterial streets/roads. Cross-pans are allowed on collector and local streets,/roads only at locations
where traffic stops are intended at intersections and no storm sewer is present.

Table 1005
Allowable Culvert Overtopping

Street/Road Classification [Minor Drainage System Maximum Depth |Major Drainage System Maximum Depth*

Major Collector/Arterial/ |None None. Minimum clearance between the low chord or culvert
Parkway crown and the energy grade line is 6 inches for basins less
than 2 square miles, 1 foot for basins up to 10 square miles
and 2 feet for basins greater than 10 square miles.

Collector/Local None 12" depth at gutter flowline or edge of pavement if no gutter.
The maximum headwater depth is 1.5 times the culvert
height. **

*The regulations set forth in the Zoning Resolution, also apply for culvert crossings that are within the Floodplain Overlay District.
** The allowable culvert overtopping equally applies to driveways.
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10.4 Hydraulic Evaluation

10.4.1. Allowable Gutter Capacity

The allowable gutter capacity is calculated using the modified Manning’s formula. This equation is the basis of
the UD-Inlet spreadsheet.

Q =R(0.56)(Z/n)S 2 d #3)
Where

Q = discharge in cfs

Z=1/S ,where§_is the street transverse slope(ft/ft)
d = depth of water at face of curb (feet)

§, = street longitudinal slope(ft/ft)

n = Manning's roughness coefficient

R = reduction factor (Manual, Figure ST-2)

A Manning's n-value of 0.016 will be used for the calculations at all street slopes. The allowable gutter capacity is
computed by multiplying the theoretical street capacity by the appropriate reduction factor. The purpose of the
reduction factor is to account for various street conditions which decrease the street capacity. These conditions
include street overlays, parked vehicles, debris and hail accumulation and deteriorated pavement. The reduction
factor also is used to minimize damaging gutter flow velocities.

The allowable gutter capacity will need to be reduced for non-symmetrical street sections. Street capacity calcula-
tions will be submitted to the County at critical locations of the non-symmetrical streets.

10.4.2 Street/Road with Roadside Ditches

Some streets/roads are characterized by street/roadside ditches rather than curbs and gutters. The capacity is lim-
ited by the depth in the ditch and the maximum flow velocity. Refer to Section 7.6 for the design and capacity
of street/roadside ditches.

Chapter 11 - Culverts

11.1 Introduction

A culvert is defined as a conduit for the passage of surface water under a, street/road, driveway, railroad, canal
or other embankment (except detention outlets). Culvert design involves both hydraulic and structural design
considerations. This chapter sets forth only the hydraulic aspects of culvert design.

Culverts may be constructed with many shapes and materials. The most commonly used shape is circular. Other
shapes include elliptical, arch and box. The most common culvert materials are concrete and steel. The material
selected for a culvert is dependent upon factors such as durability, strength, roughness, bedding, water-tightness
and abrasion and corrosion resistance.

11.2 Culvert Hydraulics

The procedures and basic data to be used for the hydraulic evaluation of culverts in the County will be in ac-
cordance with the Manual, “Culverts,” except as modified herein. The reader is also referred to the many texts
covering the subject for additional information.

11.3 Culvert Design Standards

11.3.1 Construction Material and Pipe Size
Within the County ROW, culverts will be constructed from corrugated steel or concrete. Other materials for con-
struction outside of County ROW will be subject to approval by Planning and Zoning.

The minimum pipe size for culverts within a public ROW will be 18 inches diameter round culvert, or will have a
minimum cross sectional area of 1.6 ft2 for arch shapes. Driveway culverts will be sized to pass the minor storm
ditch flow capacity without overtopping the driveway. The minimum size culvert will be an 18” x 11” CSPA (15”
equivalent round pipe) with flared end sections. Larger sizes may be required by Planning and Zoning as determined
by the required culvert capacity calculations. Culverts crossing a drainageway will be sized to pass a 10 year storm
without street overtopping. Using future developed conditions for the 100-year runoff, the allowable street over-
topping will be determined from overflow rating curves developed from the street profile crossing the waterway.
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11.3.2 Inlet and Outlet Configuration

Within the County, all culverts for drainageways are to be designed with headwalls or with flared-end sections at
the inlet. Flared-end sections are only allowed on corrugated steel pipes with diameters of 42-inches (or equiva-
lent) or less. No multiple barrel installations will be allowed unless warranted by special conditions as approved
by Planning and Zoning.

Headwalls, wingwalls and flared-end sections should be designed and constructed to use the existing landforms
of the site and blend with the natural landscape.

Additional protection in the form of riprap will also be required at the outlet due to the potential scouring veloci-
ties. Refer to Section 12.2.

11.3.3 Hydraulic Data
When evaluating the capacity of a culvert, the following data will be used:

a. Roughness Coefficient - Table 1101.
b. Entrance Loss Coefficients - Table 1101.

c. Capacity Curves - There are many charts, tables and curves in the literature for the computation of culvert
hydraulic capacity. To assist in the review of the culvert design computations and to obtain uniformity of analysis,
one of the following design aids will be used:

Urban Storm Drainage Criteria Manual, Denver, Colorado, latest revision
HYS8 Culvert Analysis Version 6.1, U.S. Federal Highway Administration, Washington, D.C.

d. Design Forms - Standard Form SF-3 is to be used for determining culvert capacities. A sample computation is
discussed in Section 11.4 and shown on Table 1102.

11.3.4 Velocity Considerations

In design of culverts, both the minimum and maximum velocities must be considered. A minimum velocity of
flow is required to assure a self-cleansing condition of the culvert. A minimum velocity in the culvert of 3-fps at
the outlet is recommended.

The maximum velocity is dictated by the channel conditions at the outlet. If the outlet velocities are less than
7-fps for grassed channels, then the minimum amount of protection is required due to the eddy currents gener-
ated by the flow transition. Higher outlet velocities will require substantially more protection. A maximum outlet
velocity of 12-fps is recommended with erosion protection. If the culvert outlet velocity is greater than 12-fps, an
energy dissipator will be required. Refer to Sections-12.2 for protection requirements at culvert outlet.

11.3.5 Headwater Considerations

The maximum allowed headwater for the 100-year design flows will be 1.5 times the culvert diameter, or 1.5 times
the culvert rise dimension for shapes other than round. Also, the headwater depth may be limited by the street
overtopping criteria in Section 10.3.

11.3.6 Cross Culvert Location

The surface drainage in a street/roadside ditch will not be carried in excess of 500 feet before being discharged
into a natural drainageway. Grade changes of greater than 2% will require a cross culvert. The final location of
culverts will be determined by existing field conditions encountered during installation. Culverts will be installed
at the slope of the natural terrain.

11.3.7 Structural Design

As a minimum, all culverts will be designed to withstand an HS-25 loading (unless otherwise approved by Planning
& Zoning) in accordance with the design procedures of AASHTO, “Standard Specifications for Highway Bridges,”
and with the pipe manufacturer’s recommendation.

11.3.8 Trashracks

Trashracks may be required at the entrance of culverts for some installations as loading (unless otherwise approved
by Planning & Zoning), such as areas with potential for significant debris, or in areas where public access is likely.
Installation of trashracks prevents debris from entering culverts.

The following criteria will be used for design of trashracks for storm drainage applications:
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1. Materials

All trashracks will be constructed with smooth steel pipe with a minimum 1.25 inches outside diameter. The
trashrack ends and bracing should be constructed with steel angle sections. All trashrack components will have
a corrosion protective finish.

2. Trashrack Design

The trashracks will be constructed without cross-braces (if possible) in order to minimize debris clogging. The
trashrack will be designed to withstand the full hydraulic load of a completely plugged trashrack based on the highest
anticipated depth of ponding at the trashrack. The trashrack will also be hinged and removable for maintenance
purposes. The clear opening at the bottom should be 9 to 12 inches to permit debris at low flow to go through.

3. Bar Spacing

The steel pipe bars will be spaced with a clear opening of 4 2 to 5 inches. In addition, the entire rack will have a
minimum clear opening area (normal to the rack) at the design flow depth of four times the culvert opening area.

4. Trashrack Slope

The trashrack will have a longitudinal slope of no steeper than 3 horizontal to 1 vertical for maintenance purposes.
5. Hydraulics

Hydraulic losses through trashracks will be computed using the following equation:

H, =0.11 (TV/D)2(Sin A)

where:

H, = Head Loss through Trashrack (feet)

T =Thickness of Trashrack Bar (inches)

V = Velocity Normal to Trashrack (fps)

D = Center-to-Center Spacing of Bars (inches)

A = Angle of Inclination of Rack with Horizontal

This equation will apply to all racks constructed normal to the approach flow direction. The velocity normal to
the trashrack will be computed considering the rack to be 50 percent plugged.

This equation is a modification of the equation presented in Design Standards No. 3 - Canals and Related Structures,
U.S. Department of the Interior, Bureau of Reclamation, Denver, Colorado. The modification consists of changing
the computed head loss from inches to feet and eliminating the factor which accounts for approach flow direc-
tions other than normal to the trashrack.

11.4 Design Example

The procedure recommended to evaluate existing and proposed culverts is based on the procedures presented in
HEC-5, Hydraulic Charts for the Selection of Highway Culverts HEC No. 5, USDOT, FHWA. The methodology consists
of evaluating the culvert headwater requirements, assuming both inlet control and outlet control. The rating
which results in the larger headwater requirements is the governing flow condition.

A sample calculation for rating an existing culvert is presented in Table 1102. The required data are as follows:

Culvert size, length and type (48” CMP, L = 150’, n = .024).
Inlet, outlet elevation and slope (5540.0, 5535.5, so = 0.030).
Inlet treatment (flared end-section).

Low point elevation of embankment (EL = 5551.9).
Tailwater rating curve (see Table 1102, Column §).

From the above data, the entrance loss coefficient, K2, and the n-value are determined. The full flow Q and the
velocity are calculated for comparison. The rating then proceeds in the following sequence:

Step 1: Headwater values are selected and entered in column 3. The headwater to pipe diameter ratio (Hw/D) is
calculated and entered in column 2. If the culvert is other than circular, the height of the culvert is used.
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Step 2: For the Hw/D ratios, the culvert capacity is read from the rating curves (Section-11.3.3) and entered into
column 1. This completes the inlet condition rating.

Step 3: For outlet condition, the Q values in column 1 are used to determine the head values (H) in column 4 from
the appropriate outlet rating curves (Section-11.3.3).

Step 4: The tailwater depths (Tw) are entered into column § for the corresponding Q values in column 1 according
to the tailwater rating curve (i.e., downstream channel rating computations). If the tailwater depth (Tw) is less
than the diameter of the culvert (D), column 6 and 7 are to be calculated (go to Step 5). If Tw is more than D, the
tailwater values in column 5 are entered into column 8 for the h, values, and proceed to Step 6.

Step S: The critical depth (dc) for the corresponding Q values in column 1 are entered into column 6. The average
of the critical depth and the culvert diameter is calculated and entered into column 7 as the ,, values.

Step 6: The headwater values (H,) are calculated according to the equation:

H,=H+, -LS,

A ho

where H is from column 4, and ,,, is from column 8 (for Tw>D) or the larger value between column 5 and column
7 (for Tw<D). The values are entered into column 9.

Step 7: The final step is to compare the headwater requirements (columns 9 and 3) and to record the higher of
the two values in column 10. The type of control is recorded in column 11, depending upon which case gives the
higher headwater requirements. The headwater elevation is calculated by adding the controlling Hw (column 10)
to the upstream invert elevation. A culvert rating curve can then be plotted from the values in columns 12 and 1.

To size a culvert crossing, the same form can be used with some variations in the basic procedures. First, a de-
sign capacity is selected and the maximum allowable headwater is determined. An inlet type (i.e., headwall) is
selected, and the invert elevations and culvert slope are estimated based upon site constraints. A culvert type is
then selected and first rated for inlet control and then for outlet control. If the controlling headwater exceeds
the maximum allowable headwater, a different culvert configuration is selected and the procedure repeated until
the desired results are achieved.

11.5 Culvert Sizing Criteria

11..5.1 Culverts within Drainageways

The sizing of a culvert is dependent upon two factors, the street classification and the allowable street overtopping.
The allowable street overtopping for the various street classifications is set forth in Section 10.3. In addition to this
policy, a criteria requiring that no street overtopping occur for a 10-year frequency storm has been established.
Therefore, as a minimum design standard for street crossings, the following procedure will be used:

1. Using the future developed conditions 100-year runoff, the allowable street overtopping will be determined
from overflow rating curves developed from the street profile crossing the waterway.

2. The culvert is then sized for the difference between the 100-year runoff and the allowable overtopping.

3. If the resulting culvert is smaller than that required to pass the 10-year flood peak without overtopping, the
culvert will be increased in size to pass the 10-year flow.

The criteria is considered a minimum design standard and must be modified where other factors are considered
more important. For instance, if the procedure still results in certain structures remaining in the 100-year flood-
plain, the design frequency may be increased to lower the floodplain elevation. Also, if only a small increase in
culvert size is required to prevent overtopping, then the larger culvert is recommended.

11..5.2. Cross Culverts and Driveway Culverts within Street/Roadside Ditches
Minimum sizing of culverts is delineated in Section 11.6 of these Criteria. As a minimum, cross culverts and
driveway culverts shall be designed to accommodate the ditch capacity.

11.6 Checklist
To aid the designer and reviewer, the following checklist has been prepared:

1. Minimum culvert size within the public ROW, such as cross tubes, is 18-inch diameter round or equivalent
for other shapes.
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2. Minimum culvert size for street/roadside ditches at driveways is 15-inch diameter round or equivalent for
other shapes.

3. Headwalls, wingwalls or flared end sections required for all culverts in accordance with these Criteria.
4. Check outlet velocity and provide adequate protection.

5. Check maximum headwater for design condition.

6. Check structural requirements.

Table 1101
Hydraulic Data For Culverts

Pipe Roughness Coefficients

Manning’s n-value

Sewer Type Capacity Calculation
RCP 0.015

CSP 0.026

HDPE 0.012

(D) Culvert Entrance Losses

|Type of Entrance Entrance Coefficient, Ke
Pipe

Headwall

Grooved edge 0.20

Rounded Edge (0O.15D radius) 0.15

Rounded edge (0.25D radius) 0.10

Square edge (cut concrete and CMP) 0.40

Headwall & 45° Wingwall

Grooved edge 0.20

Square edge 0.35

Headwall with Parallel Wingwalls Spaced 1.25D apart

Grooved edge 0.30

Square edge 0.40

Projecting entrance

Grooved edge RCP 0.25

Square edge RCP 0.50

Sharp edge, thin wall CMP 0.90

Flared-end Section 0.50
Box, Reinforced Concrete

Headwall Parallel to Embankment (no wingwalls)

Square edge of 3 edges 0.50

Rounded on 3 edges to radius of 1/12 barrel dimension 0.20

Wingwalls at 30° to 75° to barrel

Square edged at crown 0.40

Crown edge rounded to radius of 1/12 barrel dimension 0.20

Wingwalls at 10° to 30° to barrel

Square edged at crown | 0.50

Wingwalls parallel (extension of sides)

Square edged at crown | 0.70

Note: The entrance loss coefficients are used to evaluate the culvert or sewer capacity operating under outlet control.
Reference: Handbook of Steel Drainage and Highway Construction Products, AISI 1991
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Table 1102

Standard Form SF-3 Culvert Rating

Project: _Design Example

Location: Jefferson County

Station: _2+00

Low Point Elev.

5551.9

I ; R
Hy Y
|
r hol Ty
Elev. 5540.0 Y
So 0.030 L 150  SoL 4.5 e~ Elev. 5535.5
Culvert Data Outlet Control Equations
Type:__48" CMP n: 0.024 1. H =H+h -1LS
Inlet__ Flared End Section @FU” . 13.5 2. For TW < Di ho =dC +D or TW (Whichever is greater)
2
K— 0.3 Kea'—10.2 3. Forbox culvert: d =0.315(Q/B)* <D
(for any other shapes see HEC-5)
Inlet Control Outlet Control Cont. Control Elev.
T<D T>D
Q H, H, H T, D, D—+bB- H, H, H,
D = ho
2
1 2 3 4 5 B 7 8 9 10 11 12
70 1.0 4 1.9 1.5 2.5 3.3 0.7 Inlet 5544.0
115 1.5 6 55 2.0 3.0 3.5 4.5 6 Inlet 5546.0
145 2.0(3) 8 8.9 2.5 3.4 3.7 8.1 8.1 Outlet 5548.8
170(1) 25[3) | 10 | 12.5 3.0 3.7 3.9 11.9 11.9 Outlet 5551.9
195(2) 3.03) | 12 18.0 [ 3.5 4.0 4.0 15.5 15.5 Outlet 5555.5

Outlet Velocity, V = Q/A = 170 cfs/12.8 ft.2 = 13.5 fps

Notes:

(1) Culvert capacity
(2) Road overtopping
(3) Example only
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Chapter 12 - Hydraulic Structures

12.1 Introduction

Hydraulic structures are used in storm drainage work to control the flow of the runoff. The energy associated
with flowing water has the potential to create damage to the drainage works, especially in the form of erosion.
Hydraulic structures, which include Conduit Outlet Structures, energy dissipators, check structures, bridges and
irrigation ditch crossings, all control the energy and minimize the damage potential of storm runoff.

The criteria to be used in the design of hydraulic structures will be in accordance with the Manual. The specific
criteria to be used with the modifications for the County are presented herein.

12.2 Conduit Outlet Structures
Outlet protection is required for all storm-sewer and culvert locations. The design of Conduit Outlet Structures
will be in accordance with the Manual.

12.3 Channel Grade Control Structures (Check and Drop Structures)

As discussed in chapter, “Open Channels,” there is a maximum permissible velocity for major design storm run-
off in grass lined channels. One of the more common methods of controlling the flow velocity is to reduce the
channel invert slope, which requires a check drop to make up for the elevation difference occurring when the
channel slope is reduced.

The design criteria for the check drops will be in accordance with the Manual.

12.4 Bridges

The design of bridges within the County will be in accordance with the Manual. The design capacity of the bridge
will be determined by the method presented in Section 11.5 of these Criteria.

12.5 Irrigation Ditch Crossings

Any proposed development in the vicinity of the ditches or canals that crosses or utilizes the canal for surface
drainage or proposes to make any modifications to the existing topography which alters and/or affects water
quality and drainage patterns to the ditch will have the plans approved by the ditch company prior to approval
by the County.

Chapter 13 - Stormwater Quality Management

13.1Introduction

The intent of this Chapter is to present minimum criteria for the implementation and use of BMPs in order to
achieve the goal of mitigated stormwater quality during construction and after construction. Compliance with
these Criteria does not require water quality monitoring by the individual developer, or quantitative descriptions
of pollutant load removal. Instead, a performance-based approach is required for erosion, sediment and pollutant
transport control. Individual methods must be selected and implemented to best fit the conditions and require-
ments of each site.

The quality of stormwater runoff from developed lands and urbanized areas can be impacted by some or all of
the sources and pollutants shown in Table 1301. Stormwater quality control methods and techniques have been
developed for two distinct phases of urbanization: the initial construction period of land disturbing activities
and the ongoing response of the urban system to rainfall and runoff events. Site planning and engineering for
developing lands must provide controls for both phases of urbanization. The general objectives for each of these
two phases of urbanization are discussed in this chapter.

Storm Drainage Design & Technical Criteria 65



Table 1301
Possible Sources of Pollutants in Stormwater

Source Contaminant

Vehicles, Machinery and Industrial Activities |Metals, Lubricants, Solvents, Paints

Lawn Care, Gardening Pesticides, Herbicides, Fertilizers, Sediments

Household Chemicals Paints, Solvents, Detergents, Disinfectants, Cleaners, Chlorine
General Population Litter, Trash, Debris

Pets and Animals Fecal Matter, Organic Wastes

Parking Lots Qil, Grease, Automotive Fluids, Sediments

Construction Soil and Sediment Particles

13.2 Temporary Erosion Control for Construction Activities

Construction activities that disturb the natural soil and vegetation have the potential to increase soil erosion and
sediment movement. The disturbed, loose soil is easily eroded by the forces of rainfall, concentrated runoff and
wind.

Erosion and sediment control practices are required, to the maximum extent practicable, on all developing sites.
These practices are required to prevent disturbed soils from leaving the site and to maintain stormwater quality
at a level comparable to the historic runoff conditions that existed prior to the construction activities.

Site planning and design must meet all of the objectives for stormwater quality control. Design and performance
information for a variety of erosion and sediment control measures that are currently in practice or recommended
for use in the region is presented in detail in the Manual.

The Land Disturbance Section of the Jefferson County Zoning Resolution describes the submittal requirements
and specifications for grading and erosion control plans and the minimum performance standards for site grading
and erosion and sediment control.

13.3 Permanent Controls for Stormwater Quality Management

13.3.1 Objectives for Permanent Stormwater Quality Control

Jefterson County requires that land undergoing development activities incorporate BMPs to achieve the objec-
tives of permanent stormwater quality control. The following principles and objectives of stormwater quality
BMPs will be used by the County to determine if adequate controls have been proposed during the site design
and development process:

Minimize, to the maximum extent practicable, impacts of stormwater on receiving waters. An effective level
of urban pollutant removal should be accomplished by the selected BMPs.

The site’s physical constraints need to be considered. Select and design BMPs to work within the conditions
on the site.

Economic impacts of the selected BMPs must be considered. Controls must be evaluated for installation (con-
struction) costs and for future operation and/or maintenance costs.

Multi-use benefits should be incorporated within stormwater quality features whenever possible. Land inten-
sive BMPs, such as detention/retention ponds and vegetative strips should be designed to incorporate recreational
and aesthetic features such as open space and landscape values whenever possible.

Opportunities for participation in master-planned regional facilities have been considered. The County will
be contacted to determine if regional facilities for stormwater quality control may be available to the planned site.

13.3.2 BMPs for Permanent Control

The Four-Step Process described in the Manual, is required for selecting structural BMPs in developing areas.
Selection of a BMP must include consideration of long-term function and maintenance design expectations, an
estimate of annual maintenance costs and maintenance schedule, the source of funding and anticipated life of
the structural BMP.

Step 1. Employ Runoff Reduction Practices

To reduce runoff peaks and volumes from urbanizing areas, employ a practice generally termed “minimizing
directly connected impervious areas” (MDCIA). The principal behind MDCIA is twofold - to reduce impervious
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areas and to route runoff from impervious surfaces over grassy areas to slow down runoff and promote infiltration.
The benefits are less runoff, less stormwater pollution and less cost for drainage infrastructure.

a. Reduce “Actual” Impervious Area

* Replace regular pavement with modular block porous pavement or stabilized grass porous pavement
* Replace storm sewer or hard surface swales with grass swales

b. Reduce “Effective” Impervious Area

e Direct runoff from impervious surfaces to grass buffers or grass swales

* Replace curb and gutter with grass swales

* Direct stormwater from parking lot(s) into an infiltration and/or water quality BMP prior to conveyance to
the stormwater detention and water quality pond

Step 2. Provide Water Quality Capture Volume (WQCV)

A fundamental requirement for any site addressing stormwater quality is to provide WQCV. One or more of six
types of water quality basins, each draining slowly to provide for long-term settling of sediment particles, may be
selected (Manual, ND-9 “Decision Tree for WQCV BMP Selection”).

¢ Porous Pavement Detention

* Porous Landscape Detention

¢ Fxtended Detention Basin

e Sand Filter Extended Detention Basin
¢ Constructed Wetland Basin

¢ Retention Pond

Step 3. Stabilize Drainageways

Drainageway erosion, natural and manmade, can be a major source of sediment and associated constituents, such
as phosphorus. Natural drainageways are often subject to bed and bank erosion when urbanizing areas increase
the frequency, rate and volume of runoff. It is important that drainageways adjacent to or traversing development
sites be stabilized. One of three basic methods of stabilization may be selected.

e Constructed Grass, Riprap or Concrete-Lined Channel
* Stabilized Natural Channel
* Constructed Wetland Channel
Step 4. Implement Industrial and Commercial BMPs
If the development includes industrial or commercial uses, the need for specialized BMPs must be considered.

e Covering Storage and Handling Areas
* Spill Containment and Control

Other BMPs

Manufactured devices such as water quality vaults and inlets, infiltration trenches and oil/grease separators, may
be considered when a stormwater quality variance is granted in accordance with Section 3.3.7 and site constraints
do not allow for full implementation of Step 1 and Step 2 BMPs.

13.3.3 Minimum Design Criteria
It is expected that the BMPs designed for each site will vary depending on land use, extent of development, rede-
velopment constraints and the physical characteristics of the site (soils, slope and runoff).

The County will evaluate the adequacy and appropriateness of the proposed BMPs based on their fulfillment of
the previously stated objectives, as well as the satistaction of the following minimum design criteria:

1. Assite specific Stormwater Quality Control Plan and associated hydraulic calculations will be incorporated in
the Phase III Drainage Report and plan describing: the type of BMPs selected and associated hydraulic calcula-
tions, a construction and implementation schedule and a description of long term maintenance requirements
and responsibilities.

2. The design of sites will incorporate one or more BMPs from Step 1 and Step 2 designed to capture and treat the
calculated EURV as defined in the Manual.
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When incorporating Urban Excess Runoff Volume into a stormwater quantity detention basin, the capacity will
be based on the following:

Onstream WQCV and EURV facilities are not recommended unless they are designed as regional facilities. If a
non-regional WQCV and EURYV facility is placed onstream, it must be designed to serve the upstream watershed
based on current development conditions. Credit will be given for WQCV and EURV facilities that have already
been constructed in the upstream watershed.

3. The design of sites will incorporate one or more BMPs from Steps 3 and 4 depending on the planned use of
the site and the proximity to drainageways.

4. Design criteria for manufactured devices are dependent on the specific device. The appropriateness of a device
will be considered on a case-by-case basis.

5. Non-residential projects which include more than the required number of parking spaces will be required to
employ one or more Step 1 BMPs to limit the effective impervious area which would result from the minimum
required number of parking spaces as determined by the Jefferson County Zoning Resolution.

6. Permanent erosion protection and stabilization measures will be provided for all disturbed areas.

Chapter 14 - Detention

14.1 Introduction

The criteria presented in this chapter will be used in the design and evaluation of all facilities. The review of all
planning submittals (refer to Chapter 2) will be based on the criteria presented in this section.

The main purpose of a detention facility is to store the excess storm runoff associated with an increased basin
imperviousness and discharge this excess at a rate similar to the rate experienced from the basin without develop-
ment. Any special design condition which cannot be defined by these Criteria will be reviewed by Planning and
Zoning before proceeding with design.

Dams and water diversion/detention areas should be designed and constructed to appear as natural features,
creating site amenities. Techniques to achieve this include creation of topographic changes that mimic natural
conditions (including a variety of slope changes), using natural materials such as stone, blending with the textures
and patterns of the surrounding landscape and using materials that match the local environment. When possible,
preserve existing drainage patterns.

14.2 Detention Methods

The various detention methods are defined on the basis of where the facility is constructed, such as open space
detention, parking lot or underground. Full spectrum detention is required for all new storm drainage facilities.
Full spectrum detention is required for all modified facilities if additional pond volume is necessary due to an
increase in the proposed development area and/or increased designed impervious area. Full Spectrum Detention
will be designed as outlined in Chapter 13 and the Manual.

14.3 Design Criteria

14.3.1 Volume and Release Rates
Method Site Conditions

Empirical Equations for Sizing of On-Site Detention Basins under 10 acres. Do not use with significant offsite flows or if release
Storage Volumes in the Storage Chapter of the Manual |rates must be reduced below the allowable release rates, due to limited
outfall capabilities.

Rational Formula-Based Modified FAA Procedure in the |Allowable for any pond with a tributary area under 160 acres. The
Storage Chapter of the Manual Hydrogragh Routing Procedure is more accurate for basins over S0 acres

Hydrograph Routing Procedures using Colorado Urban | Allowable for any pond with a upstream tributary area of over S0 acres
Hydrogragh Procedure (CUHP) or ather Urban Drainage
recognized procedure
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The maximum release rates at the ponding depths corresponding to the 100-year volumes are as follows.
Allowable Release Rates for Detention Ponds - cfs/acre

Soil Group
Control Frequency|A B C&D
100-year 0.50 0.85 1.00

The predominate soil group for the total basin area tributary to the detention pond will be used for determining the
allowable release rate. Information on the soils in the County can be found in, Soil Survey of Golden Area, Colorado,
USDA, SCS, 1983. Developments that are required to use CUHP to determine flow rates must use the historic CUHP
run as the allowable release rate if the historic CUHP flows are under the flows calculated from the table above.

Planning and Zoning may require a lower release rate than allowable if the pond is discharging into a historic
drainageway that does not have adequate capacity. It is the responsibility of the design engineer to determine if
the historic drainageway has adequate capacity.

Use the table below to determine the minimum combined volume for the facility.
Combining the EURV and the 100-year Detention Volume Within the Same Detention Facility

Required total combined volume Design Situation
100% of the EURV + the 100year detention volume New pond with no MDCIA as outlined in the Manual
950% of the EURV + the 100 year detention volume New ponds where the site meets the criteria of MDCIA Level 1

EURV may be incorporated within the detention volume |Site meets the criteria of MDCIA Level 2. and/or retrofitting an existing
detention facility without water quality or an EURV in the detention facility

Development applications that do not increase the impervious percentage and/or total impervious area from the
originally designed and approved detention pond are permitted to:

¢ use the original design equations to determine if the pond has adequate volume
e combine the EURV volume within the detention volume

14.3.2 Design Frequency
All detention facilities are to be designed for the 100-year recurrence interval flood.

14.3.3 Hydraulic Design

Hydraulic design data for sizing of detention facilities outlet works is as follows:
1. Weir flow
The general form of the equation for horizontal crested weirs is:

Q = CLH?”?
Where Q = discharge (cfs)

C = weir coefficient
(Table 1401)

L = horizontal length (feet)
H = total energy head (feet)

Another common weir is the v-notch; the equation is as follows:

Q = 2.5 tan (6/2)H>?
Where 6 = angle of the notch at the apex (degrees)

When designing or evaluating weir flow, the effects of submergence must be considered. A single check on sub-
mergence can be made by comparing the tailwater to the headwater depth. The example calculation for a weir
design on Figure 1403 illustrates the submergence check.
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2. Orifice Flow
The equation governing the orifice opening and plate is the orifice flow equation:

Q= CdA (2gh)"?

Where Q = Flow (cfs)

C, = Orifice coefficient

A = Area (ft?)

g = Gravitational constant = 32.2 ft/sec?

h = Head on orifice measured from centerline of orifice (ft)

An orifice coefficient (C,) value of 0.65 will be used for sizing of square edged orifice openings and plates.

14.4 Design Standards for Open Space Detention
14.4.1 State Engineer’s Office

Any dam constructed for the purpose of storing water, with a surface area, volume or dam height as specified in
CRS 37-87-105 as amended, will require the approval of the plans by the State Engineer’s Office. All detention
storage areas will be designed and constructed in accordance with these Criteria. Those facilities subject to the
state statutes will be designed and constructed in accordance with the criteria of the state.

14.4.2 Grading Requirements

Slopes on riprapped earthen embankments will not be steeper than 3 (horizontal) to 1 (vertical). For grassed de-
tention facilities, the minimum bottom slope will be 2.0 percent measured perpendicular to the trickle channel.
Slopes for detention ponds that are eligible for Urban Drainage maintenance assistance will not be steeper than
4 (horizontal) to 1 (vertical).

14.4.3 Retaining Walls
Retaining walls are permitted in detention ponds below the 100-year water surface elevation as long as all of the
following requirements are met.

¢ The retaining wall must be made of large blocks (one-ton weight per block or heavier) or monolithic pour concrete.

* The retaining wall must not exceed 50% of the detention pond perimeter for residential or institutional use.

* Safety improvements are provided as required by Planning and Zoning. Examples include but are not limited to
tfencing and guardrails.

14.4.4 Freeboard Requirements
The minimum required freeboard for open space detention facilities is 1.0 foot above the computed 100-year
water surface elevation.

14.4.5 Trickle Flow Control
All grassed bottom detention ponds, except porous landscape detention, will include a concrete lined trickle
channel or equivalent performing materials and design. Trickle flow criteria is presented in Section 7.4.2.6(a).

14.4.6 Outlet Configuration

See the Manual storage chapter and Figures 1401 and 1402 for outlet configuration details. Minimum pipe outlet
size is 15 inches. Trash racks are required for all water quality and EURV openings and will be designed in accor-
dance with the Manual.

The outlet will be designed to minimize unauthorized modifications, which affect proper function. A sign with
a minimum area of 0.75 square feet will be attached to the outlet or posted nearby with the following message:

WARNING

Unauthorized maodification of this outlet is a knowing violation of Section 309 of the Clean Water Act.
Punishment: Fine and/or Imprisonment: 3-6 years

The 100-year discharge must pass over the weir and therefore the weir must be of adequate length. The effective
weir length (L) occurs for three sides of the box. To ensure the 100-year control occurs at the throat of the outlet
pipe, a 50 percent increase in the required weir length is required. In addition, the outlet pipe must have an ad-
equate slope to ensure throat control in the pipe.
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14.4.7 Embankment Protection

Whenever a detention pond uses an embankment to contain water, the embankment will be protected from
catastrophic failure due to overtopping. Overtopping can occur when the pond outlets become obstructed or
when a larger than 100-year storm occurs. Failure protection for the embankment will be provided by a separate
emergency spillway having a minimum capacity of twice the maximum release rate for the 100-year storm, or in
the form of a buried heavy riprap layer on the entire downstream face of the embankment. Emergency spillways
will be directed toward an open channel, natural drainageway, street/roadside ditch or a street (see Figure 1407).
Structures will not be permitted in the path of the emergency spillway or overflow. The invert of the emergency
spillway should be set equal to or above the 100-year water surface elevation.

14.4.8 Vegetation Requirements

All open space detention ponds under 7000 feet in elevation will be revegetated by either irrigated sod or natural
dry-land grasses in accordance with the Manual. Detention ponds above 7000 feet in elevation will be revegetated
according to the recommendations of the JCD and/or the Jefferson County Small Site Erosion Control manual.

14.5 Design Standards for MPLD

MPLD may be used only for single family residential developments within the mountains. See Figure 1408 for the
design requirements for MPLD.

All non-lot specific designs of MPLD is required at the time of development process. Lot specific design of the
MPLD may be delayed until the time of building permit at the discretion of the Planning and Zoning subject to
the following requirements.

* The Phase III Drainage Report includes the MPLD volume calculations and soil type/classification and percolation
test if in soil type C

* The Phase III Drainage Report discusses the general location of the MPLD’s and the proposed septic system, if any

* The Phase III Drainage Report includes a typical design of an MPLD

* Drainage easements and performance guarantees for MPLD’s are provided

14.6 Design Standards for Parking Lot Detention
The requirements for parking lot detention is as follows:

14.6.1 Depth Limitation
The maximum allowable design depth of the ponding for the 100-year flood is 12 inches.

14.6.2 Freeboard Requirements

The minimum required freeboard for parking lot detention facilities is .25 feet above the computed 100-year wa-
ter surface elevation. There may need to be more than .25 feet of freeboard depending on overflow weir capacity
calculations.

14.6.3 Overflow Requirements
All parking lot detention ponds will have a safe overflow that at a minimum has capacity for the 100-year allow-
able release rate.

14.6.4 Outlet Configuration

The minimum pipe size for the outlet is 15” diameter where a drop inlet is used to discharge to a storm sewer or
drainageway. Where a weir and a small diameter outlet through a curb are used, the size and shape are dependent
on the discharge/storage requirements. A minimum pipe size of 3” diameter is recommended.

14.6.5 Performance

To assure that the detention facility performs as designed, maintenance access will be provided in accordance with
Section 3.3.9. The outlet will be designed to minimize unauthorized modifications which affect function. Any
repaving of the parking lot will be evaluated for impact on volume and release rates and is subject to approval by
Planning and Zoning
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14.6.6 Flood Hazard Warning
All parking lot detention areas will have a minimum of two signs posted identifying the detention pond area. The
signs will have a minimum area of 1.5 square feet and contain the following message:

WARNING
This area is a detention basin and is subject to periodic flooding to a depth of (provide design depth).

Any suitable materials and geometry of the sign are permissible, subject to approval by Planning and Zoning.

14.6.7 EURV

EURV in a parking lot must meet the standards for Porous Pavement Detention outlined in the Manual.

14.7 Design Standards for Underground Detention
The requirements for underground detention are as follows:

14.7.1 Materials
Underground detention will be constructed using ASP, HDPE or RCP. The pipe thickness cover, bedding and backfill
will be designed to withstand HS-20 loading or as required by Planning and Zoning.

14.7.2 Configuration

Pipe segments will be sufficient in number, diameter and length to provide the required minimum storage volume
for the 100-year design. As an option, the design can be stored in the pipe segments and the difference for the
100-year stored above the pipe in an open space detention (Section 14.4) or in a parking lot detention (Section
14.5). The minimum diameter of the pipe segments will be 36 inches.

The pipe segments will be placed side by side and connected at both ends by elbow tee fittings and across the fit-
ting at the outlet (see Figure 1405). The pipe segments will be continuously sloped at a minimum of 0.25% to the
outlet. Manholes for maintenance access (see Section 14.6.5) will be placed in the tee fittings and in the straight
segments of the pipe, when required.

Permanent buildings or structures will not be placed directly above the underground detention.

14.7.3 Overflow Requirements
All underground detention will have a safe overflow that at a minimum has capacity for the 100-year allowable
release rate.

14.7.4 Inlet and Outlet Design

The outlet from the detention will consist of a short (maximum 25 ft.) length(s) of CSP or RCP with a 15” mini-
mum diameter. A two-pipe outlet may be required to control both design frequencies. The invert of the lowest
outlet pipe will be set at the lowest point in the detention pipes. The outlet pipe(s) will discharge into a standard
manbhole (see CDOT M-604-20) or into a drainageway with erosion protection provided per Sections 11.3.2, 12.2
and 12.3. If an orifice plate is required to control the release rates, the plate(s) will be hinged to open into the
detention pipes to facilitate back flushing of the outlet pipe(s).

Inlet to the detention pipes can be by way of surface inlets and/or by a local private storm sewer system.

14.7.5 EURV

EURV facilities must be designed in accordance with the Manual design criteria, unless it is demonstrated that
the proposed method is as effective as the Manual design criteria.

14.7.6 Maintenance Access
Access easements to the detention site will be provided in accordance with Section 3.3.10. To facilitate cleaning of
the pipe segments, 3-foot diameter maintenance access ports will be placed according to the following schedule:

Maintenance Access Requirements

Detention Pipe Size |Maximum Spacing |Minimum Frequency

36" to 54" 150 Every pipe segment

60" to 66" 200 Every other pipe segment

>66" 200 One at each end of the battery of pipes

The manholes will be constructed in accordance with the detail on Figure 140S.
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14.8 Design Standards for Combined Detention Ponds
Combined detention ponds, such as open space/parking lot detention, must meet the relevant set of design stan-
dards for design of each portion of the detention pond.

14.9 Design Examples

Detention Design for Open Space Detention Pond:
Given: A basin that has the following characteristics:

Basin Area (A) = 23 acres

Basin Imperviousness (I) = 55%

Predominate Soil Group = D (Soil Survey of Golden Area, Colorado, USDA, SCS, 1983)

Time of Concentration T(c) = 15 minutes

Rainfall Zone 1

MDCIA credit level 1 given for providing a grass-lined swale and porous concrete parking area.

Required: 100-year release rates and design volume for EURV and 100-year detention volume.

Solution:

Step 1: Use the UD&FCD spreadsheet for the modified FAA method to calculate the required volume for the 100-year
detention volume located at the UD&FCD web-site. The required 100-year detention volume is 64,548 cubic feet.
Step 2: Calculate the required EURV volume:

This project is fulfilling the design criteria for the MDCIA Level 1. According to table ND-8 in the Manual, the

effective impervious percentage for the EURV is reduced from 55% to 50.6%. Using the full spectrum detention
spreadsheet from the UD&FCD web-site, the required EURV is calculated to be 49,658 cubic feet.

Step 3: A way to reduce the total volume is to design a project using the MDCIA design criteria. Section 14.3.2
allows additional reductions in total volume if the MDCIA design criteria is used. For a project designed in ac-
cordance with MDCIA Level 1, the required total volume is calculated as follows: 100-year detention volume +
50% EURV = 89,377 cubic feet.

If minimizing directly connected impervious area (MDCIA) is not used on the site, assuming the basin impervious-
ness does not change (in some cases the basin imperviousness will increase), the required total volume increases
to 118,998 cubic feet - an increase of over 33%.

Step 4: Determine maximum allowed 100-year release rate:

Q100=1.00 A
=1.00x 23
=23.0 cfs

Detention Outlet Structure Design:
Given: Detention pond with the following characteristics (see previous example)

Maximum 100-yr release rate = 23.0 cfs
Type 2 outlet (refer to Figure 1401)

Required: 100-year outlet sizing

Solution: (see Figure 1404)

Step 1: Compute Stage Storage Graph:

Use the formula Volume 1/3(A1+A2+(A1+A2)1/2)D
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Stage Storage Graph

D = Depth (Feet) |A=Area (Ft2) |Volume Total Volume
0 0 0 0

1 10,000 3,330 3,330

2 18,000 13,800 17,130

3 28,000 22,814 39,944

4 40,000 33,820 73,764

5 54,000 46,820 120,584

B 65,000 59,510 180,094

Volume (EURV) = 49,658 ft?

Volume (100 Year + 50% EURV) = 89,377 ft®
EURV water surface elevation = 3.4 ft
100-year Water Surface Elevation = 4.6 ft
100-year Orifice Elevation = 0.5 ft
Freeboard elevation = 5.6 ft

Step 2: Size orifice area for 100-year outlet (24” RCP, h = 4.1 feet)

A = Q/Cd(zgh)l/l)
=23.0/(0.65)(2.(32.2)(4.1))"?)
A =218 ft?

Step 3: Determine 100-year orifice diameter

Diameter = (4A/m)'?
= ((4)(2.18)/mm)12
= 1.67 feet = 20 inches

Use 24” outlet pipe with a 20” orifice plate.

Step 4: Determine minimum box dimensions (i.e., weir length) to assure control of pipe inlet.

L=Q,,/(CH*)

C = 3.4 from Table 1401

Include a 50% clogging factor, which will double the required weir length
L =18.1/(3.4(.85)*?)

L =6.79 feet - Required Length = 6.79(2) =13.58’
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Table 1401

Weir Flow Coefficients

Reference: King & Brater,
Handbook of Hydraulics,
McGraw Hill Book Company,
1963 — Design of Small Dams,
Bureau of Reclamation, 1977

Shape Coefficient Comments Schematic
Sharp Crested - (H in feet) N ¥ g
Projection Ratio (H/P = 0.4) 3.4 H<1.0 H;
Projection Ratio (H/P = 2.0) 4.0 H>1.0 P g
u/s D/S
Broad Crested
W /Sharp U/S Corner 2.6 Minimum Value —
W /Rounded U/S Corner 3.1 Critical Depth % =A
Triangular Section
A) Vertical U/S Slope
1:1 D/S Slope 3.8 H>0.7 H : \ v
4:1 D/S Slope 3.2 H>0.7 mm?
10:1 D/S Slope 2.9 H>0.7 u/s D/
B) 1:1 U/S Slope "
1.1 D/S Slope 3.8 H>0.5 m
3:1 D/S Slope 3.5 H>0.5 %
u/s D/S
Trapezoidal Section
1:1 U/S Slope, 2:1 D/S Slope 3.4 H>1.0 ﬁ:\
2:1 U/S Slope, 2:1 D/S Slope 3.4 H>1.0 / =
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3 /
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Figure 1401
Detention Pond Outlet Configurations

For small sites <5 acres
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Figure 1402
Detention Pond Details
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NOTE: FOR ORIFICE DIAMETER LESS THAN 3", USE A MINIMUM CLEAR OPENING OF 2 2

0.01 10.0



Figure 1403
Weir Design Example

Spillway Plan

Vv
=
— ]

Spillway Plan Section A-A

GIVEN: Q = 100 CFS, Triangular weir with vertical face, and 1:1 downstream
slope, p = 2', hg = 2, tailwater depth = 4.5°, hy = 1.5

FIND: L, and check submergence

Solution: Ly = Q/CHY2 = (100)/(3.8)/(2/? = 9.3 FT.
Submergence check

h
—d = 1S = 0.75, then from Table 1401, CS/C = 1.0,

he 2.0 therefore no submergence adjustment is required.
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Figure 1404
Outlet Design Example

1

o I
- 1" min. RN
w_ 100 year level _—
= 5
N /1
-] - . Emergency
46 EURV Surface Elev. I - - spillway
C8x18.75 American Standard I -
Structural Steel Channel. I :
Trash Rack Attached By Welding i Slanted Tubular
i Trash Rack On 6” T
3 or 4 Centers -
H Varies T = I
1 Min.  |— — i - 100 Year
) i R Flow Control
3.75 i z (‘: - / Orifice Plate
US. Filter* Stainless = | pleel Perforated | -}/ 20" Diameter =
Steel Well-Screen i Plz‘:le ontro @g,m
(or equal) Per Tables i = 5 -/ -
8 a—1, 6a—2 A = \ F= —
i 100 year l
H=0’ ¥ Micro _Pool W.S. | Outlet Pipe
C8x18.75 American i 3" Minimum
Standard Structural i - o —
) Steel Channel Formed A e n.
Mi 2 8 Into Concrete Bottom 5 .
nimum And Sides Of Weone: . ‘ -
Trash Rack Attached -
By Intermittent Welds. 4" *Design Engineer may use

Steel Perforated
Flow Control
Plate

722222 VozzzzZZ] X722

Weone.

By Intermittent

_;\/\;_ Welding Al Around _J\/__

Section B-B - Plan View

Limits for this Standardized Design:

All outlet plate openings are circular.
Maximum diameter of opening = 2 inches.

1.
e.

*U.S. Filter, St. Paul, Minnesota, USA
* Recommended only for Ponds with a large tributary area

Red indicates design example

' mmm:::g 6”
Z Trash Rack Attached

Section A-A

Well-Screen Frame
Attached To Channel
By Intermittent Welds

or Equal) Wires

R Value =

t Stainless Steel

Support Bars
No. 93 Stainless
Steel (U.S. Filter*

additional openings for 2

year or 10 year storms due
to downstream capacity
problems, 5 year and 10 year
releases are always required.

0.139"

Flow
0.090"

Section C-C

(net open area)/(gross rack area) = 0.60

Reference: Urban Drainage and Flood Control District Drainage Criteria
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Figure 1405

Underground Detention
90" Elbow — Pipe Segments

T
___|: T 3’ Dia. Maint. Access

! e (Detail 1)
I 3’ Typical : @

Teo [~ - Standard Manhole (SD 6).
T T To Storm Sewer System
: : —y—‘ or Drainage way
___l I___
| | \Cross Outlet Pipe, Min. 15" Dia.

[ L Max. 25" Long.
90" Elbow J\Local Storm Sewer System
b Fiow General Plan
Manhole Cover or Grate (24") RS
(ST R R
Concrete Top, o
Pre Cast or /'/(g
Poured in Place /&/ - N Surface\ {Stcmdard Manhole.
e — N
= —
Ladder Cross
Tee or Pipe :
Segment — Outlet Pipe — ¢
, To Storm Sewer or
| 3 Drainage way
f
Detail 1 Maintenance Access (Conceptual) Detail 2 Outlet

Figure 1406
Pond Forebay With Dissipator

/ el .”:',".4'.«3';.': y
SrOPE ENERGY  ©. i o
DISSIPATOR 4 & = — TRICKLE CHANNEL
BAFFLE <L .
R' = . .:.'t .':."’A S /
a \
025 x B L FOREBAY DRAIN
18” DIA. | A= 107020 x B RN (SIZE TO DRAIN VOLUME
OR SMALLER VARIES PER WQCV Rl IN'5 MINUTES,
e \ 4” DIA. MIN.)
TRANSITION | — FOREBAY BERM OR
SECTION | CONCRETE WALL
LIMITS OF 4” THICK
CONCRETE SLAB S PLAN
0 NOT TO SCALE

18” DIA. OR SMALLER, VELOCITY 6 FPS MAX. VOLUME = 3% WQCV
FOREBAY BERM, SOIL RIPRAP

SLOPE 2 xD A
AT 15%  \ A = 10T0 20 x B TYPE L OR CONCRETE WALL
|~ 6" BERM HEIGHT
* = D MIN. TRICKLE CHANNEL
0.2 — 0.5% SLOPE
- 1.0%. SLOPE. |
| BAFFL 4" MIN. 1
HEGHL, = CONCRETE THIS FOREBAY DESIGN PROFILE
) ' MAY BE USED FOR
2— #4 REBAR 127 O.C. ENERGY DISSIPATOR OUTFALLS 18" AND SMALLER NOT TO SCALE

Adopted from the City and County of Denver Storm Drainage Criteria
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Figure 1407

Embankment Protection Details And Rock Sizing Chart

Crest of Emergency Spillway

- Top of Embankment
E 10" Min
mergency Overflow WSEL Erbankment ‘ B
Width Thickness = (2 x Dso)
100—year WSEL Overflows
= 3" — 4" Topsoil Cover
Detention — ¥ -
& 12t osecect 2, Type |l Bedding,
1" Min. Thickness = 12"
Freeboard ‘ <
3 Min. —

Extend Riprap 10’
Upstream of Wall

Top of Footing

Shall be at or
Concrete Overflow Wall Below Bottom of
(Wall and Reinforcing Riprap and
Designed By Engineer) Bedding Material

Emergency Spillway Profile

3" — 4" .
Topsoil Varies

Cover

F 1" Min. Freeboard

Type Il Bedding, Thickness = 12"
Riprap Thickness = (2 x D50

22.5

Spillway Channel at Crest and Downstream Side of Embankment

25

20

344

15

Longitudinal Slope (%)

10

0.0 5.0 10.0 15.0 20.0
Unit Discharge (cfs/ft)

25.0 30.0

—o—Type VL Riprap —a—Type L Riprap —4—Type M Riprap —%— Type H Riprap - Type VH Riprap

Reference: Douglas County Drainage Criteria
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Figure 1408

Mountain Porous Landscape Design

10

05

00

-05

NOTES:

1. Volume of Mountain Porous Landscape Design pond (MPLD): 100 year plus full water quality volume.

2. NRCS Hydrologic Soeil Group:

a.) Type A and B - No percolation test required.

b.) Type C - Provide percolation test data for each proposed MPLD. Perform percolation test at bottom elevation
of proposed MPLD. Provide soil classification analysis.

c.) Type D - MPLD not allowed.

3. Provide verification that there are at least 4-feet of suitable material below the bottom of the proposed MPLD
to allow for sufficient infiltration. Maximum drain time is 72 hours.

4. Maximum depth of MPLD: 5-feet including 1-foot of freeboard.

o

erosion control products are required for slopes exceeding 3: 1.

. Minimum pond bottom width: 2-feet.
. Minimum top of berm width: 1-foot.

Overflow slope rip-rap: Type L minimum 12-inch minus. Verify with rip-rap calculations.

B
7
8. Elevation of top of berm shall be with in 0.10 of a foot.
8.
1

Maximum internal and external slopes: 2: 1 (H: V). Provide up-slopejin-flow erosion control measures. Rolled

O.If the existing slope exceeds 30%, provide detail for key-in into native material. Based on site conditions, a

slope stability analysis may be required.

11.The design engineer shall perform an open-hole inspection at time of excavation to verify soil conditions. The
design engineer shall certify the volume of the MPLD with as-built drawings.

12.The MPLD shall be maintained by the property owner.

APPLY TOPSOIL DRESSING
4" THICK OVER RIP—RAP
SEED & REVEGETATE FOR
SLOPE PROTECTION

PROVIDE 1 FT. FREEBOARD

COMPACTED NATIVE
SOIL CORE

E /\\(?
— ’5"\ \\Pj\\
— @

[ =

b /

——

TYPE 'L" RIP-RAP (127)
— LAYER BURY W/ 4”7

PROPOSED GRADE

TOPSOIL
TOP OF BERM
1 FT. MIN. WIDE Eé'/fgg“c
*6”
| 3. /
7 100 YR.
(2, A/ > - WSEL <
i ) % SN
—~ 5. Q

POND BOTTOM
(2FT. MIN. WIDTH)

\

I

10

05

00

-05
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Appendix

Detention Facility Construction Drawing Checklist

General
Overall plan view of Detention Basin

Pond profile(s)

Enlarged plan view of forebay(s) and construction details
Enlarged plan view of micropool(s) and construction details
Outlet structure construction details

I Ty I Iy

Construction details of other features and components

Overall Detention Plan View Details
Prepare at a maximum scale of 1”7 =50’

Proposed contours with contour labels and slope labels

Existing contours with contour labels

Show location and label forebay(s)

Show location and label micropool

Show location and label outlet structure

Show location and label emergency overflow spillway

Show location and label inflow pipe(s)

Show location of stormwater management facility sign(s)

Show location and label concrete trickle/low flow channel(s)

Show location of riprap outlet protection

Show location and label access/maintenance road(s) or ramps

Show EURV water surface limits

Show 100-year water surface elevation

Existing and proposed utilities within or adjacent to Detention Basin
Property/Tract boundaries

Existing and proposed easements

Label all proposed walls and provide spot elevations at top and bottom of wall

etention Basin Profile(s)
Low flow/trickle channel profile from inlet(s) to outlet structure

Invert elevations, longitudinal grades along flow path

Profile through outlet structure and outlet pipe (provide pipe sizes, length, slope and hydraulic grade line)
Invert elevations and longitudinal slopes of outlet structure features

Invert elevations and longitudinal slopes of outfall pipe

EURV water surface elevation

100-year water surface elevation

Micropool depths and elevations

Emergency overflow spillway elevation (with top of bank elevations)

Energy dissipation/rip rap protection at pond outlet

Energy dissipation/rip rap protection at emergency overflow spillway

souvuvgoyodgvyuyryovogvyyyvyg U000 UU U0 UUOU
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Enlarged plan view of forebay(s) and construction details (See Figure 1406)

R o R 1 oy

o0 Uuo0oo (]

U U

Prepare at a maximum scale of 1”7 = 20’

Enlarged plan view with dimensions and spot elevations, slope of bottom
Cross section of concrete lined forebay with concrete slopes or 6” curb sides
Structural/reinforcing details

Energy dissipation structure details

Drain pipe or weir detail

Overflow protection, rip rap size, depth, dimension and location
Maintenance access to forebay

nlarged plan view of micropool and construction details

Prepare at a maximum scale of 1”7 = 20’

Enlarged plan view with dimensions, depths and spot elevations
Cross section of concrete lined or grouted boulder micropool
Permanent pool water surface elevation

Floor elevation

Details of low flow/trickle channel connection to micropool
Details of connection to or interface with outlet structure
Details for safety ramp/improvements

utlet structure construction details
Enlarged view with dimensions, depths and spot elevations

Enlarged plan view to show proposed detailed grading/spot elevations around structure

Cross sections, as required, to show depths, concrete thicknesses, EURV, 100-year and other appropriate water
surface elevations, etc.

Water quality outlet plate details and material specifications (plate dimensions, perforation size, number of
row and a number of columns)

Water quality outlet plate anchoring detail

Overflow grate dimensions, material, type, opening size, anchoring detail

Well screen/trash rack dimensions, material, type, opening size, anchoring detail
Wingwall layout and structural reinforcing details

onstruction details of other features and components
Cross section of access/maintenance road(s) or ramps with all weather surface treatment (specify material type,
thickness, slope and width)

Emergency overflow spillway profile and cross section (weir elevation, weir length, riprap size, depth, dimen-
sions, bedding material)

Construction details for stormwater management facility signs
Low flow/trickle channel construction details (cross section, material specification, slope)
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Standard Forms

1=

(1) (L))
“UIN H QL) (B) (8) (£) (9) (S) (¥) (€)
(€V)] qu+ogy/7)|  WBUeT Ui sd % EE! UIA % e oy @) (1)
Ul bl |e10] i Ten ado|g yabua h ado|g yabua gaJdy “q :Bisaq
3 (suiseg paziuequn) () (') awig eleq
syJeway |eul4 yoayg 1 awl] [aneJp puejJang/[eniy uiseg-qng
|aeq | | kg pasejnajen

| |uoisinipang

uoijeJjusduog jo awlj
[-{§ Wio pIepuels
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Standard Form SF-2

Storm Drainage System Design (Rational Method Procedure)

Remarks

Travel Time

()’

(sdj) Ayoo[A

() yibua

Pipe

9215 adld

(%) adojs

(s2) moj4 ubisag

Job #: |

Street

(sJo) moj4 198418

(%) adojs

Project:

Design Storm:

Total Runoff

(5P)0

y/uri

(e (vD)X

(Uiw) 3

Calculated By: |

Direct Runoff

(PO

y/ur

Ce)v>

(i)

JUIDYYR0D) Jouny

(oe) PRUY

ubisaq ealy

Date:

Checked By:

jui0d ubisag

Street
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Standard Form SF-3
Culvert Rating

Project: Location: Station:

Low Point Elev.

A A
f H
Hy Y
[ |
r hol Ty
Elev. —/ T Y
So L SoL S~ Elev.
Culvert Data Outlet Control Equations
Type: n: 1. H,=H+h -LS,
Inlet EVE 2. ForT,<Dh =d.+D orT  (whicheveris greater)
2
K, Ko’ 3. Forbox culvert: d=0.315(Q/B)* <D
Inlet Control Outlet Control Cont. Contral | Elev.
T <D T>D
Q H, H, H T, D, D .+D H, H, H,
D = 0
2

Outlet Velocity, V = Q/A =170 cfs/12.8 ft.2 = 13.5 fps
Notes:

(1) Culvert capacity
(2) Road overtopping
(3) Example only
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Standard Detail 1-1
Curb Inlet Type R

Standard Details

* FOR LENGTH GREATER THEN 5 FT.
PROVIDE ACCESS AT BOTH ENDS.

409 [ ]

Face of
Curb

ADDITIONAL MANHOLE RING AND COVER
A REQUIRED WHEN L=10" OR MORE.
{ CUT REINFORCEMENT BAR ACCORDINGLY.
ENDS OF 8 [ BEAM
. FACE OF
CURB

X |
0 o [ MEET SHAPE OF NORMAL BARRIER
| [ 3" EACH END | - CURB AND GUTTER HERE.
ONE 174 " DIA. ROD. DIRECTION
IN 5" INLET OF FLOW
TRANSITION * m
TYPICAL PLAN VIEW ety
— INLET PAY LENGTH 3 —
18" 10
— STAPT. ‘ L=10" =15
CUT OFF OR BEND BARS TO CLEAR MANHOLE
409 601
‘ j ( MANHOLE f 503 —‘ ﬁ 409 L] h“ggg [ ] h4;&;}9
8 TR — VJ{ I w03 \_‘:F:f‘h, [0 — R
f w01 s L D § S P 4 ot L e 501 -
1 = Wooe [ — |4 — |l
ek, - = , s , .
L=5"mAll H 1 111 H<5 L H<s e
L=10'0r{5'~H<5' - T g
T || == oc [mr AR — | — |
P $ : 1 ~ 407 ~ 407 [[
407// | 403 403
* 403 401 ol 403 ot Lt
R SN ERESE SRR
12 L . - ] . A . NN 2" Al
P JA 7 - e | i S AROUND
f 3 CIR 405 406 405 106 405 406 TYPICAL
60.c. x 6'oc. §'o.c x foc. 6'o.c x 6oc.
e S e
SECTION A—A REGULAR INLET
=10, =15
| |
¢ - e -
503 502 502 504 ke
| i I e s L L7 111
" B 3
G == ] : R =
" T
! s \7 413 w4l r BARRIER
CONSTANT 413 403 CURB FACE
| 0" /.| 3 ClR. MIN. 0.5% Slope L
405 CONSTANT | | | S ‘ |
voe | = ' L
401 ra 7 g 7
K Ko
Wes \ \ 1 42 T / 5' TRANSITION
403 ! an 412
VARWBLE \ 10 * WHEN A TYPE R
c D c bl INLET IS USED WITH
\ MOUNTABLE CURB AND
) GUTTER, 5 FT. TRANSITION
Ll 405\ 7 CIR: SHALL BE CONSTRUCTED. MOUNTABLE
; T TRANSITION SHALL BE PAD CURB FACE
12" / FOR AS CURB AND GUTTER. MOUNTABLE
106 CURB AND GUITER
TRANSITION CURB

SECTION A—A INLET WITH DROP BOX~H>5'

SEE CHANNEL LAYOUT ON SHEET 2

A - FOR A 1-0" PAN SLOPE 2" PER FT.

g BL8S5 oA " |
It |— " - 4=
1% ‘ NO4 BAR ‘
¢ 18, LONG — |1 SLOPE 2% TO GUTTER
. FLUSH Wi INE | R / 5 |
3 CURB FACE Jo 7R~ 409 8loc.
(IYPE 2-SEC. 118 : v PRV ErT=E I
2R
& i i
7 INLET STEPS
— ar / REQ'D.FOR ALL
3 H > 36"
114" PIPE SPACER 20! b
2 . 55%.c. 5% .. |
AND 1147 LOCK NUT R
40 ,
12" oc
a7 iy L 16" MAX,
R f 3 CR 3" CR
4 P 3 l
14 8" TYPICAL WAL —{ | =R
: 1547 DIA. x 24" 407 L
=] calv. STEeL Rop 9" 0c.
. 2| 2-6%c
107 EMBEDMENT = W A 2" DIAVETER TEMPORARY 4ot = 407
|7 5 HOLE FOR DRAINAGE SHALL 1 oe 1 9o
Y BE_PLACED AT SUBGRADE A
l_,. I3 PLATE ELEVATION GR A MINMUN
v THREE INCHES BELOW T s
ROAD BASE. THE HOLE
CURB FACE ASSEMBLY SHALL BE PLUGCED WITH 403 AT
PLACE ENTIRE ASSEMBLY BEFORE POURING CONCRETE BEFORE g ec
CONCRETE. ACCEPTANCE OF THE t =
s INLET.
2" ALL AROUND
T —— 0 ¥
Il 1
403 i i S— T
L — —— + ——
/o0 My
N i //Hm e g i -
A Y 9 h L
! 1l 0 H3 408 405 3 CLR.
! 11 I 6" o.c. 6" ac.
! 11 I
I Il B
™ T SECTION B-B
i b ~ TYPICAL END VIEW
i )
3 NOTE:  MANHOLE RING & COVER, STATION POINT
110.c. AND OUTFLOW PIPE SHALL BE LOCATED

SECTIONS CQC & D=D
(DOTTED BARS ARE IN' SECTION D-D)

AT THE

SAME END OF THE INLET.
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Standard Detail 1-2
Curb Inlet Type R

1
RECE!

172"
RECESSED FLUSH

LETTERING

SSED FLUSH

LETTERING

85,2

. Curb face assembly shall be galvanized after welding

1 1/2 ]|
1/2* LETTERING
RECESSED FLUSH
1” LETTERING -
RECESSED FLUSH —
COVER TOP PICKHOLE DETAIL COVER BOTTOM
GENERAL NOTES
—3 V' MACHINED SURFACE 1. All concrete shall be class b.
2. Concrete walls shall be formed on both sides and shall be 8 in. Thick.
| 23 7/8" DA, | 3. Inlet steps shall be in accordance with AASHTO m 199.
4
5.

[y

|——————20 11/16" DIA.

SECTION

©® N o

Exposed concrete corners shall be chamfered 3/4 in. Curb and gutter comners shall be finished to match the existing curb

|—7/8" and gutter beyond the transition gutter.
Reinforcing bars shall be deformed and shall have a 2 in. minimum clearance. All reinforcing bars shall be epoxy coated.

. Dimensions and weights of typical manhole ring and cover are nominal

. Material for manhole rings and covers shall be gray or ductile cast iron conforming to 712.06.

. Since pipe entries into the inlet are variable, the dimensions shown are typical. Actual dimensions and quantities for

concrete and reinforcement shall be as required in the work. Quantities include volumes occupied by pipes.

219/ —|

10.Structural steel shall be galvanized and shall conform to the requirements of 712.06,

[~ 23" —— 24" —— 23"~ TWO NO. 4 BARS
"l 12—
:I 0 FOR 5" INLET
— 35" 1 35— ONE 1Y HOLES
5-10
JYPICAL 24" 24" 2" 2" FOUR NO. 4 BARS
MANHOLE RING g
— 12712"
11
s I olf FOR 10' INLET
. l— 35" *L 30" *lf 30" ﬁ‘* 35" ——| THREE 1 3/4" HOLES
‘ —r 24'/g | ‘ 010"
o ’ 7 22" = 22" = 22" = 24" =~ 22" =~ 22" —— 22" ——17"~| EGHT NO. 4 BARS (8.5
* ” ﬁr, R O PR _44; g T TYPICAL SECTION
A \ il ] 4 HOLE
‘ i olf f T 1o FOR 15' INLET
— 35" *Jf 30" *L 30" J* 30" *‘* 30" *lﬁ 35" —| FVE 1 /2" HOLES
WEIGHTS.  COVER = 125 LBS. ' 510t
RING = 135 LBS -
TOTAL = 260LBS. CHANNEL LAYOUT DETAILS
TABLE ONE ~ BAR LIST FOR CURB INLETS, TYPE "R”
ALL INLETS INLETS. H=s INLETS, & 5
DIA o.c.
MARK . |spacing |TYPE L= — 5 10 15’ 10' 15’
NO.REQ'D. _|LENGTH [[NO.REQ'D. [LENGTH | NO.REQ'D. [LENGTH || NO.REQ'D. [LENGTH || NO.REQ'D. | LENGTH
201 T I 5 « 21 - 26 n 1 - 11 x
402 11 " 7 « 13 N 18 N 7 N 7 N
403 9" I x 4'-10" x 4-0" x 4-0" x 4-0" x 4-10"
405 6" vi 11 21 6-10” 31 810" 11 1
406 6" il 7 7 13'-10’] 7 18'—10”] 7 7
407 | 1o o~ " « « 10°-10 « 15°—10”] N N
408 127 I 3 3 11°-07 3 3 3
409 EN I 6 6 10'-10") 6 15"~ 10" 6 6
410 i Vil 3 » 3 »
411 1 1 3 52" 3 102
412 11 I 3 2'-9" 3 2'-9
413 9 I 7 10'—10"] 7 15'—10”
501 } s51/2" v 11 34" 22 3'—4" 33 34" 22 3'—4" 33 34"
502 | S/g| 51/2” 1l IR 15" 7 T
503 51/2” 1 5 3-6" 16 36" 27 3'-6" 6 '—8" 3 3-6"
504 51/2" X 5 84"
3/0"
601 21/2" v 2 &-10" 2 &-10" 2 &-10" 2 &8-10" 4 &-10"
#8[8.5 1 5'—10" 1 10'-10"] 1 15'—10”] 1 10'—10"] 1 15'-10"
28ARS,1ROD | —— ||4BARS,3R0DS| —— [sBARS,5R0DS| —— |l4BARS,3RODS | —— ||8BARS 5RODS | ——
* VARIABLE, REFER T0 TABLE TWO. C C 3]
¢ INCLUDE 18" NO. 4 BARS (SEE CHANNEL LAYOUT DETAIL).
¥ SEE CURB FACE ASSEMBLY ON SHEET 1 AND CHANNEL LAYOUT DETAILS ON THIS SHEET. REGULAR DROP_BOX
INLETS INLETS
TABLE TWO ~ BARS AND QUANTITIES VARIABLE WITH "H”
[NO. REQD. T NO_REQD. | = 1o 15
e ENGTH REGULAR. DROP BOX L=5' L=10 L=15 NOTE: FOR L=5, L=10" AND L=15'
401 410 [ 405 ] 407 | 403 407 || CU.YD.CONC.[LBSTEEL || CU.YD.CONG.[LB.STEEL || CU.YD.CONG.| LB.STEEL REGULAR INLETS: TOTAL QUANTITEES
——{o—o NEEDED ARE QUTSIDE OF
30" [[2=8" |1 10 7 52 285 5.3 497 74 706 THE HEAY BLACK. LNE.
36" ||3-2"| 2" 10 7 3.4 305 5.7 528 7.9 747 DROP BOX_ INLETS: TOTAL QUANTI—
o 5—a TIES NEEDED ARE INSIDE OF THE
40" ||3-8"| 2 12 9 3.7 326 6.0 559 8.4 786 T e e
4-6"||4—2"| 3" 12 s 3.9 334 6.4 571 8.8 803
5-0"[|4-8"| 3 14 11 4.1 354 6.7 602 9.3 B44.
56" ||5°—2" | 4 3-5 16 13 15 6 4.4 375 6.0 807 7.4 850
60" ||5-8" | 4-8" | 3—11"] 16 13 16 6 4.6 382 6.2 616 7.6 860
-6 |le'—2"| 5-2" | 4°-5 18 15 18 8 4.8 402 6.4 837 7.8 880
7-0"|le'-8" | 5'-8” | 4'—117| 20 17 19 10 5.0 423 6.6 654 8.0 897
7-6"||77-2"| 8'-2" | 55" | 20 17 20 10 53 430 6.9 664 8.3 907
g-0"||7-8"| 68" | 5—11" 22 19 22 12 5.5 451 7.1 684 8.5 927
86" ||8—2"| 7-2" 24 | 21 23 14 57 471 7.3 702 8.7 944 ettt aeruaa "
-0 ||8'—8"| 7 24 21 24 14 6.0 479 7.6 711 9.0 954 STEEL.
96" ||9°-2"| 8 26 | 23 26 16 6.2 499 7.8 732 9.2 974
1wo-of|o-8"| &'-8"| 7-11"] 28 | 25 27 18 6.4 520 8.0 749 9.4 992
10-69[10° 92" 8-5" | 28 | 25 28 18 6.7 527 8.3 759 9.7 1001
11 —of[10°-8] ¢=8"| &—11°] 30 | 27 30 20 6.9 547 8.5 779 9.9 1022
TYPE I TYPE Il TYPE IV TYPE V TYPE VI TYPE VI TYPE VIl TYPE IX
— 44— 1] —_— — 12 4=y
? —1— &
T 2 > o I a0 [ ol 408 3w
LENGTH ! T o e 1z"< x 20 ol
31" 502 LAP VARIES || 410
i & z*w 501 T N ‘
— — [ — |~ vares—

BAR BENDING DIAGRAMS ~ (Dimensions are Out—to—Out of bar)
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Standard Detail 2-1
Combination Inlet Type 13 - (Single) Adjustable Curb Box

€p

VERTICAL N COMBINATION CURB
BACK OF SIDEWALK
EXPANSION JOINT ——| CONTRACTION_JOINT EXPANSION JOINT
EXPANSION JOINT . .
BACK OF CURB #4°S @ 12" (MAX) EW. (TYP.)
TOP OF CURB 41/2" 3 | T
— © o
31/2" CLI l
(vt TSy TOP OF CURB
N FLOWLINE 1120 5 8" V)
N\ CIYE) FLOWLINE 100 N
T eeum [
34 147 LAP >
(TYP.) GUTTER
|\ SS—— E——— |
. 1 [
2 | —— 1P oF cUTEER
TRANSITION o | | | ‘
8 .
= 2
TRANSITION
g
1. FOR_PAYMENT PURPOSES, INLET STRUCTURES SHALL ALSO INCLUDE 2'-0° CURB & GUTTER TRANSITIIN
PLAN VIEW SECTION AT EACH END OF INLET PLUS SIDEWALK SECTIONS WHERE REQUIRED BEHIND INLET STRUCTURE
AN VLW AND TRANSITION SECTIONS.
2. FLOOR SLOPE MAY BE POURED MONOLITHIC WITH BASE
o 3. S_ = SLOPE OF CONNECTOR = 1% MIN.
o
- 4. UNLESS OTHERWISE SPECIFIED ON THE IRAWINGS OR OTHERWISE APPROVED, ALL TYPE 13 INLETS SHALL
VERTICAL COMBINATION CURB BE CONSTRUCTED WITH AN ADJUSTABLE C. 1 CURB BOX (SEE COMBINATION INLET TYPE 13 - FRAME,
e GRATE & ADJUSTABLE CURB BOX DETALS).
CURB & GUTTER GUTTER & SIDEWALK S. DESIGN CONDITIONS FOR INLETS ALLOWS DEPTHS OF &' (MAX.>. FOR INLETS MORE THAN &' IN
DEPTH, SHOP DRAWINGS AND DESIGN ANALYSIS SHALL BE SUBMITTED FOR APPROVAL.
TOP OF ADJUSTABLE CURB BOX (SEE
COMBINATION INLET TYPE 13 — FRAME, 6. ALL REINFORCING STEEL SHALL BE GRADE 60 DEFORMED BARS. DIAMETER OF BEND
GRATE & ADJUSTABLE CURB BOX MEASURED ON THE INSIDE OF THE BAR SHALL BE A MINIMUM OF 6 BAR DIAMETER
TOP OF CURB DETALS; TOP OF CURB
| ) 7. ALL WORK SHALL CONFORM TO AASHTO “STANDARD SPECIFICATIONS FOR HIGHWAY BRIDGES®,
+ | _FLOW DIRECTION SEVENTEENTH EDITION, 1999,
EXPANSION JOINT - 1 EXPANSION JOINT
ToT 3 8. CONCRETE SHALL HAVE A 28 DAY COMPRESSIVE STRENGTH OF 4000 PSL
FLOWLINE _~ 1 2] FLOWLINE 9. SUB-GRADE SHALL BE A GRADATION EQUAL TO CLASS 2 BEDDING COMPACTED TO 957 MAXIMUM DRY
CTYP.) { C(TYP.) DENSITY. AASHTO DESIGNATION T-180,
2 f 2 oL (YR 2 10. NO FORMWORK SHALL REMAIN INSIDE STRUCTURE WHEN COMPLETE.
TRANSITION i i TRANSITION 11 SUB-GRADE SHALL BE SHAPED UNDISTURBED MATERIAL OR OVEREXCAVATED AND BACKFILLED WITH
N NET aerE CLASS 2 BEDDING MATERIAL, COMPACTED PER SPECIFICATIONS.
12, SPLICING OF REINFORCING STEEL SHALL BE PERMITTED ONLY WHERE DETAILED IN DRAWINGS.
8 o_g” 8
— I — 13, INLET WALLS SHALL BE FORMED BOTH INSIDE AND OUTSIDE. CASTING OF SIDEWALLS AGAINST EARTH IS
NOT PERMITTED.
DEPTH 312
\(/éﬂ\% f;'s)@ 12" o) J {4'5)@ 127 14. LEAN CONCRETE FILL TO BE £, = 2000 PSIL
— MAX) E.W. cL (T MAX) E.W.
MAX.) x /
7, BACKFILL ARDUND STRUCTURE
7574, TO BE HAND TAMPED IN 6"
////////////’ LIFTS. (BACKFILL CLASS 2)
744
5
20077
; 05507
77
5047
ARSI -eonsmucrion son
3" oL #4's @ 12"

(MAX) EW.

SUITABLE SUBGRADE (SHAPED

4-8
UNDISTURBED MATERIAL SEE
. SECTIO 4 NOTE 11).

#5 X 3'-6" @ 45 EXTRA 1 3/4” HIGH TEXT

(SEE COMBINATION INLET TYPE 13
4 7 - FRAME, GRATE & ADJUSTABLE CURB
N BOX DETALS) TOP OF CURB (ADD FISH \ f
o 2 L0GO, CENTER ON INLET) KEEP MY ))Q WATER CLEAN s
: & EXPANSION JOINT ]
LIP OF GUTTER: ot
11/2 SIDEWALK GROOVING FOR TEXT AND LOGO
— =7 2" CL. (TYP. g .
GROUT GUTTER € ‘ I e (TYP.) SHALL BE 1/8" DEPTH AND 1/8
PAVEMENT —= ELEVATION /,,«A — -
‘T
— 0 1/2"
17/8 == j
G l A ! DETAIL _misH Loco
GRATE ELEVATIDNJ/ 2 - #5's NO SCALE
[CONSTRUCTION JOINT
MIN. 15" # RCP
2y T = THROAT OPENING
o 3 8 6" 8" T 6" FOR 6" VERTICAL CURB & GUTTER
5 X 8 @ 45" EXTRA 2'-6
# — T = 5" FOR COMBINATION CURB GUTTER & SIDEWALK
DROP FROM GUTTER . ELEVATION TO GRATE [ ELEVATION
EBAR PLACEMENT ) (TRANSITION) 1S 2"
DETAIL  AROUND CONNECTOR 31/2 \ 'S @ 12 (ne)
MIN. 15" ¢ RCP L (1Y) ,/
INVERT OUT
CONTRACTOR TO NOTCH &
BLOCK OUT AROUND PIPE | ELEVATION
OPENING AND FORM SMOQTH | | INOTE
RADIUS AROUND PIPE WITH T g TURN INTO PLANE
NON—SHRINK GROUT. ¢ W% (TYP.) LAP (TYP) OF WALL
. PALA Al
3 | TEAN #4 VERTICAL WALL
GROUT CONCRETE FILL: BAR (BACK WALL)
. )
3" RADIUS &'
1
CONSTRUCTION JO]NT4/
— 310"
BASE SLAB &
1
— (B8 SECTION
CONNECTOR PIPE “v
DETAIL END TREATMENT (TYP.)
(OPTIONAL)
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Standard Detail 2-2

Combination Inlet Type 13 - (Double) Adjustable Curb Box

8'-5"
CURB BOX BEAM ANCHOR BAR
(2 PER CURB BOX (TYP.) (SEE N
BETAL) . | {SIDEWALK:
TOP OF CURB EXPANSION JOINT #4'S @ 12 \/
BACK OF CURB /T(MAX) EW.
\ 7 T o IR
[
i 31/2" cL I ‘
¢ = (e | LIl v w s - d
11/2] 8" (TYP. Il WARP 3
é 4/‘/2,‘ (TP 1 (GALVANIZED) 7
4 N 310" |
“v 2 |1
I 1'-4" LAP
EXPANSION JOINT ———~ } } e !
Tty 2 (N ]
— |
LIP OF GUTTER , T T ‘ LTl
TRANSITION T 1 |
UP OF GUTTER 2
MIN. 18" # RCP L 4'S @ 12" TRANSITION
SEE DETAILL)
THROAT OPENING
PLAN VIEW " FOR 6" VERTICAL CURB & GUTTER
(TRANSITION) IS 2"

VERTICAL

VERTICAL
CURB & GUTTER

o

COMBINATION CURB

GUTTER & SIDEWALK

5

BACK OF SIDEWALK

EXPANSION JOINT ——~]

| ~ToP OF cuRB

FOR COMBINATION CURB GUTTER & SIDEWALK
DROP FROM GUTTER £ ELEVATION TO GRATE E ELEVATION

TOP OF CURB (ADD FISH

CURB & GUTTER GUTTER & SIDEWALK 310 (LOGO‘ CENTER ON INLET)
PER SHT. 1, COMBINATION
COMBINATION INLET 9 " " &
QBN TOP OF ADJUSTABLE CURB BOX (SEE TYPE 13 GRATE & 2 6, _8 INLET TYPE 13, SINGLE
: “v COMBINATION INLET TYPE 13 — FRAME. o FRAME \ 41/2" ADJUSTABLE CURB BOX).
TRANSITION 0P OF CRATE & ADWSTABLE CURB BOX | =" TRANSITION i ~
X CURB ) _T0P OF 4" / | CURB BOX BEAM
[ | ouRe | . LIP OF GUTTER GUTTER € | ANCHOR BAR
[{ [} PAVEMENT —= ELEVATION
| g GRATE £ SROUT N ‘ 11 2 - #5's
L Aa T "\ [ T 5 4 GROUT 4 & —
gtior i -
2" - i 2" 1 7/8 o H d ADJ. CURB BOX
i I WSX16 W SHAPE — ¢ 12" —— & FRAVE
- 3'-7" LONG —> e~ CSYMPEEU:AJT[(?QATISL? \" WS5X16 W SHAPE
(GALVANIZED) T =11 (GALVANIZED)
-6 1/2" | 3-61/2" #4’s @ 12"_ |
‘ (MAX.) E.W. T
& g £ 8 25" 8
DEPTH VARIES .
#-0" STD. #'s @ 12" 3 ‘/<2 ; | 7 ~ s ‘
60" MAX. |- (MAX) EW. CcL. (TYP. | 4'S @ 12" (MAX.
(SEE DTL. SPECS.) 7 #4's @12 MIN. 18" 8 RCP / \ CL (TYP) | —* (MAX)
MIN. 18" ¢ RCP 5'70“)(,) EW. [
CENTERED UNDI \
SOVNTREAN GRATE. \
INVERT OUT
| ELEVATION 1
+ LA; E?YP ) ¢ / ,‘EU/M/ LAP (TYP.)
_SLOPE: 1% NI N |
l ) CONCRETE FIL T
LEAN CONCRETE FILL. — T - 3"
! = / e
T ‘ iz =
3" cL
A A A A A A S SN AN 45 @ 12
3" cL o
4 @12 o4 /8N SECTION verTICAL CURB & GUTTER
SUITABLE SUBGRADE (SHAPED (MAX) W LAP (TYP) W
UNDISTURBED MATERIAL SEE
NOTE 11 OF SHEET 1). 8—11"
! TOP OF CURB (ADD FISH
A\ SECTION LOGO, CENTER ON INLET)
(PER SHT. 1, COMBINATION 8" 7" 2"
“v INLET TYPE 13, SINGLE =
ADJUSTABLE CURB BOX).
(SEE COMBINATION INLET | LIP OF GUTTER
TYPE 13 GRATE & FRAME
ADJUSTABLE CURB BOX
DETAILS) PAVEMENT
o &
COMBINATION INLET
A . ] W5XI6 W SHAPE - TYPE 13 GRATE &
107 r_i__“ & RN e
5/8" X 7" BOLT -8 7" MIN. EMBEDMENT
%l Z / ‘ ‘ REQUIRED AT BOTH —1f
W@: :@ ENDS OF RAIL
5/8" HEX __—" v .
NUT 77 | MIN. 18" ¢ RCP SET TOP OF PIPE BELL
FLUSH WITH INNER WALL CONTRACTOR TO NOTCH & COMBINATION CURB
CURB BOX FRAME 7 1 1/2" & BLOCK OUT AROUND PIPE m SECTION GUTTER & SIDEWALK
(SEE COMBINATION INLET 4 -8 OPENING AND FORM SMOOTH 2 Sl
TYPE 13 GRATE & FRAME f RADIUS ARGUND PIPE WITH W SCALE: 3/4" =1

ADJUSTABLE CURB BOX
DETAILS)

W5XI6 W SHAP!
(GALVANIZED)

<

e

DETAIL

PLACEMENT OF ADJUSTABLE CURB
BOX ON_SUPPORT RAIL (TYP.)

CURB BOX TQ BE SET
LOWER FOR COMB. CURB,
GUTTER & SIDEWALK

N

2 - 45X 2'-9" @45

2 - 45 @45
3

E"ﬁ
REBAR PLACEMENT
DETAIL _ INLET WALL PENETR

INVERT QUT
ELEVATION

1% (TYP)

3" RADIUS

NON—SHRINK GROUT.

SAW CUT PIPE
PARALLEL TO
INNER WALL

PREFERRED =
1% (TYP) .
— o CURB BOX FRAME —_
CRETE FILL (SEE COMBINATION INLET -
7' Y
-
1
OPTIONAL
CONNECTOR PIPE
@DETA\L END TREATMENT (TYP.)
18"
|
( s
——— T — 1 W5X16 W SHAPE
" / ﬁ ‘ (GALVANIZED) /
HOR ZONTAL LA;"(%‘;M 16" *TURN BAR INTO ‘ ‘
- PLANE OF CURB 2 "
i [*-4e ] BOX BEAM. 2
" P FRAME PLACEMENT
TYPICAL CORNER RS BOX BEAM DETAIL  ON SUPPORT RAIL (TYP.)
ATION DETAIL  REBAR PLACEMENT DETAIL  ANCHOR BAR (TYP.)
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Standard Detail 2-3

Combination Inlet Type 13 - (Triple) Adjustable Curb Box

6” VERTICAL

COMBINATION CURB

o
4@, BACK OF SIDEWALK
N
. EXPANSION
o SIDEWALK- JOINT
12-3 \
CURB_BOX BEAM_ ANCHOR BAR
gm‘gwiw ATTACHED (2 PER CURB BOX (TYP.) (SEE ‘
BETAL) B .
TOP OF CURB EXPANSION JOINT f}:&)i&f & (rve)
| ! I I \ i I ST
11 il ToP_oF
{ ’ 31/2" c I 11 I |~ curs
f @ ! Yexte W siape ! 1
B (YP.) I3 LONG 11 2= WARP >
@aLvanizD)
- i i .
AN 1 il s || L\
“v 11 Il oL (e[ | J
EXPANSION | i 1-4" LAP
JOINT 1i i1 (TvP.)
Lp— p——)
e o = ——a Il ‘
E ; — [ (0 7 T = THROAT OPENING
TRANSTION | T = 6 FOR 6" VERTICAL CURE & GUTTER
| T = 5" FDR COMBINATION CURE GUTTER & SIDEWALK
UP OF GUTTER 2
P — | e BT DROP FROM GUTTER [ ELEVATION TO GRATE . ELEVATION
_ | i | feal (TRANSITION) 1S 2",
T THS SHEET)
TOP OF CURB (ADD FISH
LOGO, CENTER ON INLET)
6” VERTICAL COMEBINATION CURB (PER SHT. 1. COMBINATION
2 __VLhllbAal INLET TYPE 13, SINGLE
CURB & GUTTER GUTTER & SIDEWALK ADIUSTABLE CURB BOX).  ee covpINATION
TOP OF ADJUSTABLE CURB BOX (SEE T e
COVBINATION INLET TYPE 13 FRAVE.
& ADJUSTABLE CURB BOX . o >
o DETAILS) > (=8
—anston TP OF
TRANSITION TRANSITION
. ‘ Top oF ‘ CURE . LP OF GUTTER
| FLOW DIRECTION | r i PAVEMENT
[ GROUT T GROUT 6" 1 y £ LE
[ER— GrOUT
>
! \(u/ =] NO. 16 GRATE
& FRAME
W5X1E W SHAPE L_couemaTion ueT W?éifvnyZiégE
(GALVANIZED) TYPE 13 GRATE
. . 7 MIN. EMBEDMENT
-9 ! F-7 REQUIRED AT BOTH —1
ENDS OF RAL
& o & s
DEPTH VARIES " COMBINATION CURB,
Loen s @12 31/2 | /e SECTION  CUTTTER & SIDEWALK
- I . o (e
SECTION 11.04 7 ax) EW ) s elr NI
L. SPECS. @émtzkwm%uzgzk r7 MAX.) EW. TOP OF CURB (ADD FISH
COWNSTREAM GRATE LOGO, CENTER ON INLET)
~ N 310" (PER SK. 1. COMBINATION
O NN INLET TYPE 13, SIN
//’ A 2 6" ,_8"_| ADJUSTABLE CURS on)
/ SEE COMBINATION Z1/7
I+ + —L g INCET TYPE 13 GRATE / — CURB BOX BEAM
\\ 1 OPE: 1% MIN. LAP (TYP.) FRAI 11/2" /ANCHDR BAR
3 (1) \ // SLoPE 127 LIP OF GUTTER GUTTER |
m LEAN CONCRETE FILL PAVEMENT — ELEVATION ¢ PR
I GROUT VN T—
i 1 I I 1 7/8" o 7 e ADJ.CURB BOX
. " 2 — W5x7,
R R R R R O O o N e B S
3 c 1 = 3‘ (GALVANIZED)
'S 012" e ey . CURB BOX BEAM
SUITABLE SUBGRADE (SHAPED 5 @12
UNDISTURBED MATERIAL SEE (Max) EW. f»tux) EW. 47 = ANCHOR BAR
NOTE 11 OF SHEET 1). g (SEE DETAIL)
o . o
SCALE: 3/4" =1°
() —eee v 1 e
MIN. 21" 8 RCP \ CL(Ry| | _L#'S @127 (MAX)
\
b et o
(SEE COMBINATION INLET DVERT OU

TYPE 13 GRATE & FRAME
ADJUSTABLE CURB BOX
DETAILS)

L
% F /5/5" X 7 BOLT
I - B
NUT
CURB BOX FRAME - MIN. 217 @
(SEE SoBATION LT G
E & FRAME t

CURB_BOX TO BE
LOWER FOR COMBINATION
CURB, GUTTER & SIDEWALK ¢

WSXIE W SHAPE
{GALVANIZED)

PLACEMENT OF ADJUSTABLE CURB
BOX_ON SUPPORT RAIL (TYP.

o
)

DETAIL

PREFE

2 - 45X 39" @45

/ g

ERRED

[y
LAP (TYP.)

7 3" (TP

Rep SET TOP OF PIPE BELL

FLUSH WITH INNER WALL
(TYP)

INVERT OUT
ELEVATION

)
N

—T SAW CUT PIPE
& PARALLEL TO
1 INNER WALL
1% (TYP.)
LEAN
ONCRETE FILL
CONNECTOR PIPE BASE SLAB
DETAIL  END TREATMENT
OPTIONAL
URB BOX FRAME 5"
(SEE OMBINATION INLET . .
TYPE 13 GRATE & FI 1 3 1
JERITAS A —ﬂ —
*TURN BAR INTO X GROUT
PLANE OF CURB 2
BOX BEAM.
w4 [
5

[
\ef
TYPICAL CORNER
REBAR PLACEMENT

DETAIL

CURB BOX BEAM

DETAIL  ANCHOR BAR (TYP.)

2-#'s@ 45'V
2'-6
e

REBAR PLACEMENT

DETAIL  INLET WALL PENETRATION

W5X16 W SHAPE
(GALVANIZED)

FRAME PLACEMENT
ON_SUPPORT RAIL (TYP.

@ DETAIL
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Standard Detail 2-4

Combination Inlet Type 13 - Frame & Grate Adjustable Curb Box

39-1/2"

1 5/af

E i ; SECTION

1/18"

OF

Yy

Y

o
h‘

3
=)

Dr

‘“FW

702

2

vz

A

e w

e
(39-7/8"

=
e e
SI=Es

e
o e

PLAN - FRAME

EREE

PLAN

"TYPE L VANE GRATE”

COMBINATION INLET TYPE 13
fic\ GRATE & FRAME

SECTION

23-1/87 (23"

-

"_;‘ -«

Zz

40" -
(39-7/8") 37-7/8

|

SECTION

1-1/2" RADIUS

=Ny

* CLEAR SEAT OPENING

3 (1)
1.7/16"

3 1/4° 1/8" RADIUS
3-1/2" RADIUS
1/16" TAPER /

L] =
2121 *J‘ﬂ*u,ﬂ

Cij DETAIL

2-1/2" RADIUS

IRVALS 51/2" 51/
/2
| 3/4” RADIUS| ] H )
1 11/2" (NP
¥ iEREIR
2 e
I I 7
JR L -

DETAIL

®

GENERAL NOTES

CAST IRON SHALL CONFORM TO ASTM A48, (CLASS 358 MINIMUM)

2. CASTINGS SHALL COMPLY WITH FEDERAL SPECIFICATION RR—F-621D
FOR CASTING PROOF LOADING (HEAVY DUTY).

COUNTY PLANNING AND ZONING

ALL CASTINGS REQUIRE INDIVIDUAL APPROVAL/CERTIFICATION FROM JEFFERSON

4. CASTINGS SHALL NOT BE DIPPED OR PAINTED PRIOR TO FINAL INSPECTION, ONCE

INDIVIDUAL CASTINGS ARE CHECKED, AND APPROVED BY THE DIVISION FOR

PROJECT USAGE, THEY SHALL BE COATED WTH AN APPROVED MATERIAL.

L—E.—J

@D
45
‘ 47-5/8" !
A
AN i :
NI [ o o o a 4%5
NUT AND WASHER (EACH SIDE)
Ol
PLAN
. 40-1/2" ,
ve - ‘
T fl q
| I
o | e
| —
jn s e
112 T
J e ]
A SECTION

/FIE\_ADJUSTABLE CURB BOX

N2/ MINIMUM CURB OPENING AREA = 150INZ
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Standard Detail 3
Median Inlet

CURB AND GUTTER INLET PAY LIMITS CURB AND GUTTER
PAY LIMITS PAY LIMITS

EXPANSION <C — PIPE LOCATION AND SIZE
JOINT "/’\ VARY, SEE PLANS AND
DEFLECT PIPE EDGE PROFILES

DRAIN INTO INLET
Q\ 7#4'3 ® 12" (MAX) EW. (TYP)
N R L
BACK OF CURB\

TOP OF CURB TOP
B ™ OF CURB ™\ B

L, E : [ [ ] —J

[/

o EXPANSION =
| ExPANSION > 1 { s N s 2 e s f s d ONT Y
- JOINT -l { e f e Y/ e e s e | — N
Flow d — o s s s bo
—_— — e s s s =
&
o
v -
LIP OF GUTTER
PIPE LOCATION AND SIZE
STATION POINT VARY, SEE PLANS AND
\v\ PROFILES
<C <J
PLAN VIEW (SPECIAL 1
SCALE: 3/4” = 10"
TOP OF INLET SHALL MATCH SLOPE
AND ELEVATION OF ADJACENT CURB oo
AND GUTTER
\ | 2-6.1/2" - TOP OF CURB
ToP oF CURB\ RIM ELEVAT‘ON\ A(’TOP OF ADJUSTABLE CURB BOX /<//5 x 36" @ 45 EXTRA
&
|,——EXPANSION © EXPANSION
JOINT . Ot N =
T = T ot S T .
Pl I . - . PP A t——2" CLR. (TYP)
o 4 q . |~ . < o a 4
e el 3o Pe|tde o TR
& N [ ST | VARIES
2'~0" TRANSITION BE W 4] - —# e oc
e & s ) \/ ,A
) #5 x x @ 45 EXTRA
= “d 2'~0"_TRANSITION
M J 4
N REBAR PLACEMENT
= . N DETAIL ArouND CONNECTOR PiPE
z s pRey | I 3 1/27 CLR. (TYP) SCALE: 1/2" = 10"
e a
PIPE EDGE o " an .
DRAIN s L P 2'-5 .8
[+ 8 B .
g e " ‘ /#4 @ 9" 0.C.
_T LECY & .,A/
E B 3 R y }—BACKFILL AROUND STRUCTURE
e RS < CONSTRUCTION JOINT-"e 2 TO BE HAND TAMPED IN 6" LIFTS.
Py . PRELEPY - F /
R SUITABLE SUBGRADE
(SHAPED UNDISTURBED
MATERIAL) SEE NOTE 9.
#4 @ 6" 0C. SCALE: 3/4" = 1'-0"
11:5/8" 7"
1/2"
STATION POINT— TOP OF CURB
MEDIAN EDGING OR MEDIAN NOSE
UP OF CATCH GUTTER / PAVING. SEE LANDSCAPING DETALLS NOTES 4 ' N
1) All casting shall conform to astm a-48(c1 35b) with a minimum
PAVEMENT- R
\ strength of 35 ksi.
N 2) All castings shall be heavy duty, and capable of withstanding
| .
Y - aashto H20 loading.
\ - 3) Floor slope may be poured monolithic with base.
b = 4) Al reinforcing steel shall be astm, A-615, grade 60 deformed
#4e 9“0.0\\'_, K 2 — #5'S bars. Diameter of bend measured on the inside of the bar shall
N , . -9 \ CONSTRUCTION JOINT be a minimum of 6 bar diameters.
8 1'-5 1/2 . 8 . . .
1. B y; 5) All work shall be done in accordance with the standard specifi-
N o cations applicable to the project.
‘b B :‘:-“ —#+ @ 11" oC 6) Concrete shall have a 28 day strength of 4000 PSI.
N 5 NOTE: 7) Subgrade shall have a gradation equal to class b bedding
b - %‘ INSTALL SHORT SEGMENT OF PIPE compacted to 100% maximum dry density, AASHTO T-99.
. e €| BETWEEN MEDIAN INLETS THAT A
L e 3 1/2" cir |+ i 71 ARE BACK TO BACK. 8) No formwork shallremalnlnﬂdg structure whgn complete.
. <|  (NOT SHOWN) 9) Sub-grade shall be shaped undisturbed material or overexca-
wvert our | L1 5 vated and backfilled with 3/4" Crushed angular rock bedding
ELEVATION A

e

Inlet walls shall be formed both inside and outside. Casting of
sidewalls against earth is not permitied.
11) Lean concrete fill to be f'c = 2000 PSI.

b o |RE r——-‘ material.

N__—T"CONSTRUCTION
JOINT

*
= TURN %FMNE 12) Median inlet box wall angles vary from 90° in some cases.
i OF WALL Engineer shall approve inlet box forms prior to placing
Tz #4 VERTICAL concrete. Cost of work is included in median inlet pay item.
! / 2-9 1/2” "o ‘ WALL BAR
#406°00°" SECTION A—A (SPECIAL 1) DETAIL Bick waLL (7ve)
SCALE: 3/4" = 1'-0" NOT TO SCALE
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