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SECTION 1.0: GENERAL
1.1 PURPOSE

The purpose of the "Town of Kersey Storm Drainage Design Criteria" (hereafter referred
to as the "Criteria") is to present the minimum design and technical criteria for the
analysis and design of storm drainage facilities.

All subdivisions, residential, commercial, industrial development or any other proposed
construction submitted for approval under the Town of Kersey regulations shall include
adequate storm drainage system analysis and drainage system design. Such analysis
and design shall conform to the criteria set forth herein. Options or alternatives to the
provisions of these Criteria may be suggested by the applicant, and used only on the
written approval of the Town. The applicant must demonstrate through adequate
information and technical documentation that such options are equal to or better than
the requirements of the Criteria.

Policies and technical criteria not specifically addressed in this document shall follow
the provisions of the most recent edition and revisions of the Urban Drainage and Flood
Control District (hereafter called the "District") "Urban Storm Drainage Criteria Manual"
(hereafter abbreviated to USDCM), which is incorporated in these Criteria by reference.
Copies of the USDCM can be obtained from the District, 2480 West 26th Avenue, Suite
156B, Denver, Colorado 80211-5500.

The applicant is also referred to the Colorado Department of Transportation's Standard
Plans ("M-Standards") for additional design details not covered in these Criteria or the

USDCM.

The Criteria shall apply to all land within the incorporated area of the Town of Kersey,
and those areas outside the Town of Kersey covered by intergovernmental agreements
with the appropriate jurisdiction, including any public lands. These Criteria shall apply to
all facilities constructed on Town Right-of-Way; easements dedicated for public use,
private roads, and to all privately and quasi-publicly owned and maintained stormwater
detention facilities.

1.2 PRINCIPLES FOR STORM DRAINAGE PLANNING & DESIGN

The provision for adequate drainage in urban areas is necessary to preserve and
promote the general health, welfare, and economic well being of the region. The Town
of Kersey recognizes drainage as a sub-system of all development; and, as such, the
planning and design of drainage facilities must be included in the development process.

Planning and design of stormwater drainage systems should not be based on the
premise that problems can be transferred from one location to another. Colorado
drainage law recognizes the inequitability of transferring the burden of managing storm
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drainage from one location or property to another. Liability questions also arise when
historic drainage patterns are altered. The diversion of stormwater drainage from one
basin to another should be avoided unless specific and prudent reasons justify and

dictate such a transfer.

The subdivision process can significantly alter the historic or natural drainage paths.
When these alterations result in a subdivision outfall system that discharges back into
the natural drainage way at or near the historic location, then the alterations (interbasin
transfer) are generally acceptable. However, when the subdivision outfall system does
not return to the historic drainage way, then interbasin transfer may result. This
interbasin transfer should be prevented since it violates a basic drainage law principle
by discharging water into a subservient property in a manner or quantity to do more
harm than formerly. If the development significantly increases the drainage area
tributary to the subdivision outfall, then interbasin transfer into the property has
occurred, which also must be prevented.

In addition to planning for the control of stormwater runoff flows, consideration for
maintaining the quality of the urban stormwater runoff resource should be included in
the evaluation and design of drainage facilities. Drainage facilities can fulfill other
purposes in conjunction with primary stormwater considerations; recreational, water
quality and open space values should be integrated where possible. Likewise, facilities
not designed primarily for drainage, such as parks, open space areas, or other natural
resource areas, can frequently be designed to utilize or enhance some aspects of the
stormwater runoff resource or provide some drainage control benefits.

The Town requires on-site detention for all new development, expansion, and
redevelopment for retention (see Section 11.3.3 of this manual).

Developments are typically responsible for runoff to the centerlines of all adjacent
streets surrounding their site. This runoff must be routed to on-site detention facilities
and released at a 5-year historic rate as required for other on-site runoff.

On-site detention facilities are not required for attenuation of off-site flows. However, the
urbanization process must safely pass all off-site flows (including all irrigation and
stormwater flows) through the development without creating any adverse impact to
other upstream or downstream properties.

Detention facilities shall not be constructed within public rights-of-way. The design high
water level of detention ponds shall not encroach upon public rights-of-way.

Adequate drainage easements must be provided for all detention and stormwater
conveyance facilities including proper access for operation and maintenance (see
various applicable sections of this criteria manual for more details).

The Town requires that maintenance access be provided to all storm drainage facilities
to assure continuous operational capability of the system. The property owner shall be
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responsible for the maintenance of all privately owned drainage facilities including inlets,
pipes, culverts, channels, ditches, hydraulic structures, and detention basins located on
their land unless modified by the Developer's Agreement. Should the property owner fail
to adequately maintain said facilities, the Town shall have the right to enter said land for
the purposes of operations and maintenance. All such maintenance costs shall be
assessed to the property owner.

Drainage easements shall be shown on the preliminary and final plats and any
development plans and state that the Town has the right of access on the easements
which shall be kept clear of obstructions to the flow and/or obstructions to maintenance

access.

On-site erosion/sedimentation control programs are required for all development and
redevelopment (see Section 13.0 Construction Site Erosion and Sediment control of this

criteria manual).

The urbanization process may adversely impact downstream properties due to changes
in the historic frequency and quantity of stormwater discharge. Even though on-site
detention facilities are provided which reduces the historic peak runoff from
development, the increase in impervious area will result in more frequent release of

stormwater.

Drainage easements are sometimes provided within subdivisions along back property
lines intended to drain runoff to street right-of-way. These easements, however, are
often ineffective due to improper grading of lots or restrictions created by wood privacy
fences or other types of obstructions. As a result, these easements shall not be relied
upon for drainage of backyard areas.

Drainage easements through the back or sides of lots within subdivisions shall not be
designated to convey off-site flows through the development. Right-of-ways dedicated
to the Town must be provided when necessary to convey these off-site flows.

Sometimes drainage easements for on-site surface water flows must be designated
within lots of subdivisions, when no other viable alternatives exist. When drainage
easements of this type are necessary, Developers, Home Builders/Owner’s must accept
the responsibility to provide site grading in a manner consistent with development plans
regarding site drainage. Drainage easements shall not be restricted. On-site and pass-
through runoff shall be routed to streets, along property lines, and through easements in
a manner, which controls surface runoff. To accommodate runoff, “V” shaped swales
may need to be constructed at least one (1) foot deep and six (6) feet wide.

It is usually better to line swales with a weed barrier fabric and crushed rock as opposed
to a grass swale. Grass swales sometimes fill in and become non-existent over time.

Drainage easements and drainage swales should not be blocked with wood privacy
fences. A space should be left under the fence for water to pass. Steel rebar may be
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pounded into the ground at three (3) inch to four (4) inch spacing to keep dogs and
small children from crawling under the fence.

1.3 IRRIGATION FACILITIES

There may be irrigation ditches in the Town area. The ditches have historically
intercepted the storm runoff from the rural and agricultural type basins, generally without
major problems. However, with urbanization of the basins, the storm runoff has
increased in rate, quantity and frequency, and even the water quality has changed.

In evaluating the interaction of irrigation ditches with a major drainage way for the
purpose of basin delineation, the ditch should not be used as a basin boundary.
Irrigation 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, therefore,
could not be considered a permanent part of the storm drainage system. Due to these
changes in the urban stormwater response, irrigation facilities should not be considered
as part of the available drainage system for new development.

Irrigation facilities must be preserved through new development areas in order to
maintain service to any upstream or downstream users of the ditch. Adequate
easements must be provided for the ditch including access for operations and
maintenance. Irrigation lines passing under roadways must be approved pipe materials
by the Town Engineer.

14 RELATIONSHIP TO OTHER STANDARDS

Whenever a provision of these Criteria, and any other provision in any law, ordinance,
resolution, rule, or regulation of any kind, contains any restrictions covering any of the
same subject matter, the most restrictive standard shall apply.

These Criteria are consistent with the Urban Drainage and Flood Control District's
criteria. If the state or federal government imposes stricter criteria, standards, or
requirements, these shall be incorporated into the Town's requirements after the
appropriate due process needed to modify the Town's regulations and standards.

Adherence to these Criteria does not remove the applicant's responsibility to investigate
and obtain any other regulatory permits or approvals, from local, regional, state or
federal agencies, that may be required for a particular project.
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1.5 VARIANCES

It is the responsibility of the Owner, or Owner's selected Design Engineer, to request
any variances from Town Standards during the early stages of planning or design
development. Variances from these Criteria shall be considered on a case-by-case

basis.

1.6 REVIEW AND ACCEPTANCE

The Town Engineer shall review all drainage submittals for general compliance with
these specific Criteria. An acceptance by the Town does not relieve the Owner,
Engineer, or Designer from the responsibility of ensuring that the calculations, plans,
specifications, construction, and as-built drawings are in compliance with the Criteria.

Approval of the submittal information shall remain valid for one year after the
acceptance date. If construction of the project has not been initiated within that period,
the acceptance by the Town shall become invalid.
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SECTION 2.0: SUBMITTAL REQUIREMENTS

21 REVIEW PROCESS

Drainage reports and plans, construction drawings, specifications, and as-built information
shall be submitted and approved as required by the Town of Kersey Subdivision
Regulations and the Project Development Process. A pre-application consultation is
suggested of all applicants for all processing steps of the Subdivision Regulations. The
applicant should consult with the Town Engineer for general information regarding
subdivision regulations, the Project Development Process, required procedures, possible
drainage problems, stormwater requirements and issues associated with the pertinent
master drainage plan, and specific submittal requirements.

All topographic mapping is to be based on NGVD 29 survey datum. The Town Of Kersey
will not accept any other datum nor will an adjustment from some other datum to NGVD 29
be acceptable. All contour mapping and construction details must be on NGVD 29 datum.

All reports shall be typewritten on 8%" x 11" paper and bound. A cover letter shall be
included, identifying the project and the type of information submitted (conceptual,
preliminary, or final). The report shall be prepared (or supervised), signed and stamped by
a Professional Engineer licensed to practice in the State of Colorado, and possessing
adequate experience in the fields of hydrology and hydraulics. The report shall contain a
certification sheet with the following statement, and appropriate signatures:

"I hereby attest that this report for the (Conceptual, Preliminary or Final) drainage design of
(Name of Development) was prepared by me, or under my direct supervision, in accordance
with the provisions of the Town of Kersey Storm Drainage Design Criteria for the
responsible parties thereof. | understand that the Town of Kersey does not and shall not
assume liability for drainage facilities designed by others.

Registered Professional Engineer

State of Colorado No.
(Affix Seal)

For project areas less than five acres, the applicant may propose that the conceptual,
preliminary, and/or final reports be consolidated; written approval for this consolidation is
required from the Town prior to any submittal.

The drawings, figures, plates, and tables shall be bound within the report or included in a
pocket attached to the report. Photo static copies of charts, tables, nomographs,
calculations, or any other referenced material should be legible and contain the origin of the
reference. Washed out, blurred, or unreadable portions of the report are unacceptable, as is
incomplete or absent information. The information presented in technical appendices should
be in sufficient detail to allow replication of the results presented in the report. Any
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unacceptable conditions could warrant a requirement for re-submittal of the report, and
subsequent delay of the project review.

2.2 CONCEPTUAL DRAINAGE REPORT

The Conceptual Drainage Report is required as a component of the Conceptual Planned
Unit Development (P.U.D.) submittal. This report will review at a conceptual level the
feasibility and design characteristics of the proposed development. The Conceptual
Drainage Report shall be in accordance with the following outline, and as a minimum, shall
contain the applicable information listed below. Two (2) copies of the Conceptual Drainage
Report shall be submitted to the Town.

2.2.1 Conceptual Report Contents
l. General Location and Description

A. Location

1. Town, County, State Highway and local streets within and adjacent to
the site, or the area to be served by the improvements

2. Township, range, section, ¥4 section

3. Major drainage ways and facilities

4 Names of surrounding developments

B. Description of Property

Area in acres

Ground cover (type of ground cover and vegetation)

Major drainage ways on property

Existing major irrigation facilities such as ditches and canals
Proposed land use

Floodplain status

S o0, 3= (O ISk

Il. Drainage Basins and Sub-basins

A. Major Basin Description

1. Reference to major drainage way planning studies, flood hazard
delineation reports, flood insurance rate maps

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

3% Identification of all nearby irrigation facilities within 100 feet of the
property boundary, which will influence or be influenced by the local
drainage
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B. Sub-basin Description

1.
2.

Discussion of historic drainage patterns of the property

Discussion of off-site drainage flow patterns and impact on
development under existing and fully developed basin conditions as
defined by the Town

. Drainage Facility Design

A. General Concept
. Discussion of concept and typical drainage patterns
2. Discussion of compliance with off-site runoff considerations
3. Discussion of anticipated and proposed drainage patterns
4, Discussion of the content of tables, charts, figures, plates, or drawings

presented in the report

5. Discussion of the Storm Water Quality Control concepts for the site
B. Specific Details (Optional Information)

1. Discussion of drainage problems encountered and solutions at specific
design points

2. Discussion of detention storage and outlet design

3s Discussion of opportunities for integration of other functions
(recreational, natural resource) within drainage facilities

4. Discussion of maintenance and access aspects of the design

5: Discussion of impacts of concentrating the flow on the downstream

properties

V.  Wetland Determination and Review (If Applicable)

V. References

Provide references to all criteria, master plans, and technical information used in
support of the drainage concept for the development.

2.2.2 Conceptual Report: Plan Contents

A. General Location Map

All drawings shall be 24" x 36". A map shall be provided in sufficient detail to
identify general drainage patterns and drainage flows entering and leaving the
development for at least 100' to 200' from the project boundaries. The map
should be at a scale adequate to show the path of all drainage from the upper
end of any off-site basins to a major drainage way. The map shall identify any
major facilities from the property (i.e., development, irrigation ditches, existing
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detention facilities, culverts, storm sewers) along the flow path to the nearest
major drainage way. Basins and divides are to be identified and labeled

topographic contours are to be included.

B. Floodplain Information

The location of any defined floodplains on the property shall be shown.

C. Drainage Plan

Map(s) of the proposed development at a scale of 1" = 20' to 1" = 200" on a
24" x 36" drawing shall be included. The plan shall show the following:

1. Existing topographic contours at 2 feet maximum intervals. The
contours shall extend a minimum of 100 feet beyond the property lines
and be labeled as to elevation.

2. All existing drainage facilities.

Sl Locations of all existing and proposed utilities to assure conflicts with
proposed drainage facilities are being addressed.

4. Approximate flooding limits based on available information, such as
previously defined floodplains and estimated floodplains.

5. Conceptual major drainage facilities including detention basins, storm
sewers, swales, riprap, and outlet structures in the detail consistent with
the proposed development plan.

6. Location and type of pertinent major drainage facilities identified by the
Town relevant to the proposed development.

7. Major drainage boundaries and sub-boundaries.

8. Any off-site feature influencing development.

9. Proposed flow directions and, if available, proposed contours.

10.  Legend to define map symbols.

11.  Title block in lower right corner.

2.3 PRELIMINARY DRAINAGE REPORT

The purpose of the Preliminary Drainage Report is to identify and/ or refine the conceptual
solutions to the problems, which may occur on-site and off-site as a result of the
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Storm Drainage Design Criteria & Construction Specifications Submittal Requirements

development. Any problems that existed on the site prior to development must also be
addressed during the preliminary phase. The Preliminary Drainage Report shall be
submitted with the Preliminary Subdivision Plat submittal. Two (2) copies of the Preliminary
Drainage Report shall be submitted to the Town. Number all pages consecutively in the
Preliminary Drainage Report including the Appendix for easy reference.

In addition to the information listed below, the requirements for submitting a Preliminary
Stormwater Quality Control Plan and a Preliminary Erosion and Sediment Control Plan are
detailed in Sections 12 and 13 (respectively).

2.3.1 Preliminary Report Contents

The report shall be in accordance with the following outline and contain the applicable
information listed:

l. General Location and Description

A. Location

1. Township, range, section, ¥4 section

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

3. Major drainage ways, facilities, and easements within and adjacent to
the site

4, Locations of other utilities

Bl Names of surrounding developments

B. Description of Property

1. Area in acres

Ground cover (type of trees, shrubs, vegetation, general soil conditions,
topography, and slope)

Major drainage ways

General project description

Irrigation facilities

Proposed land use

ook w
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Town of Kersey
Storm Drainage Design Criteria & Construction Specifications Submittal Requirements

Section 2 —

[I. Drainage Basins and Sub-basins

A.

| B.

Major Basin Description

1.

2
3.

Reference to major drainage way planning studies, flood hazard
delineation reports, flood insurance rate maps

Major basin drainage characteristics, existing and planned land uses
Identification of all irrigation facilities within the basin, which will
influence or be influenced by the local drainage

Sub-basin Description

1.
2

Discussion of historic drainage patterns of the property

Discussion of off-site drainage flow patterns and impact on
development under existing and fully developed basin conditions as
defined by the Town

II. Drainage Design Criteria

A.

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

Development Criteria Reference and Constraints

1.

Discussion of previous drainage studies and/or pertinent 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
Discussion of the effects of adjacent drainage studies

Discussion of the drainage impact of site constraints such as streets
and transportation facilities, utilities, existing structures, and the
development or site plan

Hydrological Criteria

ObhwN =

Identify design rainfall

Identify runoff calculation method

Identify detention discharge and storage calculation method

Identify design storm recurrence interval

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

Hydraulic Criteria

1.
2,

Identify various capacity references
Discussion of other drainage facility design criteria used that are not
presented in the Criteria
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Town of Kersey

Section 2 -

Storm Drainage Design Criteria & Construction Specifications Submittal Requirements
E. Waiver/\ariance from Criteria
1. Identify provisions by section number for which a waiver or variance is
requested
2. Provide justification for each waiver or variance requested
F. Stormwater Quality Considerations
1. See Section 12 for submittal requirements associated with the
Stormwater Quality Control Plan
2. See Section 13 for Erosion Control Plan submittal requirements

IV.  Wetland Preservation and Mitigation (If Applicable)

V. Drainage Facility Design

A. General Concept
1a Facility design concept and typical drainage patterns
2. Compliance with off-site runoff considerations
3 Discussion of the content of tables, charts, figures, plates, or drawings

4.
5.
6

presented in the report

Anticipated and proposed drainage patterns

Water quality considerations

Opportunities for multi-functional use of drainage facilities.

B. Specific Details

1. Detail drainage problems encountered and solutions at specific design
points
2. Detention storage and outlet design
< Provision of stormwater quality facilities
4, Maintenance access and aspects of facility design
5. Provision of easements and tracts for drainage purposes, including
conditions and limitation for use
VI.  Conclusions
A. Compliance with Standards
1. Town Criteria
2 USDCM
B. Drainage Concept
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Town of Kersey

Storm Drainage Design Criteria & Construction Specifications

Section 2 —
Submittal Requirements

VII.

VI

References

1.
2;

Effectiveness of drainage design to control damage from storm runoff
Influence of proposed development

Reference all criteria and technical information used.

Appendices

A.

Hydrologic Computations

ol Mlten

ook

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

A computer disk of all hydrologic modeling (CUHP, EPA SWMM, etc.)
necessary to support analysis and conclusions in the report;
documentation of modeling efforts will be in sufficient detail to allow
replication of results.

Hydraulic computations

1
2.

3.

Open channel design. Check structure and/or channel drop design
Detention area/volume capacity and outlet capacity calculations; depths

of detention basins
Downstream/outfall system capacity to the Major Drainage way system

Hydraulic computations (optional for preliminary)

Culvert capacities

Storm sewer capacity, including energy grade line (EGL) and hydraulic
grade line (HGL) elevations for 30” or larger

Gutter and street capacity as compared to allowable

Storm inlet capacity including inlet control rating at connection to the

storm sewer
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2.3.2 Preliminary Drainage Report Checklist

Project: Date:

Refer to Town of Kersey Storm Drainage Design Criteria (SDDC) Manual for requirements.

Yes No

[s report signed and sealed by a licensed P.E.?

2. Is general location and description in accordance with SDDC
manual?

Are existing contours based on NGVD 29 datum?

Do contours extend a minimum of 100 feet outside property
boundary and are they labeled as to elevation?

5. Are basin boundaries to centerline of adjacent streets surrounding
the development

Are drainage areas close to those determined by designer?

Is offsite water safely passed through the site?

Are drainage design criteria in accordance with SDDC manual?

© ®©® N o

If over 5 acres, has CUHP and SWMM hydraulic analysis been used
to size the detention pond?

10. Are runoff coefficients reasonable? l.e., 5-year historic average =
0.1, 100-year historic = 0.35.

11. Has Water Quality Capture Volume (WQCV) been determined and

added to total detention pond volume requirements?

12. Is detention pond release rate equal to 5-year historic flow?

13. Are pond side slopes no greater than 4H:1V?

14. Does volume calculated from pond contours approximately equal
designer’s volume?

15. Is wetland preservation and mitigation required and if so have
provisions been made to address these issues?

Signed — Design Engineer
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Town of Kersey Section 2 —
Storm Drainage Design Criteria & Construction Specifications Submittal Requirements

2.3.3 Preliminary Submittal: Plan Contents

A.

General Location Map

All drawings shall be 24" x 36". A map shall 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 adequate to show the path of
all drainage from the upper end of any off-site basins to a major drainage way.
The map shall identify any major facilities from the property (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.

Floodplain Information

The location of any defined floodplains on the property shall be shown.
Drainage Plan

Map(s) of the proposed development at a scale of 1" = 20' to 1" = 200' on a
24" x 36" drawing shall be included. The plan shall show the following:

1. Existing and (if available) proposed topographic contours at a 2-foot
maximum interval. The contours shall extend a minimum of 100 feet
beyond the property lines and be labeled as to elevation.

2. Property lines and easements with purposes noted.

3. Streets, indicating ROW width, flow line width, curb type, sidewalk, and
approximate street slopes.

4. Existing drainage facilities and structures, including irrigation ditches,
roadside ditches, cross-pans, drainage ways, gutter flow directions, and
culverts. All pertinent information such as material, size, shape, slope,
and location shall also be noted.

5. Location and type of pertinent major drainage facilities identified in the
Comprehensive Drainage Plan relevant to the proposed development.

6. Locations of other utilities.

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

8. Proposed type of street flow (i.e., vertical or combination curb and
gutter), roadside ditch, gutter, slope and flow directions, and cross-
pans.
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Town of Kersey Section 2 —

Storm Drainage Design Criteria & Construction Specifications Submittal Requirements
9. Proposed storm sewers and open drainage ways, including inlets,
manholes, culverts, and other appurtenances, including riprap

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

properties.

11.  Routing and accumulation of flows at various critical points for the initial
storm runoff listed on the drawing using the format shown in Table 2-1.

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 2-1.

13.  Volumes and release rates for detention storage facilities and
information on outlet works.

14.  Location and elevations of all existing 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 off-site drainage flow through the development.

17.  Definition of flow path leaving the development through the downstream
properties ending at a major drainage way.

18.  Legend to define map symbols.

19.  Title block in lower right corner.

2.4 FINAL DRAINAGE REPORT

The purpose of the Final Drainage Report is to update the concepts and present the design
details for the drainage facilites discussed in the Preliminary or Conceptual Drainage
Reports. Also, any changes to the Preliminary Drainage concept must be presented and
supported with the same level of information as originally required in the Preliminary
Drainage Report. Number all pages of the Final Drainage Report including the Appendix for
easy reference.

The Final Drainage Report, which shall accompany the Final Subdivision submittal or the
final Planned Unit Development (P.U.D.) submittal, must address comments made during
the review of the Preliminary or Conceptual submittals. The Final Drainage Report shall be
prepared in accordance with the outline for the Preliminary Drainage Report (Section 2.3.1);
the Final Drainage Report drawings and plans shall fulfill the requirements for the contents
of the Preliminary plans (Section 2.3.2). See Section 12 of these Criteria for the Final
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Town of Kersey Section 2 -
Storm Drainage Design Criteria & Construction Specifications Submittal Requirements

Stormwater Quality Control Plan submittal requirements, and Section 13 for the Final
Erosion Control Plan submittal requirements. Two (2) copies of the Final Drainage Report
shall be submitted to the Town.

Include in the final drainage report bound 11"X17” copies of the drainage exhibits as well as
the full size sheets. If smaller copies of the exhibit are bound into the report they shouldn’t
become separated.

In addition to the report format and submittal requirements presented in Section 2.1, the
Final Drainage Report shall include a page with the following certification language, and the

appropriate signature:

(Name of Developer/Owner) hereby certifies that the drainage facilities for (Name of Project)
shall be constructed according to the design presented in this report. | understand that the
Town of Kersey does not and will not assume liability for drainage facilities designed and/or
certified by my Engineer. | also understand that the Town of Kersey relies on the
representations of others to establish that drainage facilities are designed and constructed in
compliance with Town guidelines, standards, or specifications. Review by the Town of
Kersey 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.

Attest:
(Name of Responsible Party)

Notary Public Authorized Signature
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2.41 Final Drainage Report Checklist

Project: Date:
Refer to Town Of Kersey Storm Drainage Design Criteria Manual for requirements.

Yes No

Is report signed and sealed by a licensed P.E.?

2. Is report certified by owner and notarized?

Are all pages of the report numbered consecutively for easier
referencing?

Are there any infringements on drainage easements?

5. Are sub-basin areas and total area of site close to those of
designer?

Time of concentration, Check if (L/180) + 10 verified?

Are runoff coefficients reasonable, 5 year historic average = 0.1,
100 year historic = 0.35 in Kersey?

Do offsite flows - pass through pond or route around site?

Has Water Quality Capture Volume (WQCV) been determined and
added to total detention pond volume requirements?

10. Is detention pond release rate equal to 5 year historic flow?

11. Are drainage channel and pond side slopes no greater than 4H:1V?

12. Have detention pond top of dike elevations (freeboard) been set 1
foot above the elevation of water passing over the spillway during a

plugged orifice condition?
13. Does volume calculated from pond contours approximately equal

designer’s volume?

14. Is the spillway riprapped, or concreted and have sufficient grading to
pass the overflow downstream to a suitable conveyance?

15. Orifice calculations - Is head on orifice to center of opening?

16. Is backwater from outlet being flooded possible and if so has it been
considered?

17. On the WQCV drawing details - are the holes per row and the
spacing of holes correctly determined?

18. Has a trash rack and orifice plate been properly designed and
detailed?

2-13 C rg consulting engineers, inc.

-

Il




Town of Kersey

Storm Drainage Design Criteria & Construction Specifications

Section 2 -

Submittal Requirements

19.

20.

21,

22.

23.
24.
25.
26.
27.
28.
29.
30.

31.

32.

33.

34.

35.

36.

37.

38.

Are outlet metal components minimum 1/4" thick metal hot dipped
galvanized?

Are bolts a minimum 3/8" diameter, by 1 %" minimum length plus 3"
for concrete embedment and stainless steel material?

Has the street capacity at critical locations for both minor and major
storm events been determined?

Have inlet capacities using interception ratios been determined, if
applicable?

Do grading contours around perimeter of site match existing terrain?
Are they labeled for elevation?

Do spot elevations match grading contours?

Do all areas drain to the detention/retention pond?

Are details for detention pond retaining wall construction shown?

Is “A” and “B” lot designation with diagram shown on grading plan?
Are there any “B” lots adjoining other “B” lots along back lot lines?

If so, is there an Out lot separating them for drainage or a concrete
trickle pan off set to one side of the property line been provided?

Are finished top of foundation and lot corner elevations shown on
the grading plan?
Have hydraulic calculations with energy grade line (EGL) and

hydraulic grade line (HGL) been shown for the 100 year storm event
on the storm sewer profiles?

Have backwater affects been considered?

Do pipe sizes and slopes agree between the drawings and
calculations?

Have adequate sump depths been provided at sump inlets to
accommodate sump design capacity before allowing water to
overflow curb?

Are storm sewers sized so that there is no surcharge during a 2 year
storm event?

Do the drawings contain standard Town of Kersey details for storm
sewer pipe bedding, inlets, manholes, inlet protection vehicle
tracking control, etc?

Is there at least 1 foot of coverage between the top of all RCP storm
sewer pipes and top of pavement?

Yes

No
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Storm Drainage Design Criteria & Construction Specifications

Section 2 —

Submittal Requirements

39.

40.

41.

42.

43,
44,

45.

46.

47.

48.

Are storm sewer manholes placed no more than 400 feet apart and
are they accessible from the street?

On drop structures - has the location of the hydraulic jump and
seepage distance been determined, is there adequate distance for
protection from short circuiting below and around the ends of the
structures?

On culverts - has both inlet and outlet control been taken into
account?

Is there erosion protection at the discharge of storm sewer pipes, if
needed?

Have toe walls been provided at storm sewer outlets?

If turf reinforcement mat (TRM) is proposed have provisions for
irrigation also been provided?

Is riprap placed on geotextile fabric and bedding or been called out
as grouted?

In any channel designs; is there adequate freeboard (1ft.), velocity
(<5 ft/s sandy soils, <7 ft/s clay soils, Froude Number <.8)?

On sidewalk chases - 2 year storm should pass under and 100 year
storm should pass over the sidewalk?

Is a minimum opening elevation (M.O.) shown on all buildings next
to ponds and major drainage swales? The M.O. elevation shall be 1'
above the top of the stormwater elevation as it overtops the spillway.
This elevation would be the minimum allowed elevation for all
windowsill elevations, doorway threshold elevations, top of window
well elevations, garage door threshold elevations, and any other
building opening water could penetrate. Include an explanation in
the key of the drawing for the M.O. elevation designation.

Signed - Design Engineer

Yes

No
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Town of Kersey Section 2 —-
Storm Drainage Design Criteria & Construction Specifications Submittal Requirements

2.5 CONSTRUCTION PLANS

Where drainage improvements are to be constructed, the final construction plans (24" x 36")
shall be submitted with the Final Drainage Report. One (1) set of the construction plans shall
be submitted for review and comment. After the changes have been made, the original set,
one set of reproducible plans and four additional sets of plans shall be submitted for final
approval and acceptance. The original set shall be signed and returned to the originator.
Approval of the construction plans by the Town is a condition of the Town for issuing all
construction permits, except for the grading permit which may be issued prior to approval of
the construction plans.

Should circumstance warrant changes from the approved plans or specifications, a written
approval must be obtained from the Town. Copies shall be given to the Contractor and the
Developer. Project as built record drawings which record changes in construction are the
Developer/Owners responsibility. These record drawings shall consist of detailed drawings
which have been prepared by the Developer/Owner's Design Engineer, upon completion
and at the time of the Certificate of Completion, and show actual construction and contain
field dimensions, elevations, details, changes made to the construction drawings by
modification, details which were not included on the construction drawings, and horizontal
and vertical locations of underground utilities which have been impacted by the utility
installation.

The plans for the drainage improvements shall include:
1. General Details

Title Block (lower right hand corner preferred)

Scale

Date and Revisions Block

Name of Professional Engineer and Firm

Statement: All work must be in accordance with applicable Town Of
Kersey construction standards. The Town’s acceptance allows for plan
distribution and permit application. The Town’s acceptance shall not
relieve the design engineer's responsibility for errors, omissions, or
design deficiencies for which the Town is held harmless.

®oo oo

Accepted By:

Town Engineer Date
2, Plan Portion

North Arrow

Property lines

Easement Limits with Dimensions
Ownership of Subdivision Information
Street Names

©oo o
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f. All Existing Utilities

g. All Topographic Features (houses, curbs, water courses, etc.)
3. Proposed Facilities
a. Storm sewers, inlets, outlets, and manholes with pertinent elevations,
dimensions, type, and horizontal control indicated.
b. Culverts, end sections, and inlet/outlet protection with dimensions, type,
elevations, and horizontal control indicated.
C. Channels, ditches, and swales (including side and/ or back yard swales)

with lengths, widths, crosssections, and erosion control (i.e. riprap,
concrete, grout) indicated.

d. Check structures, channel drops, erosion control facilities.

e. Detention pond grading (elevations and horizontal control), ftrickle
channel, and outlets.

f. Other drainage related structures and facilities (including under drains
and sump pump lines).

g. Maintenance access considerations.

h. Over lot grading.

Lot corner elevations for all residential lots.

Top of foundation (TOF) elevations (which are set two (2) feet higher
than the highest curb elevation fronted by the property).

[ S ——

4. Profile Information

Stationing

Elevations shall be National Geodetic Vertical Datum (NGVD) 29
Length Between Structures and Connections

Slope of Pipe

Existing Ground Profile

Proposed Ground or Street Profile

HGL and EGL of Storm Sewers

@000 OTw

The information required for the plans shall be in accordance with sound engineering
principles, these Criteria, and the Town requirements for sub-structural, foundation, bedding,
hydraulic, landscaping, and other details as needed to construct the storm drainage
facilities. The approved Final Plan shall be included as part of the construction documents
for all facilities affected by the drainage plan. Construction plans shall be signed by a
Registered Professional Engineer as being in accordance with the Town approved drainage
reports/drawings. Construction plans along with the Town’s Design Criteria and Construction
Specifications Manuals shall be provided at the construction site by the Contractor at all

times.

2.6 CONSTRUCTION CERTIFICATION & DRAWINGS OF RECORD
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Town of Kersey Section 2 -
Storm Drainage Design Criteria & Construction Specifications Submittal Requirements

Record drawings for all improvements are to be submitted to the Town with the request for
Certificate of Completion. Record drawings shall be furnished in the following manner: one
complete set on Mylar and one complete set as blue lines. The Mylar set shall state the date
signhed, and that the blueprints are on file with the Town; the blue line set shall include the
signature and stamp of the Professional Engineer. Certification of the record drawings is
required as follows: '

a) Registered Land Surveyor: A registered land surveyor in the State of Colorado shall
certify the as-built detention pond volumes and surface areas at the design depths, outlet
structure sizes and elevations, storm sewer sizes and invert elevations at inlets, manholes,
and discharge location, and representative open channel cross-sections, and dimensions of

all the drainage structures.

b) Registered Professional Engineer: The responsible engineer shall state that "to the best
of my knowledge, belief, and opinion, the drainage facilities were constructed in accordance
with the design intent of the approved drainage report and construction drawings" in

accordance with State Law.

The Town shall compare the certified record drawing information with the construction
drawings. A Certificate of Completion shall be issued only if:

1. The record drawing information demonstrates that the construction is in compliance
with the design intent.

2, The record drawings are certified by both a Professional Land Surveyor and a
Professional Engineer, both registered in the State of Colorado.
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Storm Drainage Design Criteria & Construction Specifications

Section 2 -
Submittal Requirements

A summary of the required certifications and approvals is presented below:

Conceptual Report ProfeSSIonaI Englneer
Preliminary Report Professional Engineer Yes
Final Report Professional Engineer & Yes
Responsible Party
Construction Drawings Professional Engineer Yes
Detention Pond Easement Professional Engineer & Yes
Agreement Notary Public
Subdivision Grading Professional Engineer or Yes
Certificate Professional Land Surveyor
Record Drawings Professional Engineer Yes (Certificate of
Professional Land Surveyor Completion)

2-19
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' SUMMARY RUNOFF TABLE

= BASIN DESIGNATION

= AREA IN ACRES
= COMPOSITE RUNOFF COEFFICIENTS

= DESIGN POINT DESIGNATION

(TO BE PLACED ON DRAINAGE PLAN)

DESIGN CONTRIBUTING RUNOFF PEAK
POINT AREA 5YR. 100YR.
(ACRES) (CFS) (CFS)
XX XX. XX XX.X XX. X
TOWN OF KERSEY

DRAWING SYMBOL CRITERIA AND
HYDROLOGY REVIEW TABLE

SCALE:

NONE

DATE: 12/04

APPROVED:
FJB

TOWN ENGINEER

SHEET TABLE 2-1




Town of Kersey
Storm Drainage Design Criteria & Construction Specifications Section 3 — Rainfall

SECTION 3.0: RAINFALL

3.1 INTRODUCTION

Presented in this section is the design rainfall data to be used with the Colorado Urban
Hydrograph Procedure (CUHP) and the Rational Method. All hydrological analysis
within the jurisdiction of the Criteria shall use the rainfall data presented herein for
calculating storm runoff.

The design storms and intensity-duration-frequency curves for the Town were
developed using the rainfall data as presented in the NOAA Atlas for Colorado and the
procedures presented in the Urban Storm Drainage Criteria Manual (USDCM).

3.2 SELECTION OF DESIGN STORM FREQUENCIES

All drainage systems for new development have to take into consideration two separate
and distinct drainage situations. The first is the initial storm, which occurs at fairly
regular intervals and is based on the two- to ten-year storm event, depending on land
use. The runoff from the initial storm is usually not the cause of extensive damage, but
can represent higher costs in maintenance, repair and replacement of public facilities if
not handled correctly.

The second drainage situation that must be considered is the planning and design of
facilities to convey the major storm, which occurs at less frequent intervals, and is
based on the 100-year storm event. The runoff from this type of storm event can cause
catastrophic property damage and personal injury or loss of life.

The purpose of the major drainage path criteria is to establish guidelines to protect the
major paths from encroachment. No development shall be allowed along the major
drainage path except by specific approval of the Town. The major drainage paths are
shown on exhibits in the Comprehensive Drainage Plans for each major drainage basin
within the Town. All development that occurs along the major paths will be required to
meet the guidelines herein. The guidelines herein are intended to be supplements to the
specific recommendations made for each drainage basin analyzed in the
Comprehensive Drainage Plans.

The major drainage paths are a part of the major drainage system and all facilities along
said paths will be required to be designed using a 100-year design storm frequency.

The 100-year runoff shall be computed at the point where the major drainage path
enters the proposed development and again where the major drainage path leaves the
development. Intermediate points of runoff shall be computed where deemed critical
and to better define the major drainage path. Critical points are generally identified by
the intersection of a drainage path with the major drainage path, rapid changes in
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grades or channel widths. The runoff shall be based on the total area tributary to the
runoff point regardless of the ratio of developed area to the drainage basin.

The width of the channel and maintenance access to the channel shall be as defined in
Section 5.0-Open Channels. No development will be allowed within this designated
area. Said area shall be called a drainage right-of-way and identified as such on all
plans and plats. The drainage right-of-way shall be dedicated to the Town for public
use. Access roads shall be dedicated to the Town where necessary.

Where possible and as required by the Town, the major drainage channels shall be
incorporated into greenbelt and recreational areas. Natural drainage channels lend
themselves to greenbelt areas. Where the width can be extended, hiking trails,
pedestrian walkways and bicycle paths should be located in the major drainage path.
Due consideration should be given to street and utility layout to gain maximum aesthetic
use of the drainage path.

The initial and major storm frequencies to be used for runoff analysis and the
subsequent design of stormwater control facilities in the Town of Kersey are presented
below:

~ Design Storit
Ta g WA e g AR

Commercial, Business & 100-year
Industrial

(1) Any industrial development within or adjacent to the downtown business area shall
have an initial storm frequency of 10-years.

3.3 COLORADO URBAN HYDROGRAPH PROCEDURE (CUHP) DESIGN STORMS

For drainage basins less than five square miles, a two-hour storm distribution without
area adjustments of the point rainfall values shall be used for 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 threehour storm
distribution with adjustment for area shall be used. The distribution for the last hour was
obtained by uniformly distributing the difference between the two- and three-hour point
rainfall values. The adjustment for area was obtained from the NOAA Atlas for
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Colorado. The incremental rainfall distribution for all basin areas up to 20 square miles
is presented in Table 3-1.

3.4  INTENSITY-DURATION-FREQUENCY (IDF) CURVES

Intensity-Duration-Frequency (IDF) curves are necessary to utilize the Rational Method
for runoff analysis. The one-hour design point rainfall values obtained from the NOAA
Atlas for Colorado are required for the development of the IDF curves. The one-hour
point rainfall values applicable for the Town of Kersey are presented below.

The IDF curves were developed by distributing the one-hour point rainfall values using
the factors obtained from the NOAA Atlas as presented below.

The point values were then converted to intensities and plotted on Figure 3-1. The data
are also presented in Tables 3-1, 3-2, and 3.3.
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Table 3-1  Design Storms for Kersey
Incremental Rainfall Depth/Return Period

i BasinsiBetweeni10:8:20/Sq
T |

35 007 | 009 | 010 | 030 |0.39 007 |0.09 [001 [029 [037 |0.07 |009 |0.10 |0.27 |0.35
40 0.05 | 0.07 | 0.08 | 020 | 0.22 | 0.05 | 0.07 | 0.08 [ 020 [022 |0.05 |0.07 |0.08 |0.20 |O0.22
45 0.03 | 0.05 | 007 | 043 | 017 | 003 | 0.05 | 0.07 | 013 [ 017 | 0.03 | 005 | 0.07 | 0.13 | 0.17
50 0.03 | 0.05 | 0.06 | 0.08 | 0.14 | 0.03 | 0.05 | 0.06 | 0.08 | 011 |0.03 |[0.05 | 0.06 |0.08 |O0.14
55 0.03 | 0.05 | 0.06 | 0.008 | 0.1 | 0.03 | 0.05 | 0.06 | 0.08 | 0.11 | 0.03 | 0.05 | 0.06 | 0.08 | 0.11
60 0.03 | 0.05 | 0.06 | 0.08 | 0.11 | 0.03 | 0.05 | 0.06 | 0.08 | 011 | 0.03 | 0.05 | 0.06 | 0.08 | 0.11

65 0.03 ] 005 ] 0.06 | 006 |0.11 | 003 |0.05 [0.06 [0.06 [011 |003 |0.05 | 006 |0.06 |O0.11
70 0.02 | 0.05 | 0.06 | 0.06 | 0.06 | 0.02 | 0.05 | 0.06 | 0.06 | 0.06 | 0.02 | 0.05 | 006 |0.06 | 0.06
75 0.02 | 0.04 | 0.06 | 0.05 | 0.06 | 0.02 | 0.04 [0.06 | 005 |0.06 |0.02 [004 |006 |0.05 |0.06
80 0.02 | 0.03 | 0.03 | 0.04 | 0.03 | 0.02 | 0.03 | 0.03 | 0.04 [ 003 |0.02 |0.03 | 003 |004 |0.03
85 002 | 0.03 | 0.03 | 004 | 0.03 | 0.02 | 0.03 | 003 | 0.04 [003 | 002 |0.03 |0.03 |0.04 |0.03
90 0.02 | 0.03 | 0.03 | 0.04 | 0.03 | 0.02 | 0.03 | 0.03 | 0.04 [ 003 |0.02 |0.03 | 0.03 |0.04 | 003

95 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 |004 |O0.03
100 0.02 | 0.02 | 0.03 | 0.04 | 0.03 | 002 | 0.02 | 0.03 | 0.04 | 0.03 |0.02 [002 |0.03 |004 |O0.03
105 0.02 | 0.02 | 0.03 | 0.04 | 0.03 | 0.02 | 0.02 [ 0.03 | 0.04 |0.03 |0.02 |002 |0.03 |0.04 |003
110 0.02 | 0.02 | 0.03 | 0.04 | 0.03 | 0.02 | 0.02 [ 0.03 | 004 | 0.03 |0.02 |002 |0.03 |0.04 |0.03
115 0.01 | 0.02 | 0.03 | 0.04 | 0.03 | 0.01 | 0.02 [ 0.03 | 0.04 | 0.03 | 0.01 | 002 |0.03 |O0.04 |0.03
120 0.01 | 0.02 | 0.02 | 0.04 | 0.03 | 0.01 | 0.02 [0.02 |0.04 |0.03 |]0.01 [002 |0.02 |0.04 |]O0.03

125 0.01 | 0.01 0.02 | 002 | 0.02
130 0.01 0.01 0.01 | 0.02 | 0.02
135 0.01 | 0.01 0.01 | 0.01 | 0.02
140 0.01 | 0.01 0.01 | 0.01 | 0.01
145 0.01 | 0.01 0.01 | 0.01 | 0.01
150 0.01 | 0.01 0.01 | 0.01 | 0.01
155 0.01 | 0.01 0.01 | 0.01 | 0.01
160 0.01 | 0.01 0.01 | 0.01 | 0.01
165 0.01 | 0.01 0.01 | 0.01 | 0.01
170 0.00 [ 0.00 | 0.01 | 0.00 | 0.01
175 0.00 | 0.00 | 0.00 |0.00 | 0.01
180 0.0 0.00 | 0.00 | 0.00 | 0.01

TTL 120 | 1.72 | 2.04 | 2.81 3.21 118 | 169 | 200 | 276 | 3.15 | 1.24 [1.73 | 2.05 | 279 | 3.22
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Table 3-2  Intensity-Duration-Frequency Tabulation
& ,- !:&g
Depth(h). . | 104 |1.04 |1.04 |1.04 |1.04
DepthiatDuration/(n)i2| 0.30 | 0.47  |059  [0.82 1.04 1.16 1.25
ften % |362 |28 2.37 1.64 1.04 | 0.58 0.42
Pt 149 [ 149 [ 149  [149 | 149
atDuration(in)s | 0.43 | 0.67 | 0.85 1.18 1.49 1.60 1.69
Y(In/Hn) 519 [402 [340 235 1.49 | 0.80 0.56
Deptn(n)e . 176|176 |16 [1.76 | 1.76
sthiat Duration:(In)ad 0.51 0.79 1.00 1.39 1.76 1.91 2.02
enatyin/Ene . 2| 6.12 | 475 | 4.01 2.78 1.76 | 0.96 0.67
Depth (I | 2.51 2.51 2.51 2.51 2.51
DUration (In)t.] 0.73 1.13 1.43 1.98 | 2.51 2.65 2.75
J5/HD) [873  [6.78  [5.72 3.97 | 2.51 1.33 0.92
DeptA(n) il |278 [278 [278 [278 |28
Debthat Duration (In): | 0.81 1.25 1.58 | 2.20 2.78 | 2.99 3.15
tyen/Hre ) ] 9.67 | 7.51 6.34 | 4.39 2.78 1.50 1.05

Note: Depth at each duration = 1-Hour of Rainfal Depth x Respective Duration Factor

Example:

5 Minute Duration

Depth (In)

= 2-Year, 1-Hour Depth (In) x Factor
=1.04x0.29
= 0.30 Inches
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Section 3 — Rainfall

Table 3.3

Extended Duration-Intensity-Frequency Tabulation, Kersey, Colorado

60 (1 hr) 1.04 1.49 1.76 2.1 2.51 2.78
80 0.8 1.14 1.47 1.61 1.91 2.16
100 0.67 0.94 1.2 1.3 1.58 1.79
120 (2 hr) [ 0.58 0.8 0.96 1.14 1.3 1.5

150 0.49 0.66 0.78 0.93 1.1 1.23
180 (3 hr) | 0.42 0.56 0.67 0.8 0.92 1.05
4 hr 0.33 0.44 0.53 0.62 0.72 0.81
5 0.27 0.36 0.43 0.5 0.57 0.66
6 0.23 0.3 0.37 0.43 0.49 0.57
8 0.2 0.24 0.29 0.34 0.39 0.44
10 0.15 0.2 0.24 0.29 0.32 0.36
12 0.13 0.17 0.2 0.25 0.28 0.31
14 0.11 0.15 0.18 0.23 0.24 0.27
16 0.1 0.13 0.16 0.2 0.22 0.24
18 0.09 0.12 0.14 0.18 0.19 0.21
20 0.08 0.11 0.13 0.17 0.18 0.19
22 0.07 0.1 0.12 0.16 0.16 0.17
24 0.07 0.09 0.11 0.14 0.15 0.16

3-6 € rg consulting engineers, inc.
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Town of Kersey
Storm Drainage Design Criteria & Construction Specifications Section 4 — Runoff Analysis

SECTION 4.0: RUNOFF ANALYSIS

4.1 INTRODUCTION

This section presents the criteria and methodology for determining the storm runoff
design peaks and volumes to be used in the Town of Kersey in the preparation of storm
drainage studies, plans, and facility design. Further details and discussion of each of
these rainfall/runoff models are presented in the Urban Storm Drainage Criteria Manual
(USDCM).

4.2 RATIONAL METHOD

The Rational Method may be utilized for the sizing of storm sewers and for determining
the amount of runoff from undeveloped 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 should be used.

The procedures for the Rational Method, as explained in the USDCM, Volume 1
"Runoff" shall be followed in the preparation of drainage reports and storm drainage
facility designs in the Town.

Standard forms for the calculation of Time of Concentration and Storm Drainage
System Design are provided in Tables 4-1 and 4-2.

4.3 COLORADO URBAN HYDROGRAPH PROCEDURE (CUHP)

The application of the CUHP is generally applicable to basins greater than 90 acres,
and is required for drainage basins larger than 160 acres. The procedures for the
CUHP, as explained in the USDCM, Volume 1 "Runoff', shall be followed in the
preparation of drainage reports and storm drainage facility designs in the Town. The
design storms to be used with the CUHP method are presented in Section 3 of these
Criteria. Applicable infiltration depths are outlined in Table 2-3, Section 2.4 of the
USDCM, Volume 1, "Runoff".

A computer program has been developed to calculate hydrographs using the CUHP
Method. This program is available for use on both large mainframe computers and on
the smaller IBM-PC XT or IBM-PC AT personal computers. In addition, the personal
computer version has an added capability of using CUHP to compute runoff
hydrographs for basins as small as 10 acres. For the Town, only the personal computer
version with the capability to model basins as small as 10 acres shall be allowed.
Specific details of the required input for this version are available in the CUHPE/PC
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Version Users Manual. Both the CUHPD (large mainframe) and CUHPE/PC (personal
computer) computer programs can be obtained by contacting the Urban Storm Drainage
and Flood Control District.

The CUHPE/PC computer program was modified to provide the capability of estimating
hydrographs for small drainage basins (generally less than 90 acres) for which the
original CUHP method is not applicable. The resulting flood peaks in many cases are
generally comparable, but not identical to those estimated by the Rational Formula as
specified in the USDCM. To estimate a hydrograph for small basins requires the input of
the time of concentration as computed by the Rational Method described in the
USDCM. It is often advantageous to generate a storm hydrograph to facilitate the
routing of flows through detention facilities or channels.

4.4 STORM FLOW ANALYSIS

When determining the design storm flows, the Engineer shall follow particular criteria
and guidelines to assure that minimum design standards and uniformity of drainage
solutions are maintained throughout the Town. The information presented herein shall
be used by the Design Engineer in the development of design storm runoff. Runoff
coefficients used for analysis shall be as given in Tables RO-3 and RO-5 of Section
“Runoff”, Volume 1 of the Urban Storm Drainage Design Criteria Manual (USDCM)
latest edition (June 2001) or “C” factors can be as determined in Table 3-1 of the 1990
Volume 1 USDCM. An acceptable percentage imperviousness for soils found in the
Kersey area typically should be 0 percent as given in Table RO-3.

4.4.1 On-site Flow Analysis

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

4.4.2 Off-site Flow Analysis

The analysis of off-site runoff is dependent on the development status and whether the
tributary off-site area lies within a major drainage way basin. In some cases, credit may
be given for detention as defined below.

4.4.3 Tributary Area Within a Major Drainage Way Basin
Where the off-site area is undeveloped, the runoff shall be calculated assuming a fully

developed basin as defined by the Town. If this information is not available, then the
runoff shall be calculated using the coefficients defined in Table RO-3 and RO-5 of
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Section "Runoff," Volume 1 of the USDCM, "Undeveloped Areas — Offsite Flow
Analysis."

Where the off-site area is fully or partially developed, the storm runoff shall be based
upon the existing platted land uses and topographic features. Credit may be allowed for
on-site detention in the undeveloped off-site area for any design frequency.

4.4.4 Tributary Area Not Within A Major Drainage Way Basin

Where the off-site area is undeveloped, storm runoff shall be calculated assuming a
fully developed basin as defined by the Town. If this information is not available, then
the runoff will be calculated as stated in Section 4.4.3, without credit for on-site
detention in the off-site area.

Where the off-site area is fully or partially developed, storm runoff for the developed
area shall be based on the existing platted land uses and topographic features. Credit
may be allowed for on-site detention in the developed off-site areas provided it has
been constructed and accepted by the Town. Storm runoff for the undeveloped areas
shall be calculated assuming full development as defined by the Town. No credit will be
given for on-site detention in the undeveloped off-site area.

4.5 CHANNEL ROUTING

Whenever a larger or non-homogeneous watershed is being investigated, it is
necessary to segment the watershed into smaller and somewhat homogeneous sub-
basins. The storm hydrograph for each sub-basin can then be calculated by the CUHP
methodology as explained in the USDCM, Volume 1 "Runoff". It is up to the Engineer to
route and combine the individual sub-basin hydrographs to calculate a storm
hydrograph for the entire watershed. There are several methods commonly used in
channel routing that include:

Direct Translation

Convex

Muskingum

Storage-Discharge (Modified Puls)
Kinematic Wave

Diffusion Wave

Dynamic Wave

The Direct Translation and Convex methods are presented in the USDCM, Volume 1
"Runoff'. The last three methods are more accurate; however these methods require
the utilization of a highspeed computer. Computer programs, such as the EPA
Stormwater Management Model (SWMM) which incorporates the Kinematic wave
method, are available to route flows through channels, pipes and detention ponds and
are recommended for utilization within the Town. Of the remaining methods, the
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Muskingum method is similar to the Convex method and the Storage-Discharge method
is less convenient for hand calculations than the Direct Translation or Convex methods.
Other computer programs capable of routing flows through stormwater conveyance
channels and detention ponds will be reviewed by the Town and written approval must
be obtained prior to utilization.
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Town of Kersey
Storm Drainage Design Criteria & Construction Specifications Section 5 — Open Channels

SECTION 5.0 OPEN CHANNELS

51 INTRODUCTION

This section addresses the technical criteria for the hydraulic evaluation and hydraulic
design of open channels in the Town. 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 shall be in
accordance with the most current edition and/or revisions of the Urban Storm Drainage
Criteria Manual (USDCM).

5.2 CHANNEL TYPES

The channels in the Town are defined as natural or artificial, and either major drainage
ways or small drainage ways. Natural channels include all watercourses that have
occurred naturally. Artificial channels are those constructed or developed by human
effort, large designated floodways, irrigation canals and flumes, roadside ditches, and
grassed or lined channels to convey runoff.

Major drainage ways, as defined by these criteria, will be identified and classified in
conjunction with the Town. All remaining drainage ways shall be classified as small
drainage ways. Generally, channels conveying 100 cfs or greater flow shall be
considered a major channel, however, there may be some instances where a channel
conveying less than 100 cfs may be considered a major drain way.

5.2.1 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 excessive silt
deposition due to low velocities.

Many natural channels in urbanized and developing 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 and channel stability analysis will be required for
natural channels in order to identify the erosion tendencies and the impact of the storm
runoff on channel stability. Some on-site modifications of the natural channel 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 initial and major design flood, investigate the bed
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and bank material to determine erosion tendencies, and study the stability of the
channel bed and bank under future conditions of flow. Super critical flow does not
normally occur in natural channels, but calculations must be made to assure that the
results do not reflect super critical flow. If super critical flow is present, drop structures
or other appropriate energy dissipation structures must be provided.

5.2.2 Grass Lined Channels

Grass lined channels are the most desirable of the artificial channels. The grass will
stabilize the body of the channel, 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 Town restricts the availability of right-of-way, only channels lined with grass
will be considered acceptable for major drainage ways. Grass lined channels may
require an acceptable trickle channel, as defined in Section 5.4.2.

For the purpose of these Criteria, sandy soils are defined as noncohesive sands
classified as SW, SP or SM in accordance with the Unified Soil Classification System.

5.2.3 Concrete Lined Channels

Concrete lined channels for major drainage ways will be permitted only where right-of-
way restrictions within existing development prohibit grass lined channels. 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 super critical flow conditions.

If the project constraints suggest the use of a concrete channel for a major drainage
way, the Town shall allow such use only upon approval. The applicant shall present the
justification and design to the Town for consideration of a variance from these Criteria.
A Design Report is required for approval of a concrete lined channel. The Town shall
determine the contents of such report.

5.2.4 Rock Lined Channels

Riprap lined channels are generally accepted. The advantage of rock lining a channel
is that a steeper channel grade can be used due to the higher friction coefficient of the
rock and a higher allowable shear stress. Also, steeper side slopes are permitted. Rock
linings, or revetments, are permitted as a means of controlling erosion for natural
channels.
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If the project constraints dictate the use of riprap lining for a major drainage way, then
the Engineer must present the concept, with justification, to the Town for consideration
of a variance from these Criteria. The design of rock-lined channels shall be in
accordance with the most current revision of the USDCM, Volume 1, "Major Drainage,
Section 4.4 — Riprap — Lined Channels."

5.2.5 Other Lining Types

The use of synthetic fabrics and slope revetment mats for major drainage ways in the
Town is restricted to areas of existing development where the ROW constraints prohibit
the use of a grass lined section. A synthetic lining, such as a soil stabilization fabric, in
combination with grass lining may be acceptable in some situations. If a soil stabilization
fabric also referred to as turf reinforcement mat (TRM) is used in combination with
grass, a permanent irrigation system must be included. Grass shall always be planted
prior to installing the fabric. Provide details on construction drawings for proper
installation of the fabric, according to manufacture’s recommendations. Such use shall
be allowed only upon written approval from the Town. The linings shall be restricted to
channels with a Froude Number of 0.8 or less.

5.2.6 Wetlands Vegetation Bottom Channels

The selection of a particular channel can be based on many factors, including hydraulic
practice, environmental design, sociological impact, and basic project requirements.
However, prior to choosing the channel type, the need or desire for channelization
should be established.

Once a decision is made to channelize, then investigations into the status of the present
drainage way are necessary to define the constraints on the channel design. For
instance, if the channel presently has wetland characteristics, then the Section 404
requirements of the Clean Water Act may require that the design maintain a wetland
area. The Engineer should contact the Corps of Engineers for additional information.

The process of choosing a channel configuration and the design criteria for a wetlands
bottom channel (if this type is selected) shall follow the latest revision of the USDCM.
The engineer is referred to these interim criteria (Section 2 of the USDCM under Major
Drainage) for the procedures and criteria for all channel design.

5.3 FLow COMPUTATION

Uniform flow and critical flow computations shall be in accordance with the USDCM,
Sections 2.2.3 and 2.2.4, "Major Drainage", and shall use the Manning's equation as

follows:
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Q = 1.49 (AR?*s"?) (Equation 5.1)
n
Where: Q = flow rate (cfs)
n= Manning's roughness coefficient
A = area (ft°)

R = A/P = hydraulic radius (ft)
P = wetted perimeter (ft)
S = energy grade line slope (ft/ft)

5.4 DESIGN STANDARDS FOR MAJOR DRAINAGE WAYS

These standards cover the design of major drainage ways. 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.

5.4.1 Natural Channels (Major Drainage Ways)

The design criteria and evaluation techniques for natural channels are:

1.

The channel and over bank areas shall have adequate capacity for the 100-year
storm runoff.

Natural channel segments, which have a calculated Froude Number greater than
0.8 for the 100-year flood peak shall be protected from erosion.

The water surface profile shall be defined so that the floodplain can be zoned
and protected.

Roughness factors (Manning's n), which are representative of unmaintained
channel conditions, shall be used for the analysis of water surface profiles.

Roughnéss factors (Manning's n), which are representative of maintained
channel conditions, shall be used to determine velocity limitations.

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

If a natural channel is to be utilized as a major drainage way for a developed
area, then the applicant shall meet with the Town to discuss the concept and to
obtain the requirements for planning and design documentation including the
completion of a detailed channel stability analysis.
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8. Plan and profile drawings of the floodplain shall be prepared. Appropriate
allowances for known future bridges or culverts, which can raise the water
surface profile and cause the floodplain to be extended, shall be included in the
analysis. The applicant shall contact the Town for information on future bridges,
culverts or other planned improvements.

With most natural waterways, erosion control structures should be constructed at
regular intervals to decrease the thalweg (flowline) 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 shall be elevated a minimum of one foot above the 100-year water surface
level. 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.

5.4.2 Grass Lined Channels (Major Drainage Way)

Key parameters in grass lined channel design include velocity, slope, roughness
coefficients, depth, freeboard, curvature, crosssection 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 (Major Drainage Way)

The maximum normal depth velocity for the 100-year flood peak shall not exceed
7.0 feet per second (fps) for grass-lined channels, except in sandy soil, where the
maximum velocity shall not exceed 5.0 fps. The Froude Number shall be less
than 0.8 for grass-lined channels. The minimum velocity, wherever possible, shall
be greater than 2.0 fps for the initial storm runoff.

2. Longitudinal Channel Slope (Major Drainage Way)
Grass-lined channel slopes are dictated by velocity and Froude Number

requirements. Where the natural topography is steeper than desirable, drop
structures shall be utilized to maintain design velocities and Froude Numbers.
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3.

Freeboard (Major Drainage Way)

Except where localized overflow in certain areas is desirable for additional
ponding benefits or other reasons, the freeboard for the 100-year flow shall be as
follows. The minimum freeboard shall be 1.0 foot.

Hes = 2.0 + 0.025V(y0) " + Ay (Equation 5.2)

Where: Hrg = freeboard height (feet)
V = average channel velocity (fps)
yo = depth of flow (feet)
Ay = increase in water surface elevation due to super elevation at
bends (see equation MD-9) (no bends allowed in supercritical
channels)

Horizontal Curvature (Major Drainage Way)

The centerline curvature shall have a radius twice the top width of the design flow
but not less than 100 feet.

Roughness Coefficient (Major Drainage Way)

The variation of Manning's "n" with the retardance and the product of mean
velocity and hydraulic radius, as presented in Figure 5-1, shall be used in the
capacity computation.

Retardance curve C shall be used to determine the channel capacity, since a
mature channel (substantial vegetation with minimal maintenance) will have a
higher Manning's "n" value. However, a recently constructed channel will have
minimal vegetation and the retardance will be less than the mature channel.
Therefore, retardance curve D shall be used to determine the limiting velocity in a
channel.

For the purpose of floodplain definition, only the higher Manning's "n" values
need to be considered in the hydraulic analysis.

Cross Sections (Major Drainage Way)

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 functions. Representative cross sections are presented in Figures 5-
2, 5-3, and 5-4. The limitations within which the design must fall for the major
storm design flow include:

a. Trickle Channel - The base flow shall be carried in a trickle channel except
for sandy soils. The minimum capacity shall be 2.0 percent to 4.0 percent
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of the 100-year flow but not less than 1 cfs. Trickle channels shall be
grass-lined with a perforated under drain for water quality enhancement
wherever practical. Where the water quality trickle channel is impractical,
construct the channel with 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 in Figure 5-5. The minimum trickle channel width shall be
three feet.

An alternative configuration for a trickle channel may consist of a
subsurface storm drainpipe. If used, this alternative would consist of a
minimum 24" diameter pipe, provided with access manholes, and sloped
to maintain a minimum pipe flow velocity of 3 feet per second at onehalf of
full pipe depth.

b. Main Channel - Representative main channels, and limitations for these
channels, are shown in Figures 5-2, 5-3, and 5.4. Figure 5.4 indicates
channel configurations for sandy soils.

C. Bottom Width - The minimum bottom width shall be consistent with the
maximum depth and velocity criteria. The minimum width shall be four (4)
feet or the trickle channel width, where required.

d. Right-Of-Way Width - The minimum ROW width shall include freeboard
and a twelve (12) foot wide maintenance access. In some situations, the
Town may require a twelve (12) maintenance access on both sides of the
channel.

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 shall be limited to five (5) feet in grass-lined channels.

f. Maintenance/Access Road - Continuous maintenance access shall be
provided for all major drainage ways at a minimum width of twelve (12)
feet. The Town may require six (6) inches of Class 2 road base or a
concrete slab.

g. Side Slopes - Side slopes shall be 4H (horizontal) to 1V (vertical) or flatter.
Slopes as steep as 3H:1V may be used in existing developed areas where
ROW availability is restricted, provided prior written approval is obtained
from the Town.

7. Grass lining (Major Drainage Way)

The grass lining for channels shall be in accordance with the USDCM, Section
4.1, "Major Drainage - Grass lined Channels - Grass."
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8. Erosion Control (Major Drainage Way)

The requirements for erosion control for grass-lined channels shall be as defined
in the USDCM, Section 2.3.6, "Major Drainage Erosion Control." The design of
riprap and erosion control devices shall be in accordance with Sections 10.1 and
10.2 of these Criteria.

9. Water Surface Profiles (Major Drainage Way)
Computation of the water surface profile shall be presented for all open channels
utilizing standard backwater methods, taking into consideration losses due to
changes in velocity or channel cross section, drops, waterway openings, or
obstructions. The energy gradient shall be shown on all design drawings.

5.4.3 Concrete Lined Channels (Major Drainage Way)

The criteria for the design and construction of concrete lined channels is presented
below:

1. Hydraulics (Major Drainage Way)

a. Freeboard - Adequate channel freeboard above the designed water
surface shall be provided and shall not be less than determined by the
following:

Hre = 2.0 + 0.025 V (d)'? (Equation 5.3)
Where: Hrg = freeboard height (feet)

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

Freeboard shall be in addition to super-elevation, standing waves, and/or other
water surface disturbances. These special situations should be addressed in the
Final Drainage Report.

Concrete side slopes shall be extended to include the freeboard height.

b. Super-elevation - Super-elevation of the water surface shall be determined
at all horizontal curves, and design of the channel section adjusted
accordingly.

o Velocities - Flow velocities shall be such that critical or super critical flow

conditions are not created. In no case shall the velocity exceed 18 fps.
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d. Critical or super critical flow conditions are not allowed. Drop structures or
other appropriate energy dissipation facilities may be required to maintain
a sub critical flow regime.
2. Concrete Materials (Major Drainage Way)

a. Cement type: Sulphate resistant (Type V).

b. Minimum cement content: 550 lbs/CY

(o] Maximum water content: 0.50 (six gallons per sack)
d. Maximum aggregate size: 1% inch

e. Air content range: 4% to 7%

f. Slump: 2 to 4 inches

g. Minimum compressive strength (f',): 3,750 psi @ 28 days

3. Concrete Lining Section (Major Drainage Way)

a. All concrete lining shall have a minimum thickness of seven (7) inches.

b. The side slopes shall be a maximum of 2 vertical to 1 horizontal, or be
designed as a structurally reinforced retaining wall, if steeper.

4, Concrete Joints (Major Drainage Way)

a. Concrete channels shall be continuously reinforced and contain
transverse joints. Expansion joints shall be installed where new concrete
lining is connected to a rigid structure or to an existing concrete lining
which is not continuously reinforced.

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

C. All joints shall be designed to prevent differential movement.

d. Construction joints are required for all cold joints and where the lining

thickness changes. Reinforcement shall be continuous through the joint.

5. Concrete Finish (Major Drainage Way)

The surface of the concrete lining shall be provided with a wood float finish.
Excessive working or wetting of the finish shall be avoided.
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10.

Concrete Curing (Major Drainage Way)

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

Reinforcement Steel (Major Drainage Way)

a. Steel reinforcement shall be minimum grade 40 deformed bars. Fabric
mesh may also be approved. Wire mesh shall not be used.

b. Ratio of longitudinal steel area to concrete cross sectional area shall be
greater than 0.005.

c. Ratio of transverse steel area to concrete cross sectional area shall be
greater than 0.0025.

d. Reinforcing steel shall be placed at the center of the section with a
minimum clear cover of three inches adjacent to the earth.

e. Additional steel shall be placed as needed if a retaining wall structure is
used.

Earthwork (Major Drainage Way)

The following areas shall be compacted to at least 95% of maximum density as
determined by ASTM D-698 (Standard Proctor within 2% of the optimum
moisture content):

a. The 12 inches of sub grade immediately beneath concrete lining (both
channel bottom and side slopes).
b. Top 24 inches of maintenance road.

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

Bedding (Major Drainage Way)
Provide six inches of granular bedding equivalent in gradation to %" concrete

aggregate, No. 67 (Standard Specifications for Road & Bridge Construction,
CDOT, latest revision) under channel bottom and side slopes.

Under Drain (Major Drainage Way)

Longitudinal under drains shall be provided on 10-foot centers and shall daylight
at the check drops. Weep holes shall be provided in vertical wall sections of the
channel.
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11.  Safety Requirements (Major Drainage Way)

a. A six-foot high vinyl coated chain link or comparable fence shall be
installed to prevent access wherever the 100-year channel flow depths
exceed three feet. Gates, with top latch, shall be placed at 250-foot
intervals and staggered where fence is required on both sides of the
channel.

b. Ladder-type steps shall be installed not more than 400 feet apart on
alternating sides of the channel. Bottom rung shall be placed
approximately 12 inches vertically above the channel invert.

12. Maintenance Access Road

A maintenance access road shall be provided along the entire length of all major
drainage ways with a minimum passage width of 12 feet. In some situations the
Town may require maintenance access on both sides of the channel. The Town
shall require the road to be surfaced with six inches of Class 2 road base or
concrete slab.

5.4.4 Riprap Channel Linings (Major Drainage Way)

The criteria for the design and construction of riprap channel linings shall be in
accordance with the USDCM, Volume 2, "Major Drainage - Riprap." Riprap lined
channels shall be designed for a turbulence factor (Froude Number) less than 0.8 for
the 100-year flood peaks.

The riprap shall be designed and constructed in accordance with Section 10.2 of these
Criteria. Freeboard and maintenance access road requirements shall be in accordance
with the standards for grass-lined channels as defined in Section 5.4.2 of these Criteria.

5.4.5 Other Lining Types (Major Drainage Way)

The criteria for the design of major drainage way channels with linings other than grass,
rock, or concrete will be dependent on the manufacturer's recommendations for the
specific product. The applicant will be required to submit the technical data in support
of the proposed material. Additional information or calculations may be requested by the
Town to verify assumptions or design criteria. The following minimum criteria will also

apply.
1. Flow Velocity (Major Drainage Way)

The maximum normal depth velocity will be dependent on the construction
material used; however, the Froude Number shall be less than 0.8.
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2.

5.5

Freeboard (Major Drainage Way)
Same as for grass lined channels (see Section 5.4.2).
Curvature (Major Drainage Way)

The centerline curvature shall have a minimum radius twice the top width of the
design flow but not less than 100 feet.

Roughness Coefficient (Major Drainage Way)

A Manning's "n" value range shall be established by the manufacturer's data,
with the high value used to determine depth/capacity requirements and the low
value used to determine the Froude Number and velocity restrictions.

Cross Sections (Major Drainage Way)

Same as for grass lined channels (see Section 5.4.2).

DESIGN STANDARDS FOR SMALL DRAINAGE WAYS

These standards cover the design of channels that are not classified as a major
drainage way. Additional flexibility and less stringent standards are allowed for small

drainage ways.

5.5.1 Natural Channels (Small Drainage Way)

The design criteria and evaluation techniques for natural channels are:

1.

The channel and over bank areas shall have adequate capacity for the 100-year
storm runoff.

Natural channel segments, which have a calculated Froude Number greater than
0.8 for the 100-year flood peak shall be protected from erosion.

Roughness factors (Manning's n), which are representative of unmaintained
channel conditions, shall be used for the analysis of water surface profiles.

Roughness factors (Manning's n), which are representative of maintained
channel conditions, shall be used to determine velocity limitations.

Erosion control structures, such as check drops or check dams, may be required
to control flow velocities, including the initial storm runoff.
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6.

A channel stability analysis will be completed to determine the impact of
urbanization on the stability of the channel bed and banks.

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

5.5.2 Grass Lined Channels (Small Drainage Way)

Key parameters in grass lined channel design include velocity, slope, 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.

il.

Flow Velocity (Small Drainage Way)

The maximum normal depth velocity for the 100-year flood peak shall not exceed
7.0 feet per second (fps) for grass-lined channels, except in sandy soil, where the
maximum velocity shall not exceed 5.0 fps. The Froude Number shall be less
than 0.8 for grass-lined channels. The minimum velocity, wherever possible, shall
be greater than 2.0 fps for the initial storm runoff.

Longitudinal Channel Slope (Small Drainage Way)

Grass-lined channel slopes are dictated by velocity and Froude Number
requirements. Where the natural topography is steeper than desirable, drop
structures shall be utilized to maintain design velocities and Froude Numbers.

Freeboard (Small Drainage Way)

A minimum freeboard of 1 foot shall be included in the design of the 100-year
flow. For swales (i.e. small drainage ways with a 100-year flow less than 20 cfs),
the minimum freeboard requirement is 6 inches.

Horizontal Curvature (Small Drainage Way)

The centerline curvature shall 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 shall be 25 feet.

Roughness Coefficient (Small Drainage Way)

The variation of Manning's "n" with the retardance and the product of mean
velocity and hydraulic radius, as presented in Figure 5-1, shall be used in the
computation of capacity and velocity.
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6.

Cross Sections (Small Drainage Way)

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 functions. Representative cross sections are presented in Figures 5-
2, 5-3, and 5-4. The limitations on the cross sections are as follows:

a. Trickle Channel - The base flow (except for swales) shall be carried in a
trickle channel except for sandy soils. The minimum capacity shall be 1.0
percent to 3.0 percent of the 100-year flow but not less than 1 cfs. Trickle
channels shall be constructed of concrete or other approved materials to
minimize erosion, to facilitate maintenance, and to aesthetically blend with
the adjacent vegetation and soils. For sandy soils, a main channel is
required in accordance with Section 5.4.2.6(b). 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. Right-Of-Way Width - The minimum ROW width shall include freeboard
and a 12-foot wide 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 shall be limited to 5.0 feet in grass-lined channels.

d. Side Slopes - Side slopes shall be 4 (horizontal) to 1 (vertical) or flatter.
Side slopes for channels with 100-year runoff of 20 cfs or less shall be
3H:1V or flatter.

Grass Lining (Small Drainage Way)

The grass lining for channels shall be in accordance with the USDCM, Section
2.3.2, "Major Drainage - Grass lined Channels - Grass."

Erosion Control (Small Drainage Way) The requirements for erosion control for
grass-lined channels shall be as defined in the USDCM, Volume 1, Section 4.1.6.
The design of riprap and erosion control devices shall be in accordance with
Section 4.4 of these Criteria.

Hydraulic Information (Small Drainage Way)

Calculations of the capacity, velocity, and Froude Numbers shall be submitted
with the Final Drainage Report.
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5.5.3 Concrete Lined Channels (Small Drainage Way)

The criteria for the design and construction of concrete lined channels is presented

below:

1. Hydraulics (Small Drainage Way)

a.

a.

b.

g.

Freeboard - Adequate channel freeboard above the designed water
surface shall be provided and shall not be less than determined by
Equation 5.3. Freeboard shall be in addition to super elevation, standing
waves, and/or other water surface disturbances. These special situations
should be addressed in the Final Drainage Report.

Concrete side slopes shall be extended to include the freeboard height.

Super-elevation - Super-elevation of the water surface shall be determined
at all horizontal curves, and design of the channel section adjusted

accordingly.

Velocities - Flow velocities shall be such that critical or super critical flow
conditions are not created. In no case shall the velocity exceed 18 fps.

Concrete Materials (Small Drainage Way)

Cement type: Sulphate resistant.

Minimum cement content: 550 Ibs/CY

Maximum water content: 0.50 (six gallons per sack)
Maximum aggregate size: 3/4 inch

Air content range: 4% to 7%

Slump: 2 to 4 inches

Minimum compressive strength (fc): 3,750 psi @ 28 days

81 Concrete Lining Section (Small Drainage Way)

a.

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

The side slopes shall be a maximum of 2 vertical to 1 horizontal, or be
designed as a structurally reinforced retaining wall, if steeper.
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4. Concrete Joints (Small Drainage Way)
a. Expansion joints shall be installed where new concrete lining is connected

to a rigid structure or to existing concrete lining which is not continuously
reinforced.

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

All joints shall be designed to prevent differential movement.

Construction joints are required for all cold joints and where the lining
thickness changes.

5. Concrete Finish (Small Drainage Way)

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

Concrete Curing (Small Drainage Way)

Concrete shall be cured by the application of a liquid membrane forming curing
compound (white pigmented) upon completion of the concrete finish. Curing
compound shall not be placed on the face of joints where new concrete will

adjoin.

6.

7.
a.
b.
C.
d.

Reinforcement Steel (Small Drainage Way, where appropriate)

Steel reinforcement shall be minimum grade 40 deformed bars. Fabric
mesh may also be approved. Wire mesh shall not be used.

Ratio of longitudinal steel area to concrete cross sectional area shall be
greater than 0.005.

Ratio of transverse steel area to concrete cross sectional area shall be
greater than 0.0025.

Additional steel shall be placed as needed if a retaining wall structure is
used.

8. Earthwork (Small Drainage Way)

The following areas shall be compacted to at least 95% of maximum density as
determined by ASTM D-698 (Standard Proctor within 2% of the optimum
moisture content):
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a. The 12 inches of sub grade immediately beneath concrete lining (both
channel bottom and side slopes).

b. Top 24 inches of maintenance road.
C. Top 12 inches of earth surface within 10 feet of concrete channel lip.
d. All fill material.

9. Bedding (Small Drainage Way)

Provide six inches of granular bedding equivalent in gradation to %-inch concrete
aggregate (Standard Specifications for Road & Bridge Construction, CDOT,
latest revision) under channel bottom and side slopes.

10.  Under Drain (Small Drainage Way)

Longitudinal under drains shall be provided and shall daylight at the check drops.
Weep holes shall be provided in vertical wall sections of the channel.

11.  Safety Requirements (Small Drainage Way)

a. A six-foot high vinyl coated chain link or comparable fence shall be
installed to prevent access wherever the 100-year channel flow depths
exceed three feet. Gates, with top latch, shall be placed at 250-foot
intervals and staggered where fence is required on both sides of the

channel.

b. Ladder-type steps shall be installed not more than 400 feet apart on
alternating sides of the channel. Bottom rung shall be placed
approximately 12 inches vertically above the channel invert.

5.5.4 Riprap Channel Linings (Small Drainage Way)

The criteria for the design and construction of riprap channel linings shall be in
accordance with the USDCM, Volume 2, "Major Drainage - Riprap." Riprap lined
channel shall be designed for a turbulence factor (Froude Number) less than 0.8 for the
100-year flood peaks. The riprap shall be designed and constructed in accordance with
Section 10.2 of these Criteria. Freeboard requirements shall be in accordance with the
standards for grasslined channels (see Section 5.5.2).

5.56.5 Other Lining Types (Small Drainage Way)

The criteria for the design of small drainage way channels with linings other than grass,
rock, or concrete will be dependent on the manufacturer's recommendations for the
specific product. The applicant will be required to submit the technical data in support
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of the proposed material. Additional information or calculations may be requested by
the Town to verify assumptions or design criteria. The following minimum criteria will

also apply.

1.

5.6

Flow Velocity (Small Drainage Way)

The maximum normal depth velocity will be dependent on the construction
material used; however, the Froude Number shall be less than 0.8.

Freeboard (Small Drainage Way)

Same as for grass lined channels (see Section 5.5.2).

Curvature (Small Drainage Way)

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

Roughness Coefficient (Small Drainage Way)

A Manning's "n" value range shall be established by the manufacturer's data,
with the high value used to determine depth/capacity requirements and the low
value used to determine the Froude Number and velocity restrictions.

Cross Sections (Small Drainage Way)

Same as for grass lined channels (see Section 5.5.2).

ROADSIDE DITCHES

The criteria for the design of roadside ditches are similar to the criteria for grass-lined
channels with modification for the special purpose of initial storm drainage. The criteria
is as follows (refer to Figure 5-6):

1

Capcity - Roadside ditches shall have adequate capacity for the initial storm
runoff peaks. During the initial storm runoff event, encroachment shall not extend
beyond the street right-of-way. Where the storm runoff exceeds the capacity of
the ditch, a storm sewer system shall be required.

Flow Velocity - The maximum velocity for the initial storm flood peak shall not
exceed 5 feet per second for a type | ditch, and 7 fps for type Il or type Ill ditches.
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3.

5.7

Longitudinal Slope - The slope shall be limited by the average velocity of the
initial storm flood peaks. Check drops may be required where street slopes are in
excess of 2%. Maximum permissible slope is 3%.

Freeboard - Freeboard shall be equal to the velocity head, or a minimum of six
inches.

Curvature - The minimum radius of curvature shall be 25 feet.

Roughness Coefficient - Manning's "n" values presented in Figure 5-1 shall be
used in the capacity computation for roadside ditches.

Grass Lining - The grass lining shall be in accordance with USDCM, Section
2.3.2, "Major Drainage - Grass Lined Channels - Grass."

Driveway Culverts - Driveway culverts shall be sized to pass the initial storm
ditch flow capacity without overtopping the driveway. The minimum size culvert
shall be a 12-inch diameter pipe (or equivalent) with flared end sections. More

than one culvert may be required.

Major Drainage Capacity - The capacity of roadside ditches for major drainage
flow is restricted by the maximum flow depth allowed at the street crown (see
Section 8). However, the flow spread should not inundate the ground line of
residential dwellings, or public, commercial, or industrial buildings.

CHANNEL RUNDOWNS

A channel rundown is used to convey storm runoff from the bank or side-slope of a
channel or detention pond to the channel invert or to the bottom of a detention pond.
The purpose of the structure is to minimize channel bank erosion from concentrated
overland flow. The design criteria for channel rundowns is as follows:

1.

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

Design Flow - The channel rundown shall be designed to carry a minimum flow
of a one hundred year frequency storm.

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

Outlet Configurations Into Channels - The channel rundown outlet shall enter the
drainage-way at the trickle channel flow line. Erosion protection of the opposite
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5.8

channel bank shall be provided by a 24-inch layer of grouted Type L riprap. The
width of this riprap erosion protection shall be at least three times the channel
rundown width or pipe diameter. Riprap protection shall extend up the opposite
bank to the initial storm flow depth in the drainage way or 2 feet, whichever is
greater. Riprap shall only be used with bedding or fabric on slopes less than or
equal to 3:1.

Outlet Configurations Into Detention Ponds - the channel rundown outlet shall be
constructed with a flared end section, a concrete cutoff wall and an adequately
reinforced splash pad at the bottom of the rundown. Cut off walls shall be
concrete, eight inches (8") thick, four-feet (4') deep and eight feet (8') to sixteen-
feet (16') wide. Reinforce the cut off wall with #4 rebar at twelve inches (12")
apart each way. Flared end sections shall be at least twice the width of the
channel and the cut off wall twice the width of the flared end section.

The splash pad may be constructed with eight-inch (8") thick concrete; a twenty-
four (24") layer of grouted Type L riprap or may be bluegrass with Turf
Reinforcement Mat (TRM). All components must be sized for a 100-year
frequency storm. Consult the latest edition of the Urban Storm Drainage Design
Criteria Manual (USDCM) Volume 2 for guidance in designing various
components of the rundown.

Turf Reinforcement Mat (TRM) on soil with native grass is not acceptable for
channel rundowns. Only TRM with irrigated bluegrass is allowed in conjunction
with a cut off wall and TRM at the base of the slope, which will allow the flow to
dissipate in different directions.

If concrete V-pan rundowns sized for 5-year frequency storm are used they must
be constructed with an eighteen-inch (18”) layer of grouted Type L riprap on both
sides to accommodate for a 100-year frequency storm. This type of rundown
must have a FES, an adequate concrete cutoff wall at the FES and an
adequately reinforced splash pad at the bottom of the rundown.

Rundowns may be constructed with a 24-inch layer of Type L riprap, on bedding,

on fabric that is completely grouted and sized for a 100-year frequency storm. A
concrete cutoff wall must be provided with an adequate splash pad at the bottom.

MAINTENANCE AND ACCESS EASEMENTS

An important aspect of storm drainage facilities is continued maintenance. Maintenance
of storm drainage channels and structures may include periodic removal of sediment
and debris; repair of channel erosion; and repair of inlet, outlet, and drop structures.
The Town requires the following minimum right-of-way or easement widths, which must
be shown on the Final Plat:
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Q100 leSS than 20 ofs T 15 feet
Q1gp less than 100 cfs 25 feet
Q100 greater than 100 cfs Minimum width calculated to include

freeboard plus 12-foot wide access road.
The Town shall determine if access is
required on both sides of channel.

5.9 CHECKLIST

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

1.

Check flow velocity with the low retardance factor and capacity with the high
retardance factor.

Check the Froude Number and critical flow conditions.

Grass channel side slopes must be 4H:1V or flatter, unless approved by the
Town.

Show the energy grade line and the hydraulic grade line on the design drawings.
Consider all backwater conditions at culverts when determining channel capacity.
Check the flow velocity for flood conditions without backwater effects.

Provide adequate freeboard.

Provide adequate right-of-way for the channel and continuous maintenance
access.
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DATE:

NONE

SCALE:

APPROVED:

FJB

TOWN ENGINEER

SHEET FIG 5—-4




TOP SOIL

GRASS SURFACE OF POND

4
1 1/2” CRUSHED ROCK AND 8" DIA. HDFE

S1115 OR EQUAL). LAP FABRIC JOINTS
AT LEAST 12~

5 PERFORATED DRAIN PIPE WRAPPED ALL
—8_ MIN. OF AROUND WITH GEOTEXTILE FABRIC (TREVIRA

12"

1-6" MIN. C

\ 5

~ N __ )
7

NOTES:

RECTANGUL

s s N
WATER QUALITY CHANNEL SECTION
3'—0" MIN.
2'-0" MIN. . 6" | o of%
.. .‘:-r . o o ,..‘ ?:4" "4, "‘:i £
| GRAVEL FILTER MATERIAL 0]

CONCRETE TO BE REINFORCED WITH FIBERMESH
PER MANUFACTURES SPECIFICATIONS

8" TOPSOIL

3'—0" MIN.

AR CHANNEL SECTION

GROUT VOIDS
BETWEEN ROCKS

6" MIN. GRAVEL FILTER MATERIAL

COMBINATION CHANNEL SECTION

TOWN OF KERSEY

TRICKLE CHANNEL DETAILS

SCALE: NONE DATE:_12/04
APPROVED:
FJB
TOWN ENGINEER
SHEET FIG 5-5




| o i
U

DITCH TYPE 1 —
2" CONCRETE PROPERTY LINE

! | 15" MIN.

- |
} MAXIMUM DEPTH FOR (1]

/5 YEAR FLOOD (TYP.) -
= |

PAVEMENT

ALLOWABLE LONGITUDINAL
SLOPE FROM

0.4% T0 2.5% ' GRASSED SLOPES (TYP.)

DITCH TYPE 11
2’ CONCRETE

SEE NOTE 3\ /SHOULDER PROPERTY LINE—
) 15" MIN.

' »
‘ l MAXIMUM DEPTH FOR |1

-5 YEAR FLOOD (TYP.)
PAVEMENT

- ‘_..L..-H—'-'—"

- .|1
S

ALLOWABLE LONGITUDINAL
SLOPE FROM A
0.4% TO 2.5% ¥ ! 6” LAYER OF RIPRAP WITH
g B o= 3, AND FILTER
MATERIAL (TREVIRA S1120
OR EQUAL).
DITCH TYPE 111 5 CONCRETE PROPERTY LINE—1
SEE NOTE 3\ /_SHOULDER
; | 15" MIN. :
T ‘
PAVEMENT ) -8 et
i == 3
ALLOWABLE LONGITUDINAL 3 %

SLOPE LESS THAN 0.4%

""— CONCRETE TRICKLE CHANNEL

NOTE:
1.

FOR STREET SLOPES GREATER THAN MAXIMUM ALLOWABLE, CHECK
DROPS (2" MAXIMUM HEIGHT) WILL BE REQUIRED.

2. STREET CROSS SECTION MAY INCLUDE CONCRETE CURB AND GUTTER.

3. PROVIDE 2" WIDE 8” THICK CONCRETE CURB, SEE STREET
STANARDS DETAIL NO. S—1.

TOWN OF KERSEY

STORM DRAINAGE CRITERIA
ROADSIDE DITCH SECTIONS

SCALE: NONE DATE:_12/04

APPROVED:
FJB

TOWN ENGINEER

SHEET TABLE 5-6
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2
M

A-‘—J m

MINIMUM 24" LAYER/ .

GROUTED TYPE L
RIPRAP (TYP.) PLAN

INITIAL STORM FLOW DEPTH

/OR 24" MINIMUM

e

=
=
y
(.\11
PROFILE
DEPRESS RUNDOWN
ON CHANNEL BANK 3/4" CHAMPFER
‘{|  #4 REBAR @ 12" EACH
e — | #&}7 WAY, WALLS AND FLOOR
ECTION A—A
TOWN OF KERSEY

CHANNEL RUNDOWN

SCALE: NONE DATE: 12/04

APPROVED:
FJB

TOWN ENGINEER

SHEET FIG. 5-7
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Town of Kersey
Storm Drainage Design Criteria & Construction Specifications Section 6 — Storm Sewers

SECTION 6.0: STORM SEWERS

6.1 INTRODUCTION

Storm sewers are required when the other parts of the drainage system, primarily curb,
gutter, and roadside ditches no longer have capacity for the additional stormwater
runoff.

Except as modified herein, the design of storm sewers shall be in accordance with the
USDCM section on "Storm Sewers". Reference is made to follow specific sections in the
USDCM for clarity. The user is referred to the USDCM and any other references cited
for additional discussion and basic design concepts.

6.2 CONSTRUCTION MATERIALS/INSTALLATION OF STORM SEWERS

6.2.1 Construction Materials
Storm Sewer Piping Materials

All storm sewers within the Town shall be constructed using one of the following
materials and meet applicable standards as presented below:

Remforced Concrete P|pe (RCP) ASTM C-33, 76, 150 260 361, 443, 494
(Type A or D), 497, & 655, ASTM E 329

and AASHTO M 170, and 242 and FED

Specifications (FS): $SS-S-00210

Plastic Pipe (PVC) AASHTO M304M-911, ATM D-1784, 2122,

only on approval 2321, 2412, & 3212, and ASTM D3034
DR35 or better, and with elastomeric
gaskets per ASTM F477, and ASTM F679,
794, 949, & 1803

Aluminized Steel Pipe (ASP) AASHTO M-36, 198 & 274 and ASTM A-
760, 796, 798 & 891

Corrugated Steel for Culverts Only AASHTO M-36, 167, 190, 218, 243, 245,
2486, 264, 289 and ASTM A-444, 742, 760,
761, 762, 806, 819, 849, 885 and D-1056

High Density Polyethylene Pipe (HDPE) | AASHTO M-252, 294 (Type S), and
Section 18 with rubber water-tight joints

and ASTM D-1056 (Grade 2A2), 1248,
2321, 3212 & 3350 (cell class 324420C or
higher) and F477 & 677, provide a long
term design strength specification.

6-1 € rg consulting engineers, inc.




Town of Kersey
Storm Drain