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SECTION 1.2 PROHIBITIONS AND REQUIREMENTS

A. Prohibitions

1. No person shall release or cause to be released into the storm drainage system
any discharge that is not composed entirely of uncontaminated stormwater.
Common stormwater contaminants include trash, yard waste, lawn chemicals, pet
waste, wastewater, oil, petroleum products, cleaning products, paint products,
hazardous waste and sediment.

2. Any discharge shall be prohibited by this Section if the discharge in question has
been determined to be a source of pollutants to the storm drainage system.

3. The construction, use, maintenance or continued existence of illicit connections to
the storm drain system are prohibited. This prohibition expressly includes, without
limitation, illicit connections made in the past, regardless of whether the connection
was permissible under law or practices applicable or prevailing at the time of
connection.

4. No person shall connect a line conveying sanitary sewage, domestic sewage or
industrial waste, to the storm drainage system, or allow such a connection to
continue.

5. No person shall maliciously destroy or interfere with BMP’s implemented pursuant
to this Chapter.

B. Exemptions. The following non-stormwater discharges are deemed acceptable and
not a violation of this Section:

1. A discharge authorized by an NPDES permit other than the NPDES permit for
discharges from the MS4;

2. Uncontaminated waterline flushing and other infrequent discharges from potable
water sources;

3. Infrequent uncontaminated discharge from landscape irrigation or lawn watering;
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4. Discharge from the occasional non-commercial washing of vehicles or the
noncommercial

washing of vehicles by charitable organizations.

5. Uncontaminated discharge from foundation, footing or crawl space drains, sump
pumps and air conditioning condensation drains;

6. Discharge from the occasional washing of city vehicles and equipment.

7. Uncontaminated groundwater, including rising groundwater, groundwater infiltration
into storm drains, pumped groundwater and springs;

8. Diverted stream flows and natural riparian habitat or wetland flows;

9. A discharge or flow of fire protection water that does not contain oil or hazardous
substances or materials.

C. Requirements Applicable to Certain Dischargers

1. Private Drainage System Maintenance. The owner of any private drainage system
shall maintain the system to prevent or reduce the discharge of pollutants. This
maintenance shall include, but is not limited to, sediment removal, bank erosion
repairs, maintenance of vegetative cover, and removal of debris from pipes and
structures.

2. Minimization of Irrigation Runoff. A discharge of irrigation water that is of sufficient
quantity to cause a concentrated flow in the storm drainage system is prohibited.
Irrigation systems shall be managed to reduce the discharge of water from a site.



3. Cleaning of Paved Surfaces Required. The owner of any paved parking lot, street
or drive shall clean the pavement as required to prevent the buildup and discharge

of pollutants. The visible buildup of mechanical fluid, waste materials, sediment or
debris is a violation of this ordinance. Paved surfaces shall be cleaned by dry
sweeping, wet vacuum sweeping, collection and treatment of wash water or other
methods in compliance with this Code. This section does not apply to pollutants
discharged from construction activities.

4. Maintenance of Equipment. Any leak or spill related to equipment maintenance in
an outdoor, uncovered area shall be contained to prevent the potential release of
pollutants. Vehicles, machinery and equipment must be maintained to reduce

leaking fluids.

5. Materials Storage. In addition to other requirements of this Code, materials shall be
stored to prevent the potential release of pollutants. The uncovered, outdoor

storage of unsealed containers of hazardous substances is prohibited.

6. Pet Waste. Pet waste shall be disposed of as solid waste or sanitary sewage in a
timely manner, to prevent discharge to the storm drainage system.

7. Pesticides, Herbicides and Fertilizers. Pesticides, herbicides and fertilizers shall be
applied in accordance with manufacturer recommendations and applicable laws.
Excessive application shall be avoided.

8. Prohibition on Use of Pesticides and Fungicides Banned from Manufacture. Use of
any pesticide, herbicide or fungicide, the manufacture of which has been either
voluntarily discontinued or prohibited by the Environmental Protection Agency, or

any Federal, State or City regulation is prohibited.
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9. Open Drainage Channel Maintenance. Every person owning or occupying property
through which an open drainage channel passes shall keep and maintain that part

of the drainage channel within the property free of trash, debris, excessive

vegetation, and other obstacles that would pollute, contaminate, or retard the flow

of water through the drainage channel. In addition, the owner or occupant shall
maintain existing privately owned structures adjacent to a drainage channel, so that
such structures will not become a hazard to the use, function, or physical integrity

of the drainage channel.

D. Release Reporting and Cleanup. Any person responsible for a known or suspected
release of materials which are resulting in or may result in illegal discharges to the
storm drainage system shall take all necessary steps to ensure the discovery,
containment, abatement and cleanup of such release. In the event of such a release of
a hazardous material, said person shall comply with all state, federal, and local laws
requiring reporting, cleanup, containment, and any other appropriate remedial action in
response to the release. In the event of such a release of non-hazardous materials,
said person shall notify the Mayor’s designee no later than 4:00 p.m. of the next
business day.

E. Authorization to Adopt and Impose Best Management Practices. The City may
adopt and impose requirements identifying Best Management Practices for any activity,
operation, or facility, which may cause a discharge of pollutants to the storm drainage
system. Where specific BMP’s are required, every person undertaking such activity or
operation, or owning or operating such facility shall implement and maintain these
BMP’s at their own expense.



SECTION 1.5 ENFORCEMENT.

A. Enforcement Personnel Authorized. The following personnel shall have the power
to

issue Notices of Violations, citations and implement other enforcement actions under
this ordinance as provided by the City of Lowell:

1. All authorized personnel under the direction of the Mayor’s designee.

2. All health officers that are authorized representatives of the Benton County Health
Department.
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EXECUTIVE SUMMARY

Purpose of the Chapter

The purpose of this Submittal Requirements chapter is to provide a means to standardize the

plans and drainage reports for proposed improvements submitted to the City for review.

1.0 PLAN REQUIREMENTS

1.1 Plan Sheets

The plan sheets for improvements shall be submitted on 24”x36 sheets with all sheets in a plan
set being the same size. Plan drawings shall be of an appropriate scale to be legible; the 1"=100’
is generally acceptable, but 1"=50" or smaller is preferred. Legibility will be determined by the
City’s engineer or planning staff. Profile drawings shall be provided for all storm sewers and

drainage ditches at a suggested scale of 1’=20’ horizontal and 1”=5’ (minimum) vertical.

Plan sheets shall conform to generally accepted engineering practices; special conditions may

require additional information.

1.1.1 Title Sheet

The title sheet shall include:

= Project name, nature of the project, city and state.
= Index of sheets.

= Alocation or vicinity map showing the project in relation to existing streets, railroads and

physical features. The location map shall have a north arrow and appropriate scale.

= A project control benchmark identified and referenced to the City of Lowell GPS control

monuments.
= The name and address of the owner of the project and the engineer preparing the plans.
= Engineer’s seal, signature and date.

1.1.2 Layout Sheets

In general, layout sheets shall contain to the following:
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= North arrow and scale.

= Legend of symbols.

= Name of project.

= Boundary line or project area.

= Location and description of existing major drainage facilities within or adjacent to the

project area.
= Location of proposed drainage facilities.
= Location and description of utilities within or adjacent to the project area.
= Provide match lines if more than one sheet is necessary.
= The date, registration seal and signature of the Engineer of Record.
= Elevations shown in the plans shall be based on City of Lowell GPS control monuments.

= The top of each page shall be either north or west. The stationing of street plans and

profiles shall be from left to right and downstream to upstream for channels.

=  Show topography a minimum of 20’ beyond the project area; 50’ for channel

improvements.
= Show existing and proposed property and easement lines with dimensions.

= Minimum finish floor elevations shall be shown a minimum of 2-feet above the 100-year
water surface elevation on each lot when located in a designated floodplain and in areas
where flooding is known to occur. All occupied buildings, whether in or out of a
designated floodplain shall have the finished floor elevation a minimum of 12-inches
above the land immediately surrounding the building and all buildings in a subdivision are

required to be have the finish floor 12” above the curb per the Subdivision Ordinance.

= Include current City of Lowell Standard Details as needed.

1.2 Drainage Report

The following items shall be included in the Drainage Report that accompanies each proposed
improvement plan set submitted to the City.

= Project title and date.
= Project location — include the street address and a vicinity map.

= Project description — a brief description of the proposed project.
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= Project owner's name, address and telephone number.
= Site area —to the nearest 0.1 acre.
= Site drainage — a brief description of the site drainage for the proposed project.

= Area drainage problems — provide a description of any know on-site, downstream or

upstream drainage/flooding problems.

= Upstream and downstream drainage — pre- and post-developed drainage area maps as
well as inlet area maps with the time of concentration flow paths and proposed and

existing topography shown as appropriate.

= Summary of runoff — provide a table with the 1, 2, 5, 10, 25, 50 and 100-year storm flows
for existing and proposed conditions (with and without detention if shown) and the

proposed difference in flows.
= Calculations — provide copies of all calculations performed, including:

o Runoff flow calculations for the 1,2, 5, 10, 25, 50 and 100-year storm events

(existing and proposed conditions),
o Coefficients or runoff curve numbers,
o Inlet calculations,
0 Pipe or culvert calculations,
o Open-channel calculations including any flumes,
0 Detention calculations including
= Basin sizing calculations

= Qutlet structure design with release rates computations for the 1, 2, 5,

10, 25, 50 and 100-year storm events,
= Stage-storage and stage-discharge curves
0 Hydraulic grade line calculations.

= Recommendations/Summary — description of any assumptions made in the calculations,

drainage improvements to be made to the site and the expected effects of the project.

= Certification — all drainage reports shall be signed, sealed and dated by an engineer

registered in the State of Arkansas and shall include the following certification:
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I , Registered Professional Engineer No. in the

State of Arkansas, hereby certify that the drainage designs and specifications contained
in this Report have been prepared by me, or under my responsible supervision, in
accordance with the regulations of the City of Lowell, Arkansas, the Professional
Engineers Registration Act of the State of Arkansas, and reflect the application of
generally accepted standards of engineering practice. | further certify that the
improvements outlined in this Report will not have any adverse effects to life or
downstream properties. | understand that review of these plans is limited to general
compliance with the City codes and regulations and does not warrant the engineer’s

design or imply any liability to the City of Lowell for the designs contained herein.

Signed and Sealed by Professional Engineer

1.3  As-built Drawings and Certifications

Final as-built plans and a certification letter shall be submitted to the City’s Planning Office upon
completion of all work for the drainage improvements. The certification letter shall be signed by
the engineer of record affirming that all improvements have been constructed as shown in the as-
built plans which shall conform to the approved construction plans except for modifications
approved through the City. All improvements must be in place and as-builts, certifications, one-
year maintenance bond for 100% of the cost of drainage improvements and easements provided
to the City Planner prior to Final Plat for a subdivision or issuance of the Certificate of Occupancy
for a Large Scale Development. As-built plans shall be based on surveyed data of the
constructed improvements. As-builts will be submitted on:

= One hard-copy plan set (signed, sealed and dated by the engineer of record)
=  An AutoCAD file formatted to AutoCAD 2011 or earlier

= One PDF copy of as-built plans and drainage report
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EXECUTIVE SUMMARY

Purpose of the Chapter

The purpose of this Stormwater Planning chapter is to provide a summary of fundamental principles and

guidelines that should be considered when planning an urban stormwater drainage system.

Chapter Summary

Benefits of Stormwater Planning — If drainage planning is incorporated into the initial stages of an urban

design, the benefits that result from a well-planned storm drainage system are numerous and include
improved functionality of the drainage system, reduced development costs, and improved building sites
for residential and commercial development with increased opportunities to make the storm drainage
system a development amenity.

Stormwater Planning Principles - Ten principles of stormwater drainage management are identified that

provide the foundation of the design criteria discussed in this manual. These principles are based on
sound engineering practices in combination with other planning considerations that are separate from

drainage issues. These principles are summarized below:

1. The primary stormwater planning objective is protection of human health, safety and welfare.

2. A watershed approach for stormwater planning should be adopted because water resources are
affected by all who conduct activities within a watershed and, therefore, all parties should be
involved in the process to care for its water resources.

3. Stormwater management planning should be compatible with other planning objectives
including transportation, open space, recreation, and others.

4. Flood control is primarily an issue of space allocation; if adequate provision is not made for
drainage space requirements, stormwater runoff will conflict with other land uses and may
result in damage to public and private property.

5. Floodplains should be preserved wherever feasible and practical to maintain naturally occurring
stormwater storage.

6. Streams and riparian corridors should be maintained as they naturally occur to the maximum
extent practical because buffer areas promote filtering of pollutants from urban runoff before it
enters a stream.

7. Every urban area has a minor and a major drainage system, whether or not they are actually

planned or designed.

City of Lowell, Arkansas SWP-1



STORMWATER PLANNING

8. Impacts of urbanization should be reduced through the use of Best Management Practices
(BMPs).

9. The stormwater drainage system should be designed for sustainability, with careful
consideration given to the need for accessibility and maintenance.

10. A stormwater drainage system should be designed beginning with the point of discharge, with

careful consideration given to downstream impacts and the effects of off-site flows.

Major Drainage Planning - Major drainageways can consist of open channels or closed conduits. In

general, use of open channels is strongly preferred to closed conduits. In cases where major
drainageways already exist in a natural condition, they should generally be preserved, except where
special measures are necessary. Primary Channels, as defined in Chapter 7 — Open Channel Flow
Design of this Manual, will be the foundation of major drainageways. Primary channels must therefore be
allotted adequate space for constructing channels to manage planned hydraulic activity and for providing
channel maintenance and buffers. When planning new development and redevelopment, the designer
must note the drainage patterns on the site and upstream to evaluate the need for implementing a
primary channel as a part of the project. Typically, as mentioned earlier, major drainageways already
exist in a natural condition. If that is the case on a project then preserving the area near and around the
existing major drainageway is required as well as any improvements necessary to compensate for a

planned project’s impact to the major drainageway.

Floodplain management and regulation is necessary for a government to exercise its duty to protect the
health, safety, and welfare of the public. There are two floodplain management goals: 1) reduce the
vulnerability of the residents in the City of Lowell to the danger and damage of floods, and 2) preserve
and enhance the natural characteristics of the City’s floodplains. Part of the strategy to manage flood
losses involves flood insurance; the City is a participant in the National Flood Insurance Program (NFIP),
which is administered by the Federal Emergency Management Agency (FEMA). The planner and
engineer should proceed cautiously when planning facilities on lands below the expected elevation of the
100-year flood. Maps that can be referenced to identify flood-prone areas in the City of Lowell are found

through FEMA National Flood Insurance Program Maps. Refer to FEMA website (http://www.fema.gov/).

Minor Drainage Planning - The minor drainage system includes features such as street inlets, storm

sewers, site drainage, on-site detention and on-site best management practices (BMPs). The objective of
the site collection system is to completely collect, control, and convey the required design storm for
specific street classifications (see Chapter 5 — Storm Sewer System Design) and protect properties

adjacent to streets during runoff from storms up to the 100-year design flow.

The objective of street drainage design is to reasonably minimize inconvenience to the traveling public,

provide for safe passage of emergency vehicles during runoff from storms up to a 100-year event, and
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prevent damage to property and structures due to overflow of runoff from streets onto private property

during runoff from storms up to a 100-year event.

Detention for flood control is designed to prevent increases in peak flow from the 1-, 2-, 5-, 10-, 25-, 50-
and 100-year storms. Onsite detention shall be located at the low point(s) on the site and discharge to a

public right-of-way or drainage easement unless otherwise approved by the City.

Storm water quality BMPs are required on all developments to reduce adverse impacts on downstream
water quality and to meet the requirements of the City’s federally-mandated National Pollutant Discharge

Elimination System (NPDES) Municipal Separate Storm Sewer (MS4) permit.

Transportation Planning - Developments near major transportation features and facilities, such as

highways and railroads, should include a careful evaluation of the effects caused by any storm water
conduits or structures related to the transportation facility. Many flooding problems can be created by
bottlenecks of conduits under transportation-related structures, particularly by those that are older or

inadequate. Conversely, removing such structures may also create downstream flooding problems.

Open Space Planning - Floodplains often serve as excellent locations for community or neighborhood

open space, particularly since periodic flooding in these areas makes many types of developments
unfeasible. While leaving floodplains open reduces the flood risk to a community, it also serves multiple
other purposes, such as enhancement of water quality and habitat, and provides space for the creation of

greenway trails and other recreational uses.

In order to encourage developers to not develop all or portions of a floodplain on their project the City has
compiled a list of incentives to be considered by the City during rezone or large scale development
applications. The magnitude and combination of how these incentives are used is at the City’s discretion

(see Table SWP-1). The list of incentives is as follows:

1. The City could take deed of the undeveloped floodplain. This would move the maintenance and
tax burdens attributed to the floodplain off the owner/developer and place that responsibility onto
the City. Furthermore, areas to be deeded to the City shall still count towards greenspace

requirements.

2. A reduction in the amount of green space required on the site could be allowed. This reduction in

green space would in turn provide more useable space to develop.
3. For residential projects, increased density could be provided.

4. A reduction in the amount of road improvements required by City ordinance could be allowed.
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5. Requirements established for water quality standards in Chapter 10 — Water Quality could be met
by including the undeveloped floodplain area as a water quality BMP (such as vegetated filter

strip) and assign credit based on how much and in what manner the floodplain is preserved.

Permitting - Common permits related to stormwater runoff are summarized and include: Large-Scale
Development Plan, Preliminary Plat (City), Grading Permit (City), General Permit for Stormwater
Discharges Associated with Construction Activity (ADEQ), the Section 404 Permit (USACE), and
Conditional Letter of Map Revision (CLOMR) and/or Letter of Map Revision (LOMR) (FEMA) as required.

Development Review Process - All Large Scale Development Plans, Subdivision Plans (Preliminary and

Final Plats) and any projects that greatly impact the City of Lowell must go through the Planning Office’s
technical review process. To become familiar with the development approval process, and to understand
the development review schedule, refer to the City of Lowell Planning Department’s web page that

provides the current review schedule. (See link: http://www.lowellarkansas.gov/departments/planning-

department/)
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1.0 INTRODUCTION

Planning of the urban storm drainage system is an integral part of urban design. A well-planned urban
drainage system is critical for the overall effectiveness of flood control and water quality measures.
Furthermore, the drainage system is a central component of a plan that best utilizes a property and

considers the natural drainage.

Planning of urban drainage facilities should be based upon integrating natural waterways, artificial
channels, storm sewers, and other drainage works into the layout of a desirable, aesthetic, and
environmentally-sensitive urban community. It is imperative that runoff and drainage patterns be

considered early in the design process for new developments, before site layout begins, rather than

attempting to superimpose drainage works on a development after it is laid out, as is frequently done with
water supply and sanitary sewer facilities. A well-planned major drainage system can reduce or eliminate
the need for costly underground storm sewers, and it can provide improved protection from property

damage, injury, and loss of life caused by flooding.

In addition to involving drainage engineering, planning for the management of urban runoff requires a
comprehensive understanding of city planning and the many social, technical, and environmental issues
associated with each watershed. Therefore, the drainage engineer should serve as one member of the

urban design team and should be included in the earliest stages of the urban planning process.

1.1  Benefits of Stormwater Planning

If drainage planning is incorporated after other decisions have been made related to the layout of a new
project, costly drainage and urban space allocation problems may result that are difficult to correct. In
contrast, if drainage planning is incorporated into the initial stages of an urban design, the benefits that

result from a well-planned storm drainage system are numerous and include the following:

Improved functionality of drainage system

* Minimized increases in peak flow rates, diversions, improper discharges, and other actions that

can potentially harm neighboring properties
* Minimized constrictions to flow conveyance and storage
* Improved water quality
» Protection and enhancement of environmentally sensitive areas
» Improved public health, safety and welfare

Reduced development costs
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* Reduced storm drainage system construction and maintenance costs
» Reduced excavation, fill, and grading costs

* Reduced street construction and maintenance costs

* Reduced costs for open space and parks

Improved building sites and land use

* Improved building sites for residential and commercial development

* Improved aesthetics of overall development and increased opportunities to make the storm

drainage system a development amenity

* Increased recreational opportunities

1.2 Master Planning

Watershed plans identify requirements for flood control, detention, and water quality management
throughout a watershed. As watershed plans are completed and made available to the public,
developments can be designed in accordance with the plans, which provide a basis for the proper
location and sizing of inlets, pipes, detention basins, and Best Management Practices (BMPs) that are
necessary to effectively control downstream flooding and meet water quality requirements. These factors

will have a direct bearing on the layout of a new development.

During the master planning phase, major decisions are made related to drainage that address factors
such as design velocities, locations of structures, open space allocation for drainages, and integration of
drainage features with recreational uses. Potential alternate uses for stormwater facilities, such as parks
or open space, are identified for open channels, detention facilities, and water quality facilities. In
addition, the master planning phase involves making decisions whether to use downstream or upstream
detention storage, and the use of either off-stream or in-channel ponds or reservoirs. It is noted that off-
channel detention is preferred and on-line detention requires approval by the City staff during the

conceptual phase of the development process.

1.3 Categories of Stormwater Planning

Major Drainage System - The major drainage system frequently consists of open channels, as either

stabilized natural waterways, modified natural channels, or artificial channels with grass or other lining;
alternatively, the major drainage system may also include closed conduits such as box culverts or large
pipes. When well-planned, the major system can reduce or eliminate the need for underground storm
sewers, and can protect an urban area from extensive property damage, injury, and loss of life from
flooding.
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The major drainage system exists in a community regardless of whether it has been planned and
regardless of where development is located. The planning process can best serve the community by
ensuring that natural drainageways are maintained along major drainage routes. Floodplain delineation
and zoning are tools that should be used freely to designate major drainageways. Small waterways and

valleys lend themselves to floodplain regulations in the same manner as larger creeks.

Minor Drainage System - The minor drainage system, or initial system, consists of grass and paved

swales, streets and gutters, storm sewers, and smaller open channels. If properly planned and designed,
the minor drainage system can eliminate many "complaint” calls to the city. A well planned minor drainage
system provides convenient drainage, reduces costs of streets and storm sewers, and has a direct effect

on the orderliness of an urban area during runoff events.

Planning of urban drainage features should proceed on a well-organized basis with a defined set of
drainage policies that have the backing of suitable ordinances. The policies presented in this Manual

provide a basis upon which additional localized and specific policies can be built.

2.0 STORMWATER DRAINAGE PRINCIPLES

Planning and development of stormwater drainage systems must be guided by a set of underlying
principles that are based on sound engineering practice in combination with other community objectives.
Key principles that serve as the foundation of the design criteria provided in this manual are described

below.

2.1 Stormwater Planning Objectives

The primary objective of stormwater drainage design is the protection of public health, safety, and
welfare. Stormwater systems should be designed to minimize the potential for health risks associated
with stormwater systems and runoff and should minimize the risk of damage to both public and private
property, including minimizing the risk of structure inundation. Streets and the minor drainage system
should be designed for the safe and efficient movement of traffic to the maximum extent practicable.
Consideration should also be given to the public health and welfare benefits that result from the protection

of water quality and other environmental characteristics of a watershed.

2.2 Watershed Approach for Stormwater Planning

The water resources of a watershed are affected by all who conduct activities within it and, therefore, all
should be a part of the process to care for its water resources. Stormwater drainage is independent of
government boundaries and, hence, stormwater system planning and implementation should include

coordination with all affected agencies, communities, and neighborhoods within the watershed,
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regardless of government boundaries. The watershed approach to stormwater drainage and
management has been embraced by the U.S. Environmental Protection Agency (USEPA) and many

other agencies and communities across the country.

2.3 Compatibility with Other Planning Objectives

In addition to protecting public health, safety and welfare, the stormwater drainage system must consider
other urban planning objectives. Stormwater system planning and design for any new development must
be compatible with watershed master plans and objectives and be coordinated with plans for land use,
open space, transportation, and other community objectives. Watershed master plans must consistently
address both stormwater quantity and quality issues in the context of the local and regional drainage

basins.

2.4 Space Allocation for Flood Control

Flood control is primarily an issue of space allocation. The amount of stormwater runoff present at any
time in an urban watershed cannot be compressed or diminished. Open and enclosed storm systems
serve both conveyance and storage functions. If adequate provision is not made for drainage space
requirements, stormwater runoff may conflict with other land uses and result in damage to public and
private property and the impairment or disruption of other urban systems. In urban watersheds that have
been developed without adequate stormwater planning, there is generally inadequate space available to
construct detention storage facilities to reduce peak flows significantly along major waterways. Creation
of adequate space to construct such storage facilities frequently requires the removal of valuable existing

buildings or other facilities and is often not economically or socially feasible.

2.5 Floodplain Preservation

Floodplains should be preserved wherever feasible and practical to maintain naturally occurring
stormwater storage. Floodplains serve as natural outfall areas for urban drainage, riparian corridors, and
habitat for diverse ecological systems. Encroachment into floodplains should be avoided and should
occur only after careful planning and engineering have been conducted so that the effects are fully
recognized and minimized. Preservation of urban floodplains provides value to communities through
flood hazard reduction, water quality enhancement, stream protection, preservation of plant and animal
habitat, creation of open spaces and linear parks, and provision of recreational opportunities. When
determining the width of a floodplain to preserve, consideration should be given to the intended use of the

floodplain and the dynamic nature of stream channels.

As discussed in the Chapter Summary, the City has compiled a list of incentives to be considered during

rezone or large scale development applications to encourage developers to not develop all or portions of

a floodplain on their project. A list of these incentives along with additional detail describing suggested
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criteria to be used during negotiations is provided in Table SWP-1. The magnitude and combination of
how these incentives are used is at the City’s discretion. The City recommends that the owner/developer

meet with City staff to determine the total incentives that will be allowed.

Table SWP-1 - Incentives to Preserve Floodplains during Rezoning

and/or LSDP
Incentives .. . s
. ] . Description/Incentive Criteria
(to be used at City’s discretion)
1. City takes deed of undeveloped floodplain... a. Maintenance and tax burdens no longer the

owner/developer’s

b. Area(s) to be deeded to the City shall still count
towards greenspace requirements.

2. Reduction in greenspace requirements...

Commercial area 1.00% reduction in greenspace requirement per
every 1-acre of floodplain preserved not to exceed
10%.

3. Increase in allowable densities...

Residential area 1/2-unit per acre of floodplain preserved.

4. Reduction in required road improvements...

Residential area 26-ft (Back-to-Back curb) typical section allowed

Commercial area Suggestions/requests to be reviewed on a case
by case basis

2.6 Stream and Riparian Corridor Preservation

Streams and riparian corridors should be maintained as they naturally occur to the maximum extent
practical. Providing buffers between valuable riparian corridors and urban development promotes filtering
of pollutants from urban runoff before it enters a stream. Each site’s development plan should include
careful consideration to preserve and enhance natural features, including riparian corridors, to the
maximum extent practicable. Consideration should be given to environmentally sensitive stream
stabilization in areas where urbanization, altered hydrology, or soil characteristics result in unstable
natural channel conditions. In certain cases, urban hydrologic conditions will require structural
stabilization of streams to avoid degradation. These improvements should be completed in an aesthetic

and environmentally sensitive manner.

2.7 Major and Minor Drainage Systems

Every urban area has a minor and a major drainage system, whether or not they are actually planned or
designed. Generally, the minor and major drainage systems have distinctly different design criteria based

on public health, safety and welfare, and economic considerations. The minor drainage system is
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typically designed to accommodate moderate flooding. For minor drainage systems, local street flooding
resulting from extreme, less frequent rainfall events may be permissible for short periods, provided that
public health, safety, and welfare are protected, and structures are protected from inundation. The major
system will generally have a higher design standard to minimize the impacts of flooding from more
severe, less frequent floods. This approach is used because of the greater potential threat to public

health, safety, and welfare that generally exists along major waterways.

2.8 BMPs to Mitigate Impacts

Impacts of urbanization should be reduced through the use of Best Management Practices (BMPs). In
general, urbanization tends to increase downstream peak flows, runoff volumes, and runoff velocities,
which can cause the capacity of inadequately designed downstream systems to be exceeded and can
disrupt natural waterways. The impacts of new urbanization must be reduced through the use of structural
and non-structural BMPs that typically include stormwater detention to limit peak flow rates to
predevelopment rates. Detention faciliies may be constructed either on-site or as regional facilities.
Regional facilities developed by the City will be constructed and evaluated as the need arises. It will be up
to the City to determine the need and location of any regional detention they see as a cost effective and
useful tool for controlling stormwater runoff in nuisance/flooding prone areas of the city. Other BMPs
include hydraulically disconnecting impervious areas to the extent practicable to achieve maximum
contact between runoff and vegetation, thereby maximizing infiltration and filtering of pollutants. While it is
generally not practical to maintain predevelopment runoff volumes, accepted stormwater BMPs should be
used to the maximum extent practicable to minimize runoff volume. For redevelopment projects,
consideration should be given to retrofitting the existing stormwater controls as necessary, given the size

of the redevelopment project and its location within the watershed.

2.9 Sustainability and Maintenance

The stormwater drainage system should be designed for sustainability, with careful consideration given to
the need for accessibility and maintenance to sustain adequate function, whether the facilities will be
publicly or privately maintained. The major drainage system is more likely to be maintained by a public
entity, whereas the minor system is more often maintained by a private entity. Parts of the major system
that serve specific functions for private entities, should be maintained by those private entities. Failure to
provide proper maintenance reduces both the hydraulic capacity and the pollutant removal efficiency of
the drainage system. Planning and design of drainage facilities should include consideration of the

funding necessary to provide proper maintenance.

2.10 Consideration of Downstream Impacts

A stormwater drainage system should be designed beginning with the point of discharge, with careful

consideration given to downstream impacts and the effects of off-site flows. The location and method of
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discharge from a development site must be carefully determined to avoid causing harm to properties
located either downstream or adjacent to the site. The engineer should evaluate the conveyance system
downstream of each point of discharge from a new development to ensure that it has sufficient capacity
for design discharges without adverse backwater or downstream impacts such as flooding, stream bank
erosion, and sediment deposition. In addition, great care must also be taken to determine the method of

receiving, conveying, and discharging stormwater runoff that originates from off-site.

3.0 MAJOR DRAINAGE PLANNING

Major drainageways can consist of open channels or closed conduits. In general, use of open channels
is strongly preferred to closed conduits. Primary Channels, as defined in Chapter 7 — Open Channel Flow
Design of this Manual, will be the foundation of major drainageways. Open channels can include
stabilized natural waterways, modified natural channels, or artificial channels with grass or other lining.

Closed conduits include structures such as box culverts and large pipes.

In cases where major drainageways already exist in a natural condition, they should generally be
preserved, except where any engineered improvements, such as grade control, erosion protection, or
restoration, are needed. The practice of lining, straightening, narrowing, and filling major natural
waterways is strongly discouraged, whether the channel is perennial (wet) or ephemeral (dry except for
storm runoff). In contrast, the practice of preserving natural waterways is highly encouraged because it
generally provides benefits in terms of preserving natural floodplain storage, reduction of channel erosion,
water quality enhancement, preservation of habitat, and opportunities for parks, greenway trails, and
other recreational uses.

Important planning-level considerations for initial major drainage planning, open channels, and floodplain
regulation are discussed in Section 3.1 through Section 3.3, respectively. Detailed design criteria are not

provided in this chapter but are provided, where applicable, in other chapters as noted in the text.

3.1 Initial Major Drainage Planning

When planning a new development, a variety of drainage concepts should be evaluated prior to
determination of the location of streets and lot layout. Decisions made at this point in the development

process have the greatest impact regarding the cost and performance of the drainage facilities.

Developments should be designed around the existing natural drainage patterns and topography to
achieve the most efficient drainage system. The designer should begin by determining the location and

width of existing waterways and floodplains. A preliminary estimate of the design flow rate is necessary
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to approximate the capacity and size of a channel or conduit (See Chapter 4 - Determination of

Stormwater Runoff).

Streets and lots should be laid out in a manner that preserves the existing drainage system to the
greatest extent practical. Constructed channels should only be used when it is not practical or feasible to
use existing waterways. Proposals to modify major natural waterways should be submitted to the City for
approval prior to detailed design. In such cases, it must be shown why it is not feasible to preserve the

natural major drainageway.

3.2 Open Channels

The use of open channels for major drainageways can provide significant advantages, compared with
closed conduits, in terms of cost, capacity, potential for recreational uses, aesthetics, environmental
protection/enhancement, and detention storage. Disadvantages of open channels compared with closed
conduits include increased space and right-of-way requirements and additional maintenance needs

associated with channel instability.
Open channels in new developments typically fall in one of the following categories:

Existing natural channels

» Existing natural channels that are stable and are expected to remain stable and are being

preserved in a natural state.

» Existing natural channels that are unstable or are not expected to remain stable because of
changes in the watershed and are being stabilized with bioengineering methods to maintain the
natural character of the channel.

Existing or proposed semi-improved channels

» Existing or proposed semi-improved channels where some modifications are made, such as
grading, but the channel appears to be natural and is lined with vegetation such as grass and
trees.

Existing or proposed improved channels

» Existing or proposed improved channels with a natural lining, such as a trapezoidal grass channel
that is mowed on a regular basis. An improved channel may include a small, concrete low-flow

channel to reduce erosion and allow the grade to be maintained.
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» Existing or proposed improved channels where a hard lining such as concrete, rock or other hard
armor material makes up a significant part of the channel. Examples include rectangular or

trapezoidal channels lined with riprap or concrete.

The volume of storm runoff, peak discharge rate, and frequency of bank-full discharges from an urban
area are often larger than under historic, undeveloped conditions, depending on the nature of the
development (Leopold 1994; Urbonas 1980; ASCE and WEF 1992; WEF and ASCE 1998). When
natural channels begin to carry storm runoff from a newly urbanized area, the changed runoff regime may

result in new and increased erosional tendencies.

Careful hydraulic analysis of natural channels must be made to assess and address these potential
impacts. Some modification of the channel is frequently required to create a more stabilized condition to
withstand changes to surface runoff created by urbanization. Channel modifications should not be
undertaken unless they are found to be absolutely necessary. The objective is to avoid excessive and
extensive channel disturbance and the subsequent negative impacts on erosion, sediment deposition,

and water quality.

Factors to consider when choosing between using the existing channel or making improvements to the

channel include:

* Required channel capacity for flood control compared with the existing channel capacity

* Space availability within the development

» Recent and expected changes in upstream runoff from the contributing watershed

* Physical characteristics of the natural channel such as slope, soil characteristics, and vegetative

condition

Measures to stabilize a natural channel frequently include construction of grade controls or drop
structures at regular intervals to decrease the longitudinal slope of the thalweg (channel invert), thereby

controlling erosion. Bank and bottom stabilization measures may also be necessary.

If site conditions are conducive, channels should be left in a condition that resembles the natural state to
the extent feasible, provided it can be demonstrated that the channel is stable during the 25-year event.
It is preferred that natural channels be preserved or stabilized through bioengineering methods. If
bioengineering methods are not feasible, improved grass channels are generally preferred to channels
with a hard lining, except where armoring is necessary because of the physical or hydrologic
characteristics of the site. Benefits of a stabilized natural channel can include:
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* Lower flow velocities

» Longer concentration times and lower downstream peak flows

* Channel and adjacent floodplain storage that tends to decrease peak flows
» Protection of riparian and aquatic habitat

» Greenbelt and recreational area that adds significant social benefits

Specific design criteria along major drainageways are provided in Chapter 7 — Open Channel Flow
Design.
3.3 Floodplain Management and Regulation

Floodplain management and regulation is necessary for a government to exercise its duty to protect the
health, safety, and welfare of the public. The concept of the existence of a natural floodway fringe for the
storage and passage of floodwaters is fundamental to the assumption of regulatory powers in a definable
flood zone. Floodplain regulation must define the boundary of the natural floodway fringe and must

delineate easement occupancy that will be consistent with public interests.

3.3.1  Floodplain Management Goals

There are two major goals with respect to floodplain management:

Floodplain Management Goal 1 - Reduce the vulnerability of the residents in the City of Lowell to the

danger and damage of floods.

Floodplain Management Goal 2 - Preserve and enhance the natural characteristics of the City's

floodplains.

These two goals are achievable through appropriate management shared by the agencies involved. A
multi-pronged approach to achieve the floodplain management goals described above is summarized

below:

»  Adopt effective floodplain regulations.

»  Appropriately modify local land use practices, programs, and regulations in flood-prone areas.

» Provide a balanced program of measures to reduce losses from flooding.
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» Foster the preservation and/or creation of greenbelts, with associated wildlife and other ecological

benefits, in urban areas.

Floodplain management practices must be implemented to be of value. Although hydrologic data are
critical to the development of a floodplain management program, the program is largely dependent on a

series of policy, planning, and design decisions.

3.3.2 National Flood Insurance Program

Flood insurance should be an integral part of a strategy to manage flood losses. The City is a participant
in the National Flood Insurance Program (NFIP), which is administered by the Federal Emergency
Management Agency (FEMA). As a participant, the City must maintain and enforce regulations meeting
minimum requirements of the NFIP and restricting development in designated flood hazard areas shown
on FEMA Flood Insurance Rate Maps (FIRMs). Federal requirements mandate that flood insurance be
purchased for mortgaged properties within a FEMA flood hazard area. Because the City is an NFIP
participant in good standing, all property owners in the City are able to obtain flood insurance for their
property with premiums based on the flood hazard zones shown on the FIRM. For additional information
related to flood hazard zones, refer to the City of Lowell Code of Ordinances Chapter 12, Article VI.
FLOOD DAMAGE PREVENTION(https://www.municode.com/library/ar/lowell/codes/code of ordinances)

3.3.3 Floodplain Filling

While floodplain management includes some utilization of the flood fringe (i.e., areas outside of the formal
floodway), the planner and engineer should proceed cautiously when planning facilities on lands below
the expected elevation of the 100-year flood. Flood peaks from urbanized watersheds are high and short-

lived, and filling the flood fringe tends to increase downstream peaks.

3.3.4 Floodplain Mapping

The following type of maps can be referenced to identify flood-prone areas in the City of Lowell for use in
drainage planning. (FEMA) Flood Insurance Rate Maps (FIRM) are an important tool to assist with good
floodplain management. The National Flood Insurance Act of 1968 established the National Flood
Insurance Program (NFIP), which included a national floodplain mapping effort. Certain areas in the City
of Lowell have been designated as floodplains and are regulated as required by the NFIP. While these
maps were created to indicate risk factors for determining appropriate flood insurance rate premiums,
they are also useful for designating flood prone areas. Anyone considering developing property in the
City of Lowell should obtain a copy of the FEMA FIRM panels and understand the effects any floodplain
may have on a proposed development. Refer to Map Panel ID No. 05007CINDOB for an Index Map of
the FIRM panels in the City of Lowell area (FEMA 2012).
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4.0 MINOR DRAINAGE PLANNING

In addition to addressing major drainages, effective drainage planning also requires thorough attention to
the initial or minor drainage system. The minor drainage system includes features such as street inlets,
storm sewers, site drainage, on-site detention and on-site best management practices (BMPs). This
section provides planning-level considerations for the minor drainage system and also provides
references to chapters in this Manual that have detailed design criteria for specific minor drainage

features.

4.1 Site Drainage

The initial collection system within a development may include curbs, gutters, inlets, swales, pipes,
flumes, channels, open waterways, detention, and water quality BMPs. The collection system is critical to
the protection of adjacent streets and properties from flooding. The objective of the site collection system
is to completely collect, control, and convey the required design storm for specific street classifications
(see Chapter 5 — Storm Sewer System Design) and protect properties adjacent to streets during runoff

from storms up to the 100-year design flow.

Discharges from the site must connect directly to the existing drainage system where possible, as
opposed to discharging to the street. Provision must be made to protect streets and sidewalks from
flooding. Discharges to the street should not exceed the street design criteria and discharges across a

sidewalk must protect the sidewalk from inundation up to the 2-year flow.
4.2 Streets, Inlets and Storm Sewers

Streets serve as part of the initial collection system in an overall drainage system. The objective of street
drainage design is to reasonably minimize inconvenience to the traveling public, provide for safe passage
of emergency vehicles during runoff from storms up to a 100-year event, and prevent the overflow of
runoff from streets onto private property (unless in an easement) during runoff from storms up to a 100-
year event. Well-planned street location and preliminary design can greatly reduce street drainage

improvement construction costs.

Inlets must be properly selected and designed to minimize the possibility of clogging and to limit spread
based on the street classification. Typical inlet types include curb opening inlets, open-side drop inlets
and grated inlets. (See Chapter 5 - Storm Sewer System Design, for detailed design criteria.) Site storm
sewer pipes and box culverts must be designed to convey flow from the design storm frequency
associated with site specific infrastructure as described in Chapter 5 — Storm Sewer System Design and

Chapter 8 — Culvert and Bridge Hydraulic Design.
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4.3 Site Detention

Any development that increases runoff must address runoff through construction of onsite detention or
other compensatory measure approved by the City. Detention for flood control is designed to prevent
increases in peak flow from the 1-, 2-, 5-, 10-, 25-, 50- and 100-year storms. Onsite detention should be

located at the low point(s) on the site and shall discharge to a public right-of-way or drainage easement.

Detention basins should be planned to match existing topography to minimize cut and fill, land
disturbance, and environmental impacts. Aesthetics should also be considered during design so that the
facility complements surrounding land uses. In all cases, opportunities should be sought to create
amenities with detention basins by utilizing permanent pools, gentle slopes, landscaping, and trees and
incorporating multi-purpose uses, such as recreation. Design criteria for detention basins are provided in

Chapter 6 - Detention Design.

In-line detention that collects offsite runoff should be avoided, particularly when the volume of runoff from
offsite is greater than the volume from onsite. Larger offsite areas draining through a detention basin
cause increased requirements for volume and control structure size, resulting in higher basin construction
costs. In addition, in-line detention basins along major drainageways may require a U.S. Army Corps of
Engineers (USACE) Section 404 Permit. Therefore, it is preferred to have off-line detention with the

waterway preserved in a more natural state. The use of in-line detention as a means to control

stormwater runoff requires City approval prior to implementation.

As an alternative to constructing onsite detention, a payment in lieu of constructing detention may be
acceptable by the City, but only if an existing regional detention facility with adequate capacity, as
determined by the City, exists downstream from the proposed development or as determined by the City.
The funds collected from fee-in-lieu payments will be used by the City for regional stormwater facilities or

other measures that will benefit the stormwater management in the community.

Permanent pool detention basins are encouraged because they provide added benefits with respect to
water quality, aesthetics and habitat. When designed and constructed properly, permanent pool
detention basins can be an amenity to both the development and the community. Detailed design criteria

for permanent pool detention areas are provided in Chapter 6 - Detention Design.

Detention basins sited on or near the upstream portion of a site to reduce offsite peak runoff may be
considered as an option to compensate for increased peak runoff from the site in cases where the low
point of the site is not conducive to detention facilities. It must be shown that the total peak runoff rates
for the design storms at locations downstream of the site are no greater than pre-development conditions.
Careful attention must be given to the timing of peak runoff; a conservative design may be appropriate to

assure that peak flow rates are not increased because of inaccurate modeling of the peak timing.

City of Lowell, Arkansas SWP-17



STORMWATER PLANNING

4.4 On-Site Best Management Practices

Stormwater quality and quantity (rate and volume) are closely related and should be planned and
designed concurrently. Stormwater quality BMPs are required on new developments to reduce adverse
impacts on downstream water quality and to meet the requirements of the City’s federally-mandated
National Pollutant Discharge Elimination System (NPDES) Municipal Separate Storm Sewer (MS4)
permit. Planning for a new development should include determination of the BMPs to be used, which
commonly include extended or wet detention basins, disconnecting impervious areas, and utilizing grass

buffer strips, swales, and channels.

BMPs should also include open channel designs that both filter runoff and maintain long-term stability,
thereby reducing pollutants and sediment. Detailed design criteria for several common water quality
BMPs are provided in Chapter 10 - Water Quality. Design criteria for open channels that provide stable
channel linings and reduce the amount of impervious area are provided in Chapter 7 - Open Channel
Flow Design.

5.0 TRANSPORTATION PLANNING

Developments near major transportation features and facilities, such as highways and railroads, should
include a careful evaluation of the effects caused by any storm water conduits or structures related to the
transportation facility. Many flooding problems can be created by bottlenecks of conduits under
transportation-related structures, particularly by those that are older or inadequate. For example, culverts
at highway or railroad embankments can cause drainage hazards such as excessive flooding upstream of

the culvert or, alternatively, can cause excessive flow velocity and erosion downstream of the culvert.

Many storm drainage problems can be avoided through cooperation and coordination between the
developer or transportation agency and the local governing authority over the drainage system. Drainage
conditions at transportation facilities should be investigated early in the planning process to determine
what limitations exist or what costs might be required to address the situation. Furthermore, it must be
shown that any improvements to an existing drainage system won'’t create downstream flooding. This
situation could occur when replacing historically inadequate crossings with larger crossings, where the
original crossing effectively detained upstream runoff and after the improvements the runoff is now
allowed to travel downstream more quickly. Proposals for new developments or improvements by
transportation agencies should be closely coordinated with the City to identify drainage issues, potential
problems, and requirements and incorporation of watershed planning objectives.
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6.0 OPEN SPACE PLANNING

Floodplains often serve as excellent locations for community or neighborhood open space, particularly
since periodic flooding in these areas makes many types of developments unfeasible. While leaving
floodplains open reduces the flood risk to a community, it also serves multiple other purposes, such as
enhancement of water quality and habitat, and provides space for the creation of greenway trails and

other recreational uses.

The area adjacent to floodplains may be appropriate for a broader riparian and buffer corridor, larger
scale recreational uses, or parks. The designer of new developments should consider these options for
floodplains and consult the City for any watershed plans that address land use along floodplains or

Master Trail plans.

7.0 REQUIRED PERMITS

Planning for any new development must consider the need for city, county, state, and federal permits
early in the planning process. This is particularly important when the development will involve

construction along a major drainageway. Common permits related to stormwater runoff are listed below:

e Large-Scale Development Plan, Preliminary Plat — A preliminary plan set designed to meet the
requirements of the City of Lowell development ordinances. An approved Preliminary Plat is

required prior to obtaining a grading permit (see below).

* Grading Permit — The City requires any project/site that involves a LSDP approval or a
Preliminary Plat to obtain a grading permit prior to commencement of earthwork at a project site
or before more than 1 acre is disturbed. A grading permit will be issued by the City of Lowell only

after approval of the LSDP or Preliminary Plat.

» General Permit for stormwater discharges associated with construction activity — The Arkansas
Department of Environmental Quality (ADEQ) requires a permit to allow discharges of stormwater
from construction sites in cases where those discharges enter surface waters of the State or a
municipal separate storm sewer system (MS4) leading to surface waters of the State subject to
the conditions set forth in the permit. The general permit that became effective on October 31,
2008 replaces the permit issued in 2003. The reader is encouraged to either contact ADEQ or

review the permit requirements on the ADEQ website (http://www.adeq.state.ar.us/). Careful

review of the general permit is necessary to understand which stormwater discharges are allowed

under the coverage of the general permit and which are not.
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e Section 404 Permit - Section 404 of the Clean Water Act requires approval from the U.S. Army
Corps of Engineers (USACE) prior to discharging dredged or fill material into the “Waters of the
U.S.” Waters of the U.S. include essentially all surface waters, such as all navigable waters and
their tributaries, all interstate waters and their tributaries, all wetlands adjacent to these waters,
and all impoundments of these waters. Any waterway with a permanent flow of water is generally
considered a Water of the U.S. Some intermittent waterways also may be considered Waters of
the U.S.

Wetlands are areas characterized by growth of wetland vegetation (e.g., bulrushes, cattails,
rushes, sedges, willows, etc.) where the soil is saturated during a portion of the growing season
or the surface is flooded during part of most years. Wetlands generally include swamps,

marshes, bogs, and similar areas.

Typical activities within Waters of the U.S. and adjacent wetlands that require Section 404
permits are:

» Site development fill for residential, commercial, or recreational construction

*  Construction of in-channel structures

* Placement of riprap

»  Construction of roads

»  Construction of dams

* Any grading within the channel of Waters of the U.S.

When activities of this type are proposed, the developer should contact the USACE to determine
if a Section 404 Permit will be required and to identify major issues involved in obtaining the
permit. The City of Lowell is located in the Little Rock District of the USACE.

Because Lowell is located in Benton County, any work considered to be covered under one of the
several Nationwide Permits authorized by the USACE still requires the submittal of an
“APPLICATION FOR DEPARTMENT OF THE ARMY PERMIT — 33 CFR 325”. Additional

requirements needed to complete this permit include, but are not limited to, the following:

» Historic Preservation — evidence must be provided that a project is not going to adversely

impact protected historic landmarks. The Arkansas Historic Preservation Program shall
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be contacted in regards to providing guidance and evidence as to whether a proposed

project will or will not adversely impact protected historic landmarks.

» Endangered Species Protection — evidence must be provided that a project is not going
to adversely impact protected threatened and endangered species. The US Fish and
Wildlife, Arkansas Field Office shall be contacted in regards to providing guidance and
evidence as to whether a proposed project will or will not adversely impact threatened or

endangered species.

Floodplain Use Permit (if required) — Development requirements and restrictions in Special Flood Hazard

Areas in the City of Lowell are described in Chapter 12, Article VI of the Code of Ordinances for the City

of Lowell (https://www.municode.com/library/ar/lowell/codes/code of ordinances). If development is to

occur within a FEMA regulatory floodplain, a floodplain use permit must be obtained from the City. In
addition, if necessary, additional floodplain requirements, such as a Conditional Letter of Map Revision
(CLOMR) or Letter of Map Revision (LOMR) must be obtained through FEMA or a “No Rise Certification”
(for floodways) must be obtained through the City.

8.0 DEVELOPMENT REVIEW PROCESS

All Large Scale Development Plans, Subdivision Plans (Preliminary and Final Plats) and any projects that
greatly impact the City of Lowell must go through the Planning Office’s technical review process. To
become familiar with the development approval process in the City of Lowell, it typically takes a one
month review period for all Large Scale Developments’ submittals. To understand more on the
development review schedule, contact the City’s Planning Office for a review schedule estimate.

(See link: http://www.lowellarkansas.gov/departments/planning-department/).

8.1 Subdivisions

Submittal requirements  for  subdivision development in the City of Lowell are
specified in  Chapter 16, Article V of the Code of Ordinances for the City

(https://www.municode.com/library/ar/lowell/codes/code of ordinances).  Early planning for a new

subdivision should include meeting with the Planning Department to develop an acceptable stormwater
management plan that will be less likely to experience problems in the review process and will result in a
more efficient and optimum storm water design. Major conceptual storm water issues can be identified to
help with development of a design that can maximize flood control and water quality protection and

minimize project costs and future conflicts and construction difficulties.
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Maijor design features that should be identified first are the preservation of major drainageways, the
location and configuration of detention basins and water quality controls, and the location and
configuration of streets and lots. Any watershed plans affecting the development should be identified so
that compliance approach can be incorporated early in the design process. The developer should obtain
a copy of the Preliminary Plat checklist from the Planning Department, to begin preparation of acceptable

stormwater drainage plans and plat layout.
8.2 Large Scale Development Plans

Submittal requirements for a Large Scale Development Plan (LSDP) in the City of Lowell are specified in
Chapter 16, Article XII. of the Code of Ordinances for the City

(https://www.municode.com/library/ar/lowell/codes/code of ordinances). In accordance with the

ordinance, storm drainage design for an LSDP must meet the minimum drainage requirements as defined
by city ordinance. Drainage improvements must be indicated on the plans and a drainage report must
accompany the plans. An engineer's certified calculations must be provided for all improvements.
Improvements must be completed and certified by the engineer of record prior to the issuance of a

certificate of occupancy.

Developments within a floodplain or floodway must provide floodplain data certified by an engineer or

architect and must meet all FEMA requirements for new construction in floodplains or floodways.
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CHAPTER 3. DETERMINATION OF STORM WATER
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EXECUTIVE SUMMARY

Purpose of Chapter

The intent of this chapter of the Manual is to provide reasonably dependable and consistent methods of
approximating the characteristics of runoff in urban and nonurban areas within the City of Lowell,
Arkansas. This chapter will guide the designer in how to choose the proper method for calculating runoff,
based on the conditions present at a site as well as the necessary information/calculations the City

requires for their review prior to development of the site.
City Allowable Methods for Calculating Runoff

The City allows the use of three different methods for calculating urban runoff: (1) The Rational Method,
(2) the Soil Conservation Service Technical Release — 55 Synthetic Hydrograph Method (SCS method),
and (3) Computer models such as HEC-HMS, TR-20, or equivalent. It is the responsibility of the design
engineer to properly choose which method(s) to implement for drainage design of a site and then to

properly execute that design methodology.
Engineering Design Prerequisite

This chapter of the Manual should be utilized in conjunction with other universally accepted articles and
engineering references and studies. NRCS Technical Release 55 is referenced extensively throughout
this chapter as it is an excellent resource for urban hydrology design and methodology. It is important for
the individual using this section of the manual to already have a firm understanding of the information

provided in this document prior to implementing the recommendations outlined in this Manual.
Summary of Critical Design Criteria

The summary below outlines some of the most critical design criteria essential to design engineers for
calculating stormwater runoff according to City of Lowell requirements. The information below contains
exact numerical criteria as well as general guidelines that must be adhered to during the design process.
This section is meant to be a summary of critical design criteria for this section; however, the engineer is
responsible for all information in this chapter. It should be noted that any design engineer who is not
familiar with Lowell’s drainage manual and its accepted design techniques and methodology should review
the entirety of this chapter.

City of Lowell, Arkansas RO-1



DETERMINATION OF STORM WATER RUNOFF

DRAINAGE METHODS

Watershed Size Applicability for Peak Runoff Calculations

Watershed Size Applicable Drainage Method
(acres)
0to 30 Rational Method
30 to 2000 SCS Method
Computer models (such as HEC-HMS,
2000 + TR-20, or equivalent)

Rational Method
= Refer to Section 2.0 for more detailed information/explanation
» Rational Method Formula: ~ Q = k;*C*I*A
= Refer to Table RO-2, Table RO-3, and Table RO-4 for more detailed information

Runoff Coefficient, C, for Specific Lowell Zoning

Runoff
Lowell Coefficient,
Zoning Description C
R-A Single Family Residential (1 acre estate lots) 0.45
R-B Single Family Residential (22,000 sf lots) 0.50
R-C Single Family Residential (15,000 sf lots) 0.55
R-D Single Family Residential (10,000 sf lots) 0.60
R-E Single Family Residential (8,000 sf lots) 0.60
MDR Medium Density Residential (8/acre) 0.65
HDR High Density Residential (20/acre) 0.75
MHP Mobile Home Park 0.75
NO Neighborhood Office 0.80
R/O Retail/ Office 0.90
BP Business Park 0.90
C Commercial 0.90
NS Neighborhood Services 0.80
R Retail 0.90
LI Light Industrial 0.90
Church 0.80
School 0.80
Park 0.40
Cemetery 0.40
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Runoff Coefficient, C, for Composite Land/Surface Areas

Character of Runoff
Surface Description Coefficient, C
UNDEVELOPED Historic Flow Analysis, Greenbelts,
AREAS Agricultural, Natural Vegetation
Clay Soil
Flat,2% slopes . . .................. 0.30
Average,2-7%slopes . ............. 0.40
Steep, 7% slopes . . ... ... ... 0.50
Sandy Soil
Flat, 2% slopes . . . ................. 0.12
Average,2-7%slopes . ............. 0.20
Steep, 7% slopes . . . ... .. 0.30
STREETS Paved ....... ... ... ... .. 0.98
Gravel . ... .. 0.60
DRIVES & WALKS 0.98
ROOFS 0.98
LAWNS Clay Soil
Flat, 2% slopes . . . ................. 0.18
Average,2-7% slopes . . ............ 0.22
Steep, 7% slopes . . ... ... ... 0.35
Sandy Soil
Flat, 2% slopes . . . ................. 0.10
Average,2-7%slopes . ............. 0.15
Steep, 7% slopes . . ... ... ... 0.20

Frequency Factor Multiplier, &;

Recurrence Interval (years) | Adjustment Multiplier ( &:)
1t010 1.0
25 1.1
50 1.2
100 1.25

Use the included Weighted C spreadsheet for all composite analysis.

Rainfall Intensity

= Refer to Section 2.6 for more detailed information/explanation

= Refer to Table RO-5 for Rainfall Intensity-Duration-Frequency (IDF) Chart
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Time of Concentration, 7.
= Refer to Section 2.8 for more detailed information/explanation

= Minimum z. = 5-minutes for an urban watershed and 10-minutes for a non-urban watershed

= Time of Concentration equation: te=t ti+1

0.42(n* L)
lo = (PZ)O.S *S0.4

= 1, = overland flow time (minutes)
= 5 =Manning’s roughness coefficient (Table RO-6)

= L = length of overland flow in feet (300-ft maximum in non-urban areas; 100-ft
maximum in urban areas)

= P, = 2-year, 24-hour rainfall (inches) calculated from Table RO-5 (or obtained
from Table RO-9)

= § = average basin slope (ft-per-ft) expressed as a decimal

Manning’s Values of Roughness Coefficient n for Overland Flow (same as Table RO-6)

Surface Description n'

Smooth surfaces (concrete, asphalt,

gravel, or bare soil) . .. ... .. 0.011
Fallow (noresidue) . ............ 0.05
Cultivated Soils:

Residue cover<20% ... ... 0.06

Residue cover >20% . . . . .. 0.17
Grass:

Short grass prairie . . ... ... 0.15

Dense grasses?2......... 0.24

Bermudagrass.......... 0.41
Range (natural) . .............. 0.13
Woods: 3

Light underbrush ... ...... 0.40

Dense underbrush ... ... .. 0.80

" The n values are a composite of information compiled by Engman (1986).

2 Includes species such as weeping lovegrass, bluegrass, buffalo grass, blue
grama grass, and native grass mixtures.

3 When selecting #, consider cover to a height of about 0.1 ft. This is the only part
of the plant cover that will obstruct sheet flow.
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L
60 * 1V
= (= shallow concentrated flow time (minutes)

»  V'=203282*S"? (Paved Areas)
= V' =16.1345*%S"?  (Unpaved Areas)

. s —

L
e = " where V is calculated from Manning’s equation (use Table RO-7)

= ;= channel flow time (minutes)

Manning’s Values of Roughness Coefficient n for Open Channels (same as Table RO-7)

Type of Channel and Description Minimum | Normal | Maximum
Lined or built-up channels
Concrete, float finish 0.013 0.015 0.016
Concrete, concrete bottom 0.020 0.030 0.035
Gravel bottom with riprap 0.023 0.033 0.036
Brick, glazed 0.011 0.013 0.015
Excavated or dredged canal
Earth, straight and uniform - short grass 0.022 0.027 0.033
Earth, winding, sluggish - dense weeds 0.030 0.035 0.040
Rock cuts, jagged and irregular 0.035 0.040 0.050
Channels not maintained, weeds and brush 0.050 0.080 0.120
uncut
Natural Streams
Clean, straight, full stage 0.025 0.030 0.033
Clean, winding, some pools and shoals 0.033 0.040 0.045
Sluggish reaches, weedy, deep pools 0.050 0.070 0.080
Mountain stream steep banks; gravel and 0.030 0.040 0.050
cobbles
Mountain stream steep banks; cobbles with large 0.040 0.050 0.070
boulders
Floodplains
Pasture, no brush, high grass 0.030 0.035 0.050
Brush, scattered brush, heavy weeds 0.035 0.050 0.070
Brush, medium to dense brush in summer 0.070 0.100 0.160
Trees, dense willows, summer, straight 0.110 0.150 0.200
Trees, heavy stand of timber 0.080 0.100 0.120
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SCS Curve Number Method

= Refer to Section 3.0 for more detailed information/explanation

(P-1,)’

» SCS Method equation: Q=——-—"—
(P-1)+S

where,

* O =runoff (inches)
e P =rainfall depth from Table RO-9

» § = potential maximum retention after runoff begins (inches)

= where, S:m—m
CN
» [, = initial abstraction (inches)
*  where, 1,=02*§

e CN = runoff curve numbers (see Table RO-10 and Table RO-11 for urban and non-urban

areas; also included on the next two pages of this Summary)

= For those models which require it, the Type Il rainfall distribution shall be used within the City of

Lowell planning boundary.
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Runoff Curve Numbers (CN) for Urban Areas (Antecedent Moisture Condition Il, and
l. = 0.2*S) (USDA NRCS — TR-55 1986) (same as Table RO-10)

CN FOR
COVER DESCRIPTION HYDROLOGIC
SOIL GROUP
AVERAGE
PERCENT
COVER TYPE AND HYDROLOGIC CONDITION IMPERVIOUS

AREA? A B C D

Open Spaces (lawns, parks, golf courses, cemeteries,

etc.)
Poor Condition (grass cover <50%) . ............... - 68 79 86 89
Fair condition: grass cover on 50% to 75% of the area . - 49 69 79 84
Good condition: grass cover on 75% or more of the area ' - 39 61 74 80

Impervious Areas:
Paved Parking Lots, Roofs, Driveways, etc.

(excluding right-of-way) . . . ................... - 98 98 98 98
Streets and Roads:
Paved; curbs and storm sewers (excluding R.O.W) - 98 98 98 098
Paved; open ditches (including right-of-way) . . . . .. - 83 89 92 93
Gravel (including right-of-way) . . .. ............. - 76 85 89 91
Dirt (including right-of-way) . .. ................ - 72 82 87 89
Urban Districts:
Commercialand Business . .. .................... 85 89 92 94 95
Industrial . . . ... ... .. ... 72 81 88 91 93
Residential Districts by Average Lot Size: 2
1/8 acre or less (townhouses) .. .................. 65 77 85 90 92
1dacre . ... 38 61 75 83 87
1/3acre . ... 30 57 72 81 86
1/2acre . ... 25 54 70 80 85
T aCre . o 20 51 68 79 84
2ACTES . o it 12 46 65 77 82

Developing Urban Areas
Newly Graded Areas (pervious areas only, no
vegetation) . . - 77 86 91 94

' Good cover is protected from grazing and litter and brush cover soil.

2 Curve numbers are computed assuming that the runoff from the house and driveway is directed
toward the street with a minimum of roof water directed to lawns where additional infiltration could
occur.

3 The remaining pervious areas (lawn) are considered to be in good pasture condition for these curve
numbers.
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Runoff Curve Numbers (CN) for Non-Urban Areas (Antecedent Moisture Condition
Il, and I, = 0.2*S) (USDA NRCS - TR-55 1986) (same as Table RO-11)

CN FOR HYDROLOGIC SOIL
COVER DESCRIPTION GROUP
COVER TYPE AND HYDROLOGIC CONDITION A B c D
Idle Lands (not yet developed)

Pasture, Grassland, or Range ---- continuous Poor 68 79 86 89

forage for grazing. Fair 49 69 79 84

Good 39 61 74 80

Meadow ---- continuous grass, protected from - 30 58 71 78
grazing and generally mowed for hay.

Brush ---- brush-weed-grass mixture with brush Poor 48 67 77 83

the major element. 2 Fair 35 56 70 77

Good 303 48 65 73

Woods ---- grass combination (orchard Poor 57 73 82 86

or tree farm). 4 Fair 43 65 76 82

Good 32 58 72 79

Woods 5 Poor 45 66 77 83

Fair 36 60 73 79

Good 303 55 70 77

Farmsteads ---- buildings, lanes, driveways, - 59 74 82 86

and surrounding lots.

" Poor. <50% ground cover or heavily grazed with no muich.

Fair: 50 to 75% ground cover and not heavily grazed.

Good: >75% ground cover and lightly or only occasionally grazed.
2 Poor: <50% ground cover.

Fair: 50 to 75% ground cover.

Good: >75% ground cover.
3 If actual CN is less than 30; use CN = 30 for runoff calculations

4 CNs shown were computed for areas with 50% woods and 50% grass (pasture) cover. Other
combinations of conditions may be computed from the CNs for woods and pasture.

5 Poor. Forest litter, small trees, and brush are destroyed by heavy grazing or regular burning.
Fair:  Woods are grazed but not burned, and some forest litter covers the soil
Good: Woods are protected from grazing, and litter and brush adequately cover the soil.
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1.0 OVERVIEW

This section of the Manual on the determination of storm water runoff was developed using several
references including: Urban Storm Drainage Criteria Manual developed by Urban Drainage and Flood
Control District in Denver, Colorado; National Engineering Handbook, Section 4 (NEH-4), 1985;
NRCS Technical Paper No. 40, 1961; and NRCS Technical Release No. 55, 1986. Detailed

information for all references used in this section can be found at the end of this chapter.
11 Introduction

Determining the peak flow rate and volume of storm water runoff generated in a watershed for a
given storm event is an essential step in evaluating drainage design. The size of rainfall event, type
of flow condition, and flow rate of the runoff all play a major role in the sizing, configuration, and
operation of storm drainage and flood control systems. Numerous methods for calculating runoff
have been developed and studied as engineering design options but only a few are accepted by the
City of Lowell, based on the climate and natural environment.

1.2  City of Lowell Drainage Methods

There are a number of different methods and procedures for computing runoff on which the design of

storm drainage and flood control systems are based. The three methods the City accepts are:
1) The Rational Method

2) The Soil Conservation Service Technical Release — 55 Synthetic Hydrograph Method (SCS
method)

3) USGS Regional Regression Equations. This third method will not be discussed in detail in
this Manual, but can be examined and further studied in Magnitude and Frequency of Floods
in Arkansas (USGS — WRIR 95-4224, 1995).

The two main drainage methods described in this Manual are: (1) the Rational Method and (2) SCS
method. The Rational Method is generally used for smaller watersheds when only the peak flow rate
or the total volume of runoff is needed at a design point or points (e.g., storm sewer sizing or simple
detention basin sizing). The SCS method is used for larger watersheds and when a hydrograph of
the storm event is needed (e.g., sizing large detention facilities). The watershed size limits and/or
ranges for each analysis method are shown in Table RO-1.
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Table RO-1 — Watershed Size Applicability
for Peak Runoff Calculations

Watershed Size Applicable Drainage Method
(acres)
0to 30 Rational Method
30 to 2000 SCS Method
Computer models (such as HEC-HMS,
2000 + TR-20, or equivalent)

2.0 RATIONAL METHOD

For urban watersheds that are not complex and are generally 30 acres or less in size, it is acceptable
that the design storm runoff be analyzed by the Rational Method. If properly understood and applied,
the Rational Method can produce satisfactory results for the design of urban storm sewers and small

on-site detention facilities.
21 Rational Formula
The Rational Method is based on the Rational Formula which is expressed as:
0 = k*C*I[*4 (Equation RO-1)
in which:

0 = peak rate of runoff (cubic feet per second [cfs]). QO is actually in units of
acre-inches per hour (ac-in/hr), but conversion of the results to cubic-
feet per second (cfs) differs by less than 1 percent. Since the difference
is so small, the Q value calculated by the equation is accepted as cubic

feet per second (cfs).

k; = adjustment  multiplier for design storm recurrence interval
(see Table RO-4)

C = runoff coefficient - represented in the ratio of the amount of runoff to the

amount of rainfall (see Section 2.5).

1 = average intensity of rainfall (inches per hour [in/hr]) for a period of time

equal to the critical time of full contribution of the drainage area under
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2.2

consideration (see Section 2.6). This critical time for full contribution is

commonly referred to as "time of concentration," ¢. (see Section 2.8)

A = area (acres) that contributes to runoff at the point of design or the point

under consideration (see Section 2.7).

Rational Method Calculation Procedure

The general procedure for Rational Method calculations for a single watershed is as follows:

1)

2)

6)

Delineate the watershed boundary and measure its area in acres.

Define the flow path from the hydraulically most distant point of the watershed to the design
point. This flow path should be divided into reaches of similar flow type [i.e. overland flow
(sheet flow), shallow concentrated flow (swales, shallow ditches, etc.)], and channelized flow
(gutters, storm sewers, open channels, etc.). The length and slope of each reach should be
measured.

Determine the time of concentration, 7., for the watershed. Refer to Section 2.8 of this

chapter for additional information on calculating «..

Find the rainfall intensity, I, for the design storm using the calculated 7. and the rainfall
intensity-duration-frequency information (see Table RO-5). Use arithmetic interpolation to

calculate rainfall intensity for . not displayed in the table.

Determine the runoff coefficient, C, (see Table RO-2 and/or Table RO-3) for the watershed

boundary and its resulting subareas.

Calculate the peak flow rate from the watershed using Equation RO-1.

Calculations for the Rational Method shall be carried out using the spreadsheets or other software

aides discussed in Section 4.0 of this chapter.

23

Assumptions

Basic assumptions associated with use of the Rational Method are as follows:

1)

City of Lowell, Arkansas

The computed peak rate of runoff to the design point is a function of the average rainfall rate

during the time of concentration for the watershed.
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2) The time of concentration is the critical value in determining the design rainfall intensity and
is equal to the time required for water to flow from the hydraulically most distant point in the

watershed to the point of design.
3) The runoff coefficient, C, is uniform during the entire duration of the storm event.

4) The rate of rainfall or rainfall intensity, /, is uniform for the entire duration of the storm event

and is uniformly distributed over the entire watershed area.

5) The depth of rainfall used is that which occurs from the start of the storm to the time of
concentration. The design rainfall depth during that time period is converted to the average

rainfall intensity for that period in inches per hour (in/hr).

6) The maximum runoff rate occurs when the entire area is contributing flow. However, this
assumption has to be modified when a more intensely developed portion of the watershed
with a shorter time of concentration produces a higher rate of maximum runoff than the entire

watershed with a longer time of concentration.
2.4 Limitations

The Rational Method is an adequate method for approximating the peak rate of runoff from a design
rainstorm in a given watershed area. The greatest drawback to the Rational Method is that it
normally provides only one point on the runoff hydrograph. When the areas become complex and
where sub-watersheds come together, the Rational Method will tend to overestimate the actual flow,
which results in oversizing of drainage facilities. The Rational Method provides no direct information
needed to route hydrographs through the drainage facilities. One reason the Rational Method is
limited to small areas is that good design practice requires the routing of hydrographs for larger

watersheds to achieve an economic design.

Another disadvantage of the Rational Method is that in the typical design procedure one normally
assumes that all of the design flow is collected at the design point and that no water bypasses or runs
overland to the next design point. However, this is not a limitation of the Rational Method but of the
design procedure. The Rational Method must be modified, or another type of analysis used, when
analyzing an existing system that is under-designed or when analyzing the effects of a major storm

on a system designed for the minor storm.
2.5 Runoff Coefficient, C

The runoff coefficient, C, represents the integrated effects of infiltration, detention storage,

evaporation, retention, flow routing, and interception, all of which affect the time of distribution and
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peak rate of runoff. The proportion of the total rainfall that runs off depends on the relative porosity or
imperviousness of the ground surface, the surface slope, and the ponding character of the surface.
Impervious surfaces, such as asphalt pavements and roofs of buildings, will be subject to nearly 100
percent runoff, regardless of the slope, after the surfaces have become thoroughly wet. On-site
inspections and aerial photographs are valuable in determining the types of surfaces within the

drainage area and are essential when assessing the runoff coefficient, C.

2.5.1 Soil Type

The runoff coefficient, C, in the Rational Formula is also dependent on the character of the surface
soil. The type and condition of the soil determines its ability to absorb precipitation. The rate at
which a soil absorbs rainfall typically decreases if the rainfall continues for an extended period of
time. The soil absorption or infiltration rate during a rainfall event is also influenced by the degree of
soil saturation before a rain (antecedent moisture condition), the rainfall intensity, the proximity of
ground water, the degree of soil compaction, the porosity of the subsail, vegetation, ground slopes,
and surface topography (or relief). Detailed soil information is described in Section 3.3.1 —

Hydrologic Soil Group.

2.5.2 Selection of Runoff Coefficients, C

The runoff coefficient, C, is the variable of the Rational Method which is most difficult to precisely
determine. Proper selection requires judgment and experience on the part of the design engineer,
and its use in the formula implies a fixed ratio for any given drainage area over the course of a rainfall
event, which in reality is not the case. A reasonable runoff coefficient must be chosen in order to

determine accurate volumes for runoff.

To standardize City design computations, Table RO-2 provides standard runoff coefficient values
based on current zoning and land use designations. However, if the designer chooses, Table RO-3
provides runoff coefficient values for specific types of land/surface areas that can be used to evaluate

a composite analysis that may provide a more accurate runoff coefficient value for an area.

Additionally, the values in Table RO-2 and Table RO-3 are typical for design storms with recurrence

intervals of 1 to 10 years. For less frequent recurrence intervals (i.e., larger storm events), the runoff
coefficient, C, must be adjusted upward using the correction factors shown in Table RO-4 due to
saturated soil conditions that typically increase the runoff during larger storm events. Table RO-4
contains correction factors for the 1-, 5-, 10-, 25-, 50-, and 100-year events. To determine the

appropriate runoff coefficient for these events, the runoff coefficient from either Table RO-2 or Table

RO-3 shall be multiplied by the appropriate factor in Table RO-4.
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Table RO-2 — Runoff Coefficients, C, for Specific City of Lowell Zoning

Runoff
Lowell Coefficient,
Zoning_j Description C
R-A Single Family Residential (1 acre estate lots) 0.452
R-B Single Family Residential (22,000 sf lots) 0.50
R-C Single Family Residential (15,000 sf lots) 0.55
R-D Single Family Residential (10,000 sf lots) 0.60
R-E Single Family Residential (8,000 sf lots) 0.60
MDR Medium Density Residential (8/acre) 0.65
HDR High Density Residential (20/acre) 0.75
MHP Mobile Home Park 0.75
NO Neighborhood Office 0.80
R/O Retail/ Office 0.90
BP Business Park 0.90
C Commercial 0.90
NS Neighborhood Services 0.80
R Retail 0.90
LI Light Industrial 0.90
Church 0.80
School 0.80
Park 0.40
Cemetery 0.40

City of Lowell, Arkansas
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Table RO-3 — Runoff Coefficient, C, for Composite
Land/Surface Areas in the City of Lowell (City of Rogers Drainage

Study 1993)
Character of Runoff
Surface Description Coefficient, C
UNDEVELOPED Historic Flow Analysis, Greenbelts,
AREAS Agricultural, Natural Vegetation
Clay Soil
Flat,2% slopes . . .................. 0.30
Average, 2-7%slopes . ............. 0.40
Steep, 7% slopes . .. ... ... 0.50
Sandy Soil
Flat,2% slopes . . .................. 0.12
Average, 2-7%slopes .. ............ 0.20
Steep, 7% slopes . .. ... ... 0.30
STREETS Paved......... ... . ... . . .. . 0.98
Gravel .. ... .. . 0.60
DRIVES & WALKS 0.98
ROOEFS 0.98
LAWNS Clay Soil
Flat,2% slopes . . . ................. 0.18
Average, 2-7%slopes . ............. 0.22
Steep, 7% slopes . .. ... ... 0.35
Sandy Soil
Flat,2% slopes . . .................. 0.10
Average, 2-7%slopes . ............. 0.15
Steep, 7% slopes . .. ... ... 0.20

Table RO-4 — Frequency Factor Multipliers for Runoff
Coefficients (Debo and Reese 2002)

Recurrence Interval (years) | Adjustment Multiplier ( &:)
1t010 1.0
25 1.1
50 1.2
100 1.25
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A convenient tool that complements the City's Manual is the RDM-Rational Method spreadsheet

(located on the City of Rogers website: http://rogersar.gov/DocumentCenter/View/5233). The

Weighted C tab within this spreadsheet calculates the area-weighted runoff coefficient given the
collective areas and corresponding runoff coefficients for subareas within the watershed being
analyzed. Refer to Section 4.0 for additional information on using this spreadsheet. All composite

analyses shall be completed using the Weighted C spreadsheet and included in the drainage report.
2.6 Rainfall Intensity, |

Rainfall intensity, I, is the design rainfall rate in inches-per-hour (in/hr) for a particular drainage basin
or subbasin of a watershed. The rainfall intensity, |, is obtained from an intensity-duration-frequency
(IDF) chart for a specified return period under the assumption that the duration is equal to the time of
concentration for the watershed being evaluated. Once the time of concentration is known, the
design intensity of rainfall may be interpolated from Table RO-5. The frequency of recurrence

interval is a statistical variable which is established by City standards.

Table RO-5 — Rainfall Intensity-Duration-Frequency Chart for
the City of Rogers, Arkansas (Applicable for the City of Lowell)

Duration 1 Year 2 Year 5 Year 10 Year 25 Year 50 Year | 100 Year
(min) (in/hr) (in/hr) (in/hr) (in/hr) (in/hr) (in/hr) (in/hr)

5 4.88 5.54 6.58 7.34 8.46 9.35 10.22
6 4.89 5.35 6.34 7.07 8.15 9.00 9.85
7 4.78 5.10 6.09 6.80 7.80 8.68 9.50
8 4.63 4.92 5.85 6.54 7.52 8.34 9.14
9 4.47 4.72 5.64 6.30 7.29 8.06 8.80
10 4.31 4.58 5.45 6.08 7.06 7.78 8.50
11 4.15 4.41 5.28 5.88 6.78 7.50 8.25
12 4.00 4.27 5.10 5.70 6.55 7.25 7.92
13 3.86 4.12 4.92 5.50 6.32 7.00 7.70
14 3.72 4.00 4.78 5.34 6.15 6.81 7.45
15 3.60 3.88 4.65 5.18 6.00 6.61 7.24
16 3.48 3.78 4.52 5.04 5.84 6.45 7.05
17 3.37 3.67 4.38 4.91 5.69 6.30 6.90
18 3.27 3.55 4.29 4.80 5.55 6.15 6.73
19 3.18 3.47 4.17 4.70 5.43 6.00 6.55
20 3.09 3.38 4.06 4.59 5.32 5.88 6.43
21 3.00 3.29 3.98 4.49 5.20 5.76 6.30
22 2.92 3.20 3.89 4.39 5.10 5.65 6.27
23 2.85 3.13 3.80 4.30 4.98 5.52 6.08
24 2.78 3.05 3.73 4.20 4.89 5.43 5.93
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Duration 1 Year 2 Year 5 Year 10 Year 25 Year 50 Year | 100 Year
(min) (in/hr) (in/hr) (in/hr) (in/hr) (in/hr) (in/hr) (in/hr)
25 2.71 2.99 3.66 4.12 4.80 5.32 5.85
26 2.65 2.93 3.58 4.06 4.72 5.24 5.75
27 2.59 2.87 3.50 3.96 4.62 5.13 5.65
28 2.53 2.80 3.44 3.90 4.54 5.05 5.55
29 2.47 2.73 3.37 3.83 4.47 4.97 5.46
30 2.42 2.69 3.30 3.76 4.40 4.90 5.38
31 2.37 2.62 3.24 3.70 4.31 4.80 5.30
32 2.32 2.58 3.19 3.64 4.25 4.74 5.20
33 2.28 2.52 3.12 3.57 4.18 4.67 5.12
34 2.24 2.48 3.07 3.51 4.11 4.60 5.04
35 2.19 2.42 3.02 3.46 4.06 4.51 4.98
36 2.15 2.40 2.97 3.40 3.99 4.45 4.90
37 2.12 2.37 2.92 3.33 3.92 4.40 4.83
38 2.08 2.30 2.89 3.28 3.87 4.33 4.78
39 2.04 2.28 2.82 3.24 3.81 4.28 4.70
40 2.01 2.23 2.79 3.18 3.76 4.20 4.62
41 1.98 2.20 2.75 3.13 3.70 4.15 4.58
42 1.95 2.16 2.70 3.10 3.65 4.10 4.50
43 1.91 2.12 2.67 3.07 3.60 4.05 4.43
44 1.89 2.10 2.63 3.01 3.56 3.97 4.40
45 1.86 2.07 2.60 2.97 3.51 3.92 4.33
46 1.83 2.04 2.55 2.94 3.46 3.87 4.28
47 1.80 2.00 2.52 2.90 3.42 3.82 4.22
48 1.78 1.98 2.49 2.86 3.37 3.78 4.18
49 1.75 1.97 2.47 2.82 3.33 3.72 4.12
50 1.73 1.96 2.42 2.79 3.29 3.69 4.08
51 1.70 1.90 2.40 2.74 3.25 3.63 4.03
52 1.68 1.88 2.36 2.71 3.20 3.60 3.98
53 1.66 1.86 2.33 2.69 3.17 3.55 3.92
54 1.64 1.84 2.31 2.65 3.14 3.50 3.88
55 1.62 1.82 2.29 2.62 3.10 3.46 3.83
56 1.60 1.80 2.26 2.59 3.06 3.44 3.80
57 1.58 1.79 2.23 2.56 3.02 3.39 3.75
58 1.56 1.76 2.21 2.54 2.98 3.35 3.70
59 1.54 1.74 2.19 2.50 2.96 3.30 3.67
60 1.52 1.73 217 2.48 2.90 3.26 3.62
70 1.36 1.57 1.96 2.24 2.66 2.94 3.31
80 1.24 1.45 1.84 2.07 2.43 2.71 3.08
90 1.14 1.34 1.70 1.93 2.28 2.53 2.86
100 1.05 1.24 1.59 1.81 2.11 2.37 2.67
110 0.98 1.19 1.49 1.70 1.98 2.22 2.49
120 0.92 1.12 1.41 1.61 1.86 2.09 2.32
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Duration 1 Year 2 Year 5 Year 10 Year 25 Year 50 Year | 100 Year
(min) (in/hr) (in/hr) (in/hr) (in/hr) (in/hr) (in/hr) (in/hr)

140 0.82 1.02 1.25 1.43 1.67 1.86 2.08

160 0.74 0.90 1.14 1.29 1.50 1.68 1.89

180 0.68 0.79 1.04 1.20 1.37 1.53 1.72

360 0.39 0.48 0.62 0.73 0.84 0.93 1.03

720 0.24 0.29 0.37 0.44 0.50 0.56 0.62

1,440 0.14 0.17 0.22 0.25 0.29 0.33 0.36
Source:

2-, 5-, 10-, 25-, 50-, 100-Year Design Storm
5-60 min. NOAA HYDRO-35
60-120 min. interpolated
120-1,440 min. Technical Paper No. 40
1-Year Design Storm
5-160 min. calc’d from logarithmic trend line from 5,10,15,30,60,&120-min. T.P.-40
180-,360-,720-, and 1440-min. Technical Paper No. 40

2.7 Drainage Area, A

The drainage area is measured in acres when using the Rational Method. Drainage areas should be
calculated using planimetric-topographic maps, supplemented by field surveys where topographic
data has changed or where the contour interval is too great to distinguish the exact direction of
overland flows. Field surveys are also useful for verifying flows through culverts or other drainage

structures. Recent topographic aerial surveys of the City of Lowell can be viewed using the City’s

GIS web browser at http://lowellar.maps.arcgis.com and downloadable aerial images can be obtained

by logging in at http://www.geostor.arkansas.gov/. City topography is available for use in designating

off-site drainage or preliminary designs. An actual site survey will be required for all large scale

developments and subdivisions.
2.8 Time of Concentration, ¢

The time of concentration, ¢, is best defined as the time required for water to flow from the
hydraulically most distant point of a watershed to the design point at which peak runoff is desired.
The critical time of concentration is the time to the peak of the runoff hydrograph at the location of the
design point. Runoff from a watershed usually reaches a peak at the time when the entire watershed
area is contributing to flow. The critical time of concentration, therefore, is assumed to be the flow
time measured from the most remote part of the watershed to the design point. A trial and error

procedure should be used to select the most remote point of a watershed since type of flow, ground
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slopes, soil types, surface treatments and improved conveyances all affect flow velocity and time of

flow.

Water moves through a watershed as overland flow (sheet flow), shallow concentrated flow (swales,
shallow ditches, etc.), channelized flow (gutters, storm sewers, open channels, etc.) or some
combination of these. The type that occurs is a function of the conveyance system and is best

determined by field inspection.
The time of concentration, ¢ is represented by Equation RO-2 for both urban and non-urban areas:
te=totitstt (Equation RO-2)
in which:
t. = time of concentration (minutes)

t, = overland flow time (minutes)

t; = shallow concentrated flow time (minutes)

t; = channelized flow time (minutes)

Urban areas are characterized as densely populated areas, where the collection of streets, parking
lots, and rooftops in close proximity to one another create a situation where the collective runoff area
is more impervious than not. Non-urban areas are characterized as less populated and more
agricultural, where the majority of the area is farmland, open pastures, woodlands. This combination

of agricultural land creates the situation where the collective runoff area is more pervious than not.

A convenient tool for calculating the time of concentration (as outlined in Equation RO-2) is located in
the Tc and PeakQ tab within the RDM-Rational Method spreadsheet (located on the City of Rogers

website: http://rogersar.gov/DocumentCenter/View/5233). This tab allows for the calculation of the

total time of concentration for a watershed based on the collective equations presented in this section
of the Manual for calculating overland flow time (z,), shallow concentrated flow time (z), and
channelized flow time (#). All time of concentration calculations shall be performed on this

spreadsheet and included in the drainage report.

2.8.1 Overland Flow Time, ¢,
Overland flow occurs over plane surfaces. With overland flow, the effective roughness coefficient
(Manning’s n value) includes the effect of raindrop impact; drag over the plane surface; obstacles

such as litter, crop ridges, and rocks; and erosion and transportation of sediment. Table RO-6 gives
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Manning’'s n values for sheet flow for various surface conditions. These n values are for overland

flow depths of approximately 0.1 foot.
The overland flow time, #,, may be calculated using Equation RO-3:

L 042(n*D)”

o (Pz)os—>'<504 (Equation RO-3)

in which:
t, = overland flow time (minutes)
n = Manning’s roughness coefficient (Table RO-6)

L = length of overland flow in feet (300-ft maximum in non-urban areas; 100-ft maximum in

urban areas)

P, = 2-year, 24-hour rainfall (inches) calculated from Table RO-5 (or obtained from Table
RO-9)

S = average basin slope (feet-per-feet) expressed as a decimal

Equation RO-3 is a simplified form of the Manning’s kinematic solution, taken from TR-55 (1986),

and is based on the following assumptions:
1) shallow steady uniform flow
2) constant intensity of rainfall excess (that part of a rain event available for runoff)
3) rainfall duration of 24 hours, and
4) minor effect of infiltration on travel time

Rainfall depth can be calculated from Table RO-5 (and/or can be obtained directly from Table RO-9).
Engineering judgment should be used when determining the maximum overland flow distance. For
example, in non-urban, gently sloping areas, with ground cover in good condition a maximum
overland flow distance of 300-feet can be used. But in urban areas, where more impervious areas
exist and ground cover condition is poor a maximum length of 100-feet shall be used. The engineer
needs to be aware under what conditions and in what areas overland flow transitions to shallow
concentrated or channelized flow when determining the overland flow distance. If the overland flow
time is calculated to be in excess of 20 minutes, the designer should check to be sure that the time is

reasonable considering the projected ultimate development of the area.
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Table RO-6 — Roughness Coefficients (Manning’s n) for
Overland Flow (USDA NRCS - TR-55 1986)

Surface Description | n'

Smooth surfaces (concrete, asphalt,

gravel, or bare soil) . .. ... .. 0.011
Fallow (noresidue)............. 0.05
Cultivated Soils:

Residue cover <20% ... ... 0.06

Residue cover >20% . . . ... 0.17
Grass:

Short grass prairie . . ... ... 0.15

Dense grasses?......... 0.24

Bermudagrass.......... 0.41
Range (natural) . .............. 0.13
Woods: 3

Light underbrush . ........ 0.40

Dense underbrush ... ..... 0.80

" The n values are a composite of information compiled by Engman
(1986).

2 Includes species such as weeping lovegrass, bluegrass, buffalo
grass, blue grama grass, and native grass mixtures.

3 When selecting n, consider cover to a height of about 0.1 ft. This
is the only part of the plant cover that will obstruct sheet flow.

2.8.2 Shallow Concentrated Flow Time, #
After a maximum of 300- or 100-feet (depending on non-urban or urban conditions), overland flow
usually becomes shallow concentrated flow. The shallow concentrated flow time, #, may be

calculated using Equation RO-4.

Travel time ( ¢ ) within a watershed is the ratio of flow length to flow velocity:

L

Equation RO-4
0V (Eq )

ts =

in which:

t= travel time (minutes) for shallow concentrated flow
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L = flow length (feet)
V' = average velocity (feet per second)
60 = conversion factor from seconds to minutes.

The average velocity for shallow concentrated flow can be determined from Egquation RO-5 and
Equation RO-6 for paved and unpaved areas, respectively. The average velocity can then be
substituted into Equation RO-4 to calculate .

V' =20.3282*S"?  (Paved Areas) (Equation RO-5)
and
V =16.1345*%S"?  (Unpaved Areas) (Equation RO-6)

The velocity equations presented above are based on the solution of the Manning’s Equation
(Equation RO-8) with different assumptions for » and R for paved and unpaved areas. For unpaved
areas, n is 0.05 and R is 0.4; for paved areas, n is 0.025 and R is 0.2 (USDA NRCS — TR-55 1986).

2.8.3 Channelized Flow Time, #
Channelized flow is that part of the flow path which is neither overland sheet flow, nor shallow
concentrated flow. Channelized flow paths may consist of storm sewers, gutters, swales, ditches, or

natural drainageways in any combination. The channelized flow time, #, may be calculated using

Equation RO-7.

.= L
L60*V

(Equation RO-7)

in which:
t, = travel time (minutes) for channelized flow
L = flow length (feet)
V = average velocity (feet per second). Refer to Equation RO-8
60 = conversion factor from seconds to minutes.

And where:

_1.49
n

v * R2/3 * g1/2 (Manning’s Equation) (Equation RO-8)
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in which:
V = average velocity (feet per second)
n = Manning’s roughness coefficient

R = hydraulic radius (feet) and is equal to 4/P,,
A = cross-sectional flow area (square-feet)
P,, = wetted perimeter (feet)

S = average channel slope (feet-per-feet) expressed as a decimal

Manning’s n values for open channel flow can be obtained from Table RO-7. After average velocity

is computed using Equation RO-8, ¢, for the channel segment can be estimated from Equation RO-7.

Table RO-7 — Manning's Values of Roughness Coefficient n for
Open Channels (Bedient and Huber 2002)

Type of Channel and Description Minimum | Normal | Maximum
Lined or built-up channels
Concrete, float finish 0.013 0.015 0.016
Concrete, concrete bottom 0.020 0.030 0.035
Gravel bottom with riprap 0.023 0.033 0.036
Brick, glazed 0.011 0.013 0.015
Excavated or dredged canal
Earth, straight and uniform - short grass 0.022 0.027 0.033
Earth, winding, sluggish - dense weeds 0.030 0.035 0.040
Rock cuts, jagged and irregular 0.035 0.040 0.050
Channels not maintained, weeds and brush 0.050 0.080 0.120
uncut
Natural Streams
Clean, straight, full stage 0.025 0.030 0.033
Clean, winding, some pools and shoals 0.033 0.040 0.045
Sluggish reaches, weedy, deep pools 0.050 0.070 0.080
Mountain stream steep banks; gravel and 0.030 0.040 0.050
cobbles
Mountain stream steep banks; cobbles with large 0.040 0.050 0.070
boulders
Floodplains
Pasture, no brush, high grass 0.030 0.035 0.050
Brush, scattered brush, heavy weeds 0.035 0.050 0.070
Brush, medium to dense brush in summer 0.070 0.100 0.160
Trees, dense willows, summer, straight 0.110 0.150 0.200
Trees, heavy stand of timber 0.080 0.100 0.120
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2.8.4 Minimum Time of Concentration

In non-urban watersheds, should the calculations result in a ¢ of less than 10-minutes, a minimum
value of 10-minutes shall be used. In urban watersheds, the minimum ¢ shall not be less than 5-

minutes; if calculations indicate a lesser value, use 5-minutes instead.

2.8.5 Common Errors in Calculating Time of Concentration

A common error is to not check the runoff peak resulting from only part of the watershed. In some
cases, a lower portion of the watershed or a localized highly impervious area may produce a larger
peak flow rate than the entire watershed. In such a case, the time of concentration should be
calculated for the smaller area that produces the higher peak flow rate. Failing to recognize this
condition will result in calculating a longer time of concentration than is appropriate which results in a
lower rainfall intensity value. This error is most often encountered when the watershed is long (and
narrow presumably) or the upper portion contains rural parkland areas and the lower portion is

developed urban land. Such an error can result in the undersizing of stormwater infrastructure.

3.0 SCS CURVE NUMBER METHOD

The Soil Conservation Service Technical Release — 55 Synthetic Hydrograph Method (SCS method)
is a synthetic hydrograph method developed specifically for use in urbanized and urbanizing areas.
This method is useful in analyzing watersheds involving several subareas with complex runoff
patterns. The method is most useful in analyzing changes in runoff volume due to development and
in the evaluation and design of runoff control measures. The SCS method as described herein shall
be used in all cases where the watershed being developed is characterized by complex runoff
patterns and site conditions and/or is larger than 30 acres and less than 2000 acres. Complex runoff
patterns and site conditions are characterized as areas with continually transitioning surface types, a
collection of different flow types, numerous obstructions interfering with the runoff’s direction and flow
type, etc. When a watershed is observed to contain two or more distinct interacting sub-basins
consistent with the conditions as dictated above then the watershed is considered complex. This

method is similar to the Rational Method in that runoff is directly related to rainfall amounts through

City of Lowell, Arkansas RO-24



DRAINAGE CRITERIA MANUAL

use of runoff curve numbers (CNs). The SCS method is explained in greater detail in the National
Engineering Handbook, Section 4 (NEH-4), “Hydrology” (SCS 1985).

3.1 SCS Method Formula

Runoff, O, for the SCS method is represented by Equation RO-9:

_(r-1)
Q_@—QMS

(Equation RO-9)
in which:

0 = runoff (inches)

P = rainfall depth for design storm (inches)

S = potential maximum retention after runoff begins (inches)

1, = initial abstraction (inches)

Initial abstraction, 1, , is all losses before runoff begins. It includes water retained in surface
depressions, water intercepted by vegetation, evaporation, and infiltration. 7, is highly variable but
generally is correlated with soil and cover parameters. A relationship between I, and S was
developed by USDA NRCS through studies of many small agricultural watersheds. The empirical

relationship used in the SCS runoff formula is:
1,=02*§ (Equation RO-10)

Substituting Equation RO-10 into Equation RO-9 gives:

_(P-0.2%5)?

Q (P+0.8%5)

(Equation RO-11)
S is related to the soil and cover conditions of the watershed through the CN. CN has a range of 0 to
100, and S'is related to CN by:

21000

10 Equation RO-12
N (Eq )

Figure RO-1 and Table RO-8 solve Equation RO-11 and Equation RO-12 for a range of CNs and

rainfall. Refer to Section 3.3 for explanations and direction in determining proper CNs for use in

Equation RO-12.
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Figure RO-1 — Solution of Runoff Equation (USDA NRCS — TR-55 1986)
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Table RO-8 — Runoff Depths for Selected CNs and Rainfall
Amounts (USDA NRCS - TR-55 1986)

Rainfall Curve Number (CN ')
(P 40 | 45 | 50 | 55 | 60 | 65 | 70 | 75 | 80 | 8 | 90 | 95 | 98
(inches) Inches
1.0 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 0.00 | 0.03 | 0.08 0.17 | 0.32 0.56 0.79
1.2 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 0.03 | 0.07 | 0.15 027 | 046 | 0.74 0.99
1.4 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.02 0.06 | 013 | 0.24 0.39 | 0.61 0.92 1.18
1.6 0.00 | 0.00 | 0.00 | 0.00 | 0.01 | 0.05 0.11 0.20 | 0.34 0.52 0.76 1.1 1.38
1.8 0.00 | 0.00 | 0.00 | 0.00 | 0.03 | 0.09 0.17 | 0.29 | 044 0.65 | 0.93 1.29 1.58
2.0 0.00 | 0.00 | 0.00 | 0.02 | 0.06 | 0.14 024 | 0.38 | 0.56 0.80 1.09 1.48 1.77
25 0.00 | 0.00 | 0.02 | 0.08 | 0.17 | 0.30 046 | 0.65 | 0.89 1.18 1.53 1.96 | 2.27
3.0 0.00 | 0.02 | 0.09 | 0.19 | 0.33 | 0.51 0.71 0.96 1.25 1.59 198 | 245 | 2.77
3.5 0.02 | 0.08 | 0.20 | 0.35 | 0.53 | 0.75 1.01 1.30 164 | 2.02 | 245 | 2.94 3.27
4.0 0.06 | 0.18 | 0.33 | 0.53 | 0.76 | 1.03 1.33 167 | 2.04 | 246 | 292 3.43 3.77
4.5 0.14 1 0.30 | 0.50 | 0.74 | 1.02 | 1.33 167 | 205 | 246 | 291 3.40 | 3.92 | 4.26
5.0 024 | 044 {069 | 098 | 1.30 | 165 | 2.04 | 245 | 2.89 3.37 | 3.88 | 442 | 476
6.0 050 | 0.80 | 1.14 | 152 | 192 | 2.35 | 2.81 3.28 | 3.78 | 430 | 485 | 541 5.76
7.0 0.84 | 1.24 | 168 | 212 | 260 | 3.10 3.62 | 415 | 469 5.25 | 5.82 6.41 6.76
8.0 125 | 1.74 | 225 | 278 | 3.33 | 389 | 447 | 5.04 | 563 6.21 6.81 7.40 7.76
9.0 1.71 1229 | 2.88 | 349 | 410 | 4.72 533 | 595 | 6.57 718 | 7.79 | 840 8.76
10.0 223 1289 | 356 | 4.23 | 490 | 556 6.22 6.88 | 7.52 8.16 | 8.78 | 940 9.76
11.0 278 | 352 | 426 | 5.00 | 5.72 | 6.43 713 | 7.81 8.48 9.13 | 9.77 | 10.39 | 10.76
12.0 3.38 | 419 | 5.00 | 5.79 | 6.56 | 7.32 8.05 | 876 | 945 | 10.11 | 10.76 | 11.39 | 11.76
13.0 400 | 489 | 5.76 | 6.61 | 742 | 8.21 8.98 | 9.71 | 1042 | 1110 | 11.76 | 12.39 | 12.76
14.0 465 | 562 | 655|744 830 | 9.12 9.91 | 10.67 | 11.39 | 12.08 | 12.75 | 13.39 | 13.76
15.0 533 | 6.36 | 7.35 | 8.29 | 9.19 | 10.04 | 10.85 | 11.63 | 12.37 | 13.07 | 13.74 | 14.39 | 14.76
- To obtain runoff depths for CNs and other rainfall amounts
not shown in this Table, use arithmetic interpolation.
3.2 Design Storm Data
The SCS method is based on 24-hour rainfall amounts for various design storm recurrence
intervals (e.g., 1-year, 10-year, or 100-year storm events). These rainfall amounts are taken from
the U.S. Weather Bureau Technical Paper No. 40 for Lowell and are as follows: 3.32 inches for
the 1-year frequency rainfall; 4.08 inches for the 2-year frequency rainfall; 5.28 inches for the 5-
year frequency rainfall; 6.00 inches for the 10-year frequency rainfall; 6.96 inches for the 25-year
frequency; 7.92 inches for the 50-year frequency; and 8.64 inches for the 100-year frequency.
Table RO-9 provides rainfall data derived from several sources for storm durations other than the
24-hour event and for a range of storm return frequencies, if needed for further detailed analysis.
City of Lowell, Arkansas RO-27




DETERMINATION OF STORM WATER RUNOFF

Table RO-9 — Rainfall Depth-Duration-Frequency Chart for
the City of Lowell, Arkansas (Inches)

Duration 1 Year 2 Year 5 Year 10 Year 25 Year 50 Year | 100 Year

(min) (in) (in) (in) (in) (in) (in) (in)
5 0.41 0.46 0.55 0.61 0.71 0.78 0.85
6 0.49 0.54 0.63 0.71 0.82 0.90 0.99
7 0.56 0.60 0.71 0.79 0.91 1.01 1.11
8 0.62 0.66 0.78 0.87 1.00 1.11 1.22
9 0.67 0.71 0.85 0.95 1.09 1.21 1.32
10 0.72 0.76 0.91 1.01 1.18 1.30 1.42
11 0.76 0.81 0.97 1.08 1.24 1.38 1.51
12 0.80 0.85 1.02 1.14 1.31 1.45 1.58
13 0.84 0.89 1.07 1.19 1.37 1.52 1.67
14 0.87 0.93 1.12 1.25 1.44 1.59 1.74
15 0.90 0.97 1.16 1.30 1.50 1.65 1.81
16 0.93 1.01 1.21 1.34 1.56 1.72 1.88
17 0.96 1.04 1.24 1.39 1.61 1.79 1.96
18 0.98 1.07 1.29 1.44 1.67 1.85 2.02
19 1.01 1.10 1.32 1.49 1.72 1.90 2.07
20 1.03 1.13 1.35 1.53 1.77 1.96 2.14
21 1.05 1.15 1.39 1.57 1.82 2.02 2.21
22 1.07 1.17 1.43 1.61 1.87 2.07 2.30
23 1.09 1.20 1.46 1.65 1.91 2.12 2.33
24 1.11 1.22 1.49 1.68 1.96 217 2.37
25 1.13 1.25 1.53 1.72 2.00 2.22 2.44
26 1.15 1.27 1.55 1.76 2.05 2.27 2.49
27 1.16 1.29 1.58 1.78 2.08 2.31 2.54
28 1.18 1.31 1.61 1.82 212 2.36 2.59
29 1.20 1.32 1.63 1.85 2.16 2.40 2.64
30 1.21 1.35 1.65 1.88 2.20 2.45 2.69
31 1.23 1.35 1.67 1.91 2.23 2.48 2.74
32 1.24 1.38 1.70 1.94 2.27 2.53 2.77
33 1.25 1.39 1.72 1.96 2.30 2.57 2.82
34 1.27 1.41 1.74 1.99 2.33 2.61 2.86
35 1.28 1.41 1.76 2.02 2.37 2.63 2.91
36 1.29 1.44 1.78 2.04 2.39 2.67 2.94
37 1.30 1.46 1.80 2.05 242 2.71 2.98
38 1.32 1.46 1.83 2.08 2.45 2.74 3.03
39 1.33 1.48 1.83 2.11 2.48 2.78 3.06
40 1.34 1.49 1.86 2.12 2.51 2.80 3.08
41 1.35 1.50 1.88 2.14 2.53 2.84 3.13
42 1.36 1.51 1.89 217 2.56 2.87 3.15
43 1.37 1.52 1.91 2.20 2.58 2.90 3.17
44 1.38 1.54 1.93 2.21 2.61 2.91 3.23
45 1.39 1.55 1.95 2.23 2.63 2.94 3.25
46 1.40 1.56 1.96 2.25 2.65 2.97 3.28
47 1.41 1.57 1.97 2.27 2.68 2.99 3.31
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Duration 1 Year 2 Year 5 Year 10 Year 25 Year 50 Year 100 Year
(min) (in) (in) (in) (in) (in) (in) (in)
48 1.42 1.58 1.99 2.29 2.70 3.02 3.34
49 1.43 1.61 2.02 2.30 2.72 3.04 3.36
50 1.44 1.63 2.02 2.33 2.74 3.08 3.40
51 1.45 1.62 2.04 2.33 2.76 3.09 3.43
52 1.46 1.63 2.05 2.35 2.77 3.12 3.45
53 1.47 1.64 2.06 2.38 2.80 3.14 3.46
54 1.47 1.66 2.08 2.39 2.83 3.15 3.49
55 1.48 1.67 2.10 2.40 2.84 3.17 3.51
56 1.49 1.68 2.1 2.42 2.86 3.21 3.55
57 1.50 1.70 2.12 2.43 2.87 3.22 3.56
58 1.51 1.70 2.14 2.46 2.88 3.24 3.58
59 1.51 1.71 2.15 2.46 2.91 3.25 3.61
60 1.52 1.73 217 2.48 2.90 3.26 3.62
70 1.59 1.83 2.29 2.61 3.10 3.43 3.86
80 1.65 1.93 2.45 2.76 3.24 3.61 4.11
90 1.70 2.01 2.55 2.90 3.42 3.80 4.29
100 1.75 2.07 2.65 3.02 3.52 3.95 4.45
110 1.79 2.18 2.73 3.12 3.63 4.07 4.57
120 1.83 2.24 2.82 3.22 3.72 4.18 4.64
140 1.90 2.38 2.92 3.34 3.90 4.34 4.85
160 1.96 2.40 3.04 3.44 4.00 4.48 5.04
180 2.05 2.37 3.12 3.60 4.11 4.59 5.16
360 2.36 2.88 3.72 4.38 5.04 5.58 6.18
720 2.83 3.48 4.44 5.28 6.00 6.72 7.44
1,440.00 3.32 4.08 5.28 6.00 6.96 7.92 8.64
Source:

2-, 5-, 10-, 25-, 50-, 100-Year Design Storm
5-60 min. NOAA HYDRO-35
60-120 min. interpolated
120-1,440 min. Technical Paper No. 40
1-Year Design Storm
5-160 min. calc’d from logarithmic trend line from 5,10,15,30,60,&120-min. T.P.-40
180-,360-,720-, and 1440-min. Technical Paper No. 40

3.3 Determination of Runoff Curve Number (CN)

The runoff curve number (CN) determines the amount of runoff that will occur given a specified
rainfall amount. The determination of the CN value for a watershed is a function of the hydrologic
soil group (HSG), cover type and hydrologic condition, and antecedent moisture condition (AMC).
Another factor considered is whether impervious areas outlet directly to the drainage system
(connected) or whether the flow spreads over pervious areas before entering the drainage system

(unconnected).

City of Lowell, Arkansas

RO-29



DETERMINATION OF STORM WATER RUNOFF

CN values in Table RO-10 and Table RO-11 represent average antecedent moisture conditions

for undeveloped and developed lands. For watersheds with multiple soil types or land uses, an
area-weighted CN should be calculated. When significant differences in land use or natural
control points exist, the watershed shall be broken into smaller drainage areas for modeling
purposes. Curve Numbers presented in Table RO-10 and Table RO-11 are based on the

assumption that impervious areas are directly connected. The following sections provide details

on the factors governing the determination of CN values and their relationship to runoff.

3.3.1 Hydrologic Soil Group

Soils are classified as one of four (A, B, C, or D) hydrologic soil groups (HSG). A soil's HSG
indicates the minimum rate of infiltration obtained for bare soil after prolonged wetting. Group A
soils have the highest infiltration rates while Group D soils have the lowest. The infiltration rate is
the rate at which water enters the soil at the soil surface and is controlled by the surface’s cover
type. The four HSGs are defined in TR-55 (USDA NRCS — TR-55 1986) as follows:

= Group A - (Sand, loamy sand, or sandy loam) soils have low runoff potential and high
infiltration rates even when thoroughly wetted. They consist chiefly of deep, well to
excessively drained sand or gravel and have a high rate of water transmission (greater
than 0.30 in/hr).

=  Group B - (Silt loam or loam) soils have moderate infiltration rates when thoroughly
wetted and consist chiefly of moderately deep to deep, moderately well to well drained
soils with moderately fine to moderately coarse textures. These soils have a moderate

rate of water transmission (0.15- 0.30 in/hr).

= Group C — (Sandy clay loam) soils have low infiltration rates when thoroughly wetted and
consist chiefly of soils with a layer that impedes downward movement of water and soils
with moderately fine to fine texture. These soils have a low rate of water transmission
(0.05-0.15 in/hr).

= Group D - (Clay loam, silty clay loam, sandy clay, silty clay, or clay) soils have high runoff
potential. They have very low infiltration rates when thoroughly wetted and consist chiefly
of clay soils with a high swelling potential, soils with a permanent high water table, soils
with a claypan or clay layer at or near the surface, and shallow soils over nearly

impervious material. These soils have a very low rate of water transmission (0-0.05 in/hr).

It should be noted that any disturbance of a soil profile can significantly change its infiltration
characteristics. With urbanization, native soil profiles may be mixed or removed or fill material
from other areas may be introduced. Therefore, for areas where the soil profile has been

disturbed, the HSG shall be adjusted up one level (i.e., from A to B, B to C, or C to D) unless it
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can be shown to the City's satisfaction that the predevelopment soil profile has been

reestablished.

The predominant HSG in the City of Lowell is Group B. However, the soils in the area of interest
for any project should be identified from a soil survey report, which can be obtained from local
SCS offices, soil and water conservation district offices, or online resources such as the “Web Soil

Survey” provided by USDA NRCS (http://websoilsurvey.nrcs.usda.gov).

3.3.2 Cover Type and Hydrologic Condition

Table RO-10 and Table RO-11 address most cover types, such as vegetation, bare soil, and

impervious surfaces. There are several methods for determining cover type, but the most
common are field reconnaissance, aerial photographs, and land use maps. It should be noted
that anticipated cover types shall also be considered in runoff analysis based on the City’s current

zoning and future master plan for the area of interest being analyzed.

Hydrologic condition indicates the effects of cover type on infiltration and runoff for a particular
HSG and is generally estimated from plant density on sample areas, with higher plant density
resulting in higher rates of infiltration. “Good” hydrologic condition indicates that the soil usually
has a low runoff potential for that specific HSG and cover type. Some factors to consider in
estimating the effect of cover on infiltration and runoff are (a) canopy or density of lawns, crops, or
other vegetative areas; (b) amount of year-round cover; (¢) amount of grass or close-seeded
legumes in rotations; and (d) degree of surface roughness.

3.3.3 Antecedent Moisture Condition

Antecedent moisture condition (AMC) is the index of runoff potential before a storm event. The
AMC accounts for the existing degree of soil saturation at the beginning of a rainfall, therefore
adjusting the CN to reflect more accurate runoff conditions. All values given in Table RO-10 and
Table RO-11 represent AMC Il (median moisture conditions) and shall be used for design.
Adjustments for AMC | (dry conditions) and AMC Il (wet conditions) can be made if appropriate
(refer to USDA NRCS — NEH-4 1985), but will need to be approved by the City prior to their use.

3.3.4 Impervious Area Drainage Paths — Connected or Unconnected

When determining CN values it is important to consider how runoff from impervious areas is
conveyed to the drainage system. For example, do the impervious areas connect directly to the
drainage system, or are they disconnected and outlet onto lawns or other pervious areas where
infiltration can occur?
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3.3.41 Connected impervious areas

An impervious area is considered connected if runoff from the area flows directly into the drainage
system. It is also considered connected if runoff from the area occurs as concentrated shallow
flow that runs over an impervious area and then into the drainage system.

Urban Area CNs (Table RO-10) were developed for typical land use relationships based on
specific assumed percentages of impervious area. These CN values were developed on the
assumptions that (a) pervious urban areas are equivalent to pasture in good hydrologic condition
and (b) impervious areas have a CN of 98 and are directly connected to the drainage system.
Some assumed percentages of impervious area are shown in Table RO-10.

If all of the impervious area at a site is directly connected to the drainage system, but the
impervious area percentages or the pervious land use assumptions in Table RO-10 are not
applicable, use Figure RO-2 to compute a composite CN. For example, Table RO-10 gives a CN
of 70 for a 1/2-acre lot in HSG B, with assumed impervious area of 25 percent. However, if the lot
has 20 percent impervious area and a pervious area CN of 61, the composite CN obtained from
Figure RO-2 is 68. The CN difference between 70 and 68 reflects the difference in percent
impervious area. If composite values are used, their calculation shall be supplied in the Drainage
Report.

3.34.2 Unconnected impervious areas

Runoff from unconnected impervious areas is spread over a pervious area as sheet flow. To
determine the CN when all or part of the impervious area is not directly connected to the drainage
system, (1) use Figure RO-3 if total impervious area is less than 30 percent, or (2) use Figure RO-
2 if the total impervious area is equal to or greater than 30 percent, because the absorptive

capacity of the remaining pervious areas will not significantly affect runoff.

When impervious area is less than 30 percent, obtain the composite CN by referring to the right
half of Figure RO-3 and identifying the intersection point of the horizontal axis value (percentage
of total impervious area) with the vertical axis value (ratio of total unconnected impervious area to
total impervious area). From that intersection point, refer to the left portion of Figure RO-3 to the
appropriate pervious CN and read down to find the composite CN. For example, for a 1/2-acre lot
with 20 percent total impervious area (75 percent of which is unconnected) and pervious CN of
61, the composite CN from Figure RO-3 is 66. If all of the impervious area is connected, the
resulting CN (from Figure RO-2) would be 68.
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Table RO-10 — Runoff Curve Numbers (CN) for

Urban Areas (Antecedent Moisture Condition Il, and

la =0.2*S) (USDA NRCS — TR-55 1986)

CN FOR
COVER DESCRIPTION HYDROLOGIC
SOIL GROUP
AVERAGE
PERCENT
COVER TYPE IMPERVIOUS
AREA 3 A B C D
Open Spaces (lawns, parks, golf courses, cemeteries,
etc.)
Poor Condition (grass cover <50%) . ............... - 68 79 86 89
Fair condition: grass cover on 50% to 75% of the area . - 49 69 79 84
Good condition: grass cover on 75% or more of the area ' - 39 61 74 80
Impervious Areas:
Paved Parking Lots, Roofs, Driveways, etc.
(excluding right-of-way) . . . ................... - 98 98 98 98
Streets and Roads:
Paved; curbs and storm sewers (excluding R.O.W) - 98 98 98 98
Paved; open ditches (including right-of-way) . . . . .. - 83 89 92 93
Gravel (including right-of-way) . . .. ............. - 76 85 89 91
Dirt (including right-of-way) . . ................. - 72 82 87 89
Urban Districts:
Commercial and Business . ... ................... 85 89 92 94 95
Industrial . . . ... ... .. . ... 72 81 88 91 93
Residential Districts by Average Lot Size: 2
1/8 acre or less (townhouses) .. .................. 65 77 85 90 92
1dacre . ... 38 61 75 83 87
1/3acre . ... 30 57 72 81 86
1/2acre . ... 25 54 70 80 85
T aCre . o 20 51 68 79 84
2ACIES . o it 12 46 65 77 82
Developing Urban Areas
Newly Graded Areas (pervious areas only, no
vegetation) . . ... ... - 77 86 91 94

" Good cover is protected from grazing and litter and brush cover soil.

2 Curve numbers are computed assuming that the runoff from the house and driveway is directed
toward the street with a minimum of roof water directed to lawns where additional infiltration

could occur.

3 The remaining pervious areas (lawn) are considered to be in good pasture condition for these

curve numbers.

City of Lowell, Arkansas

RO-33



DETERMINATION OF STORM WATER RUNOFF

Table RO-11 — Runoff Curve Numbers (CN) for Non-
Urban Areas (Antecedent Moisture Condition Il, and
l. = 0.2*S) (USDA NRCS - TR-55 1986)

CN FOR HYDROLOGIC SOIL
COVER DESCRIPTION GROUP
COVER TYPE AND HYDROLOGIC CONDITION A B c D
Idle Lands (not yet developed)

Pasture, Grassland, or Range ---- continuous Poor 68 79 86 89

forage for grazing. ' Fair 49 69 79 84

Good 39 61 74 80

Meadow ---- continuous grass, protected from - 30 58 71 78
grazing and generally mowed for hay.

Brush ---- brush-weed-grass mixture with brush Poor 48 67 77 83

the major element. 2 Fair 35 56 70 77

Good 303 48 65 73

Woods ---- grass combination (orchard Poor 57 73 82 86

or tree farm). 4 Fair 43 65 76 82

Good 32 58 72 79

Woods 5 Poor 45 66 77 83

Fair 36 60 73 79

Good 303 55 70 77

Farmsteads ---- buildings, lanes, driveways, - 59 74 82 86

and surrounding lots.

" Poor. <50% ground cover or heavily grazed with no muich.

Fair: 50 to 75% ground cover and not heavily grazed.

Good: >75% ground cover and lightly or only occasionally grazed.
2 Poor: <50% ground cover.

Fair: 50 to 75% ground cover.

Good: >75% ground cover.

3 If actual CN is less than 30; use CN = 30 for runoff calculations

4 CNs shown were computed for areas with 50% woods and 50% grass (pasture) cover. Other
combinations of conditions may be computed from the CNs for woods and pasture.

5 Poor. Forest litter, small trees, and brush are destroyed by heavy grazing or regular burning.
Fair:  Woods are grazed but not burned, and some forest litter covers the soil
Good: Woods are protected from grazing, and litter and brush adequately cover the soil.
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Figure RO-2 — Composite CN with Connected Impervious Area (USDA NRCS — TR-55 1986)
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Limitations on Use of SCS Method

Do not use the SCS method when large changes in CN values occur among watershed
subareas and when runoff volumes are less than about 1-1/2 -inches for CN values less
than 60.

The CN procedure is less accurate when runoff is less than 1/2-inch. As a check, use

another procedure to determine runoff when this occurs.

Do not use the SCS method for watersheds that have several subareas with times of
concentration below six minutes. In these cases, subareas should be combined to
produce a time of concentration of at least six minutes (0.10 hours) for the combined

areas.

Curve numbers describe average conditions that are useful for design purposes. If the

rainfall event used is a historical storm, the modeling accuracy decreases.

Use the runoff curve number equation with caution when re-creating specific features of
an actual storm. The equation does not contain an expression for time and, therefore,

does not account for rainfall duration or intensity.

The initial abstraction relationship, la = 0.2*S, which consists of interception, initial
infiltration, surface depression storage, evapotranspiration, and other factors, is based on
data obtained by the USDA NRCS from agricultural watersheds (where S is the potential
maximum retention after runoff begins). In reality not all watersheds (urban conditions
and non-urban conditions) share the same la because of differing combinations of
impervious and pervious areas along with differing storage features. However, for this

Manual la will be related the same for all watershed conditions.

Runoff from snowmelt or rain on frozen ground cannot be estimated using these

procedures.

The SCS method procedures apply only to direct surface runoff. Do not overlook large
sources of subsurface flow or high ground water levels that contribute to runoff. These
conditions are often related to HSG A soils and forest areas that have been assigned

relatively low CNs in Table RO-10 and Table RO-11. Good judgment and experience

based on stream gage records are needed to adjust CNs as conditions warrant.

When the weighted CN is less than 40, use another procedure to determine runoff.
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3.5 Computer Modeling

Due to the large number of computations involved in runoff calculations and routing, use of
modern computer models by experienced engineers is allowed by the City for the drainage
calculations/methods outlined above. The U.S. Army Corps of Engineers (USACE) Hydrologic
Engineering Center (HEC) has developed computer programs that can be downloaded online at

the USACE hydrologic website (http://www.hec.usace.army.mil/) that can be applied to some of

the drainage methods. HEC-HMS is one such program available from USACE. Additionally,
versions of TR-20 and TR-55 are available through the NRCS, which allow user input of rainfall
distributions and perform acceptable detention and channel routing routines. The Type Il rainfall
distribution type shall be used within the City of Lowell planning boundary, refer to Figure RO-4.
The HEC-HMS, TR-55, and TR-20 models are available free of charge from the agencies that
developed them. Table RO-12 provides additional information on the computer models as well as

a link for downloading the available software.

Commercial software, such as StormCAD, Hydraflow, PondPack, etc., is also an acceptable
method for evaluating the drainage methods mentioned in this chapter. It is the responsibility of
the design engineer to understand the methods employed within the commercial software used
and ensure that the software’s results will match and correspond with the methodology outlined in

this chapter of the Manual.

Table RO-12 — Computer Modeling Software

Available Computer model is Link to Download
Computer Models | useful in calculating ... Computer Program
HEC-HMS SCS method HEC-HMS Download Link
TR-55 SCS method, T¢ TR-55 Download Link
TR-20 SCS method, T¢ TR-20 Download Link
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Figure RO-4 — SCS Geographic Boundaries for Rainfall Distribution

(USDA NRCS - TR-55 1986)
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STORM SEWER SYSTEM DESIGN

EXECUTIVE SUMMARY

Purpose of the Chapter

The intent of this chapter of the Manual is to give concise, practical guidelines for the design of urban
storm water collection and conveyance systems. Procedures and equations are presented for the
hydraulic design of storm sewer systems, locating inlets and determining capture capacity and efficiency,
and sizing storm sewers. In addition, examples are provided to illustrate the hydraulic design process.

Spreadsheet solutions accompany the hand calculations for most example problems.
Chapter Summary

Proper sizing and placement of stormwater capture and conveyance structures is pivotal in the handling of
stormwater runoff in urban areas. The primary function of stormwater collection and conveyance systems
is to collect excess stormwater from street gutters, convey the excess stormwater through storm sewers
and along the street right-of-way or drainage easements, and discharge it into a detention basin, water
quality best management practice (BMP) or the nearest receiving water body (FHWA 1996). The main
premise of urban stormwater systems is to minimize disruption to the natural drainage system, promote
safe passage of vehicular traffic during minor storm events, maintain public safety and manage flooding
during major storm events, preserve and protect the urban stream environment, and minimize capital and
maintenance costs of the stormwater collection system. To ensure these measures are met, consistent
and strategic use of accepted and proven design methodology for sizing and placing stormwater capture
and conveyance structures is required. Within this section of the Manual the City of Lowell addresses
specific stormwater system design methods and system requirements that have been deemed acceptable
and compatible with the type of transportation system and stormwater system characteristic within the
City.

Urban stormwater collection and conveyance systems are comprised of three primary components: (1)
street gutters and roadside swales, (2) stormwater inlets, and (3) storm sewers (and appurtenances like
manholes, junctions, bends and transitions, etc.). Street gutters and roadside swales collect runoff from
the street (and adjacent areas) and convey the runoff to a stormwater inlet while maintaining the street’s

level-of-service.

Inlets collect stormwater from streets and other land surfaces, transition the flow into storm sewers, and
often provide maintenance access to the storm sewer system. Storm sewers convey stormwater in excess
of a street’s or a swale’s capacity along the right-of-way and discharge it into a stormwater management
facility or a nearby receiving water body. All of these components must be designed properly to achieve
the stormwater collection and conveyance system’s objectives. This chapter of the Manual spells out the

steps involved in the design and evaluation of the three primary components mentioned above.
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The design procedures presented in this chapter are based upon fundamental hydrologic and hydraulic
design concepts. The design equations provided are well accepted and widely used. They are presented
without derivations or detailed explanation, but are properly referenced if the reader wishes to study their
background. Therefore, it is assumed the reader has a fundamental understanding of basic hydrology
and hydraulics. A working knowledge of the Rational Equation (Chapter 4 — Determination of Stormwater

Runoff) and open channel hydraulics (Chapter 7 — Open Channel Flow Design) is particularly helpful.
Summary of Critical Design Criteria

The summary below outlines some of the most critical design criteria essential to design engineers for
proper drainage design of streets, inlets, and storm sewers according to City of Lowell’s requirements.
The information below contains exact numerical criteria as well as general guidelines that must be
adhered to during the design process. This section is meant to be a summary of critical design criteria for
this section; however, the engineer is responsible for all information in this chapter. It should be noted that
any design engineer who is not familiar with Lowell’s Drainage Criteria Manual and its accepted design
techniques and methodology should review the entirety of this chapter. If additional specific information is
required, it will be necessary to review the appropriate section as needed.

1.0 STREET DRAINGAGE

Stormwater Flow — Pavement Encroachment and Curb Depth Standards for the Minor Storm, 10-yr
Return Frequency

= Refer to Section 1.2 for more detailed information/explanation/derivation
= Refer to Table ST-1 for more detailed information/explanation

= Refer to Section 1.3.1 for allowable gutter flow.

Street Class | Street Depth at Maximum Encroachment Maximum Width of Gutter
Width Curb Flow (Typical Section)
Local 30-ft No Half of roadway width (F.O.C. to < 7.25t
overtopping | F.O.C.) to remain clear.
Collector 40-ft No Half of roadway width (F.O.C. to < 9.75t
overtopping | F.O.C.) to remain clear.
Principal 64-ft No Half of roadway width (F.O.C. to < 15.75-t
Arterial overtopping | F.O.C.) to remain clear.
Principal 68-ft No Half of roadway width (F.O.C to < 13.75-t
Arterial with overtopping | F.O.C) to remain clear in each
Median direction.

Stormwater Flow — Curb Depth and Street Inundation Standards for the Major Storm, 100-yr Return
Frequency.

= Refer to Section 1.2 for more detailed information/explanation
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STORM SEWER SYSTEM DESIGN

= Refer to Table ST-2 for more detailed information/explanation

Street Class Maximum Depth and Inundated Area
Local - Residential dwellings and public, commercial, and
industrial buildings = 12-inches above the 100-year flood
& at the ground line or lowest water entry of the building.
- Depth of water at curb < 18-inches.
Collector - Min. F.F.E. > 1-foot above top of curb.

- Residential dwellings and public, commercial, and
industrial buildings = 12-inches above the 100-year flood

Principal Arterial at the ground line or lowest water entry of the building.
- The depth of water shall not exceed the street crown to
Principal Arterial with Median allow operation of emergency vehicles. Depth of water at

curb < 12-inches.
- Min. F.F.E. = 1-foot above top of curb.

Allowable Stormwater Flow Through Cross-Street/Intersection

= Refer to Section 1.2 for more detailed information/explanation

= Refer to Table ST-3 for more detailed information/explanation

Street Class Minor (10-yr) Storm Flow Major (100-yr) Storm Flow
Depth Depth
Local < 6-inches in cross pan < 12-inches above gutter flow line.
Collector Where cross pans allowed, | < 12-inches above gutter flow line.

< 4-inches in cross pan

Principal Arterial None No cross flow through intersection
or across a street. Max depth at
upstream gutter < 12-inches
Principal Arterial with None No cross flow through intersection
Median or across a street. Max depth at
upstream gutter < 12-inches

Physical Constraints for Curb and Gutter
=  Minimum Longitudinal Grade = 0.005-ft/ft

=  Minimum Cross Slope = 0.02-ft/ft

= Maximum Velocity of Curb Flow < 7-ft/sec at < 3-inches of depth

= Typical Manning’s n-value = 0.015 (see pg. ST-13)

= Refer to Section 1.3.2 for more detailed information/explanation
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Physical Constraints for Roadside Swales

=  Maximum 10-year flow velocity < 4-ft/sec

= Maximum Longitudinal Grade of a Grass-lined Swale < 0.02-ft/ft. Use grade control checks if

adjacent street is steeper to limit the swale’s flow.

=  Maximum Flow Depth < 1.0-ft

= Maximum Side Slope < 3H:1V

= Refer to Section 1.3.3 for more detailed information/explanation

2.0 STORM DRAIN INLETS

Inlet Types and Applicable Settings

= Refer to Section 2.1 for more detailed information/explanation

= See Table ST-5 for more detailed information/explanation

Inlet Type

Applicable Setting

Advantages

Disadvantages

Grate

Sumps and continuous
grades (must be bicycle
safe)

Perform well over wide
range of grades

Can become clogged
Lose some capacity with
increasing grade

Curb-opening

Sumps and continuous
grades (but not steep
grades)

Do not clog easily
Bicycle safe

Lose capacity with
increasing grade

on a site where runoff
can be efficiently
collected

Bicycle safe

Combination Sumps and continuous High capacity More expensive than
grades (must be bicycle | Do not clog easily grate or curb-opening
safe) acting alone

Slotted Locations where sheet Intercept flow over wide | Susceptible to clogging
flow must be intercepted. | section

Area Inlet Sumps or a lower point Do not clog easily Protrude above ground

and are limited to certain
locations (such as yards,
etc.)

Physical Constraints for Storm Drain Inlets / Junction Boxes

= Refer to Section 3.3.2 for more detailed information/explanation

= Inlets / junction boxes shall have 24" lids w/ the appropriate City’'s stormwater utility logo and

wording. Rings and lids shall be heavy duty, traffic rated when in traffic areas or ROW.

= Inlet curb-opening lengths shall be in 4-foot increments. The one exception shall be that curb

inlets with a 5-foot interior diameter may have a 5-foot opening if they do not have extensions.

= Inlets / junction boxes shall be sized as shown in the following table (same as Table ST-11).
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STORM SEWER SYSTEM DESIGN

= Inlets / junction boxes shall be HL-93 traffic rated if in ROW or traffic areas

Inlet / Junction Box Sizing

Storm Sewer Pipe Diameter at Inlet / Junction Box
Outlet End (inches) Min. Interior Diameter / Width (feet)
18 4
211042 5
48 to 54 6
60 and larger To be approved by City
Provide 1-foot (min.) between each
Multiple STS pipes entering STS and 1-foot (min.) between the
structure outside edge of the STS and interior
wall of the inlet/junction box

Inlet Spacing

= Refer to Section 3.3.2 for more detailed information/explanation

= Space inlets so as not to exceed the allowable encroachment widths as defined in Table ST-1

= Space inlets so that a carryover flow between 20- to 40-percent occurs at each inlet on grade

= Inlets / junction boxes shall be spaced at a maximum as shown in the following table (same as
Table ST-10).

Inlet / Junction Box Spacing Based on Storm Sewer Pipe Size

Vertical Dimension of Pipe (and Maximum Allowable Distance Between
equivalent Box Culvert Height) Inlet / Junction Boxes and/or Cleanout
(inches) Points (feet)
18 to 36 400
42 and larger 500

Inlets Located in Sumps and “Flat” Grades

= Refer to Section 2.3.5 for more detailed information/explanation

= Inlets located on grades < 1.0% and at sumps:

» ...shall not have a grate inlet acting as the sole inlet.
e ...shall have a minimum curb opening of 12-feet.
» ...shall have positive drainage in some form provided to convey/collect any ponded water

that could result from a 100% clogged inlet.
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Inlet Clogging Factors
= Refer to Section 2.3.6 for more detailed information/explanation
= Inlets in a Sump:

» Single Grate Inlet — 50% reduction

e Combination-Curb Inlet — 30% reduction

* Single Curb-Opening Inlet — 20% reduction

» Multiple-Unit Street Inlet — use clogging coefficient(s)/factor(s) and methodology as
defined in Table ST-8 in Section 2.3.6

= |nlets on Grade:

» Single Grate Inlet — 25% reduction

e Combination-Curb Inlet — 25% reduction

3.0 STORM SEWERS

Storm Sewer Pipe Shape

= Refer to Section 3.3.1 for more detailed information/explanation
= Circular — preferred shape

= Horizontal elliptical — must be hydraulically equivalent to the round pipe size

= Arch — must be hydraulically equivalent to the round pipe size
= Box

Storm Sewer Pipe Material

= Refer to Section 3.3.1 for more detailed information/explanation

= Reinforced Concrete Pipe (RCP)

. RCP shall be used where any portion of the line lies under a public street or private
residential street and where crossing commercial or industrial driveways. RCP shall

conform to:
= Circular pipe - AASHTO M 170/ASTM C-76

=  Arch pipe - AASHTO M 206/ASTM C-506
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= Elliptical Pipe - AASHTO M 207/ASTM C507
e Al STS pipe having a diameter of 36-inches or greater shall be RCP.
*  Minimum 2-foot cover in traffic areas.
*  Minimum 1-foot cover in all other areas.
*  RCP must meet ASTM Class lll specifications

= Corrugated Metal Pipe (CMP) [including Smooth Lined (SLCMP)]

e CMP can be used in areas outside of street right-of-way, but shall not be used under

traffic areas.
e CMP shall conform to:

= Galvanized Steel - AASHTO M218/ASTM A929; AASHTO M36/ASTM A760 and
AASHTO Section 12/ASTM A796

= Aluminized Steel Type 2 — AASHTO M274/ASTM A929; AASHTO M36/ASTM
A760 and AASHTO Section 12/ASTM A796

=  Aluminum — AASHTO M197/ASTM B744; AASHTO M196/ASTM B745 and
AASHTO Section 12/ASTM B790

*  CMP shall have a minimum cover of 2-foot.
e Al STS pipe having a diameter of 36-inches or greater shall be RCP.

=  Corrugated Polyethylene Pipe (CPP) [including Smooth Lined (SLCPP)]

e CPP may not be used under traffic areas.
e Al STS pipe having a diameter of 36-inches or greater shall be RCP.
e CPP up to 30-inches can be used in areas not excluded above.

e CPP shall conform to AASHTO M 294, Type S specification / ASTM F2648, ASTMD3350
and ASTMF2306.

* CPP shall have a minimum cover of 2-feet.

Storm Sewer Pipe Physical and Operational Constraints

= Refer to Section 3.3.1 for more detailed information/explanation

= All STS pipe having a diameter = 36-inches must be RCP.
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=  Minimum Pipe Size = 18-inches

=  Minimum Pipe Slope = 0.004-ft/ft

= Design storm frequency = 10-year design storm

= Maximum design flow capacity at Design Storm Frequency (10-yr) = 80% full flow capacity

= 2 feet from ground surface (gutterline) to Hydraulic Grade Line (HGL).

= Design shall manage 100-year storm runoff so that it is contained within the R.O.W. or a drainage

easement and adjacent properties are protected from damage.

=  Minimum Flow Velocity flowing under Design Storm (10-yr) Capacity = 3.0-ft/sec

=  Maximum Flow Velocity flowing under any design storm and capacity = 12-ft/sec

= Maximum Pipe Cover shall be per Manufacturer’s recommendation or AHTD standards,

whichever is more restrictive.

= Assume full flow conditions for discharge into an existing storm sewer system or ditch for which

no design information exists.
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1.0 STREET DRAINAGE

1.1 Street Function and Classification

The primary function of a street or roadway is to provide for the safe passage of vehicular traffic at a
specified level of service. If stormwater collection and conveyance systems are not designed properly, this
primary function can be impaired when streets flood due to surcharge in storm sewers and street
encroachment. To make sure this does not happen, streets are classified for drainage purposes based on
their traffic volume, parking practices, and other criteria (Wright-McLaughlin Engineers 1969). The four

street classifications for the City of Lowell are:
= Local: low-speed traffic for residential or industrial area access.
= Collector: low/moderate-speed traffic providing service between local streets and arterials.
= Principal Arterial: moderate/high-speed traffic moving through urban areas.
= Principal Arterial with Median: moderate/high-speed traffic moving through urban areas.

For drainage design, the classification shown on the Lowell Master Street Plan shall be used unless a
higher standard is deemed appropriate by the Engineer of Record or City. Refer to Chapter 16 — Land
Development Code; Article X — Streets and Sidewalks; Division 3 — Development Improvements; Section
16-835 in the City of Lowell's “Code of Ordinances” for layout design standards and criteria for the street

classifications mentioned above (https://www.municode.com/library/ar/lowell/codes/code of ordinances).

Streets serve another important function other than traffic flow. They contain the first component in the
urban stormwater collection and conveyance system. That component is the street gutter or adjacent
swale, which collects excess stormwater from the street and adjacent areas and conveys it to a

stormwater inlet. Proper street drainage is essential to:
= Maintain the street’s level-of-service.
= Reduce skid potential.
= Minimize the potential for cars to hydroplane.
= Maintain good visibility for drivers by reducing splash and spray.

= Minimize inconvenience/danger to pedestrians during storm events (FHWA 1984).
1.2 Design Considerations

Stormwater which flows in a street will flow in the gutters of the street until it reaches an overflow point or
some other outlet/inlet. During its travel time the top width (or spread) of the stormwater flowing in the
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gutter widens as more stormwater is collected. Certain design considerations must be taken into account
in order to meet the drainage objectives of a street to handle the stormwater flowing in the gutter. The
primary design objective is to maintain permissible values of spread (encroachment) for minor storm (10-
yr frequency) events. |If the width and depth of the flow becomes great enough, the street loses its
effectiveness as a traffic-carrier and travel becomes hazardous. Based on this, the City has established

encroachment standards for the minor storm event. These encroachment standards are shown in Table

ST-1.

Table ST-1 — Pavement Encroachment and Curb Depth
Standards for the Minor Storm, 10-yr Return Frequency

Street Depth at Maximum Encroachment Example Based on Given Street Width
Class Curb (Normal Typical Section)
Local No curb Spread of water flowing in | - Street Width (F.O.C. to F.O.C.) = 29-ft ;
overtopping | gutter shall be limited so that | - Required Clear Lane = 29-ft/2 = 14.5-ft
half of roadway width (F.O.C. | - Therefore: Street flow in each gutter <
to F.O.C.) remains clear. (29°-14.5’)/2 = 7.25-ft
Collector No curb Spread of water flowing in | - Street Width (F.O.C. to F.O.C.) = 39-ft;
overtopping | gutter shall be limited so that | - Required Clear Lane = 39-ft/2 = 19.5-ft
half of roadway width (F.O.C. | - Therefore: Street flow in each gutter <
to F.O.C.) remains clear. (39-19.5°)/2 = 9.75-ft
Principal No curb Spread of water flowing in | -_Street Width (F.O.C.to F.O0.C.) = 63-ft;
Arterial overtopping | gutter shall be limited so that | - Required Clear Lane = 63-ft/2 = 31.5-ft
half of roadway width (F.O.C. | - Therefore: Street flow in each gutter <
to F.O.C.) remains clear. (63’-31.5")/2 = 15.75-ft
Principal No curb Spread of water flowing in | - Street Width (F.O.C. to F.O.C.) Each
Arterial overtopping | gutter shall be limited so that Direction = 27-ft ;
with half of roadway width (F.O.C. | - Required Clear Lane = 27.5'/2 = 13.5-t
Median to F.O.C.) remains clear in | - Therefore: Street flow in each gutter <
each direction. (27.5)/12 = 13.5-ft

Additional design objectives are required for major storm (100-yr frequency) events and resulting gutter
flows and street cross flows. The main factor to be considered when evaluating the major storm event is
to determine the potential for flooding and public safety. Cross-street/intersection flows also need to be
regulated for traffic flow and public safety. The City has established street inundation standards during the
major storm event and allowable cross-street/intersection flow standards. These standards are shown in
Table ST-2 and Table ST-3.

Table ST-2 — Street Inundation Standards for the Major
Storm, 100-yr Return Frequency

Street Classification Maximum Depth and Inundated Area
Local Residential dwellings and public, commercial, and industrial
buildings shall be no less than 12-inches above the 100-year flood
And at the ground line or lowest water entry of the building, whichever is
lower. The depth of water over the gutter flow line shall not exceed
Collector 18-inches. Minimum finished floor elevation (F.F.E) shall be 1-foot
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above top of curb.

Principal Arterial and

Principal Arterial with Median

Residential dwellings and public, commercial, and industrial
buildings shall be no less than 12-inches above the 100-year flood
at the ground line or lowest water entry of the building, whichever is
lower. The depth of water shall not exceed the street crown to allow
operation of emergency vehicles. The depth of water over the gutter
flow line shall not exceed 12-inches. Minimum finished floor
elevation (F.F.E) shall be 1-foot above top of curb.

Table ST-3 — Allowable Cross-Street/Intersection Flows

Street Classification

Minor (10-yr) Storm Flow

Major (100-yr) Storm Flow

Local 6-inches of depth in cross | 12-inches of depth above gutter flow line.
pan.
Collector Where cross pans allowed, | 12-inches of depth above gutter flow line.

depth of flow shall not
exceed 4-inches.

Median

Principal Arterial None. No cross flow through intersection or across a
street. Maximum depth at upstream gutter on
roa