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POLICIES AND REQUIREMENTS

11 INTRODUCTION

1.1.1 Purpose

The intent of the Stormwater Technical Standards is to guide the planning, design, construction,
operation, and maintenance of stormwater management facilities within the City of Concord (City)
and all areas subject to its extraterritorial jurisdiction. Definitions, formulas, criteria, procedures,
and data presented herein have been developed to support these policies. If a conflict arises between
the technical data and these policies, the policies shall govern.

1.1.2 Contents

This Technical Standards addresses the following:

SECTION 1 POLICIES AND REQUIREMENTS
SECTION 2 STORMWATER RUNOFF
SECTION 3 STREET DRAINAGE

SECTION 4 STORM INLETS

SECTION 5 STORM SEWERS

SECTION 6 OPEN CHANNELS

SECTION 7 CULVERTS AND BRIDGES
SECTION 8 HYDRAULICS OF DETENTION
SECTION 9 SEDIMENT AND EROSION CONTROL
SECTION 10 WATER QUALITY

SECTION 11 REFERENCES

1.1.3 Limitations

This Article is intended to establish appropriate design procedures. It is not to replace sound
engineering practices nor preclude the use of procedures or information not presented herein.
Information has been gathered from numerous sources and has not been presented in its entirety. It
is recommended that the user obtain the original or additional reference material as appropriate. A
bibliography is provided in Section 11.

1.2 ADMINISTRATIVE POLICY

These policies shall govern the planning, design, construction, operation, and maintenance of all
stormwater related facilities within the City and all areas subject to its extra-territorial jurisdiction.
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1.2.1 Goals and Objectives

The goals and objectives of the City of Concord Stormwater Management Program are as follows:

122

1. Protect human life and health.

2. Provide for the City’s compliance with the Federal Clean Water Act (33 USC s1251 et
seq.) and other regulations and permits conditions.

3. Improve the quality of stormwater runoff discharge to surface and groundwater.

4. Minimize private and public property damage resulting from erosion, sedimentation, and
flooding.

5. Prevent new development from creating a demand for public investment in flood-control
and water quality improvement works.

6. Provide an effective stormwater management system that will not result in excessive
public or private monies being used for maintenance and replacement of portions of the
system.

7. Facilitate the design of stormwater management systems that are consistent with good
engineering practice and design and in accordance with the City's overall planning
efforts and its watershed master plans.

8. Provide a mechanism that allows development of areas with minimum adverse effects to
the natural environment.

9. Utilize appropriate public open space for both open space uses (parks, recreational uses,
etc.) and the temporary storage and treatment of excess stormwater.

10. Encourage preservation of the drainage system in a natural and aesthetically pleasing
condition as possible.

11. Encourage sustainable development.

Approvals

All stormwater management related plans must have written approval from the City in the form of a
Stormwater Management Permit prior to bidding or beginning construction, except where
specifically exempted by the City’s Stormwater Quality Management and Discharge Control
Ordinance (Ordinance).
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1.2.3 Stormwater Management Permits

When required, permit application procedures shall be in accordance with the procedures outlined in
this Article.

1.2.4 Article Revisions

Revisions to this Article will be issued in writing and can only be made by the City. Minor changes
or modifications will be summarized in errata sheets and will be made available as necessary. The
City reserves the right to make major changes affecting policy, criteria, methodologies, or
engineering data. It shall be the responsibility of the design professional to obtain all updates. Any
changes requested by users shall be accompanied by detailed comparative engineering data
supporting the reasons and justification for the changes. Any changes so proposed must be in the
best interest of the City.

1.25 Stormwater Management Permit Requirements

Stormwater management is a part of the total urban environmental system. As a requirement of the
City’s Stormwater National Pollutant Discharge Elimination (NPDES) Phase Il Permit, the City has
undertaken development of stormwater management policies that will result in improvements in the
water quality present in the City’s rivers and stream. Part of the City’s commitment requires that all
new development in the City ensure that stormwater is conveyed in an adequately designed drainage
system of natural drainage ways, grass swales, storm sewers, culverts, inlets, and channels. Drainage
systems must be designed, constructed, and maintained so as to provide natural infiltration, control
velocity, control flooding, extend the time of concentration of stormwater runoff, and to control, to
the maximum extent practicable, the export of pollutants and other impacts of development.

New developments and redevelopment that meet the criteria outlined in the City’s Stormwater
Ordinance must obtain a City of Concord Stormwater Management Permit prior to bidding or
beginning construction or any land disturbing activity. In general the Ordinance requires a pre-
approved Stormwater Management Permit for:

> All development that will exceed 20,000 square feet of cumulative impervious coverage.

» Any activity that disturbs land within a designated stream buffer area.

» Any filling or excavation of a parcel in excess of 1,000 cubic feet (cf) of material, or any
filling or excavation that impacts an adjoining parcel.

» Any activity or development that will ultimately result in the disturbance of a total area of
one or more acres.

1.2.6 Financial Responsibility
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City policy requires that developers pay for all stormwater management facilities that directly serve
their development. These facilities shall be adequate to meet the requirements for control and
treatment of runoff for each of the design storm events. Property owners are required to operate and
maintain such facilities to ensure their proper function and prevent them from becoming a public
nuisance.

1.2.7 Design Requirements

The design criteria presented within this Article represent good engineering practice and should be
utilized in the preparation of stormwater management plans. The criteria are not intended to be an
iron-clad set of rules within which the developer and the design professional must work; they are
intended to establish guidelines, standards, and methods for sound planning and design. Alternative
methods of design should be submitted to the City for consideration.

The design criteria shall be revised and updated as necessary to reflect advances in the field of urban
drainage engineering and urban water resource management.

The City and design professionals will utilize the Article in the planning of new facilities and in their
review of proposed work by developers, private parties, and other governmental agencies.

The strict application of this Article, in the overall planning of new developments, is practical and
economical. In the planning of drainage improvements and the designation of floodplains for built-
up areas, the use of the criteria and standards herein may be adjusted as determined by the City.

1.3 DESIGN POLICY

1.3.1 Design Storm Frequencies

Every area shall be evaluated for two distinct stormwater management purposes: maintaining
effective drainage systems and maintaining and improving water quality. Design for the more
frequent storm events such as the 1- and 10-year storms serve both drainage and water quality
protection purposes. Design for the larger events (25, 50, and 100-year storms) is focused on
preventing damage and protecting health and safety.

Table 1-1, on the next page, lists the design storm frequencies for the various components of the
stormwater management systems. Section 2 Stormwater Runoff, of this Article, provides the design
storm precipitation for the City associated with the design storm frequencies.
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TABLE 1-1
DESIGN STORM FREQUENCIES
Description Design Storm Frequency
Piped Storm Sewer Systems 10-year, 24-hour
Drainage Ditches 10-year, 24-hour
Culverts and Bridges:
Alley or Local Street 25-year, 24-hour
Collector 25-year, 24-hour
Thoroughfare 50-year, 24-hour
Freeway 100-year, 24-hour
Water Quality BMPs:
Swales and Other Minor Facilities 1-year, 24-hour and 10-year, 24-hour
Infiltration Basins and Filters 1-year, 24-hour and 10-year, 24-hour
Wet and Dry Detention Basins 1-year, 24-hour and 10-year, 24-hour
Flood Control Detention Basins According to most restrictive downstream
condition, see Section 1.3.4
Detention Basin Emergency Spillways Per NC Dam Safety Standards
Major Channels and Drainageways 100-year, 24-hour

Major Storm Provisions (100-year Return Frequency)

Provisions shall be made to prevent major property damage and loss of life for the storm runoff
expected to have a one percent chance of occurring in any single year.

1.3.2 Hydrologic Analysis

The determination of runoff magnitude shall be accomplished using the Rational Method, the Soil
Conservation Service (SCS) Unit Hydrograph (UH) methods as presented in TR55 and SWMM, a
Kinematic Wave Method, or other computer modeling techniques and acceptable methods as
approved by the City. Guidelines and limitations on application of several methods are presented in
Section 2 Stormwater Runoff.

Computer Models
Approval by the City must be obtained before using hydrologic and hydraulic models other than

those identified in this Article. The most recent, or other approved, version of the chosen model
must be used.
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1.3.3 Maximum Permissible Flooding

It is desirable to minimize the use of streets as a conveyance for storm runoff. However, streets are
significant and important in urban drainage and can be used for storm runoff up to reasonable limits,
recognizing that the primary purpose of streets is for traffic. All new conveyance systems shall be
sized to convey the design storm event. Streets may be used to convey local runoff to drain inlets.
Limits of the use of streets for conveying storm runoff shall be governed by the design criteria in
Table 1-2.

TABLE 1-2
MINOR STORM RUNOFF ALLOWABLE STREET USE
Street Classification Maximum Pavement Encroachment
Alley and Local Street Flow may spread to crown of street. Velocities may not
exceed 8 feet per second. No curb overtopping.
Collector Flow spread must leave at least one half of a travel lane in

each direction free of water. Velocities may not exceed 8 feet
per second. No curb overtopping.

Thoroughfare Flow spread must leave at least one lane in each direction free
of water. Velocities may not exceed 8 feet per second. No curb
overtopping.

Freeway No encroachment is allowed on any travel lanes.

When the above maximum encroachment is reached, measures to reduce the flow, additional storm
inlets, or other measures are required. Stormwater runoff conveyed through streets must be
controlled and treated to the Maximum Extent Practicable before it is discharged to the City’s
municipal storm sewer system or receiving waters.

Planning and design objectives for public streets shall be based upon the limiting criteria in Table 1-
3.

TABLE 1-3
MAJOR STORM RUNOFF ALLOWABLE STREET INUNDATION
Street Classification Allowable Depth and Inundated Areas
Alley and Local Street The depth of water over the gutter flow line shall not exceed 12
inches. Velocities shall not exceed 8 feet per second.
Major Collector and Both The depth of water at the street crown shall not exceed 6 inches
Thoroughfares in order to allow operation of emergency vehicles. The depth of

water over the gutter flow line shall not exceed 12 inches.
Velocities shall not exceed 8 feet per second.

Freeway No inundation is allowed.
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The allowable flow across streets shall be limited within the criteria shown in Table 1-4.

TABLE 1-4
MAJOR STORM RUNOFF ALLOWABLE CROSS STREET FLOW
Street Classification Maximum Cross Flow Depth
Alley and Local Street 12 inches
Collector and Thoroughfare 6 inches or less over crown
Freeway None

1.3.4 Stormwater Detention

Stormwater detention is required where necessary to limit flows such that the post-development
peak discharge rate of flow does not exceed the pre-development rate for the 1-year, 24-hour and the
10-year, 24-hour storm events. This requirement may be waived when the development is part of a
larger master plan approved by the City and which contains higher or lower discharge limitations for
a particular area. Runoff volume drawdown time shall be a minimum of 24 hours, but not more than
120 hours.

Stormwater detention facilities shall be designed to achieve an 85 percent reduction (by weight) in
the export of total suspended solids on an average annual basis. All detention facilities shall be
designed to control and treat, at a minimum, the difference in runoff from pre- and post development
conditions from the area draining to the facility.

Wherever reasonably acceptable from a social standpoint, parks and other open space may be used
for short-term detention of storm runoff to create drainage benefits.

Maintenance of detention facilities entails the removal of debris and sediment. Without proper
maintenance, a detention facility will become unsightly, a social liability, and eventually ineffective
for water detention and treatment. Detention facilities will not be approved unless adequate
maintenance can be provided. A maintenance plan and agreement must be filed with the City to
ensure that the owner of the facilities understands the required frequency and type of maintenance
necessary for proper operation of such facilities. Easements in favor of the City must be provided
for emergency maintenance by the City when a property owner defaults on the maintenance
agreement. Emergency maintenance performed or directed by the City shall be completed at the
cost of the owner of the detention facility. Property owners are responsible for the maintenance and
upkeep of the easement area. No permanent structures or other impediments to access shall be
constructed within the area of easement.

Allowable Release Rates for Future Development
The allowable release rates from future developments shall not exceed the pre-development

discharge rate for the specified design storms except as elsewhere provided for in this Article.
1.3.5 Natural Drainageways
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The use of naturally occurring channels and drainageways is desired. Major consideration must be
given to the floodplains and open space requirements for the area.

Natural drainageways within an urbanizing area are too often deepened, straightened, lined, and put
underground. A community loses a natural asset when this happens. Channelizing a natural
waterway usually speeds up the flow, causing greater downstream peaks and higher drainage costs
downstream. Therefore, alternatives which include new or reconstructed drainage channels should
be carefully weighed against the positive environmental and financial considerations of maintaining
a natural drainageway.

Drainageways having slow flow, grassy bottoms and sides, and wide water surfaces provide
significant water quality benefits and storage capacity. This storage is beneficial in that it reduces
downstream pollutant loadings and runoff peaks. This reduces measures needed downstream to
offset the impacts of development.

The depth of flow in the receiving stream must be taken into consideration for backwater
computations for both the design and the major storm event, when sizing channel cross sections.

Significant changes to natural drainageways shall not be allowed unless computations show that
changes will not adversely impact the channel or adjacent downstream development or have an
adverse impact upon water quality.

A permanent maintenance access corridor easement shall be required with all constructed drainage
channels. This easement shall provide a minimum access width of 20 feet from the top of bank on
each side of the channel unless otherwise designated by the City. A wider easement will be required
for River/Stream Overlay Districts and Stream Buffers on all intermittent and perennial streams as
set forth by Article 4 of the Concord Development Ordinance and by the City’s Stormwater
Ordinance.

1.3.6 Sediment and Erosion Control

All new developments during construction shall be required to provide interim erosion and
sedimentation control facilities to prevent the discharge of material into established drainageways or
receiving bodies of water. Developments resulting in disturbance of 1 acre or more must provide the
City’s Stormwater Administrator with an approved Cabarrus County Erosion and Sediment Control
Plan.

The City reserves the right to inspect for compliance with an approved Erosion and Sediment

Control Plan and to take, or cause the developer to take, immediate corrective actions of any
violations of such a plan.

1.3.7 Basin Planning
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The City may, from time to time, develop and adopt watershed master plans that contain
requirements specific to certain areas within the City’s jurisdiction. Where such a watershed master
plan has been adopted, all new development within the City shall conform to the approved plan. If
no plan exists for that area of the proposed development, the City may waive this requirement,
require the development to provide the necessary data, or declare a "special study area” until the
watershed master plan for that area is completed. Interim plans may be accepted, providing they
conform to the overall goals and objectives of the Stormwater Management Program and are
otherwise consistent with the City’s Ordinances and Regulations.

Stormwater Transfer

Planning and design of stormwater drainage systems should not result in the interwatershed transfer
of stormwater. Channel modifications that create or increase flooding downstream shall be avoided;
both for the benefit of the public and to prevent damage to private parties. Erosion and downstream
sediment deposition increase of runoff peaks, and debris transportation must be avoided. It is the
responsibility of the owner/developer to document, to the satisfaction of the Stormwater
Administrator, that the proposed activity will not create such adverse conditions during the site plan
review process.

The development process can significantly alter historical or natural paths. Development outfall
systems shall discharge back into the natural drainageway at or near the historical location, unless
otherwise approved by the City.

The policy of the City is to avoid transfer of storm drainage runoff from one watershed to another
and to maintain historical drainage paths. However, the transfer of drainage from watershed to
watershed is a viable alternative in certain instances and will be reviewed on a case-by-case basis by
the City.

Floodplains

Certain areas within the City have been designated by the Federal Emergency Management Agency
(FEMA) as flood hazard areas. All work impacting or adjacent to these areas shall be in compliance
with all current FEMA regulations and permit requirements. The City has designated Floodplain
Protection Overlay Districts (FPOD) consistent with Article 4.14 of its Concord Development
Ordinance. All developments within a FPOD that apply for a Stormwater Management Permit must
document that the development is in full compliance with the FPOD regulations.
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Multi-purpose Use

Consideration shall be given to make all stormwater management facilities multipurpose facilities.
Small parks, greenways, and other similar facilities shall be incorporated with major stormwater
management facilities whenever possible, such that the hydraulic capacity and water quality
treatment function of the facility is not compromised by these additional uses. River/Stream Overlay
Districts and Stream Buffers shall be used for appropriate recreational and aesthetic purposes
whenever feasible.

Access to Drainage Facilities

Easements, rights-of-way, or other legal access shall be provided to all stormwater management
facilities for inspection, periodic maintenance, and infrequent repairs. Property owners are
responsible for the maintenance and upkeep of the easement area. No permanent structures or other
impediments to access shall be constructed within the area of easement.

1.3.8 Stormwater Runoff Quality

The policy of the City of Concord is to include stormwater quality considerations in planning of all
stormwater facilities. Sediment, debris and other pollutants must be collected and removed from
stormwaters. All stormwater facilities shall be compatible with the City's NPDES Phase Il Permit
and the Stormwater Management Program approved under that permit. The management of overall
water quality of storm drainage will require submittal of a Stormwater Management Plan for new
regulated developments (and redevelopments). The City has the right to inspect all construction
sites and to enforce provisions of the Sedimentation and Erosion Control Permit and the City’s
Stormwater Management Permit.

1.3.9 Source and Structural BMPs

It is the policy of the City to encourage non-structural Best Management Practice (BMPs) for
stormwater runoff and quality control wherever possible. When structural BMPs are required, they
should be located as close to the source of runoff generation as possible. This policy is not intended
to prevent the development of stormwater facilities that serve multiple parcels where there is benefit
to the City and improvements to the control and treatment of stormwater runoff resulting from those
facilities.

1.3.10 Operation and Maintenance

Operation and maintenance of stormwater facilities shall be required to ensure these facilities
perform as designed. Prior to the construction of any stormwater management facility, the
responsibility for the maintenance and operation of that facility shall be determined and an
inspection and maintenance agreement, acceptable to the Stormwater Administrator, shall be filed.
Property owners are responsible for the maintenance and upkeep of the facility.
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Channel bed and bank erosion, drop structures, trash racks, pipe inlets and outlets, pumping
facilities, and overall condition of the facilities shall be inspected as shown in Table 1-5 and repaired
as necessary to avoid reduced conveyance capacity and ultimate failure. Sediment and debris shall
be removed from channels, storm drains, and detention basins. Trash racks and inlets shall also be
routinely cleared of debris to maintain system capacity. BMPs as part of the development shall be
periodically serviced and repaired as necessary to keep these facilities functioning properly.

TABLE 1-5
MAINTENANCE SCHEDULE

Facility or Activity Inspection/Cleaning Maintenance Activity
Frequency
Catch Basins and Manholes Annually/Annually Trash, Sediment, and Oil Removal
Pump Stations Quarterly/During Autumn | Mechanical Checklist
Debris Removal
Ditches and Swales Every Autumn/Monthly Mowing and Debris Removal
during Summer
Drainageways and Streams Annually or after large Grading Repairs (Erosion) Debris
storm events/Annually Removal
Pipes Annually and after large Debris Removal
storm events/every twoto | Tv Monitoring
four years
Culverts Annually/Annually Debris Removal
Detention Facilities Monthly/Annually Trash, oil, and debris removal
City stormwater staff will | Control structure and vegetation
perform an annual control
inspection of facility and
owner’s inspection and
maintenance records

Vehicle and maintenance equipment access shall be provided to all stormwater for maintenance and
inspection. Developers shall be responsible for providing features to facilitate maintenance of
drainage systems, including inlets, culverts, channels, ditches, and detention basins.

14  STORMWATER MANAGEMENT PLANS

1.4.1 Stormwater Management Plan Requirements

A Stormwater Management Plan shall be prepared for all development except that specifically
exempted in the City’s Stormwater Ordinance. The purpose of the plan is to identify existing and
proposed hydrology and hydraulics of the site and the proposed storm drainage system. The plan
shall also propose specific solutions to stormwater problems that would occur as a result of
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development. Detailed analysis of drainage basin hydrology and hydraulics is required. Solutions to
drainage problems shall be noted and the capacity of facilities on and off-site shall be evaluated.
Specific improvements including open channels, storm drains, grading, erosion and sediment
control, inlets, culverts, detention/retention basins, and other improvements shall be located and
sized to meet the requirements of the drainage systems as described in this Article and in accordance
with the appropriate watershed master plan, if available. The drainage plan must describe the
general treatment of drainageways, including safety and maintenance, and outline the protection of
public facilities and the protection of private property adjacent to the waterways.

It is acknowledged that certain circumstances may preclude the use of certain requirements
stipulated in this Article. It shall be the responsibility of the user to provide an explanation of the
circumstance, the specific exception(s) requested, the justification(s) for the request, and the
mitigative measures to be taken. Whenever a requirement set forth in this Article, or otherwise
established by the City, can not be practically achieved, it is the responsibility of the developer to
present a mitigation plan that achieves through alternative means substantially the same result as
would have been achieved under the City’s requirement.

1.4.2 Qualifications

All stormwater management, drainage or related facilities designs that are submitted as part of an
application for a City of Concord Stormwater Management Permit shall be reviewed and sealed by a
Registered Professional Engineer with a valid license from the state of North Carolina. The design
professional shall attest that the design was conducted in accordance with the laws of the State of
North Carolina and with policies of the City and with this Article.

1.4.3 Computations

Computations shall be submitted for review to the City and shall be in accordance with the
procedures, standards, and criteria of this Article.

1.4.4 Plan Submittal Standards

All designs shall be accompanied by supporting data, graphs, calculations, sketches, and applicable
references appropriate to the complexity of the proposed facility.

Plans and profiles shall be drawn on sheets no smaller than 24" x 36" to a horizontal scale of no
smaller than 1"=50', and to a vertical scale of 1"=10', collectively referred to as the Site Plan.
Exceptions are permitted on specific projects such as culverts and channel cross sections. For the
purpose of applying for a Stormwater Management Permit, the Site Plan shall include, at minimum,
the following information:

» Address or vicinity map showing the location of the activity.

» Subdivision name and date of the approved subdivision plat, if applicable.

» The date of the subdivision’s approved Stormwater Management Permit, if applicable.
> Site boundaries.
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Street and other right-of-ways.

Existing roadway width and pavement type.

Stationing shall match street stationing and proceed upstream.

North arrow shall point to the top of page or to the left.

Elevation datum shall be United States Geological Survey (USGS).

Existing and proposed structures and finished floor elevations.

Existing and proposed driveway locations and types.

Existing and proposed stormwater facilities (swales, pipes, inlets, basins, etc.).

General drainage patterns indicated on a topographic map showing 1-foot (or smaller)

contour intervals.

Natural drainageways and direction of flow.

City designated Stream Buffer overlays.

Flood boundaries and/or elevations.

Location and extend, and label the name of, any waterbody that is shown on the most recent

version of either the 7.5-minute USGS topographic map or the Natural Resource

Conservation Service (NRCS) Soil Survey map.

> Extent and phasing of land disturbing activities. If needed, a separate drawing can be
provided for each phase.

» Other information that may be necessary to develop an understanding of the project.

VVVV VVVVVVVYY

Profiles shall indicate the proposed system (size and type of material) with flow-line elevations,
flow-lines, gradients, left and right bank profiles, station numbers, inlets, manholes, ground-line and
curb-line elevations, typical cross sections, riprap construction, filling details, minimum permissible
building floor elevations within 100-year floodplain and adjacent to open drainage features, pipe
crossings, design flow capacities and velocities, and title block.

Detail plans and sections shall be provided for all special system features such as detention/retention
facilities, inlets, manholes, culverts, pipe bedding and backfill, ditch sections, and all related
structures.

A complete list of the drawing requirements is included on a reproducible sheet included in
Appendix A. No text presented on the drawings and documents shall be in a font smaller than 10-
point type. The Stormwater Administrator may waive any of the format specifications and required
items that are deemed not to be necessary for the review, reproduction, and storage of the
documents.

At the City’s option, any or all of the above materials may be, or may be required to be, submitted in
electronic formats compatible with the Stormwater Administrator’s computer systems and software.
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1.45 Final As-Constructed Documents

Upon completion and final approval by the City, the original mylars depicting as-constructed (built)
conditions shall be submitted to the City and shall remain the permanent property of the City. Final
documents shall be sealed by a registered professional engineer with a valid license from the State of
North Carolina. All associated costs shall be borne by the owner.

At the City’s option, the Final As-Constructed documents may be, or may be required to be,
submitted in electronic formats compatible with the Stormwater Administrator’s computer systems
and software.

1.4.6 Maintenance and Access Agreements and Restrictive Covenants

The City’s NPDES Phase 2 permit also requires that provisions be made for the long term
ownership and maintenance of stormwater control structures and best management practices. To
that end, both Code of Ordinances section 60-88 (c) and Concord Development Ordinance
sections 4.4.6. B. and 4.4.6. C. establish certain requirements for long-term maintenance and
City access to stormwater control facilities. Specifically, the three ordinance sections require that
property owners and developers enter into contracts with the City for access and long-term
maintenance of stormwater control facilities. These sections also require developers and property
owners to provide for the long term maintenance of future owners by establishing restrictive
covenants. Contact the Concord City Attorney for more information on the covenants and
maintenance agreements acceptable to the City. The City Attorney may be reached at:

Albert M. Benshoff

City Attorney

Legal Dept

PO Box 308

30 Market St.

Concord, NC 28026-0308
704 9205114

FAX 704 784 1791
Benshoff@ci.concord.nc.us

15 NEW DEVELOPMENT AND REDEVELOPMENT MINIMUM REQUIREMENTS
All new development, including redevelopment, that includes land disturbing activity of one acre or
greater shall prepare a Cabarrus County Erosion and Sediment Control Plan. Copies of the approved
plan must be delivered to the City of Concord Plan Review Service Center (PRSC) upon submission
of an application for a City Stormwater Management Permit.

All new developments, including redevelopments, which are required to obtain a City Stormwater
Management Permit, shall meet all the minimum requirements presented in this section.

1.5.1 Minimum Requirement No. 1: Erosion and Sediment Control
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All new development and redevelopment that includes land disturbing activities of >1 acre shall
comply with all Cabarrus County Erosion and Sediment Control Requirements. Compliance with the
Erosion and Sediment Control Requirements shall be demonstrated through implementation of an
approved Erosion and Sediment Control Plan.

In addition, the following erosion and sediment control requirements shall be and are the
responsibility of the developer:

No.1.5.1.1:  Protection of Adjacent Properties

Properties adjacent to the project site shall be protected from sediment deposition and are the
responsibility of the developer.

No. 1.5.1.2: Protection of Stream Buffers

Designated stream buffers shall be protected from disturbance and all other adverse impact during
and after the construction phase. Sediment ponds and traps, sediment barriers, and other appropriate
BMPs shall be used to ensure that Buffers are not eroded, receive sediment deposition, or that the
vegetation is damaged from the beginning of disturbance through final site stabilization.
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No.15.1.3:  Controlling Off-Site Erosion

Properties and waterways downstream from development sites shall be protected from erosion due
to increases in the volume, velocity, and peak flow rate of stormwater runoff from the project site.

No.1.5.1.4: Construction Access Routes

Wherever construction vehicle access routes intersect paved roads, provisions must be made to
minimize the transport of sediment (mud) onto the paved road. If sediment is transported onto a
road surface, the roads shall be cleaned thoroughly at the end of each day. Sediment shall be
removed from roads by shoveling or sweeping and be transported to a controlled sediment disposal
area. Street washing shall be allowed only after sediment is removed in this manner.

No. 1.5.1.5: Removal of Temporary BMPs

All temporary erosion and sediment control BMPs shall be removed within 30 days after final site
stabilization is achieved or after the temporary BMPs are no longer needed. Trapped sediment shall
be removed or stabilized onsite. Disturbed soil areas resulting from removal shall be permanently
stabilized.

No. 1.5.1.6: Control of Pollutants Other Than Sediment on Construction Sites

All pollutants other than sediment that occur onsite during construction shall be handled and
disposed of in a manner that does not cause contamination of stormwater or groundwater.

No.1.5.1.7:  Maintenance
All temporary and permanent erosion and sediment control BMPs shall be maintained and repaired
as needed to assure continued performance of their intended function. All maintenance and repair

shall be conducted in accordance with recommendations presented in Section 10.

1.5.2 Minimum Requirement No. 2: Preservation of Natural Drainage Systems

Natural drainage patterns shall be maintained, and discharges from the site shall occur at the natural
location, to the maximum extent practicable. Use of curb and gutters and other methods of
development that disrupt the maintenance of sheet flow and the natural drainage patterns shall be
minimized to the extent practicable and permissible by the Concord Development Ordinance.
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1.5.3 Minimum Requirement No. 3: Preservation of Stream Buffers

The City has designated River/Stream Overlay Districts as described in Article 4 of the Concord
Development Ordinance. In addition, the City’s Stormwater Management Program requires that the
stream buffer for a Class | stream shall be an undisturbed area of 50 feet plus four times the average
percent slope of the area adjacent to the stream up to a maximum of 125 feet. An additional 20 foot
vegetated setback from the stream buffer is required on all Class 1 streams.

For Class 2 streams, the stream buffer shall be measured from the average annual stream bank
perpendicularly for a distance of 30 feet. No slope adjustments are required. There is an additional
10-foot vegetated setback from the undisturbed stream buffer on Class 2 streams.

Stream buffer areas shall be designated on recorded plats as easements. The plat shall be included
with the Application for a Stormwater Management Permit.

All stream buffers shall be maintained by the landowner to maintain sheet flow to the maximum
extent practical. Except where no practicable alternative exists, no new stormwater conveyance
channels or outfalls may traverse or be constructed in a stream buffer.

Developers must provide certification, acceptable to the Stormwater Administrator that only
development or other land disturbing activities that will occur within a designated stream buffer are
“exempt or allowed” activities as shown within Table 1-6.

TABLE 1-6
TABLE OF USES AND ACTIVITIES WITHIN CONCORD STREAM BUFFERS
Allowable
Use/Activity Exempt | Allowed with Prohibited
Mitigation

Airport facilities:

> Airport facilities that impact equal to or less than X

150 linear feet (LF) or one-third of an acre of
stream buffer.

» Airport facilities that impact greater than 150 LF X

or one-third of an acre of stream buffer.

Archaeological activities X
Bridges X
Dam maintenance activities X
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Allowable

Use/Activity Exempt | Allowed with Prohibited
Mitigation

Drainage ditches, roadside ditches, and storm water
outfalls through stream buffers:

» Existing drainage ditches, roadside ditches, and X
stormwater outfalls provided that they are
managed to minimize the sediment, nutrients and
other pollution that convey to water bodies.

» New drainage and roadside ditches and X
stormwater outfalls provided that a stormwater
management facility is installed to control
pollutant discharge and attenuate flow before the
conveyance discharges through the stream buffer.

» New drainage and roadside ditches and
stormwater outfalls that do not provide control for X
pollutant discharge before discharging through
the stream buffer.

» Excavation of the streambed in order to bring it to
the same elevation as the invert of a ditch. X

Drainage of a pond in a natural drainageway provided
that a new stream buffer meeting the requirements of X
the City Stormwater Ordinance is established adjacent
to the new channel.

Driveway crossings of streams and other surface waters
subject to this Rule:

» Driveway crossings on single-family residential X
lots that disturb equal to or less than 25 LF or
2,500 square feet (SF) of stream buffer.

» Driveway crossings on single-family residential X
lots that disturb greater than 25 LF or 2,500 SF of
stream buffer.

» In asubdivision that cumulatively disturb equal to X
or less than 150 LF or one-third of an acre of
stream buffer.

» In asubdivision that cumulatively disturb greater X
than 150 LF or one-third of an acre of stream
buffer.
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Allowable
Use/Activity Exempt | Allowed with Prohibited
Mitigation

Fences, provided that disturbance is minimized and
installation does not result in removal of forest X
\vegetation.

Forest harvesting X

Fertilizer application:
» One-time fertilizer application to establish X
replanted vegetation.

» Ongoing fertilizer application. X

Grading and revegetation provided that diffuse flow and
the health of existing vegetation are not compromised X
and disturbed areas are stabilized.

Greenway/hiking trails X
Historic preservation X
Landfills as defined by G.S. 130A-290 X
Mining activities:
» Mining activities that are covered by the Mining X
Act provided that new streams are established
adjacent to the relocated channels.
» Mining activities that are not covered by the
Mining Act or where new stream buffers are not
established adjacent to the relocated channels.

» Wastewater or mining dewatering wells with X
approved NPDES permit.

Non-electric utility lines:
» Impacts other than perpendicular crossings. X
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Allowable
Use/Activity Exempt | Allowed with Prohibited
Mitigation

Non-electric utility line perpendicular crossing of
streams and other surface waters.

» Perpendicular crossings that disturb equal to or X
less than 40 LF of stream buffer with a
maintenance corridor equal to or less than 10 feet
in width.

» Perpendicular crossings that disturb greater than X
40 LF of stream buffer with a maintenance
corridor greater than 10 feet in width.

» Perpendicular crossings that disturb greater than X
40 LF but equal to or less than 150 LF of stream
buffer with a maintenance corridor equal to or
less than 10 feet in width.

» Perpendicular crossings that disturb greater than X
40 LF but equal to or less than 150 LF of stream
buffer with a maintenance corridor greater than
10 feet in width.

» Perpendicular crossings that disturb greater than X
150 LF of stream buffer.
On-site sanitary sewage systems - new ones that utilize X

ground absorption.

Overhead electric utility lines:
» Impacts other than perpendicular crossings. X

Overhead electric utility line perpendicular crossings of
streams and other surface waters.
» Perpendicular crossings that disturb equal to or X
less than 150 LF of stream buffer.
» Perpendicular crossings that disturb greater than
150 LF of stream buffer.

Periodic maintenance of modified natural streams such
as canals and a grassed travelway on one side of the X
surface water when alternative forms of maintenance
access are not practical.
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Use/Activity

Exempt

Allowed

Allowable

with Prohibited
Mitigation

Playground equipment:

» Playground equipment on single-family lots
provided that installation and use does not
result in vegetation removal.

» Playground equipment installed on lands other
than single-family lots or that requires
vegetation removal.

Ponds in natural drainageways, excluding dry ponds:
» New ponds provided that a stream buffer that
meets the City’s requirements is established
adjacent to the pond.
» New ponds where a stream buffer is NOT
established adjacent to the pond.

Protection of existing structures, facilities, and
streambanks when this requires additional disturbance
of the stream buffer or the stream channel.

Railroad impacts other than crossings of streams and
other surface waters.

Railroad crossings of streams and other surface waters
subject to this Rule:

» Railroad crossings that impact equal to or less
than 40 LF of stream buffer.

» Railroad crossings that impact greater than 40
LF but equal to or less than 150 LF or one-third
of an acre of stream buffer.

» Railroad crossings that impact greater than 150
LF or one-third of an acre of stream buffer.

Removal of previous fill or debris provided that
diffuse flow is maintained and any vegetation
removed is restored.
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Allowable
Use/Activity Exempt | Allowed with Prohibited
Mitigation

Road crossings of streams and other surface
waters:
» Road crossings that impact equal to or X
less than 40 LF of stream buffer.
» Road crossings that impact greater than X
40 LF but equal to or less than 150 LF or
one-third of an acre of stream buffer.
» Road crossings that impact greater than X
150 LF or one-third of an acre of stream
buffer.

Scientific studies and stream gauging. X

Stormwater management ponds excluding dry
ponds:

» New stormwater management ponds
provided that a stream buffer is X
established adjacent to the pond.

» New Stormwater management ponds X
where a stream buffer is NOT
established adjacent to the pond.

Stream restoration X

Streambank stabilization X

Temporary roads:

» Temporary roads that disturb less than or X
equal to 2,500 SF provided that
vegetation is restored within six months
of initial disturbance.

» Temporary roads that disturb greater X
than 2,500 SF provided that vegetation is
restored within six months of initial
disturbance.

» Temporary roads used for bridge X
construction or replacement provided
that restoration activities, such as soil
stabilization and revegetation, are
conducted immediately after
construction.
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Use/Activity

Exempt

Allowable
with
Mitigation

Allowed Prohibited

Temporary sediment and erosion control
devices:

» To control impacts associated with uses
approved by the Division of Water
Quality (DWQ) or that have received a
variance provided that sediment and
erosion control for upland areas is
addressed to the maximum extent
practical outside the buffer.

» In-stream temporary erosion and
sediment control measures for work
within a stream channel.

Underground electric utility lines:
» Impacts other than perpendicular
crossings.

Underground electric utility line perpendicular
crossings of streams and other surface waters.
» Perpendicular crossings that disturb less
than or equal to 40 LF of stream buffer.
» Perpendicular crossings that disturb
greater than 40 LF of stream buffer.

Vegetation management:

» Emergency fire control measures
provided that topography is restored.

» Planting vegetation to enhance the
stream buffer.

» Pruning forest vegetation, including
understory vegetation, provided that the
health and function of the vegetation is
not compromised.

» Removal of individual trees that are in
danger of causing damage to dwellings,
other structures or human life.

» Removal of poison ivy.

» Removal of understory nuisance
vegetation as defined in: Smith, Cherri
L. 1998, Exotic Plant Guidelines;
Department of Environment and Natural
Resources, Division of Parks and
Recreation, Raleigh, NC, Guideline #30.
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Allowable
Use/Activity Exempt | Allowed with Prohibited
Mitigation

Water dependent structures as defined in 15A
NCAC 2B .0202. X

Water supply reservoirs:
» New reservoirs provided that a stream X
buffer is established adjacent to the
reservoir.
» New reservoirs where a Stream Buffer is X
NOT established adjacent to the
reservoir.

Water wells X
Wetland restoration X

154 Minimum Requirement No. 4: Source Control of Pollution

Source control BMPs shall be applied to all projects to the maximum extent practicable. Source
control BMPs shall be selected, designed, and maintained according to all known and reasonable
technology.

155 Minimum Requirement No. 5: Runoff Treatment BMPs

All projects shall provide treatment of stormwater. Treatment BMPs shall be sized to capture and
treat the water quality design storm. The first priority for treatment shall be to filter and infiltrate as
much as possible of the water quality design storm, defined as the runoff produced by the 1-year, 24-
hour storm or the first inch of runoff, whichever is more, but only if site conditions are appropriate
and groundwater quality will not be impaired.

Stormwater treatment BMPs shall not be built within a designated stream buffer, except for
necessary conveyance systems as approved by the City or when an appropriate stream buffer is
established and maintained around the BMP.

1.5.6 Minimum Reguirement No. 6: Streambank Erosion Control

The requirement below applies only to situations where stormwater runoff is discharged to a stream,
and must be met in addition to meeting all other minimum requirements.

Stormwater discharges to streams shall control streambank erosion by limiting the peak rate of
runoff from individual development sites to no more than the existing condition peak runoff rate for
the 1-year, 24-hour and the 10-year, 24-hour design storms. As the first priority, streambank erosion
control BMPs shall utilize infiltration to the fullest extent practicable, but only if site conditions are
appropriate and groundwater quality is protected.
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Stormwater treatment BMPs shall not be built within a designed stream buffer, except where a
recorded conservation easement of an area equivalent to the stream buffer is established around the
BMP, where appropriate vegetation is established and maintained within that conservation easement,
and where approved by the City Stormwater Administrator.

15.7 Minimum Requirement No. 7: Wetlands

The requirements below apply only to situations where stormwater discharges through a conveyance
system into a wetland.

1. Stormwater discharges to wetlands must be controlled and treated to the extent
necessary to meet the State Water Quality Standards.

2. Discharges to wetlands shall maintain the hydroperiod and flows of existing site
conditions to the extent necessary to protect the characteristic uses of the wetland.
Prior to discharging to a wetland, alternative discharge locations shall be evaluated,
and natural water storage and infiltration opportunities outside the wetland shall be
maximized.

3. Created wetlands that are intended to mitigate the loss of wetland acreage, function,
and value shall also not be designed to treat stormwater.

4. In order for constructed wetlands to be considered treatment systems, they must be
constructed on sites that are not wetlands and they must be managed for stormwater
treatment. If these systems are not managed and maintained for a period exceeding
three years, these systems may no longer be considered constructed wetlands.
Discharges from constructed wetlands to waters of the state (including discharges to
natural wetlands) are regulated under Section 404 of the Clean Water Act.

15.8 Minimum Requirement No. 8: Water Quality Sensitive Areas

Where the City determines that the minimum requirements do not provide adequate protection of
water quality sensitive areas, either onsite or within the basin, more stringent controls shall be
required to protect water quality.

159 Minimum Requirement No. 9: Off-Site Analysis and Mitigation

All major development projects, as designated by the Stormwater Administrator, shall conduct an
analysis of off-site water quality impacts resulting from the project and shall mitigate these impacts.
The analysis shall extend a minimum of one-fourth of a mile downstream from the project. The
existing or potential impacts to be evaluated and mitigated shall include, at a minimum, but not be
limited to:

- Excessive sedimentation
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- Streambank erosion

- Discharges to groundwater contributing or recharge zones
- Violations of water quality standards

- Spills and discharges of priority pollutants

1.5.10 Minimum Requirement No. 10: Watershed Master Planning

Adopted and implemented watershed master plans may be used to modify any or all of the minimum
requirements, provided that the level of protection for surface or groundwater achieved by the master
plan will equal or exceed that which would be achieved by the minimum requirements in the
absence of a basin plan. Watershed master plans shall evaluate and include, as necessary, retrofitting
of BMPs for existing development and/or redevelopment in order to achieve watershed-wide
pollutant reduction goals. Standards developed from master plans shall not modify any of the above
requirements until the basin plan is formally adopted and fully implemented by the City.

1.5.11 Minimum Requirement No. 11: Operation and Maintenance

An operation and maintenance schedules and agreements shall be provided for all proposed
stormwater facilities and BMPs, and the party (or parties) responsible for maintenance and operation
shall be identified.

1.5.12 Minimum Requirement No. 12: Financial Liability

Performance bonding or other appropriate financial instruments may be required for any project in
order to ensure compliance with these standards.

1.5.13 Exceptions

Exceptions to minimum requirements Nos. 1 through 11 may be granted prior to permit approval
and construction. An exception may be granted, provided that a written finding of fact is prepared,
that addresses the following:

1. The exception provides equivalent environmental protection and is in the overriding
public interest; and that the objectives of safety, function, environmental protection
and facility maintenance, based upon sound engineering, are fully met.

2. That there are special physical circumstances or conditions affecting the property
such that the strict application of these provisions would deprive the applicant of all
reasonable use of the parcel of land in question, and every effort to find creative
ways to meet the intent of the minimum requirements has been made.

3. That the granting of the exception will not be detrimental to the public health and
welfare, nor injurious to other properties in the vicinity and/or downstream, and to
the quality of waters of the state.
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4. The exception is the least possible exception that could be granted to comply with
the intent of the minimum requirements.

1.6  SMALL PARCEL MINIMUM REQUIREMENTS

Many developments will not require a City Stormwater Management Permit. These developments
meet the following criteria:

> Less than 1 acre will be ultimately disturbed by the development.

» Less than 20,000 SF of impervious area will be ultimately created by the development.
> Less than 1,000 CF of fill or excavation will occur during the development.

» The ultimate impervious percentage of the parcel will be less than 24 percent.

Developments meeting the above criteria still must control erosion and sedimentation and control
and treat stormwater runoff. In general these developments must ensure that stormwater is conveyed
in an adequately designed drainage system of natural drainage ways, grass swales, and other
conveyances that are constructed and maintained to provide natural infiltration, control flow
velocities, control flooding, extend the time of concentration of stormwater runoff, and to control to
the maximum extent practicable the export of pollutants and other impacts of development.

The following minimum requirements shall be met for all such new developments:

1.6.1 Small Parcel Requirement No. 1: Construction Access Route

Construction vehicle access shall be, whenever possible, limited to one route. Access points shall be
stabilized with quarry spall or crushed rock to minimize the tracking of sediment onto public roads
and shall be the responsibility of the developer.

1.6.2 Small Parcel Requirement No. 2: Stabilization of Denuded Areas

All exposed and unworked soils shall be stabilized by suitable application of BMPs, including, but
not limited to, sod or other vegetation, plastic covering, mulching, or application of ground base on
areas to be paved. From October 1 through April 30, no soils shall remain exposed for more than
two days. From May 1 through September 30, no soils shall remain exposed for more than seven
days.
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1.6.3 Small Parcel Requirement No. 3: Protection of Adjacent Properties

Adjacent properties shall be protected from sediment deposition by appropriate use of vegetative
buffer strips, sediment barriers or filters, dikes or mulching, or by a combination of these measures
and other appropriate BMPs.

1.6.4 Small Parcel Requirement No. 4: Maintenance

All erosion and sediment control BMPs shall be regularly inspected and maintained to ensure
continued performance of their intended function.

1.6.5 Small Parcel Requirement No. 5: Other BMPs

As required by the City, other appropriate BMPs to mitigate the effects of increased runoff shall be
applied.
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2.1 INTRODUCTION

Hydrology is the scientific study of water and its properties, distribution, and effects on the earth's
surface, soil, and atmosphere. Hydrologic analyses include estimation of peak runoff rates, volumes,
and time distribution of stormwater runoff flows and are fundamental in the design of stormwater
management facilities. This section addresses the movement of water over land resulting directly
from precipitation in the form of stormwater runoff.

Land development changes how a watershed responds to precipitation. The most common effects
are reduced infiltration and decreased travel time. Increased impervious surfaces and runoff
velocities increase peak flow discharge volumes and rates. Total stormwater runoff volume is
determined by the total drainage area of the receiving watershed, its infiltration characteristics, and
the amount of precipitation.

2.2 DESIGN CRITERIA

This section presents rainfall data for storm events in the City of Concord (City) with recurrence
intervals of 1-, 2-, 5-, 10-, 25-, 50-, and 100-years. A storm event with a 100-year recurrence
interval is a storm with a magnitude that, on the average, has a one percent chance of being equaled
or exceeded in any given year. A 2-year storm has a 50 percent chance of being equaled or
exceeded in any given year. The type of storm distribution to be used, as well as criteria for
selecting which recurrence interval to use as a design storm, is presented in Section 1.3, Design
Policy

2.2.1 Design Storm Distribution and Hytegraph

All storm event hydrograph methods require the input of a rainfall distribution or design storm
hyetograph. The design storm hyetograph is essentially a plot of rainfall depth versus time for a
given design storm frequency and duration. It is usually presented as a dimensionless plot of unit
rainfall depth (increment of rainfall depth for each time interval divided by the total rainfall
depth) versus time (presented in Figure 2-1, on page 2-3). The total 24-hour rainfall volumes
for the 1-, 2-, 5-, 10-, 25-, 50-, and 100-year storm events are provided in Table 2-1. The
hyetograph provided in this section is to be used for all hydrograph analysis. The hyetograph
(presented in Table 2-2, on page 2-4) is required for all design storms of 24-hour duration. It is
the standard Soil Conservation Service (SCS) Type Il rainfall distribution in 10-minute time
intervals.
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TABLE 2-1
APPROXIMATE 24-HOUR RAINFALL
VOLUMES FOR CONCORD, NC

Return Interval

24-hour Volume (inches)

1-year 2.9
2-year 3.5
S-year 4.4
10-year 5.1
25-year 6.0
50-year 6.8
100-year 7.6

2.2.2 Intensity-Duration-Frequency Curves

Intensity-duration-frequency (IDF) curves have been developed for the area and are shown in
Figure 2-2, on page 2-5. The curves for 1-, 2-, 5-, 10-, 25-, 50-, and 100-year storm events with
durations from 5 minutes to 24 hours. Ordinates from the Figure 2-2 have been provided in

Table 2-3, on page 2-5.

2.2.3 Design Storm Recurrence Intervals

The selection of the recurrence interval to be used for the design storm shall be in accordance with

Section 1.3, Design Policy.

Adopted January 10, 2008

2-2

Technical Standards Manual



SECTION 2
STORMWATER RUNOFF

1.0 q

0.8

0.6 1

0.4

Type |l Precipitation Ratio

0.2 A

00 vrrrrrryrrrrrrrrrrrrrrrrrrrrrrrrrrrryrrrrrrrrrrrri

012 3 456 7 8 910111213141516 1718 1920 21 22 23 24

40

20

10

Percentage of Total Rainfall

012 3 456 78 91011121314151617 1819 20 21 22 23 24

Time (hours)

Figure 2-1 24-Hour Design Storm Hyetograph SCS Type Il Precipitation Distribution
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TABLE 2-2
ORDINATES OF THE SCS TYPE 11 RAINFALL DISTRIBUTION HYETOGRAPH
Time from Cumulative || Time from Cumulative || Time from Cumulative
Beginning Eel_’cent Percent Beginning Pel_’cent Percent Beginning Pe_rcent Percent
ainfall . Rainfall . Rainfall -
of Storm (%) Rainfall of Storm (%) Rainfall of Storm (%) Rainfall
(Minutes) (%) (Minutes) (%) (Minutes) (%)
0 0.00 0.00 490 0.40 12.40 970 0.40 88.50
10 0.13 0.13 500 0.43 12.83 980 0.40 88.90
20 0.17 0.30 510 0.47 13.30 990 0.40 89.30
30 0.20 0.50 520 0.47 13.77 1000 0.33 89.63
40 0.20 0.70 530 0.46 14.23 1010 0.34 89.97
50 0.20 0.90 540 0.47 14.70 1020 0.33 90.30
60 0.20 1.10 550 0.53 15.23 1030 0.33 90.63
70 0.20 1.30 560 0.54 15.77 1040 0.34 90.97
80 0.20 1.50 570 0.53 16.30 1050 0.33 91.30
90 0.20 1.70 580 0.6 16.90 1060 0.33 91.63
100 0.20 1.90 590 0.60 17.50 1070 0.30 91.93
110 0.20 2.10 600 0.60 18.10 1080 0.27 92.20
120 0.20 2.30 610 0.67 19.33 1090 0.27 92.47
130 0.20 2.50 620 0.73 19.50 1100 0.26 92.73
140 0.20 2.70 630 0.80 20.30 1110 0.27 93.00
150 0.20 2.90 640 1.00 21.30 1120 0.27 93.27
160 0.20 3.10 650 1.10 22.40 1130 0.26 93,53
180 0.20 3.30 660 1.20 23.60 1140 0.27 93.80
170 0.20 3.50 670 1.40 25.00 1150 0.27 94.07
190 0.20 3.70 680 157 26.57 1160 0.26 94.33
200 0.20 3.90 690 1.73 28.30 1170 0.27 94.60
210 0.20 4.10 700 6.93 35.23 1180 0.27 94.87
220 0.20 4.30 710 12.67 47.90 1190 0.23 95.10
230 0.23 4.53 720 18.40 66.30 1200 0.20 95.30
240 0.27 4.80 730 2.93 69.23 1210 0.20 95.50
250 0.27 5.07 740 2.40 71.63 1220 0.20 95.70
260 0.26 5.33 750 1.87 73.50 1230 0.20 95.90
270 0.27 5.60 760 1.53 75.03 1240 0.20 96.10
280 0.27 5.87 770 1.37 76.40 1250 0.20 96.30
290 0.26 6.13 780 1.20 77.60 1260 0.20 96.50
300 0.27 6.40 790 1.00 78.60 1270 0.20 96.70
310 0.27 6.67 800 0.93 79.53 1280 0.20 96.90
320 0.26 6.93 810 0.87 80.40 1290 0.20 97.10
330 0.27 7.20 820 0.73 81.13 1300 0.20 97.30
340 0.27 7.47 830 0.70 81.83 1310 0.20 97.50
350 0.26 7.73 840 0.67 82.50 1320 0.20 97.70
360 0.27 8.00 850 0.60 83.10 1330 0.20 97.97
370 0.33 8.33 860 0.57 83.67 1340 0.20 98.10
380 0.34 8.67 870 0.53 84.20 1350 0.20 98.30
390 0.33 9.00 880 0.47 84.67 1360 0.20 98.50
400 0.33 9.33 890 0.46 85.13 1370 0.20 98.70
410 0.34 9.67 900 0.47 85.60 1380 0.20 98.90
420 0.33 10.00 910 0.47 86.07 1390 0.20 99.10
430 0.33 10.33 920 0.43 86.50 1400 0.20 99.30
440 0.34 10.67 930 0.40 86.90 1410 0.20 99.50
450 0.33 11.00 940 0.40 87.30 1420 0.20 99.70
460 0.33 11.33 950 0.40 87.70 1430 0.17 99.87
470 0.34 11.67 960 0.40 88.10 1440 0.13 100.00
480 0.33 12.00
Source: SCS TR-20 Manual
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Figure 2-2 Intensity-Duration-Frequency Curves for Concord, NC
TABLE 2-3
ORDINATES OF THE IDF CURVES FOR CONCORD, NC
Duration Return Period (years)
Hours | MU | 2 5 10 | 25 | 50 | 100
0 5 4.80 5.66 6.60 7.26 8.00 8.52 8.98
10 3.83 4.54 5.29 5.81 6.38 6.78 7.13
15 3.19 3.80 4.46 4.90 5.39 5.72 6.01
30 2.19 2.62 3.17 3.55 3.99 4.31 4.60
1 1.36 1.65 2.03 2.31 2.66 2.92 3.17
2 0.79 0.96 1.19 1.36 1.58 1.75 1.92
3 0.56 0.68 0.85 0.98 1.15 1.29 1.42
6 0.34 0.41 0.51 0.59 0.70 0.79 0.87
12 0.20 0.24 0.31 0.35 0.42 0.48 0.53
24 0.12 0.14 0.18 0.21 0.25 0.28 0.31
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2.3 HYDROLOGIC METHODS

The design of properly sized storm drainage facilities requires some knowledge of the
hydrologic behavior of the drainage basin under study. For most designs it is adequate to
estimate only the peak discharge of the drainage area for the required frequency. While larger,
more complex drainage basins may require the use of a method in order to estimate the discharge
hydrograph. Two methods are presented in this section to satisfy their needs.

The Rational Method is recommended for street drainage and small drainage basins. It is an
effective method for estimating peak discharges in small areas where rainfall intensity tends to
be uniform for the area. Although the basic principles of the Rational Method apply to drainage
areas greater than 20 acres, practice generally limits its use to some maximum area (50 acres).

For larger areas, storage and subsurface drainage flow cause an attenuation of the runoff hydrograph
so that the rates of flow tend to be overestimated by the Rational Method. Because of the trend for
overestimation of flows and the additional cost in drainage facilities associated with this
overestimating, the application of a more sophisticated runoff computation technique is usually
warranted for larger drainage areas. These larger drainage basins (0 to 2,000 acres) are modeled
effectively by the SCS UH Method. This procedure is suitable for applications where the shape of
the hydrograph and the volume of runoff are necessary, such as the design of detention facilities or
water quality facilities.

2.3.1 Rational Method

The Rational Method is an empirical runoff formula that has gained wide acceptance because of its
simple, intuitive treatment of peak storm runoff rates for small drainage basins. This method relates
runoff to rainfall intensity, surface area, and surface characteristics by the formula:

Q=C:CiA
(2-1)
where:
Q = peak runoff rate, in cubic feet per second
Cs = frequency factor to adjust the runoff coefficient for less frequent, high
intensity storms
C = runoff coefficient
I = average rainfall intensity, for a duration equal to the time of
concentration, in inches per hour
A = drainage area of the tributary to the point under consideration, in

acres
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The Rational Method is based on the following assumptions:
A The rainfall occurs uniformly over the drainage area.

B. The frequency of the peak discharge is the same as the frequency of the average rainfall
intensity (i.e., a 2-year rainfall intensity generates a 2-year discharge).

C. The time of concentration is the time required for runoff to become established and flow
from the hydraulically most remote part of the drainage area to the basin outlet. This
assumption applies to the most remote in time, not necessarily in distance.

Runoff Coefficient, C

The runoff coefficient, C, is the variable of the Rational Method for which it is most difficult to
develop a precise determination. This provides the design professional with a degree of latitude to
exercise his or her professional judgment. The following discussion is intended to provide a guide to
promote the uniform application of runoff coefficients.

The runoff coefficient, C, accounts for abstractions for losses between rainfall and runoff which may
vary with time for a given drainage area. These losses are caused by interception by vegetation,
infiltration into permeable soils, retention in surface depressions, and evaporation and transpiration.
In determining this coefficient, differing climatological and seasonal conditions, antecedent moisture
conditions, and the intensity and frequency of the design storm should be considered.

Table 2-4, on page 2-8, represents recommended C values for various land uses. Where ranges are
shown, adjustments should be made for level of development, surface type, soil type, and slope. It is
often desirable to develop a composite runoff coefficient based in part on the percentage of different
types of surfaces in the drainage area. This procedure can be applied to typical "sample™ areas as a
guide to the selection of usual values of the coefficient for the entire area. Suggested coefficients
with respect to surface types are given in Table 2-5, on page 2-8.

The design professional shall use values in Tables 2-4 and 2-5 as guidance and derivation of these
values shall be carefully documented and justified in the design drawings and specifications. Areas
not conforming to these descriptions will be evaluated by calculating a composite runoff coefficient.
Avreas shall be evaluated based upon the ultimate development.

The coefficients in these two tables are applicable for storms of 1- to 10-year frequencies. These
coefficients are based on the assumption that the design storm does not occur when the ground
surface is frozen. Table 2-6, on page 2-9, represents correction factors to adjust the runoff
coefficient for less frequent high intensity storms.
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TABLE 2-4
RECOMMENDED RATIONAL METHOD RUNOFF COEFFICIENTS
FOR LAND USE
S Runoff Coefficient
Description of Area :
P (Up to 10-Year Design Storm)

Business: Downtown 0.70t0 0.95

Neighborhood 0.50t0 0.70
Residential RE — maximum of 1 du/ac 0.35
RL — maximum of 2 du/ac 0.45
RM-1 and RM-2 — maximum of 4 du/ac 0.50
RV — maximum of 8 du/ac 0.57
RC — maximum of 15 du/ac 0.65

Industrial: Light 0.50 to0 0.80

Heavy 0.60 to 0.90

Parks and Cemeteries 0.10t0 0.25

Playgrounds 0.20to 0.40

Railroad Yard 0.20t0 0.40

Unimproved 0.10to 0.30

TABLE 2-5
SUGGESTED RATIONAL METHOD RUNOFF COEFFICIENTS
FOR SURFACE TYPES
Runoff Coefficient
Character of Surface .
(Up to 10-Year Design Storm)
Pavement : Asphaltic and Concrete 0.95
Brick 0.85
Wooded 0.25
Packed gravel areas 0.55
Unpacked gravel areas 0.85
Driveways and Walkways 0.95
Roofs 0.95
Turf Slopes: Flat, O to 1 percent 0.25
Average, 1 to 3 percent 0.35
Hilly, 3 to 10 percent 0.40
Steep, 10 percent + 0.45
Cultivated Ground:  Flat, 0 to 1 percent 0.10
Average, 1 to 3 percent 0.20
Hilly, 3 to 10 percent 0.25
Steep, 10 percent 0.30
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TABLE 2-6
FREQUENCY FACTORS FOR THE RATIONAL METHOD
Recurrence Adjustment
Interval (years) Factor, Cs
1t0 10 1.00
25 1.10
50 1.20
100 1.25

Rainfall Intensity, i

Rainfall intensity, i, is the average rate of rainfall in inches per hour. Intensity is selected on the
basis of design frequency of occurrence, a statistical parameter established by design criteria, and
time of concentration. Rainfall intensity can be determined for the 1-, 2-, 5-, 10-, 25-, 50-, and 100-
year return periods from Figure 2-2 and Table 2-3. Note that the total design storm depth (or
volume) is not used in the Rational Method. This method determines only the peak discharge rate
not the total runoff volume.

Travel Time, T;

Travel time, Ty, is the time required for water to travel from one location to another in a watershed.
T is a component of time of concentration (T;), which is the time for runoff to travel from the
hydraulically most distant point of the watershed to the point of design. T, is computed by summing
all the travel times for consecutive components of the drainage conveyance system. T, influences
the shape and peak of the runoff hydrograph. Urbanization usually decreases T, thereby increasing
the peak discharge; but T, can be increased as a result of (a) ponding behind small or inadequate
drainage systems, including storm drain inlets and road culverts; or (b) reduction of land slope
through grading.

T. is the sum of T; values for the various consecutive flow segments.

Te=Tu+Te+...Tm

(2-2)
where:
T = time of concentration, in minutes
m = number of flow segments
T; = travel time, in minutes

Note: For application within the City, a minimum time of concentration of 5 minutes shall be used
for each area or sub area to which the Rational Method is applied.
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Travel time (T) is the ratio of flow length to flow velocity:

.= L
" 60V
(2-3)
where:

travel time, in minutes

flow length, in feet

average velocity, in feet per second
conversion factor from seconds to minutes

Tt
L
V
60

Water moves through a watershed as sheet flow, shallow concentrated flow, piped or open channel
flow, or some combination of these. The type that occurs is best determined by field inspection and
subsequent calculation.

Sheet Flow

Sheet flow is flow over plane surfaces. With sheet flow, the friction value (ns, a modified Manning's
effective roughness coefficient that 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)
is used. These ns values are for very shallow flow depths (approximately 0.1 foot or less) and are
only used for travel lengths up to 300 feet in urban areas and 1,000 feet in non-urban areas. Table 2-
7, on the next page, gives Manning's ns values for sheet flow for various surface conditions.

For sheet flow determination, use Manning’s kinematic solution to directly compute T

~0.42(n,L)%°
bR (s)™
(2-4)
where:
T; = travel time, in minutes
Ns = sheet flow Manning's effective roughness coefficient (from  Table
2-7)

L = flow length, in feet
P, = 2-year, 24-hour rainfall depth, in inches, (see Table 2-1)
So = slope of hydraulic grade line, in land slope, feet per foot
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TABLE 2-7
ROUGHNESS COEFFICIENTS (MANNING’S ng)
FOR OVERLAND FLOW
Surface Description ns'
Smooth Surfaces (concrete, asphalt, gravel, or bare soil) 0.011
Fallow (no residue?) 0.05
Cultivated Soils: Residue Cover <20 percent 0.06
Residue Cover >20 percent 0.17
Grass: Short Grass Prairie 0.15
Dense Grasses® 0.24
Bermuda Grass 0.41
Range (natural) 0.13
Woods®: Light Underbrush 0.40
Dense Underbrush 0.80
! The values are a composite of information compiled by Engman (1986).
2 Residue cover is cultivated or chopped plant material left on the field to prevent erosion and
hold moisture.
3 Includes species such as weeping lovegrass, bluegrass, buffalo grass, blue grama grass, and
native grass mixtures.
4 When selecting n, consider cover to a height of about 0.1 feet. This is the only part of the
plant cover that will obstruct sheet flow.

Velocity Equation

A commonly used method of computing average velocity of flow, once it has measurable depth, is
the following equation:

V =kyfs,

(2-5)
where:
\Y/ = velocity, in feet per second
k = time of concentration velocity factor, in feet per second
So = slope of flow path, in feet per foot

"k" is computed for various land covers and channel characteristics with assumptions made for
hydraulic radius using the following rearrangement of Manning's equation:
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0.67
K = 1.49R
n
(2-6)
where:
R = an assumed hydraulic radius
n = Manning's roughness coefficient for open channel flow

Typical "k" values are presented in Table 2-8, on the next page.
Shallow Concentrated Flow

Velocities for this type of flow can be calculated using the ks values from Table 2-8 in which
average velocity is a function of watercourse slope and type of channel. After computing the
average velocity using the Velocity Equation above, the T; for the shallow concentrated flow
segment can be computed using the Travel Time Equation described above.

Open Channel Flow

Open channels are assumed to begin where the flow enters a definable system. This may include
piped systems, ditches, channels visible on aerial photographs, or where lines indicating streams
appear (in blue) on United State Geological Survey quadrangle sheets. The k. values from Table 2-8
used in the Velocity Equation above or water surface profile information can be used to estimate
average flow velocity. Average flow velocity is usually determined for bank-full conditions. After
average velocity is computed, the T; for the channel segment can be computed using the Travel Time
Equation described above.

Limitations
The following limitations apply in estimating T:

. Manning's kinematic solution should not be used for sheet flow longer than 300 feet
in urban areas or 1,000 feet in non-urban areas.

. In watersheds with storm sewers, carefully identify the appropriate hydraulic flow
path to estimate T.. Storm sewers generally handle only a small portion of a large
event. The rest of the peak flow travels by streets, lawns, and so on, to the outlet.
Consult a standard hydraulics textbook to determine average velocity in pipes for
either pressure or non-pressure flow.

. A culvert or bridge can act as a reservoir outlet if there is significant storage behind
it. A hydrograph should be developed to this point and a stage-storage-discharge
technique should be used to determine an outflow rating curve through the culvert or
bridge.
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TABLE 2-8

"k™ VALUES USED IN TRAVEL TIME/TIME OF CONCENTRATION CALCULATIONS
Shallow Concentrated Flow [after the initial 300 feet Ks
(1,000 feet in non-urban areas) of sheet flow, R = 0.1]

1. Forest with heavy ground litter and meadows (n = 0.10) 3
2. Brushy on ground with some trees (n = 0.060) 5
3. Fallow or minimum tillage cultivation (n = 0.040) 8
4. High grass (n =0.035) 9
5. Short grass, pasture and lawns (n = 0.030) 11
6. Nearly bare ground (n = 0.025) 13
7. Paved and gravel areas (n = 0.012) 27
Channel Flow (intermittent - at the beginning of visible channels R = 0.2) Ke
1. Forested swale with heavy ground litter (n = 0.10) 5
2. Forested drainage course/ravine with defined channel bed (n = 0.050) 10
3. Rock-lined waterway (n = 0.035) 15
4. Grassed waterway (n =0.030) 17
5. Earth-lined waterway (n = 0.025) 20
6. CMP pipe (n=0.024) 21
7. Concrete pipe (0.012) 42
8. Other waterways and pipes 0.508/n*
Channel Flow (continuous stream, R = 0.4) ke
Meandering stream with some pools (n = 0.040) 20
Rock-lined stream (n = 0.035) 23
Grass-lined stream (n = 0.030) 27
Other streams, man-made channels and pipe 0.807/n*
! Manning's "n" values are based on facility characteristics.

[PB1]
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Example1l: The following is an example of travel time and time of concentration
calculations:

Given: An existing drainage basin having a selected flow route composed of the following
five segments:

Segment 1: L =200 feet. Dense grasses (sheet flow)
So = 0.03 feet per foot, ns=0.24

Segment 2: L = 300 feet. Pasture (shallow concentrated flow)
So = 0.04 feet per foot, ks =11

Segment 3: L =50 feet. Small pond (year around)
So = 0.00 feet per foot, k. =0

Segment 4: L =300 feet. Grassed waterway (intermittent channel)
So=0.05, k=17

Segment 5: L =500 feet Grass-lined stream (continuous)
So = 0.02, ke = 27

Calculate T's for each reach and then sum them to calculate the drainage basin T.

0.42(n L)°®
Segment 1: Sheet flow (L<300 feet), To= —%r
(P,)™(s0)”

(0.42)[(0.24)(200 feet)]*®

) = 20.2 minut
' (3.5 inches)o'5(0.03 feet per fOOt)0-4 minutes

Segment 2: Shallow concentrated flow V = k\/g

V, = (11)(0.04 feet per foot)*® = 2.2 feet per second

T = L . (300 feet)
? 60V (60 seconds per feet)(2.2 feet per second)

= 2.3 minutes

Segment 3: Flat water surface

T3 =0 minutes
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Segment 4: Intermittent channel flow V= k\/g

V, = (17)(0.05 feet per foot)*> = 3.8 feet per second

(300 feet)

= = 1.3 minutes
(60 seconds per minute) (3.8 feet per second)

4

Segment 5: Continuous stream V= k\/g

V, = (27)(0.02 teet per foot)** = 3.8 feet per second
(500 feet)

= = 2.2 minutes
(60 seconds per minute)(3.8 feet per second)

5

T.=T+T,+T,+T,+T;
T.=202+23+0+ 1.3+ 2.2 =26 minutes

2.3.2 SCS Unit Hydrograph Method

A hydrograph is a graph of the discharge rate versus time, at a particular point. A hydrograph
reflects precipitation and watershed characteristics, as well as geologic factors. A hydrograph can be
separated into three segments: the rising limb, the crest segment, and the recession limb. The shape
of the rising limb is especially sensitive to rainfall characteristics, while the shape of the recession
limb is more sensitive to geologic characteristics and watershed slope. The crest segment is
sensitive to both watershed and rainfall characteristics. The SCS UH Method may be used for
determining peak runoff rates for rural basins with a drainage area of up to 2,000 acres. Other
hydrograph methods may only be used with prior written approval by the City.

Additional background on this methodology can be found in "Urban Hydrology for Small
Watersheds", Technical Release TR-55 (1986) and SCS National Engineering Handbook, Section 5
(1986). After October 1994, the United States Department of Agriculture Soil Conservation Service
(USDA SCS) became known as the Natural Resource Conservation Service (NRCS). Materials and
other references are denoted as SCS or NRCS based upon referenced edition or issue date.

Unit Hydrograph Definition

A UH is a special case of the flood hydrograph. Specifically, a UH is the hydrograph that results
from one inch of precipitation excess generated uniformly over the watershed at a uniform rate
during a specified period of time. There are five important concepts in this definition that warrant
emphasis. First, the runoff occurs from precipitation excess, which can be defined as the difference
between precipitation and losses. Losses include interception, depression storage, and infiltrated
water that does not appear as direct runoff. Second, the volume of runoff is one inch, which is the
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same as the volume of precipitation excess. Third, the excess is applied at a constant rate (i.e.,
uniform rate). Fourth, the excess is applied with a uniform spatial distribution. Fifth, the intensity of
the rainfall excess is constant over a specified period of time, which is called the duration.

The SCS method uses a dimensionless UH that is based on an extensive analysis of measured data.
Unit hydrographs were evaluated for a large number of actual watersheds and then made
dimensionless. An average of these dimensionless UH was developed as shown in Figure 2-3, on
page 2-18. The time base of the dimensionless UH was approximately 5 times the time-to-peak and
approximately 3/8 of the total volume occurred before the time-to-peak; the inflection point on the
recession limb occurs at approximately 1.7 times the time-to-peak, and the UH had a curvilinear
shape. The Dimensionless Curvilinear Unit Hydrograph and Equivalent Triangular Hydrograph is
shown in Figure 2-4, on page 2-20, and the discharge ratios for selected values of the time ratio are
given in Table 2-9.

Lag Time and Concentration Time

Two basic equations are used in defining the shape of the UH. The first equation defines the lag
time of the basin, L, or the time from the midpoint of unit excess rainfall to the UH peak, t,. A
number of relationships are given for the dimensions of the SCS synthetic UH (see Figure 2-4, on
page 2-20).

Lag time is defined as the time in hours from the center of mass of rainfall excess to peak discharge:
L= 0°8(S+1)%
1,900y°°
(2-7)

where:

lag time, in hours
hydraulic length, in feet
slope, in percentage
maximum retention

n< ~ I-

g 1000
CN

where:

CN curve number

The time of concentration is related to the lag time by the equation:

t. = 5/3L
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(2-8)
where:

te = time of concentration, in hours

Runoff Parameters

All storm event hydrograph methods require the input of parameters which describe the physical
drainage basin characteristics. These parameters provide the basis from which the runoff
hydrograph is developed. This section describes the three key parameters (area, curve number, and
time of concentration) used to develop the runoff hydrograph using the SCS UH Method.
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Figure 2-3 Dimensionless Unit Hydrograph and Mass Curve
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TABLE 2-9
RATIOS FOR DIMENSIONLESS UNIT HYDROGRAPH
AND MASS CURVE
Time Ratios Discharge Ratios Mass Curve Ratios

t/tp dp Qa/Q

0 0.000 0.000
0.1 0.030 0.001
0.2 0.100 0.006
0.3 0.190 0.012
04 0.310 0.035
0.5 0.470 0.065
0.6 0.660 0.107
0.7 0.820 0.163
0.8 0.930 0.228
0.9 0.990 0.300
1.0 1.000 0.375
1.1 0.990 0.450
12 0.930 0.522
1.3 0.860 0.589
14 0.780 0.650
15 0.680 0.700
16 0.560 0.751
1.7 0.460 0.790
1.8 0.390 0.822
19 0.330 0.849
2.0 0.280 0.871
2.2 0.207 0.908
24 0.147 0.934
2.6 0.107 0.953
2.8 0.077 0.967
3.0 0.055 0.977
3.2 0.040 0.984
34 0.029 0.989
3.6 0.021 0.993
3.8 0.015 0.995
4.0 0.011 0.997
4.5 0.005 0.999
5.0 0.000 1.000

Source: SCS National Engineering Handbook, Section 5 (1986).
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Figure 2-4 Dimensionless Curvilinear Unit Hydrograph and Equivalent Triangular Hydrograph

Area

Obtaining the highest degree of accuracy in hydrograph analysis requires the proper selection of
homogeneous basin areas. Significant differences in land use within a given drainage basin must be
addressed by dividing the basin area into subbasin areas of similar land use and/or runoff
characteristics. For example, a drainage basin consisting of a concentrated residential area and a
large forested area should be divided into two subbasin areas accordingly. Hydrographs should then
be computed for each subbasin area and summed to form the total runoff hydrograph for the basin.
Figure 2-5, on the next page, depicts the summation of UH flows for two excess rainfalls for the 4
hour time mark. This calculation must be made for the whole duration of all UH used.

To further enhance the accuracy of hydrograph analysis, all pervious and impervious areas within a
given basin or subbasin should be analyzed separately, unless the impervious area discharges across
pervious areas prior to entering the conveyance system. Separate analysis provides better results
because there are typically significant differences between precipitation losses attributable to
impervious and pervious soil covers; and there is typically a significant difference in travel times
across paved areas and defined systems compared to unpaved areas and undefined systems.
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This analysis may be done by computing separate hydrographs for each area and combining them to
form the total runoff hydrograph. By analyzing pervious and impervious areas separately, the errors
associated with averaging these areas are avoided and the true shape of the runoff hydrograph is
better approximated.

Impervious areas not connected to a definable drainage system should be combined with the
pervious areas. Situations where this may occur include: Roof down spouts draining to infiltration
pockets, roof down spouts dispersed over lawn or landscaped areas, parking lots draining to
infiltration facilities, and streets without curb and gutter or a definable ditch system.

Curve Number

The SCS method uses an index called the runoff curve number (CN) to represent the combined
hydrologic effect of the soil type, land use, hydrologic condition of the soil cover, and the antecedent
soil moisture. The CN indicates the runoff potential of soil which is not frozen. Higher CNs reflect
a higher runoff potential.

The following conditions and limitations apply when using the SCS CN to estimate runoff:

» Understand that initial abstractions (l;) include interception, initial infiltration, surface
depression storage, and evapotransporation.

> Runoff from frozen ground cannot be estimated using this procedure.

» The CN method becomes less accurate when runoff is less than 0.5 inches. When this
situation occurs, use of another procedure is recommended.

» This procedure applies only to direct runoff.

If the weighted CN is less than 30, use of another procedure is recommended.
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Figure 2-5 Combination of Unit Hydrographs of Varying Rainfall Excess Depths

The SCS soil classification system consists of four Hydrologic Soil Groups (HSG) which are
characterized as follows:

HSG A: Low runoff potential. Deep sand, deep loess, and aggregated silts.
HSG B: Moderate runoff potential. Shallow loess and sandy loam.
HSG C: Moderate to high runoff potential. Clay loams, shallow sandy loam,

soils low in organic content, and soils usually high in clay.

HSG D: High runoff potential. Soils that swell significantly when wet, heavy
plastic clays and certain saline soils.

The "Soil Survey of Cabarrus County, North Carolina”, prepared by the USDA SCS provides a
detailed description of the soils in Cabarrus County. This is generally the best means of identifying
soil groups.

The SCS cover classification includes three factors: (1) land use, (2) treatment, and (3) hydrologic
condition. Identified land uses include: fully developed urban areas, developing areas, and
agricultural land. The land uses are subdivided by treatment practices that describe the type of cover
(Table 2-10). The hydrologic condition reflects the level of land management which are given as
poor, fair, and good. Table 2-11 contains a list of soil types and HSG in the City.
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Antecedent moisture conditions have a significant effect on runoff potential (CN). The SCS has
developed three antecedent moisture conditions, which are described below:

Condition I: Soils are dry but not to wilting point.
Condition 1I: Average conditions.
Condition IlI: Heavy or light rainfall and low temperatures have occurred within the

5 days; saturated soils.

Antecedent moisture condition (AMC) Condition Il, represented in Tables 2-10 and 2-11, shall be
used in all design calculations unless a different condition is specified by the City.

Curve Number Runoff Equation

The volume of runoff is dependent on the volume of precipitation and the volume of storage
available for retention. Table 2.1 from Section 2.1.2 has been reproduced again in this section.

Approximate 24-hour Rainfall Volumes for
Concord, NC
Return Interval | 24-hour VVolume (inches)
1-year 2.9
2-year 3.5
5-year 4.4
10-year 5.1
25-year 6.0
50-year 6.8
100-year 7.6
The runoff equation based on this concept is:
Q — (P - Ia)2
(P-1,)+S

(2-9)
where:

runoff, in inches

rainfall, in inches

potential maximum retention after runoff begins, in inches
initial abstraction, in inches

w VL0

&
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Initial abstraction (I5) includes all losses before runoff begins. These losses include interception,
initial infiltration, surface depression storage, and evapotransporation,. Initial abstraction is based on
the following empirical relationship that shall be used for all design calculations unless otherwise
directed by the City.

I, =0.2S
(2-10)
Substituting I, = 0.2S into Equation 2-9:
P-0.2S)?
o (P=029)
P+0.8S
(2-11)

Potential maximum retention (S) is related to the soil and cover conditions of the watershed through
the CN:

g_1000
CN

(2-12)

The precipitation excess for a storm can also be obtained using the graphical solution shown on
Figure 2-6. For example, a precipitation of 5 inches with a curve number of 80 generates 2.9 inches
of runoff.
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TABLE 2-10
RUNOFF CURVE NUMBER FOR URBAN AREAS AND OTHER
AGRICULTURAL LANDS!

Curve Numbers for

Cover Description SR PR Hydrologic Soil Group

Cover Type and Hydrologic Condition Impervious
Area’

Fully developed urban areas (vegetation established)

Open space (lawns, parks, golf courses, cemeteries, etc.)?

Poor Condition (grass cover <50 percent) 68 79 86 89
Fair Condition (grass cover 50 to 75 percent) 49 69 79 84
Good Condition (grass cover >75 percent) 39 61 74 80

Impervious areas:
Paved parking lots, roofs, driveways, etc., (excluding
right-of-ways) 98 98 98 98

Streets and roads:
Paved; curbs and storm sewers (excluding right-of-

ways) 98 98 98 98
Paved; open ditches (including right-of-ways) 83 89 92 93
Gravel (including right-of-ways) 76 85 89 91
Dirt (including right-of-ways) 72 82 87 89
Urban districts:
Commercial and business 85 89 92 94 95
Industrialf 72 81 88 91 93
Residential districts by average lot size:
RE - maximum of 1 dwelling per acre 20 51 68 79 84
RL - maximum of 2 dwellings per acre 25 54 70 80 85
RM-1 - maximum of 3 dwellings per acre 30 57 72 81 86
RM-2 - maximum of 4 dwellings per acre 38 61 75 83 87
RV - maximum of 8 dwelling/acre 65 77 85 90 92
RC - maximum of 15 dwelling/acre 80 86 90 93 96
Developing urban areas and agricultural land
Newly graded areas (pervious areas only, no vegetation)* 77 86 91 94
Pasture, grassland, or range — continuous forage for grazing® Poor 68 79 86 89
Fair 49 69 79 84
Good 39 61 74 80
Meadow-continuous grass, protected from grazing and - 30 58 71 78
generally mowed for hay
Brush-brush, weed, grass mixture with brush the major Poor 48 67 77 83
elements® Fair 35 | 56 | 70 77
Good 30 | 48 | 65 | 73
Woods-grass combination (orchard or tree farm)® Poor 57 73 82 86
Fair 43 65 76 82
Good 32 58 72 79
Woods® Poor 45 | 66 | 77 | 83
Fair 36 60 73 79
Good 30 | 55 | 70 | 77
Farmsteads-buildings, lanes, driveways, and surrounding lots. - 59 74 82 86

Source: SCS, Urban Hydrology for Small Watersheds, Technical Release No. 55.
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Notes for Table 2-10

1 Average runoff condition, and I, = 0.2S.

The average percent impervious area shown was used to develop the composite CNs. Other
assumptions are as follows: Impervious areas are directly connected to the drainage system,
impervious areas have a CN of 98, and pervious areas are considered equivalent to open space
in good hydrologic condition. CNs for other combinations of conditions may be computed by
using Figures 2-7 or 2-8 located in this Article.

CNs shown are equivalent to those of pasture. Composite CNs may be computed for other
combinations of open space cover type.

Composite CNs to use for the design of temporary measures during grading and construction
should be computed using Figures 2-7 or 2-8, located in this Article based on the degrees of
development (impervious area percentage) and the CNs for the newly graded pervious area.

Poor: <50 percent ground cover or heavily grazed with no mulch.
Fair: 50 to 75 percent ground cover and not heavily grazed.
Good:  >75 percent ground cover and lightly or only occasionally grazed.

Poor: <50 percent ground cover
Fair: 50 to 75 percent ground cover
Good:  >75 percent ground cover

Actual curve number is less than 30; use CN = 30 for runoff computations.

CNs shown was computed for areas with 50 percent woods and 50 percent grass (pasture)
cover. Other combinations of conditions may be computed from the CNs for woods and
pastures.

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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TABLE 2-11
SOIL TYPES IN CONCORD, NC
Soil Name Symbol HSG*

Altavista AaB C
Appling ApB B
Armenia Ar D
Badin Ba C
Cecil Cc B
Cecil-Urban complex Ce B
Chewacla Ch C
Cullen Cu C
Coronaca Co B
Enon En C
Enon-Urban complex Eo C
Georgeville Ge B
Goldston Go C
Hiwassee Hw B
Iredell Id C/D
Mecklenburg Me C
Mecklenburg-Urban complex Mk C
Misenheimer Ms C
Pacolet Pa B
Pacolet-Udorthents complex Pc B
Poindexter Po B
Sedgefield St C
Udorthents ud -
Urban land Ur -
Vance Va C
Wehadkee We D
*SCS Hydrologic Soil Group
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Example 2:  This example illustrates the procedure to use for computing a composite curve
number and determining runoff for a basin with mixed land uses.
Given: 300-acre basin.

70 percent of the basin is an Enon soil, Hydrologic Soil Group C.

30 percent of the watershed is a Cecil soil, Hydrologic Soil Group B.

200 acres of the watershed, including all HSG B soils and 100 acres of the HSG C

soil is 1/2-acre residential lots. The residential lots have directly connected

impervious areas of 25 percent and the pervious area is considered in good
hydrologic soil condition.

Remaining area is open space and in good hydrologic condition.

Find: Determine the weighted CN for this basin and the volume of runoff from the 25-year
24-hour storm event.
Solution: 1. The 25-year 24-hour precipitation for the Concord area is 6.0 inches (Table
2-1).

2. Following the procedure outlined in the worksheet on the following page, the
weighted CN for the basin can be determined and the volume of runoff can
be calculated.

Example 2:
1. Runoff CN
Curve Number!
Soil Name | Hydrologic Group Cover Description A2 PO O]

(acres) CN*Area

Table 2-10
Figure 2-7
Figure 2-8

1/2 acre residential, 25

Cecil percent impervious,
Good condition 70 90 6300
1/2 acre residential, 25

Enon C percent impervious,
Good condition 80 100 8000
Open space,

Enon c Good condition 74 110 8140

1 Use only one CN source per line Totals 300 22440

(CN x Area)
CNuweighted ZZ

Z Area
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Clweightea —222230%c1es _ 7 Use CN =75
Oacres
2. Runoff
Storm #1
Frequency 25 | year
Rainfall, P (24-hour) 6.0 | inches
Runoff, Q 3.3 | inches

(Use P and CN with Figure 2-6 and Eqgns 2-11 and 2-12)

Example 3:  Example 3 is the same as Example 2, except the directly connected impervious
area for the 1/2-acre residential lots differs from that presented in Table 2-10.

Given: The 1/2-acre residential lots directly connected impervious areas are 35 percent,
which differs from what is presented in Table 2-10.

Solution: Use Figure 2-7 to obtain a representative CN for the 1/2-acre residential lots. Using
footnote 2 in Table 2-10, enter Figure 2-7 using CN = 61 for HSG B and CN - 74 for
HSC C and obtain CN of 74 and 82, respectively.

Example 3:
1. Runoff CN
Curve Number!
) . o ~ 0 Product
Nsaorlr:e H)gjrrglloglc Cover Description : S % (Q:rrzi) of
P = 5 = CN*Area
< 2 (=2
[ (i T
1/2 acre residential,
Cecil B 35 perc_ent
impervious, Good
condition 74 90 6660
1/2 acre residential,
Enon C 35 perc_ent
impervious, Good
condition 82 100 8200
Open space,
Enon c Good condition 74 110 8140
! Use only one CN source per line Totals 300 23000
CNweighted _23.000acres _ 40 5 Use CN = 77

acres
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2. Runoff

Storm #1
Frequency 25 | year
Rainfall, P (24-hour) 6.0 | inches
Runoff, Q 3.5 | inches

(Use P and CN with Figure 2-6 and Eqgns 2-11 and 2-12)

Example 4. Example 4 is the same as Example 2, except 50 percent of the impervious area is not
directly connected for the 1/2-acre residential lots.
Solution: Use Figure 2-8, on page 2-33, to determine the representative CN for the 1/2-acre
residential lots. This adjustment to impervious area generates a representative CN of
78.
Example 4:
1. Runoff CN
Curve Number"
Soil | Hydrologic _ S iy 0 Area | Product of
Name Group S DR p e DX E E‘; (acres) | CN*Area
= > >
(] .2 2
[ i i
1/2 acre residential,
Cecil B 25 percent impervious, .
50 percent connected impervious,
Good condition 70 90 6300
1/2 acre residential,
25 percent impervious,
Enon | C 50 percent unconnected
impervious,
Good condition 78 100 7800
Open space,
Enon | C Good condition 74 110 8140
! Use only one CN source per line Totals 300 22240
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CNweightea =2222002c1es _ 7 7 Use CN =75
Oacres
2. Runoff
Storm #1
Frequency 25 | year
Rainfall, P (24-hour) 6.0 | inches
Runoff, Q 3.3 | inches

(Use P and CN with Figure 2-6 and Eqgn