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Introduction

1.1 Purpose

Providing adequate drainage in urban areas has been proven as a necessary component in maintaining the overall
health, welfare, and economic well being of a region. Drainage is a regional feature that affects multiple jurisdictions
and all parcels of land. It is important to develop drainage policy that balances both public and private considerations
(UDFCD, 1969).

Certain underlying principles should be applied when planning drainage facilities. These principles apply to both
water quantity and water quality management. Policy statements and technical criteria serve as the implementation
tools for the underlying drainage principles (UDFCD, 1969).

The purpose of this Drainage Criteria Manual, in conjunction with the development of overall master planning of the
major watersheds throughout the Lincoln, Nebraska area, is to provide drainage facilities in urban areas that avoid the
disruption of the community while improving the overall health and welfare of the region in an economic way.

1.2 Contents

This Drainage Criteria Manual has been prepared for the City of Lincoln, Nebraska and the Lower Platte South
Natural Resources District (LPSNRD) to provide guidance to design engineers, hydrologists, water quality specialists,
and others involved in the management of stormwater runoff. An extensive collaborative effort was undertaken in the
Manual preparation that involved input from a project Management Committee, Advisory Committee, and the general
public. The committees were formed to represent a broad and diverse group of interests throughout the City, including:
builders, developers, environmental groups, public works, neighborhood associations, etc. Meetings and workshops
were regularly held to discuss and reach consensus on important drainage, flood control, and water quality protection
issues specific to the City of Lincoln.

The Manual is comprised of nine technical chapters that provide guidance on the major aspects of urban stormwater
management and drainage facility design. The Manual is intended to be an effective and practical resource that provides
users with proven engineering approaches along with illustrative examples. The Manual represents a compilation of
a large amount of technical information in a single document, which should help minimize the need for multiple outside
references.

It is assumed that the user has basic knowledge of hydraulics, hydrology, and stormwater management concepts.
While some theory is presented in the Manual, the text is devoted more to the practical application of the theory, as it
relates to drainage management and design.

1.3 Objectives

Drainage, flood control, and water quality protection in the City of Lincoln and its surrounding areas are an integral
part of the comprehensive planning process. Drainage represents only one component of a larger urban system. The
objectives of the City of Lincoln with respect to drainage, flood control, and water quality protection are to:

To protect the general health, safety, and welfare of the residents of the City of Lincoln.

To minimize property damage from flooding; including minimization of localized neighborhood flooding.

To ensure that new buildings and facilities are free of flood hazard from major and smaller storm runoff events.

To minimize water quality degradation by limiting the amount of sediment generation and erosion of channels.

To encourage the retention of open space, particularly along natural drainageways.

To plan for large and small flooding events by providing both major and minor drainage systems.

To implement reasonable, cost effective best management practices (BMPs) for sediment control and water

quality enhancement.

To manage stream and drainage channel corridors to promote environmental diversity and to protect buildings

and facilities from damage by channel erosion.

® To stabilize channels to, among other things, minimize the disruption of existing infrastructure such as bridges
and utility lines.

® To comply with the City of Lincoln National Pollutant Discharge and Elimination System (NPDES) permit

requirements.
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® Todevelop equitable methods to adequately fund construction, operation and maintenance, and administration
of an up-to-date stormwater management program.

® To minimize future operating and maintenance expenses.

® To educate the public on stormwater policies and administrative procedures.

® To build a stormwater program based on understanding and cooperation with builders and developers,
providing for effective administrative authority for the City and LPSNRD.

The strict application of this Manual in the overall planning of new development is practical and economical;
however, there are many built-up areas within and around the City of Lincoln which will not conform to the drainage
standards proposed in this Manual. In fact, the problems associated with these areas provided some of the impetus for
the development of this Manual. The up-grading of built-up areas to conform to the policy, criteria, and standards
contained in this Manual may be difficult, and sometimes impractical. Therefore, in the planning of drainage
improvements in built-up areas, it is recommended that the design approaches presented in this Manual be adjusted to
optimize the benefit to cost ratio.

1.4 Planning Concepts

The following general principles apply when planning for and designing urban storm drainage systems (ASCE, 1992):
1.4.1  Drainage is a Regional Phenomenon

Drainage is a regional phenomenon that does not respect the boundaries between government jurisdictions or between
public and private properties. Therefore, a successful plan must integrate regional jurisdictional cooperation, where
applicable, to accomplish established goals. The City of Lincoln will seek the cooperation of LPSNRD and Lancaster
County to minimize the contribution of all storm drainage systems to flooding and in the preparation and implementation
of master drainage plans.

1.4.2  Storm Drainage is a Sub-System of the Total Urban System

Drainage is a sub-system of all urbanization. The planning of drainage facilities must be included in the urbanization
process. The first step is to include drainage planning with all regional and local urban master plans.

Stormwater management facilities, such as open channels and storm drains, serve both conveyance and storage
functions. When a channel is planned as a conveyance feature, it requires an outlet as well as downstream storage space
to adequately contain the design flows. The space requirements for adequate drainage may become a competing use for
space with other land uses. If adequate provision is not made in the land use plan for the drainage requirements,
stormwater runoff will conflict with other land uses, will result in water damages, and will impair or even disrupt the
functioning of other urban systems (Tulsa, 1993).

1.4.3  Urban Areas Have Two Drainage Systems
Urban areas are comprised of two drainage systems. The first is the minor or primary system, which is designed to

provide public convenience and to accommodate relatively moderate frequent flows. The other is the major system,
which carries more water and operates when the rate or volume of runoff exceeds the capacity of the minor system.

1.4.4  Runoff Routing is a Space Allocation Problem

Analysis and design of drainage systems should not be based on the premise that problems can be transferred from
one location to another.

1.4.5 Stormwater Runoff as a Resource
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Stormwater runoff and the facilities to accommodate the runoff can be an urban resource when properly included in
the urban system. Drainageways can provide environments for various life forms such as aquatic life, mammals, birds,
and vegetation. In many cases the drainage facilities can provide areas for active and passive recreation for citizens to
enjoy. Although sometimes a liability to urbanization, stormwater runoff can be beneficial as an urban resource (Tulsa,
1993).

When stormwater runoff is treated as a resource, water quality aspects become important. As such, it is important to
implement best management practices (both structural and nonstructural) and effective erosion and sediment control
measures.

Due to the multi-purpose potential of stormwater runoff, natural drainage channels should be given priority
consideration in the preparation of drainage system designs and should be included as an integral part of the landscape.

1.4.6  Utilize the Features and Functions of the Natural Drainage System

Every site contains natural features that may contribute to the management of stormwater under existing conditions.
Each development plan should carefully map and identify the natural system. Natural engineering techniques can
preserve and enhance the natural features and processes of a site and maximize post-development economic and
environmental benefits. Good designs improve the effectiveness of natural systems, rather than negate, replace, or
ignore them.

1.4.7  Post-Development Flow Rates Shall Not Exceed Pre-Development Conditions

In new developments, post-development flow rates shall not exceed pre-development conditions. This can be
addressed by considering the following: (1) minimizing the amount of directly connected impervious area and (2)
controlling the rate of runoff by implementing stormwater management systems which use practices that maintain
vegetative and porous land cover, or use of storage facilities..

1.4.8  Design the Stormwater Management System from the Point of Outflow

The downstream conveyance system should be evaluated to ensure that it has sufficient capacity to accept design
discharges without adverse backwater impacts on the proposed conveyance system, or downstream impacts such as
flooding, streambank erosion, and sediment deposition. Starting tailwater conditions for the major and minor design
storm flow should be determined

1.4.9  Provide Regular Maintenance

Failure to provide proper maintenance reduces both the hydraulic capacity and pollutant removal efficiency of the
system. Effective maintenance relies on clear assignment of tasks and a regular inspection schedule.

1.4.10 Preventive and Corrective Actions

In existing urban settings, it may be necessary to develop a stormwater management strategy based upon both
preventive and corrective measures. For example, structural corrective measures such as inlets, storm drains, interceptor
lines, channelized stream sections and reservoirs affect and control storm runoff and floodwaters directly. Nonstructural
corrective measures, such as floodproofing and land use adjustments, help limit activities in the path of neighborhood
storm runoff or in river floodplains. Preventive actions available for reducing storm runoff and flood losses include:
flood-prone land acquisition, floodplain regulations, and control of land uses within flood-prone areas.

1.5 Criteria Summary

1.5.1 Drainage Design and Technical Criteria
The design criteria presented in this Manual are based on national engineering state-of-the-practice for stormwater

management, modified to suit the needs of Lincoln specifically. Extensive input from the City of Lincoln, LPSNRD,
and the public was used to develop and refine the criteria. The criteria are intended to establish guidelines, standards,
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and methods for effective planning and design. The criteria should be revised and updated as necessary to reflect
advances in the field of urban drainage engineering and urban water resources management.

1.5.2  Minor and Major Drainage Systems

Every urban area has two separate and distinct drainage systems, whether or not they are actually planned for and
designed. One is the minor system and the other is the major system. To provide for orderly urban growth, reduce costs
to taxpayers, and obviate loss of life and property damage, both systems must be planned and properly engineered.

1.5.2.1 Minor Drainage System

The minor drainage system is typically thought of as storm drains and related appurtenances, such as inlets, curbs and
gutters. The minor system is normally designed for floods with return frequencies of 2-years to 10-years, depending
upon the kind of land use. The minor system has also been termed the “convenience” drainage system.

For Lincoln, the minor drainage system design will be based on the 5-year to 10-year return frequency storms,
depending on the design application. For residential areas, the S-year storm is appropriate, while for downtown areas
and industrial/commercial areas, the 10-year storm is appropriate.

During design, the hydraulic grade line for all enclosed systems shall be determined to ensure that inlets act as
inlets, not outlets. All easements for storm drain pipe should be a minimum of 30 feet wide. In situations where the
engineer can clearly demonstrate that an easement less than 30 feet is adequate, the City may consider such a request.
Easements for storm drain pipe and surface water flowage shall be used where a drainageway must be maintained to
carry stormwater flow in excess of the storm drain pipe capacity. The easement cross-section shall accommodate the
depth and width of flow from the 100-year storm. The width must also be designed to allow for access of maintenance
equipment during the major storm.

An additional design storm equal to the 2-year frequency shall be used in the design of detention facilities.

1.5.2.2 Major Drainage System

The major drainage system is designed to convey runoff from, and to regulate encroachments for, large, infrequently
occurring events. When development planning and design do not properly account for the major storm flow path,
floodwaters will seek the path of least resistance, often through individual properties, thus causing damage. An assured
route of passage for major storm floodwaters should always be provided such that public and private improvements are
not damaged. For subdivisions in Lincoln, this need is to be provided for both in watershed headwaters settings and
along major drainageways.

The 100-year return frequency storm shall be the major drainage system design storm for all new developments.
Runoff from major storms should pass through a development without flooding buildings or homes. Overland flow
routes can be provided using streets, swales, and open space.

Open channels for transportation of major storm runoff are desirable in urban areas and use of such channels is
encouraged. Open channel planning and design objectives are best met by using natural, or natural-type channels,
which characteristically have slow velocities, and a large width to depth ratio. Optimum benefits from open channels
can best be obtained by incorporating parks and greenbelts with the channel layout.

To the extent practicable, open channels should follow the natural channels and should not be filled or straightened
significantly. Effort must be made to reduce flood peaks and control erosion so that the natural channel regime is
maintained. Channel improvement or stabilization projects are encouraged which minimize use of visible concrete,
riprap, or other hard stabilization materials to maintain the riparian characteristics.

1.5.3  Storm Runoff Computation

The calculation of the storm runoff peaks and volumes is important to the proper planning and design of drainage
facilities. The calculation of runoff magnitude shall be by either the rational method, the Soil Conservation Service
(SCS, now known as the Natural Resource Conservation Service) TR-55 method, or using the SCS method in the U.S.

Army Corps of Engineers (USACE) HEC-HMS software.

1.5.4 Detention
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Detention facilities shall have release rates which do not exceed the pre-development peak discharge rates for the 2-
year, 10-year, and 100-year storms. Hydrologic conditions as of 1 August 1999 shall be used to determine peak release
rates for pre-development conditions. Submittal of hydraulic design calculations is required to document that major and
minor design storm peak flows are attenuated. On-site and regional facilities shall be designed with adequate access and
sediment storage right-of-way (including sediment fore-bays) to facilitate maintenance.

On-site detention is required unless the master planning process or a regional analysis has shown that the detention
requirement can be transferred to a regional detention cell. On-site detention, however, may still be necessary to
provide for receiving stream channel stability maintenance. To the extent feasible, extended detention design shall be
utilized to enhance stormwater quality benefits, including increased sediment removal.

Where feasible, strategically located regional detention cells shall be used to reduce flow peaks from major storm
events. Funding mechanisms will be developed to allow joint investment by benefitted parties in regional facilities,
where transfer of detention requirements proves to be feasible and beneficial.

On-site and regional detention facilities shall be designed with adequate access and sediment storage right-of-way
(including sediment forebays) to facilitate maintenance. Unless private maintenance of on-site detention facilities is
acceptably performed, necessary maintenance by government forces shall be provided. The cost of this government
service shall be equitably allocated to responsible parties.

The owner shall provide record drawings of the storage facility to the Public Works & Utilities Department.

1.5.5 Streets

The primary drainage functions of streets are to convey nuisance flows quickly and efficiently to the storm drain or
open channel drainage with minimal interference to traffic movement and to provide an emergency passageway for the
major flood flows with minimal damage to adjoining properties, while allowing for safe movement of emergency
vehicles.

The allowable use of streets for new land development in Lincoln for minor and major storms runoff in terms of
pavement encroachment is presented in Chapter 3.

1.5.6 Flood Corridor Management

In all watersheds within the Existing Urban Area where a FEMA mapped floodplain has not been delineated,
development shall preserve a corridor in channels which drain greater than 150 acres. In all watersheds within New
Growth Areas, development shall preserve a corridor in all channels which drain greater than 150 acres or have a
defined bed and bank.

The width of minimum flood corridors shall be equal to the channel bottom width, plus 60 feet, plus six times the
channel depth, and the corridor shall be centered on the channel or aligned such that the corridor follows the natural
flow of flood waters.

The corridor will be centered on the channel or aligned such that the corridor follows the natural flow of floodwaters.
Riparian vegetation and the existing grade within the identified flood corridors shall be preserved or enhanced to the
maximum extent practicable, or mitigated during the development planning and construction processes when impacted
by allowable encroachments. Individual areas of encroachments of the riparian vegetation and encroachments of fill
into the existing grade will be permitted for operation, maintenance and repair, channel improvements, stormwater
storage facilities, and utility crossings. Individual areas of encroachment may also be permitted for parks,
pedestrian/bike trails, recreational uses, and public purposes, provided the encroachments are minimal and the uses are
generally consistent with the purpose of the corridor.

Sequencing and mitigation for encroachments into Minimum Flood Corridors is required as described in Chapter 2.05
of the Design Standards and Chapter 10 of this manual.

Flood corridors delineated during development of land shall be legally described and recorded.
Through the watershed master planning process, develop approximate 100-year projected future conditions flood

profiles for mainstem and tributary channel corridors that are between the limits of detailed study by FIS and the
boundary of the uppermost 150-acre sub-basin(s). Once the master plan flood profiles have been accepted by the City,
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regulate new development along the channel areas so the lowest opening in new buildings is protected from the flood
profile.

In watersheds where FIS floodplains have not been delineated and where flood prone areas have not yet been
determined through the watershed master planning process, regulate new development so the lowest opening of adjacent
new buildings is protected to one foot above the calculated 100-year flood profile.

1.5.7 NPDES Construction Site Activities

A NPDES “notice of intent” and a Stormwater Pollution Prevention Plan (SWPPP) shall be required before land
disturbance or vegetation removal activities occur on any site greater than or equal to 1.0 acre in size. The structural and
non-structural best management practices (BMPs) are recommended to address stormwater quality enhancement. The
SWPPP shall be prepared by a designated erosion control designer. A designated erosion control designer shall be a;
licensed professional engineer, architect or landscape architect; a professional in Erosion and Sediment Control, certified
by the Soil and Water Conservation Society; or a person with similar erosion and sediment control training and
knowledge certified by a nationally recognized erosion and sediment control association. As one condition of approval,
a construction schedule shall be included which indicates installation of as many of the proposed BMPs as are feasible
before any land disturbing activity is conducted, including site grubbing. The schedule will also indicate a plan to limit
the duration of exposure of disturbed land.

Contractors and developers shall contact the City on the business day prior to performing land disturbance or
vegetation removal on any site greater than or equal to 1.0 acre. Construction sites will be inspected periodically for
compliance with submitted SWPPPs.

1.5.8  Water Quality

Both structural and nonstructural best management practices (BMPs) are recommended that address long-term
stormwater quality enhancement. Effective, reasonable, and cost-effective BMPs should be selected for
implementation on a site-specific basis and in a manner that is consistent with existing basin master plans. For water
quality control purposes, it is recommended that the first 0.5 inches of runoff be captured and detained for a period of
at least 24 hours, and preferably longer.

The following is a list of voluntary structural BMPs that should be considered:

Create temporary ponding areas on parking lots and in landscaped or turfed open areas of building sites;
Use porous pavement for remote parking areas;

Reduce the amount of impervious area directly connected to the storm drain system;

Intentionally create longer vegetated drainage paths for minor storm events;

Encourage use of constructed wetlands;

Develop multipurpose extended detention facilities;

Use retention facilities (wet ponds) where feasible.

The following is a list of voluntary non-structural BMPs that should be encouraged:

Use of appropriate vegetation to reduce the need for fertilizer and pesticides;

Preservation of environmentally sensitive areas to protect them from development or other disruption;
Set aside more open space;

Preserve or re-establish riparian vegetation;

Implement staged grading of developments to minimize the amount of land disturbed at one time.

Additional structural and nonstructural BMPs are presented in Chapter 9 of the Manual.

1.6 Interrelationship Between Stormwater Quantity and Quality Management

With urbanization, the hydrology of a watershed changes in three important ways: (1) the total runoff volume is
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greater, (2) the runoff occurs more rapidly, and (3) the peak discharge is greater. The increase in runoff volume
results from the decrease in infiltration and depression storage. The shortened time base results from the greater flow
velocities in the drainage system. The increase in peak discharge is the inevitable consequence of a larger runoff
volume occurring over a shorter time. This increase in peak discharge for any storm means a related high discharge
occurs more frequently (ASCE, 1992).

Receiving water impacts are caused by a combination of physical and chemical effects. Impacts associated with
stormwater discharges can be discussed in terms of three general classes: (1) short-term changes in water quality; (2)
long-term water quality impacts; and (3) physical impacts. Short-term changes in water quality occur during and
shortly after storm events. Long-term impacts are caused by the cumulative effects associated with repeated
stormwater discharges. Physical impacts include erosional effects of high stream velocities that occur after the natural
hydraulic cycle has been altered. More frequent occurrences of high discharges may cause or intensify channel
erosion problems, disrupting the riparian habitat both where the erosion occurs and where the additional sediment is
deposited downstream (ASCE, 1992).

The City of Lincoln has seen the consequences of rapid urbanization on the water quality of its receiving streams.
Consequently, this Manual is part of an effort to more effectively manage both stormwater quantity and quality. By
implementing well planned and designed engineering approaches, the necessary measures can be taken to minimize
the cumulative water quality and water quantity impacts that result from urbanization.

1.7 Limitations

The interpretation and application of the provisions in this Manual shall be the minimum requirements for
promotion of the health, safety, convenience, order and general welfare of the community. The standards, however,
should not be construed as rigid criteria. Rather, the criteria are intended to establish guidelines, standards and
methods for sound planning and design. The City may set aside these criteria in the interest of the health, safety,
convenience, order and general welfare of the community.

The Manual is not intended to interfere with, abrogate, or annul any other regulation, statute, or other provision of
the law. Where any provision of this Manual imposes restrictions different from those imposed by any other
provision of this Manual or any other regulation or provision of law, that provision which is more restrictive or
imposes higher standards shall govern.

1.8 Updating

The policies and criteria presented in this Manual may be amended as new technology is developed and/or
experience is gained in the use of the criteria indicate a need for revision. Amendments and revisions to the Manual
will be made by the City of Lincoln when necessary to accomplish the goal of reasonable public protection from
surface water runoff.
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Stormwater M anagement Systems Design Procedure
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Appendix 1-B
Policy for City of Lincoln Stormwater Management Issues

Encourage voluntary implementation of Better Management Practices (BMP'S) using
structural and non-structural measures

Utilize both structurd and nonstructurd BMP's for City of Lincoln’s stormwater management program
addressing long-term stormwater qudity enhancement. Select BMPs for implementation in site-specific
projects or basin master plans that are effective, reasonable, and cost-effective.

Encourage implementation of voluntary nonstructural BMPs: use of appropriate vegetation to reduce the need
for fertilizer, pesticides, and irrigation; provision of incentives to set aside more open space; preservation of
more riparian zone or other environmentaly sensitive aress than required by loca, state or federa regulation;
preservation or reestablishment of riparian vegetation.

Encourage implementation of voluntary structurad BMPs; intentiond creetion of temporary ponding areas on
parking lots and in landscaped or turfed open areas of building sites during the design process; maximize use
of pervious surfaces in the constructed environment; disconnection of impervious areas from the storm drain
system; use of constructed wetlands; incorporation of permanent pools and other water qudity enhancement
features into storage facilities.

Provide explicit guidance documents on design, instalation, and maintenance of BMPs and provide education
SO reviewers, developers, contractors, and inspectors understand the purpose and function of BMPs.

Develop a management program to control pollutants as required for Municipa Separate Storm Sewer System
(MS4) Nationd Pollutant Discharge Elimination System (NPDES) Permit compliance.
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Appendix 1-B
Policy for City of Lincoln Stormwater Management Issues

1B-2

Implement a joint program between the City and the NRD to review and enforce Storm
Water Pollution Prevention Plans (SWPPP) on all construction sites 2 acres or greater that
will be designed by qualified erosion control designersand utilize appropriate structural and
non-structural BMP's.

Draft and execute interlocal agreements with the NDEQ to alow review and approva of Lincoln NPDES
Notice Of Intent (NOI)and Storm Water Pollution Prevention Plan (SWPPP) submittals by the LPSNRD.

Require submittal and approva of NPDES NOI and SWPPP before land disturbance or vegetation remova
activities occur on any site greater than 2.0 acres. If the SWPPP is prepared by and carries the sed of a licensed
Professional Engineer, Architect, or Landscape Architect; or is prepared by an International Erosion Control
Association Certified Professiond in Erosion and Sediment Control (CPESC) it shdl be given automatic
approva. However, if the SWPPP is prepared by someone other than those listed above the NRD shall review
the SWPPP, and after review notify the landowner/land developer of approva or denia within seven (7) days
after receipt of the SWPPP. If the SWPPP has been denied, it may be revised and resubmitted for approval.
If the approval or denia has not been received within such seven (7) day period by the landowner/land
developer, then the SWPPP shall be deemed approved.

As one condition of approva, require a construction schedule which indicates instalation of as many of the
BMPs as are feasible before any land disturbing activity is conducted, including site grubbing. The schedule
will dso indicate a plan to limit exposure of disturbed land to the shortest reasonable period of time.

Monitor and enforce compliance with NPDES Permit requirements.

A. Cross-train selected building and safety personnel, public works inspectors, and NRD staff to check
for appropriate implementation and maintenance of BMPs during each visit to construction sites.
Establish City authority to suspend al project site work (with reasonable advance notice to cure) if
BMP implementation and maintenance are not in good order.

B. LPSNRD and/or City will periodically perform construction site observations to check proper
implementation and maintenance. In accordance with LPSNRD/City/NDEQ interlocal agreement,
periodic inspection of construction sites will be made.

Develop and fund an appropriate BMP information and education program for the public, contractors, builders,
engineers and developers.

A. Provide annual erosion and sediment control continuing education courses to promote public
awareness and to provide training for contractors, designers, developers, and enforcement personnel
in application, implementation, and maintenance of construction site BMPs.

B. Modify the Lincoln Building Permit to provide information to builders and owners about
responsibilities they may have under the NPDES Permitting program to implement, preserve, or
maintain BMPS.

C. Prepare a BMP informationa handout and a presentation for use a trade shows, schools,

neighborhood associations and civic group mestings.
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Minimize Localized Flooding by encouraging better design of subdivisions to create and
protect overflow routes for run-off from major storm events.

Formalize the City monitoring of stormwater system performance in developed aress to identify problem aress.
Andyze and develop retrofit solutions where possible and appropriate. Provide technica support to assist
homeowners and neighborhood officias in recognizing and resolving loca problems.

Continue minor system design based on 5year to 10-year frequency storms depending on the design
application. During design, determine the hydraulic grade line for al enclosed systems to confirm that inlets
act as inlets, not outlets. Use the 100-year return frequency storms for design of the mgor system in al new
developments.

Runoff from mgor storms (i.e.,, 1% chance of recurrence, ak.a 100-year storms) should pass through a
development without flooding buildings or homes. Overland flow routes must be provided using streets,
swales, and open space, etc. Current design standards provide guidance to design the minor system (inlets,
pipes, and smal channels) but need refinement to complement the design standards required to address major
storms.

Require stormwater flowage and maintenance easements that prohibit placement of structures, fences, change
of grade, elevation, or contour without written consent of the City Engineer. All easements for storm drain pipe
should be a minimum of 30 feet wide. In situations where the Project Engineer can clearly demonstrate that
an easement less than 30 feet is adequate, the City may consider such a request. Easements for storm drain pipe
and surface water flowage shal be used where a drainageway must be maintained to carry stormwater flow in
excess of the storm drain pipe capacity. The easement cross-section must accommodate the depth and width
of flow from the 100-year storm. The width must also be designed to dlow for access of maintenance
equipment. Implement a program to assure proper construction and maintenance of easement flow capacity.

Subdivision grading plans should show setback lines for a proposed development. Grade lots to drain from
setback lines to street or perform analysis to show that not doing so will not result in flooding from the major
storm. Grade lots so buildable area will be outside the limits of the area flooded by the mgor storm, from the
upper-most inlet location to the downstream project limits. Provide design nomographs for street right-of-ways
and channd capacities in the Drainage Criteria Manual to facilitate determination of water surface limits. Flood
level information considered or generated during the development design process will be made available for
use by builders in the Building and Safety Department permit process and subsequent prospective buyers.

Require that elevational difference between the finish floor and low opening of new buildings and the top of
curb at the upper lot line ( or lot line adjoining drainage easements) be indicated on the Building Permit
application. Compare this information to available flood level information before approva. Add a statement
to the Building Permit Application which indicates by signing the application the applicant has taken into
account available information when setting finish floor and low opening levels.

Provide public right to inspect private stormwater facilities and perform necessary maintenance to assure proper
operation. Determine how public costs incurred to accomplish necessary maintenance will be recovered.
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Minimize Flooding Along Tributaries and Drainageways.

Regulate development in Federa Emergency Management Agency Flood Insurance Study (FIS) delineated
floodplains in accordance with the current floodplain regulations.

Through the watershed measter planning process, develop approximate 100-year projected future conditions
flood profiles for mainstem and tributary channel corridors that are between the limits of detailed study by FIS
and the boundary of the uppermost 150-acre sub-basin(s). Once the master plan flood profiles have been
accepted by the City, regulate new development dong the channel areas so the lowest opening in new buildings
is protected from the flood profile.

In watersheds where FIS floodplains have not been delineated and where flood prone areas have not yet been
determined through the watershed master planning process, regulate new development so the lowest opening
of adjacent new buildings is protected to one foot above the calculated 100-year flood profile.

In al watersheds where a FIS floodway has not been delineated, development shall preserve a corridor with
a minimum width equal to the channd bottom width, plus 60 feet, plus six times the channel depth. The
corridor width will be centered on the channd and be delineated aong dl channels with a drainage areas
exceeding 150 acres..

Regulate new development so it does not occur within minimum corridors. Riparian vegetation within the
identified flood corridors shdl be preserved to the maximum extent practicable, or acceptably mitigated, during
the development planning and construction processes. Encroachments of the riparian vegetation will be
permitted to provide for OM&R, channe improvements, stormwater storage facilities, public parks,
pedestrian/bike trails, other recreational uses, utility crossings, streets and driveways, and other public purposes.

Flood corridors delineated during development of land shall be legally described and recorded.

To preserve riparian characteristics of channds, design channd improvement or stabilization projects to
minimize use of visible concrete, riprap, or other hard stabilization materids.

Design culvert or bridge structures which cross the channel to convey a 50-year frequency peak flow rate (for
projected future conditions) without over-topping the roadway and without increasing the 100-year flood level
(even under overtopping conditions) unless aflood storage easement upstream of roadway can be obtained.
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Improve the design and construction of stormwater storage (detention/retention) facilities
and, when appropriate, use regional storage facilities.

Where feasible, use strategicaly-located regiona stormwater storage facilities to reduce flow pesks from maor
storm events. Evduate downstream impacts of regionad fecilities. Select regiond fecility sites and reserve
required land before development occurs, when possible. Develop funding mechanisms to alow joint
investment by benefitted parties in regiona fecilities. These facilities will be constructed, operated and
maintained by the City or LPSNRD. Reguire on-site detention storage unless the master planning process or
a regional anaysis has shown that the detention requirement can be transferred to a regional stormwater storage
facility, which is determined to be of regiond benefit to the storm drainage system by the City and NRD. Due
to the fact that stream channel degradation is a major cause of stormwater-related water qudlity problems in
Lincoln, on-site detention facilities may still be necessary to provide maintenance of receiving stream channel
stability, maintenance and water quality enhancement.

Design on-site and regiond stormwater storege facilities with adequate access and sediment storage right-of-
way to fecilitate maintenance.

Design on-site and regiond stormwater storage fecilities with adequate access and sediment storage right-of-
way to facilitate maintenance. Include sediment-trapping forebays and maintenance-friendly measures in
stormwater storage designs.

Use the actua hydrologic conditions encountered on the site to determine peak release rates for existing
conditions.

Require submittal of hydraulic design calculations of outlet works to document that mgjor and minor storm pesk
flows will be attenuated to existing conditions. To promote channel stability, require on-site stormwater storage
fecilities to adso attenuate 2-year pesk flow rates to existing conditions.

Require that record drawings of stormwater storage facilities be provided to the City.

Unless private maintenance of on-site stormwater storage facilities is acceptably performed, provide necessary
maintenance with government forces. Equitably dlocate costs incurred to responsible parties.
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Appendix 1-C
Glossary of Key Terms

1-year Flood: The flood typically occurring or being exceeded in any given year.

2-Year Flood: The flood having a fifty percent chance of being equaled or exceeded in any given year.

5-Year Flood: The flood having a twenty percent chance of being equaled or exceeded in any given year.

10-Year Flood: The flood having a ten percent chance of being equaled or exceeded in any given year.

Base Flood or 100-Year Flood: The flood having a one percent chance of being equaled or exceeded in any given year.

Compensatory Storage: Replacement of storage volume that is hydrologically equivalent to lost storage when
encroachment occurs in the floodplain or floodprone area.

Conveyance structure: A pipe, open channel, or other facility that transports runoff from one location to another.

Drainage criteria: Specific guidance provided to the engineer/designer to carry out drainage policies. An example
might be the specification of local design hydrology (“design storm™).

Existing Urban Area: All areas inside the corporate limits of the City of Lincoln. Existing Urban Area shall also mean
those areas outside the corporate limits having a zoning designation other than AG Agriculture and AGR Agricultural
Residential, as of the effective date of this ordinance.

FEMA: The Federal Emergency Management Agency.
Flood Fringe: That portion of the floodplain which is outside of the floodway

Flood Insurance Rate Map (FIRM): Flood Insurance Rate Map (FIRM) shall mean the September 21, 2001 Flood
Insurance Rate Map and any revisions thereto, on which FEMA has delineated both the areas of special flood hazards
and the risk premium zones applicable to the community.

Floodplain: Those lands which are subject to a one percent or greater chance of flooding in any given year, as shown
on the Flood Insurance Rate Map (FIRM) issued by FEMA for Lancaster County, Nebraska and incorporated areas, as
amended.

Floodplain planning/floodplain management: Technical and nontechnical studies, policies, management strategies,
statutes and ordinances that collectively manage floodplains along rivers, streams, major drainageways, outfalls, or other
conveyances. The federal government normally plays a major role in floodplain planning and management, whereas
in urban stormwater management and design, local governments dominate the decision-making process.

Floodprone Area: Those lands which are subject to a one percent or greater chance of flooding in any given year, as
determined by hydrologic and hydraulic studies completed by the City or other government agency, or other acceptable
source as approved by the City where this is the best available information.

Floodway: The channel of a river or other watercourses and the adjacent land areas that must be reserved in order to
discharge the base flood without cumulatively increasing the water surface elevation more than one foot.

Major drainageway: A readily recognizable natural or improved channel that conveys runoff that exceeds the capacity
of the minor drainage system, including emergency overflow facilities.

Major system: The portion of the total drainage system that collects, stores, and conveys runoff that exceeds the
capacity of the minor system. The major system is usually less controlled than the minor system, and will function
regardless of whether or not it has been deliberately designed and/or protected against encroachment, including when
the minor system is blocked or otherwise inoperable. It may be collinear with, or separate from, the minor system. It
should be noted that there are those who object to the use of the terms “major” and “minor” to describe portions of the
drainage system, perhaps because these terms imply that the minor system is less important. Other terms (primary
system, convenience or basic system, overflow system, major/primary drainage ways, subordinate system, etc.), have
been suggested. Major/minor are used in this Manual because they seem to be the most widely used terms.

Master drainage plan: The plan that an engineer/designer formulates to manage urban stormwater runoff for a
particular project or drainage area. Ittypically addresses such subjects as characterization
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of'site development; grading plan; peak rates of runoff and volumes of various return frequencies; locations; criteria and
sizes of detention ponds and conveyances; measures to enhance runoff quality; salient regulations and how the plan
addresses them; and consistency with secondary objectives such as public recreation, aesthetics, protection of public
safety, and groundwater recharge. It is usually submitted to regulatory officials for their review.

Minimum Flood Corridor: Minimum flood corridor shall mean the existing channel bottom width plus 60 feet plus
6 times the channel depth and the corridor will be centered on the channel, as shown in Figure 1-C-1 below, or aligned
such that the corridor follows the natural flow of flood waters.

Figure 1-C-1: Minimum Flood Corridor

Minimum Flood Corridor

Minor or primary system: The portion of the total drainage system that collects, stores and conveys frequently-
occurring runoff, and provides relief from nuisance and inconvenience. This system has traditionally been carefully
planned and constructed, and normally represents the major portion of the urban drainage infrastructure investment. The
degree of inconvenience the public is willing to accept, balanced against the price it is willing to pay, typically
establishes the discharge capacity or design recurrence frequency of a minor system. Minor systems include roof gutters
and on-site drainage swales, curbed or side-swaled streets, stormwater inlets, underground system sewers, open channels
and street culverts.

Multiple-purpose facility: An urban stormwater facility that fulfills multiple functions such as enhancement of runoff
quality, erosion control, wildlife habitat, or public recreation, in addition to its primary goal of conveying or controlling
runoff.

New Growth Areas: Those areas outside the corporate limits of the City of Lincoln which are zoned AG Agricultural
or AGR Agricultural Residential as defined by City ordinances.

Outfall facility: Any channel, storm drain, or other conveyance receiving water into which a storm drain or storm
drainage system discharges.

“Risk-based” design: Design of urban stormwater management facilities not only on the basis of local standards, but
also on the basis of the risk (cost) of the flow exceeding a selected design. Virtually all stormwater management projects
have some component of risk which is inherent in selection of a design return frequency. Risk may also account for
special upstream or downstream hazards that would be posed by adherence to some recommended standard. For
example, the designer of culverts in a subdivision might choose to upsize particular storm drains from a 10-year to a 50-
year basis to protect properties, or to make other provisions to secure emergency discharge capacity.

Special structures: Those components of urban drainage systems that can be thought of as “features” or
“appurtenances” such as manholes, inlets, energy dissipators, transitions, channel slope protection, detention ponds and
dams, and outlet works.
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“Standard-based” design: Design of urban stormwater management facilities based on some specified set of regulatory
standards. An example is the stipulation in local drainage policies that culverts for a given subdivision all be designed
to pass the 100-year flood before road overtopping.

Storm drain: Often buried pipe or conduit, typically referred to as storm sewer that conveys storm drainage, also
includes, curb & gutter, grate & curb inlets, swales, open channels, and culverts.

Stormwater detention: The temporary storage of stormwater runoff in ponds, parking lots, depressed grassy areas,
rooftops, buried underground tanks, etc., for future release. Used to delay and attenuate flow, normally drained between
storms.

Stormwater retention: Similar to detention except the facility may have a permanent pool of water or wet land that
does not drain between storms.

Stream Crossing Structures: Structures used to convey pedestrians, motor vehicles, and/or utilities across
drainageways. Stream crossing structures are composed of the structure, abutments, guard rails, fill, and other structural
appurtenances that are generally perpendicular to the conveyance of flow within the floodplain or floodprone area.

Urban area: Land associated with, or part of, a defined city or town. This Manual generally applies to urban or
urbanizing, rather than rural, areas.

Watershed Master Plan: A plan generated by the City or by the City in cooperation with other agencies, which
includes hydrologic and hydraulic modeling for the base flood event, including floodplain elevation and limits.
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