The Rules apply to all
governmental units
in the District’s
planning area.

The Milwaukee Metropolitan Sewerage District’s (District) Chapter 13 Surface Water
and Stormwater Rules (Rules) are summarized here relative to the Guidance provided
herein. Note, however, that the Rules shall govern in that this Guidance addresses only
a subset of the overall requirements of the Rules (Appendix H).

SUMMARY
• The Rules apply to all governmental units in the District’s planning area;
• Governmental units shall manage land use and activities in their jurisdiction
to minimize debris and sediment from creating obstructions at outfalls or other
structures and shall remove debris and sediment that obstructs stormwater
outfalls or other drainage structures;
• Governmental units shall design and construct outfalls to not have any adverse
impacts on the level of flood protection for existing or planned District flood
management projects;
• Governmental units shall submit annual reports to the District that provide
watershed, drainage and development information as required by the Rules; and
• Governmental units shall review all developments to determine if they must
comply with the Peak Runoff Management (Sec. 13.11) requirements of the
Rules. In general, developments and redevelopments must provide stormwater
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management plans and must comply with the runoff management requirements if the following apply:
1.		 The development or redevelopment is in the District planning area
excluding certain riparian areas immediately adjacent to Lake Michigan.
		
2. The development or redevelopment meets one of the following criteria:
a. The development or redevelopment includes an increase of 1/2 acre
or more of new impervious area; and
Developments or redevelopments that must comply with the runoff
management requirements must utilize runoff management techniques that will limit outflows from developments and redevelopments by one of two methods: maximum unit release rates or the
volumetric design procedure.
Runoff management techniques such as stormwater detention 		
that utilize the unit release rate approach shall:
i.

Limit site development/redevelopment outflows to a release
rate of 0.5 cfs/acre for the 1% probability (100-year recurrence
interval) storm event; and

ii. Limit site development/redevelopment outflows to a release
rate of 0.15 cfs/acre for the 50% probability (2-year recurrence
interval) storm event.
Runoff management techniques such as stormwater detention
that utilize the volumetric design procedure shall limit post-development runoff volumes to existing condition runoff volumes during the
critical time period. The volumetric design procedure is most applicable on complex sites that may include existing detention, off-site
flows, natural storage, multi-sites or inter jurisdictional stormwater
management planning.
b. The demolition or construction during redevelopment will disturb an
area larger than two acres but does not increase imperviousness by
1/2 acre or more.
Redevelopments that must comply with the runoff management
requirements must utilize runoff management techniques that will
limit outflows from the redevelopment for the 1% probability (100year) storm event and the 50% probability (2-year) storm event by the
amount listed in the table below:
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AREA DISTURBED BY
DEMOLITION OR CONSTRUCTION

REDUCTION TO THE EXISTING
RUNOFF RELEASE RATE

Between 2 acres and 3.5 acres
From 3.5 to 5 acres
Greater than 5 acres

10%
15%
20%
2

VOLUME 2 ORGANIZATION
Volume 2 is organized to provide technical procedures to assist developers, engineers
and governmental units in complying with the Rules. It includes sections on Introduction, Applicability, Performance Standards, Development and Redevelopment Examples,
Technical Procedures, Submittal Requirements, Annual Reporting, Guidance on Obstruction Removal and Outfalls and Stormwater Conveyance Systems.
• The Introduction section presents background on the District and the need
for the Rules;
• The Applicability section defines where the Rules apply, specifically focusing
on when the peak runoff management requirements must be incorporated
into developments and redevelopments;
• The Performance Standards section discusses the purpose of the Rules, the
established unit release rates and the volumetric design procedure for peak
runoff management;
• The Increased Imperviousness Examples section presents four development
and redevelopment scenarios, and how the performance standards are applied
to comply with the Rules. These scenarios are applicable to new development
and redevelopment that involves an increase of 1/2 acre or more of impervious
surface, porous pavement, or vegetated roof;
• The Land Disturbing Activities Example section presents a redevelopment scenario in which demolition or construction activities will disturb an area larger
than 2 acres but does not increase imperviousness by 1/2 acre or more. It also
discusses how the required reduction to the existing runoff release rate are
applied to comply with the Rules;
• The Technical Procedures section provides step-by-step procedures to apply
the unit release rate and volumetric design procedure concepts as well as an
example for development of a preliminary design of an outfall;
• The Submittal Requirements section provides a checklist and narrative
discussion on what should be submitted to the District for review. The Annual
Reporting section discusses the reporting requirements;
• The Guidance on Obstruction Removal section discusses the removal of sediment or debris that may obstruct outflow from storm sewers or the ability of
the drainageway to convey flood flows;
• The Outfalls and Stormwater Conveyance System section explains that outfalls
and conveyance improvements should not reduce the level of protection provided by the District’s flood abatement projects; and
• The Appendices provide additional information and reference materials for use
in applying the Guidance.
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INTRODUCTION
The purpose of this manual is to provide guidance and technical procedures in support
of the District’s Rules. Volume 2 is intended to provide the user with the basic technical
procedures to interpret and apply the Rules on typical developments and redevelopments in the District’s planning area. Guidance is presented to address a range of typical
development and redevelopment scenarios that would be expected in the Milwaukee
area. Step-by-step guidance is provided that range from simple, site-specific procedures
to more complex situations for multi-sites or system-wide analyses and planning.

The District has a broad
mission to cost
effectively protect public
health and the
environment, prevent
pollution and enhance
the quality of
area waterways.

This Guidance focuses on the District’s Rules and should serve as only one component
of a municipality’s overall stormwater management program. Additional supplemental technical references are presented in the text and may be available through the
governmental units.
The District’s Role in Stormwater Management
The District is a state-chartered agency serving all cities and villages (except South Milwaukee) in Milwaukee County and all or part of 10 municipalities in surrounding Racine,
Waukesha, Washington and Ozaukee Counties. Figure 2-1 shows the District’s 411-squaremile planning area. The District’s mission is to cost-effectively protect public health and
the environment, prevent pollution and enhance the quality of area waterways.
In keeping with its mission, the District, working with various stakeholders, plans
and oversees projects that reduce flooding risks and prevent pollution that is
conveyed by rainfall and snowmelt runoff. More specifically, the District is involved in stormwater management for two principal reasons:
1. To manage existing flooding problems and prevent formation of new
problems.
2. To reduce entry of stormwater-conveyed pollution into the sanitary sewer
		 system. The District has an interest in preventing water quality violations,
		 and stormwater management is an important tactic.
New developments and redevelopments produce changes in runoff characteristics that
are caused directly by the conversion of the existing land cover into impervious surface.
This conversion reduces infiltration, increasing the quantity of rainfall that is converted to runoff and the speed at which the runoff enters the storm sewer systems and
receiving waterways. The net result of development and redevelopment is to increase
runoff volumes, increase peak flows and shorten the time it takes for rainfall to be
converted into runoff. Development and redevelopment can increase peak runoff flows
by 2 to 3 times and can increase runoff volumes by 30% to 80%.
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Figure 2-1
The District’s 411-square-mile Planning Area.

To facilitate flood risk reduction and pollution prevention, the District prepared an
update of its Watercourse Management Plan (WMP) for six watersheds. The watersheds,
as shown in Figure 2-2, are the Kinnickinnic River, Lake Michigan Direct Drainage,
the Menomonee River, the Milwaukee River, Oak Creek, and the Root River.
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Figure 2-2
The Watercourse Management Plans will address current
and future flooding problems in six watersheds.

The watershed analysis conducted for the WMP demonstrated the impacts of development on peak flows and volumes. Flows increased by 20% to 30% or more in developing watersheds without detention. Although municipalities were required to have
stormwater management ordinances consistent with Chapter 13 in place since January
1, 2003, Chapter 13 was implemented to improve the effectiveness of stormwater management regulations across the District planning area. Municipalities are required to
update ordinances to include amendments to Chapter 13. Chapter 13 Rules address
the need for a uniformly applied set of regulations to manage the increase in peak flow
and runoff volume across the District’s planning area.
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APPLICABILITY
This section defines the circumstances where these stormwater Rules apply to development or redevelopment. There are four parts to the test to determine whether
the Rules apply:
• Development test – the proposed activity must be development or
redevelopment.
• Applicability test - the affected area must either:
a. Include at least 1/2 acre (21,780 square feet) or more of increased
impervious area as a result of the development or redevelopment; OR
b. Disturb a redeveloped area larger than 2 acres during demolition
and construction activities, while not increasing the amount of
impervious surface area by 1/2 acre or more.
				
• Location test – the development must be inside the planning area of the
District and outside of an exempt area; and
If the development
will be built in stages,
the ultimate total
impervious area must
be considered in this test.

• Exemptions – certain minor developments or redevelopments are exempt
from the Rules.
The flow chart in Figure 2-3, illustrates how these Rules are used to determine
applicability of a particular activity.
Development
The activity must meet the definition of development or redevelopment for the Rules
to apply. Development is defined as construction of buildings, roads, parking lots,
and paved or unpaved storage areas. Redevelopment is defined as new development
that replaces older development. The definition is not intended to apply to agricultural, maintenance, grading or landscaping activities, although other state or local
regulations may govern these types of activities.
Applicability Tests
The intent of the Rules is to require appropriate management practices for two
affected area scenarios:
• Increased Imperviousness - all developments and redevelopments that result
in an increase in impervious surface of 1/2 acre or more; or
• Land Disturbing Activities - all redevelopments that will disturb an area
larger than 2 acres by demolition or construction activities.
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Impervious area means any pavement or structural element that prevents rain, surface
water runoff, or melting snow from infiltrating into the ground below, including, but
not limited to, roofs and paved or unpaved roads, driveways, and parking lots. This
includes gravel roads, driveways and parking lots.

Developments
adjacent to Lake
Michigan, the

For new developments, all increases in impervious area should be considered when
applying the increased imperviousness test. For redevelopments, only the “net” new
impervious area above and beyond the existing impervious area should be considered
when determining if the creation of 1/2 acre or more of impervious surface results
from redevelopment activities. Net impervious area is important for those redevelopments that may significantly change the existing impervious area, but do not add
additional impervious area.
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Figure 2-3
CHAPTER 13 APPLIES
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to determine applicability of a particular activity.
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The concept of “net” change in impervious area was presented above in the context of
an individual development or redevelopment on a single site. However, the net change
concept can be extended to include two different developments or redevelopments that
are located in the same subwatershed. In this situation, an increase in impervious area
in one development or redevelopment could be offset by a decrease in impervious area
in the other development or redevelopment. These situations require special considerations and will be handled on a case-by-case basis with the District’s staff. A more
detailed discussion of credits is included in the Credits for Elimination of Impervious
Area section. Only additional new impervious area should be considered in this test.
Additional Guidance for One-Half Acre Threshold of Increased Impervious Area
Stormwater submittals to the District and to the local municipalities have identified several situations that have required interpretation of the 1/2 acre increased
impervious area threshold including:
1. Planned or defined-phased land development or redevelopment;
2. Operation and maintenance;
3. Existing facility repair or replacement; and
4. No adverse downstream impact.
1. Phased Land Development or Redevelopment
Phased land development or redevelopment are developments where a
developer or owner of property intends to transform the property from
an undeveloped to a developed state over time. In this case, all phases of the
development must be considered when formulating a stormwater management
plan for the property. The intent of the 1/2 acre increased impervious area
threshold is to prevent incremental increases in impervious area from
circumventing the stormwater management process.
		 Development Example – A residential subdivision is constructed in
phases. Detention is required for each phase and should be sized for
ultimate development of the property. Any increases in impervious area
associated with the new development (regardless of size) must be
		 provided with detention.
		Redevelopment Example – An existing commercial development is being
		 redeveloped into two developments that will have separate ownership
interests and separate real estate tax key number identifications. Should the
cumulative addition of new impervious surface for the two developments
together be equal to or greater than 1/2 acre, then Chapter 13 Rules apply
to the entire development.
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2. Operation and Maintenance
Improvements that are associated with operation and maintenance (O&M) that
are less than 1/2 acre of increased impervious area are not required to provide
peak runoff control unless they will result in increased flows and adverse impacts
downstream. O&M improvements are those that are required to enhance existing
operations, improve safety or to meet updated standards or regulations. A couple
of examples help illustrate these kinds of O&M situations.
		 Example 1 - A bus company may make a decision to pave parkway areas at
its bus stops to improve safety and to reduce maintenance costs. If these individual bus stop improvements are less than 1/2 acre of increased impervious
area, they are not required to provide detention. The “test” is based on each
individual bus stop improvement, not the total impervious area of all the
improvements.
		 Example 2 – A fast food restaurant chain needs to accommodate larger trucks
for deliveries and must extend its parking lots by 15 feet on 200 foot-wide
parcels. This results in an increase of 3,000 square feet of impervious area
for each facility. Each of these facilities is treated as an individual case and as
long as the increase in impervious area for each facility is less than 1/2 acre,
detention is not required.
3. Existing Facility Repair or Replacement
Increases associated with repair or replacement of existing facilities that increase
impervious area by less than 1/2 acre are not required to provide detention. A couple
of examples help illustrate these kinds of repair or replacement of existing facilities.
		 Example 1 – A ditch-and-culvert subdivision is rebuilding its roads. It is
decided to add one foot-wide curbs to the entire length of the road system in
the subdivision. The subdivision has 5,000 feet of roadways that will add new
curbs on both sides of the street for a total increase in impervious area of 10,000
square feet. This improvement is not required to provide detention because it
does not meet or exceed the 1/2 acre of increased impervious area.
		 Example 2 – An airport is replacing an existing taxiway because of pavement
deterioration. The taxiway will be replaced in-kind without any additional
impervious area. However, for safety and operational reasons, the airport adds
limited shoulders at the turns that produce an increase in impervious area of
8,000 square feet. This improvement would not be required to provide detention because the increase in impervious area is less than 1/2 acre.
4. No Adverse Impact
If the District determines that the improvement could have an adverse impact on
downstream property owners or District facilities/improvements, detention may
be required.
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Location Test
The Rules apply to all users of the sewerage system and all governmental units in the
planning area. Figure 2-1 is the District’s planning area for the purpose of applying the
Rules. All governmental units in the District’s planning area must adopt and comply
with these Rules. Riparian areas that are immediately adjacent to the lake-influencedareas of the Kinnickinnic, Menomonee and Milwaukee rivers and Lake Michigan are
exempt from the peak runoff management requirements of the Rules.
Exempt Developments
Five types of development and redevelopment are exempt from the Chapter 13 Rules
and do not require runoff management. The exemption criteria must be satisfied fully
for the exemption to be granted.
1. Residential Infill Development
					 • Residential only;
					 • Less than 5 acres;
					 • Infill development with existing development on entire perimeter; and
					 • Impervious area less than 20% of the site.
2.		Low Density Development
					 • Residential only; and
					 • Impervious area less than 5% of the total site.
3.		Recreational Trails
					 • Maximum width of trail is 10 feet; and
					 • Pervious buffer at least 5 feet wide required on each side.
4.		Roadway Reconstruction
					 • Increased impervious area less than 1/2 acre; and
					 • Reconstruction of public roads does not change the area of impervious
			 surface, regardless of area of disturbance.
5.		Parking Lot Reconstruction
					 • Pavement maintenance activities (sealing, milling and overlaying); or
					 • Pulverizing and compacting.
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SUBMITTAL AND APPROVAL PROCESS
The responsibility for implementing the Chapter 13 Rules lies with the governmental
units with local jurisdiction over the zoning and development process. The Rules specify
that the local governmental unit shall submit development or redevelopment plans,
analyses and stormwater management plans, and other required information to the
District for review and approval. The local municipality’s submittal and review process
will dictate the specific steps or details unique to that governmental entity. However,
the District has prepared general guidance to define the interaction between it and the
local governmental unit. Figure 2-3a presents the basic steps that should be followed
for each new development or redevelopment concept, and for redevelopment sites that
will disturb an area larger than 2 acres during demolition or construction activities but
not increase the impervious surface area by 1/2 acre or more.
The flow chart presents several key aspects of the submittal and review process:
• It is the responsibility of the local governmental unit to submit the
development/redevelopment for review and approval to the District;
• The developer and the local municipality should assess whether a
pre-submittal contact should be made with the District; and
• The District will review the submittals in two steps; the first to determine
the completeness of the submittal, and the second, to determine if the
submittal is in compliance with the Rules.
The governmental unit (not the developer) should submit the site development or
redevelopment submittal to the District. It is the local municipality’s responsibility
for reviewing and approving the development or redevelopment for its compliance
with the Chapter 13 Rules prior to submitting to the District.
For each development or redevelopment, the municipality must decide whether the
Chapter 13 Rules apply. If the Rules apply, the municipality may choose to contact the
District with questions or for additional guidance. If the project includes some unique
features or technical issue not covered by the Guidance, the local municipality is encouraged to contact the District for further clarification through some form of pre-submittal
contact. The contact can be made via phone or email and may include a pre-submittal
meeting, if appropriate. Contacts by developers or engineers to the District for general
questions, generic guidance on the Rules, or clarification of the approval process is appropriate. However, questions regarding a specific development or redevelopment should
be submitted by the local governmental unit.
Once the local governmental unit approves the project, it should submit a Stormwater
Management Plan (SMP) to the District for review. The Chapter 13 Rules establish a time
frame for District approval within 10 working days after receipt of the submittal. This
time frame may be extended if the District requires additional information or notifies
the local governmental unit regarding disapproval or time extensions. The District will
respond back to the local municipality on incomplete submittals as a soon as is practical.
If the submittal is complete and the SMP complies with the Rules, the District will reply
with a letter of approval within the 10 working-day review period. If the local municipality must resubmit a SMP to provide complete information, the District will reply with a
letter within a 20 working-day review period.
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Figure 2-3a
Flow chart illustrating general stormwater
management plan submittal review process.
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PERFORMANCE STANDARDS
Purpose
The Rules have been established to achieve the following objectives:
1.		 Reduce the unsafe conditions, property damage, economic losses, and adverse
health effects caused by flooding from development and redevelopment;
2. Maximize the effectiveness of flood management facilities and watercourse
improvements;
3. Reduce the number and magnitude of overflows to the environment from
sanitary and combined sewers and protect sewage collection and treatment facilities from high flows;
4. Promote comprehensive watershed planning and intergovernmental
cooperation; and
5. Restore and enhance opportunities to use and enjoy watercourses.
The first three objectives relate to the management of flows and stages as prescribed
in the Rules. The fourth objective refers to the fact that these Rules will provide uniform
protection and standards to entire watersheds in contrast to the previous system
where each governmental unit developed its own standards. The fifth objective is
accomplished through application of the Rules by preserving existing flow characteristics as much as practicable and by incorporating a holistic approach for managing
all activities that may impact the watercourses in the area.
Utilizing natural features and managing stormwater close to where it falls are best
management practices. For these reasons, preserving existing natural features and utilizing low impact development stormwater management components are encouraged.
The objectives are intended to be accomplished in part through the application of
the following management practices hierarchy:
a. Preservation of the natural features of development or redevelopment
sites, including natural storage and infiltration characteristics;
b. Preservation of existing natural streams, channels, and
drainageways;
c. Minimization of increase of impervious surfaces;
d. Conveyance of stormwater in open vegetated channels;
e. Construction of structures that provide both quantity and quality
control, with structures serving multiple sites being preferable to
structures serving individual sites; and
f. Construction of structures that provide only quantity control, with
structures serving multiple sites being preferable to structures
serving individual sites.
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This runoff management hierarchy should be considered for each development and
redevelopment. However, the District recognizes that their applicability may be limited
by physical site characteristics that may preclude their use in certain projects.

Flows and Stages
The WMP established baseline flows and water surface elevations for events ranging
from the 50% probability (2-year) storm event to the 1% probability (100-year) storm
event based on 1995 land use and watershed conditions. The baseline flows and water
surface elevations have been updated based on 2020 land use and watershed conditions. The most current data must be used for any analysis.
The Rules require stormwater management for two development/redevelopment
scenarios:

The objective of the runoff
management approach is
to control the timing or
volume of runoff to
preserve existing flows
and stages at

1. For development or redevelopment that involves an increase of 1/2 acre or
more of impervious area; or
2. For redevelopment that will disturb an area larger than 2 acres during
demolition or construction activities but does not increase imperviousness
by 1/2 acre or more.
The Rules seek to maintain these existing flows and stages to:
•		 Minimize future flooding;
•		 Protect water quality and control erosion; and
•		 Preserve the flood management capacity of constructed protection measures.

downstream locations
in the watershed.

A. Increased Imperviousness
The additional impervious area associated with development or redevelopment
increases both the peak runoff rate and runoff volume; an example is shown in Figure 2-4.
Research (Cunningham and Schmidt, 1993; CDM, 2001) has shown that the runoff
volume must be controlled over a critical time period to assure that existing flows and
stages are not increased anywhere downstream. A number of methods are available
to effectively manage the increase in runoff volume from development or redevelopment. The runoff management hierarchy provided six management approaches with
varying effectiveness, depending on the specific development and site characteristics.
The objective of the management approach is to control the timing or volume of runoff
to preserve existing flows and stages at downstream locations in the watershed.
The simplest and most effective runoff management approach is to limit the outflows
from any development or redevelopment to a rate that would not cause any increases
in flow or stage downstream. This approach, called a “unit release rate” approach, is
based on a watershed analysis that determines this unit release rate for each watershed.
The unit release rate is a function of the characteristics of the watershed, being most
heavily influenced by the current flow rates and the timing of the watershed. The unit
release rate can be applied to most simple developments or redevelopments.

November, 2010 (Revised May, 2016)

15

During the development of the Rules, it was determined that applying a uniform release
rate to all developments and redevelopments across the District’s planning area was
the most efficient way to ensure that existing flows and stages are maintained in all
downstream areas. However, a second, more detailed and site-specific approach was
developed to give designers another option for limiting the volume of stormwater
runoff from the site.

Two approaches to runoff
management for sites
with an increase in
impervious surface of 1/2

This second approach, called the Volumetric Design Procedure (VDP), is based on-siteand watershed-specific analyses to determine the maximum rate of runoff that can be
released from a development based on the development characteristics and the timing
of the overall watershed (the critical time period). The VDP is applicable to developments
with limited area available for detention, complex issues, significant off-site flows, major
wetlands or natural storage areas, multi-site developments and system-wide planning
studies and analyses.
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Figure 2-4
Example Graph Illustrating Pre- and Post-Development Hydrographs.

Detailed watershed planning analyses, such as those often conducted by SEWRPC,
may be considered for situations that would justify deviating from the established unit
release rates. Such a situation could exist when the critical time period of the watershed
would be changed or the other conditions would modify the baseline conditions used
in the watershed analyses in the WMP. These situations will be addressed on a caseby-case basis with the District staff. However, watershed planning must still demonstrate that runoff volumes are preserved during the critical time period or that there
are no cumulative adverse impacts on flow or stage for the proposed conditions.
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B. Land Disturbing Activities
Chapter 13 Rules were amended in October 2010 to manage stormwater runoff
from redevelopment that will disturb an area larger than 2 acres from demolition
or construction activities but do not increase the impervious area by 1/2 acre or
more. The procedure used for managing stormwater runoff in this scenario differs from the unit release rate and the Volumetric design Procedures as described
above. When redevelopment sites characteristics are such that Chapter 13 Rules
are triggered, the existing runoff release rate from the site must be reduced by a
percentage based upon the area disturbed by demolition or construction.
Runoff Management Performance Standards
In general, the primary runoff management performance standards of the Rules are:
•		Control the cumulative future land use conditions stage increase and the
				 cumulative future land use conditions flow increase in the 1% probability
(100-year) storm event.
• Control the cumulative future land use conditions stage increase and
		 the cumulative future land use conditions flow increase in the 50% probability (2-year) storm event.
Cumulative increases are calculated from the resulting flows of all future development
and redevelopment in the watershed.
A. Increased Imperviousness

The unit release rate
can be applied to most
simple developments
or redevelopments.

Analyses conducted during the development of the Rules demonstrated that the
following two procedures effectively achieve the performance standards in the
Rules applicable to an increase of impervious surface area of 1/2 acre or more.
i. Unit Release Rate Procedure
		 The flow draining from the site during the 1% probability (100-year) storm
event is limited to a maximum rate of 0.50 cubic feet per second (cfs) per acre.
In other words, the maximum outflow from the site in cubic feet per second
is the total drainage area of the site multiplied by 0.5. Any flow above the
maximum release must be stored on the site or the site must be designed
with sufficient infiltration capacity such that the maximum allowable flow is
never exceeded for up to and including the 1% probability (100-year) storm
event. Similarly, the maximum allowable flow during the 50% probability
(2-year) storm event is 0.15 cfs per acre.
ii. Volumetric Design Procedure
		 The total volume of runoff discharged from the proposed site is limited to the
total volume of runoff discharging from the existing site during a prescribed
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critical time period. To meet the performance standard, the outflow volume
must be maintained in both the 1% and 50% probability (100- and 2-year) storm
events. The critical time period is defined for the major watershed that contains
the development or redevelopment. The critical time period is the time from the
peak intensity of the design rainfall until the peak of the resulting hydrograph
at the critical point in the watershed. The critical point in the watershed is most
often the watershed outlet, but may be any point determined by the District
where flow and stage increases must be controlled to prevent flood increases
where structures may be impacted by increased flows or stages or where flows
or stages are most sensitive to continued development of the watershed.

The volumetric design
procedure is a more
site-specific approach
developed for sites with
limited area for
stormwater management
practices, and complex
and unusual situations.

iii.

Watershed Planning Analysis

		 A comprehensive flood management plan can be developed for a
subwatershed or watershed. A watershed planning analysis meets the performance standards if it:
• Is undertaken with prior approval of the District;
• Is based on future development and redevelopment conditions;
• Employs acceptable analysis techniques;
• Preserves runoff volumes during the critical time period of the
watershed; and
• Does not result in flow or stage increases downstream in the
watershed.
B. Land Disturbing Activities
The procedure that was developed to manage runoff resulting from the redevelopment
of a site that disturbs more than 2 acres of land via demolition or construction but
does not increase the amount of impervious surface by one-half acre or more is
summarized in this section. The details and application of the procedure is discussed
in the Technical Procedures section of the Guidance.
i. Runoff Release Rate Reduction Procedure
		 The existing flow draining from the redevelopment site during the 1% probability
(100-year) and the 50% probability (2-year) storm events is reduced by a percentage based on the area disturbed by demolition or construction. For redevelopment
sites that disturb between 2 and 3.5 acres by demolition or construction, the
existing runoff release rate must be reduced by 10%. For redevelopment sites
that disturb between 3.5 and 5 acres by demolition or construction, the existing
runoff release rate must be reduced by 15% For redevelopment sites that disturb
greater than 5 acres by demolition or construction, the existing runoff release
rate must be reduced by 20%. Any flow above the maximum release must be
stored on-site or the site must be designed with sufficient infiltration capacity
such that the maximum allowable flow is never exceeded for the 50% probability
(2-year) and 1% probability (100-year) storm events.
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Relationship to Wisconsin Department of Natural Resources (WDNR)
Rules in NR151
The Rules are independent of the State Floodplain Management (NR116) and Stormwater
Discharge Permits (NR216) Rules in that they are not intended to specifically manage
floodplains or water quality. However, the total suspended solids (TSS) Rules in the
NR151 Runoff Management Rules bear some relationship to the Rules because the
NR151 TSS Rule will usually result in a detention requirement and this detention requirement may appear to conflict with the 50% probability (2-year) storm event unit
release rate of 0.15 cfs/acre.
Preliminary investigations by the District and the WDNR have determined that a wet
pond outlet designed to meet the TSS Rule and the 1% probability (100-year) storm
event release rate requirement will generally satisfy the Rules, the 50% probability (2year) storm event release rate requirement of 0.15 cfs/acre for nearly all anticipated site
conditions. The reverse is not true. Restricting the flow for the 50% probability (2-year)
storm event to 0.15 cfs per acre will not necessarily satisfy the NR151 requirement, and
constructing a dry bottom pond will not meet the WDNR Rules either. Other methods
such as filter strips and catch basins may be employed to meet the NR151 requirements,
but would do little to comply with the District’s Rules.

INCREASED IMPERVIOUSNESS EXAMPLES
The Guidance addresses four development or redevelopment situations with different
approaches for meeting the stormwater detention requirements in the Rules applicable
to an increase of 1/2 acre or more of impervious surface. Usually only one of the approaches will be applicable to a particular development. The four example analyses are:
• Single Site Facility;
• Single Site with Off-site Drainage;
• Multi-Site Developments; and
• Watershed or Subwatershed Plans.
Single Site Facility
A single site facility as shown in Figure 2-5 is a development or redevelopment in which
all the drainage area is either contained on the site or there is off-site drainage area that
the developer has chosen to include and manage using the release rate approach. In such
a typical development, stormwater BMPs would be designed to provide sufficient storage
to meet the 0.5 and 0.15 cfs/acre release rates for the 1% and 50% probability (100- and
2-year) storm events, respectively. This type of development could be a new development
or a redevelopment. Regardless, the maximum outflow from the site would be limited
to the unit release rate multiplied by the drainage area. For redevelopments, the drainage
area for peak runoff management could include only the newly developed area or it
could also include the previously developed area, but the entire tributary drainage area
must be limited to the outflow established by the 1% and 50% probability (100- and 2-year)
storm event release rates. (See Volumetric Design Procedure for other analysis options).
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Figure 2-5
Illustration of a detention layout for a single site.

In some cases, it is only necessary to provide detention for a portion of a site. This
is the case when:
• A limited contiguous portion of the site is being developed or redeveloped; and
• Runoff from the developing portion can be isolated from the runoff from the
rest of the site.
When both these conditions are met, the Rules are only applied to the portion of the
site being developed or redeveloped as if it is a single site. If any off-site flow is included, the off-site area must be included in the total area of the site.
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Single Site with Off-Site Drainage
A single site with off-site drainage as shown in Figure 2-6, is a development or redevelopment site with off-site tributary flow where the off-site drainage is typically owned
and controlled by others. The magnitude of the off-site drainage area is usually large
enough so that is not practical to control it with the development site’s stormwater
management facilities and still limit flows to the maximum allowable release rate outflow.
There are three options for meeting the Rules when a development or redevelopment
property has significant tributary inflow from upstream off-site properties. The preferred option is to bypass the off-site flows around or through the development or redevelopment by providing appropriate conveyance facilities that do not increase flows
downstream and do not impact other properties caused by the flow diversion around
the development. This may be accomplished in existing natural drainage or through
man-made conveyance facilities that can pass off-site flows for events up to and including the 1% probability (100-year) storm event. With this approach, the site drainage area
is managed similar to the single site, using the established unit release rates.
Off-site drainage is
runoff from upstream
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Figure 2-6
Illustration of a detention layout for a single site-captured off-site drainage.
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A second option is to capture the off-site flow in a single detention basin or other
appropriately sized BMP and maintain the single site release rate as in the single site
facility above. In this option, the detention basin or BMP is designed using the single
site approach and the established unit release rates. When off-site drainage area is
captured, the stormwater management plan must account for all off-site drainage
and an acceptable future land use condition. Sites using this approach should seek
District approval on-site assumptions and technical procedures early on in the project.

Multi-site facilities
use a single pond
to handle flow
from several
developments.
Pond construction
is usually managed
by the local

The third option is to capture the off-site flow in a detention basin or other appropriately sized BMPs that have been designed according to the volumetric design procedure.
Under this option, all off-site tributary area is included in the analysis and is managed
to preserve the existing runoff volume during the critical time period. When off-site
drainage area is captured, the stormwater management plan must account for all offsite drainage and an acceptable future land use condition. Sites using this approach
should seek District approval on-site assumptions and technical procedures early on
in the project.
Multi-Site Developments and Redevelopments
Multi-site developments or redevelopments may have runoff management facilities,
typically detention basins or flood management facilities, which provide runoff management for multiple developments or redevelopment sites as shown in Figure 2-7.
These facilities have often been referred to as “regional” detention facilities. Multi-site
facilities are sized to manage the runoff from the entire tributary area upstream and
typically include multiple developments or redevelopments, many of which may have
had site limitations for construction of single site facilities.
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Figure 2-7
Illustration of a detention layout for a multi-use site.
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Multi-site facilities are more cost efficient to construct and maintain compared to
single, on-site facilities. They are often better able to take advantage of physical watershed characteristics and can often incorporate multi-use opportunities that would
otherwise be impractical in a single site facility.
For multi-site facilities to be effective and appropriate, tributary developments or
redevelopments must convey their increased runoff flows and volumes to the multisite facility. Designs of the facility and the individual developments or redevelopments
must ensure that runoff for up to and including the 1% probability (100-year) storm
event can reach the multi-site facility without any adverse impacts. This often requires
design and construction of overland flow paths, and may require up-sizing of natural
and man-made facilities between the developments or redevelopments and the multisite detention facility.
Multi-site facilities require detailed analyses to incorporate ultimate development in
the tributary watershed and must anticipate potential phasing of construction as
development occurs. Multi-site facilities must be designed according to the volumetric design procedure. However, the most complex aspect of multi-site facilities is
securing adequate funding and land for construction of the facility when it is needed.
Specific requirements for design and approval of the multi-site facility include:
Multiple development or redevelopment sites belonging to one or several owners can
jointly utilize a single stormwater management detention basin. Such basins are always
designed according to the volumetric design procedure. The stormwater management
system associated with these sites and the SWPs must meet the following additional
requirements:

Incorporang ulmate development in the tributary watershed;
Ancipang phasing of construcon in terms of meeng inial
development needs as well as subsequent phases;
Using the volumetric design procedure;
Determining overall SWM plan before first development;
Incorporang the required capacity to convey increased runoff
from the mulple developments to the detenon facility for the
100-year event;
Idenfying the responsible party / enty for the construcon and
the operaon and maintenance of the facility; and
Demonstrang the funding source, financial resources and legal
documentaon (ordinance, inter-agency agreements, developer
agreements or subdivision / deed restricons, as necessary)
to construct the inial and subsequent phases of the facility.

• An overall plan must be submitted and approved prior to development or
redevelopment of the first site;
• The overall plan must include a staging plan that assures full volumetric
control at each stage of development; and
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• The overall plan must include appropriate conveyance facilities to ensure
safe drainage of the 1% probability (100-year) storm event flow to the
detention pond.
In addition, at the time each site is developed or redeveloped it must be demonstrated
that the site conforms to the original overall plan.
Watershed or Subwatershed Management Plan
Watershed or subwatershed management planning, similar to that typically conducted by SEWRPC in its watershed and stormwater management plans, may be
conducted for large areas with complex political, watershed and/or flood management
needs. The watershed plan can address flood problems or development/redevelopments on a watershed basis, accounting for multi-jurisdictional or intra-watershed
constraints or objectives that would not be addressed for single site development or
redevelopment runoff management solutions. Watershed plans are similar to multifacility plans, except that they may cover a larger area and are more likely to include
multiple jurisdictions as shown in Figure 2-8.
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Figure 2-8
Illustration of a regional detention layout in a subwatershed.
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A comprehensive watershed or subwatershed plan can be developed by a unit of government to provide regional detention that meets the standards of the Rules. The regional detention is sized to provide runoff management for ultimate development in
the watershed. Similar to multi-site plans, watershed and subwatershed plans must:
• Use appropriate hydrologic and hydraulic analysis methods;
• Clearly define the future development served by the pond;
• Demonstrate that there will be no downstream increases in stages or flows
for the 50% through 1% probability (2- through 100-year) storm events;
• Preserve the runoff volume during the critical time period of the watershed;
• Provide sufficient conveyance capacity for upstream flow to reach the
regional detention facility;
• Account for the entire upstream tributary area; and
• Comply with state and federal wetland and floodplain regulations.
In addition, the regional detention must be functional prior to the construction of any
new development. If the detention facility is to be constructed in stages, then compliance with the Rules, based on all the above requirements, must be demonstrated for
each stage. Each new development or redevelopment must be shown to be consistent
with the land use proposed in the subwatershed plan.

LAND DISTURBING ACTIVITIES EXAMPLE
The Guidance addresses a redevelopment situation for a site that will disturb more
than 2 acres during demolition or construction of the site, but does not result in an
increase of 1/2 acre or more of impervious surface. The example analysis is for a redevelopment of a commercial site.
Single Site Redevelopment Facility
A single site redevelopment facility as shown in Figure 2-9 is a commercial redevelopment, single site without off-site drainage.
Since the redevelopment of the site will disturb an area of more than 2 acres, the
existing runoff release rate for the 50% probability (2-year) storm event and the 1%
probability (100-year) storm event must be reduced by a percentage dictated by the
area disturbed during demolition or construction as summarized in Table 2-1 below.
AREA DISTURBED BY
DEMOLITION OR CONSTRUCTION

REDUCTION TO THE EXISTING RUNOFF
RELEASE RATE AS OF OCTOBER 25, 2010

Between 2 acres and 3.5 acres

10%

From 3.5 to 5 acres

15%

Greater than 5 acres

20%

Table 2-1
Reduction to the Existing Runoff Release Rate for Redevelopment Sites
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Detention Basin (if required
to meet % reduction)

Site
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Outlet to
Storm Sewer

Commercial
Redevelopment
with Green
Roof

Drainage area

Parking Lot With
Pervious Surface
Arrows indicate direction
of surface drainage

Figure 2-9
Illustration of redevelopment site layout using
low impact development (LID) practices.

Stormwater management must be provided such that the maximum outflow from
the redevelopment site would be limited toDirection
the existing
of runoff release rate minus
the existing runoff release rate multiplied byGroundwater
the reductionFlow
percentage based on area
disturbed. The existing runoff release rate should account for any flows from off-site
areas that drain to the redevelopment and that do not bypass the site.

TECHNICAL PROCEDURES
A) Increased Imperviousness
Introduction
This section presents recommended procedures for the hydraulic design of runoff
management systems to satisfy the Rules in regards to increased imperviousness.
The objective of the procedure is to determine the following:
• Outlet design for the 50% probability (2-year) storm event;
• Detention pond area and design depth for the 50% probability (2-year)
storm event;
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• Outlet design for the 1% probability (100-year) storm event; and
• Detention pond area and design depth for the 1% probability (100-year)
storm event.
Additional runoff management system elements not covered in these technical
procedures, but normally required for proper runoff management include:
• The minor conveyance system;
• The major conveyance system responsible for directing the total flow from
the 1% probability (100-year) storm event to the runoff management pond;
• The emergency overflow from the pond to accommodate extreme storms or
outlet failures; and
• Bypass facilities for off-site flows that need to be diverted around the runoff
management facility.
These topics are not covered because they are elements outside of the Rules and their
design procedures vary greatly from site to site.
Two step-by-step design procedures are presented in this section. As previously
stated, both procedures have been designed to comply with the increased imperviousness requirements of Chapter 13 due to an increase of 1/2 acre or more of impervious surface, porous pavement, or vegetated roof from a development or redevelopment site. One procedure outlines the design of outlets and ponds for a simple single
development site with no off-site drainage. The second procedure is the Volumetric
Design Procedure (VDP). The VDP process is applicable to all development and redevelopment sites and is required for sites with off-site drainage being passed through
the runoff management facility and for design of in-line detention facilities. Both
procedures result in a site-specific maximum runoff release rate in the 50% probability (2-year) storm event and the 1% probability (100-year) storm event that comply
with Chapter 13 requirements. An example of illustrations and calculations associated with each of these procedures is provided in Appendix I.
Both procedures have the same basic steps for developing the design. The main
steps are:
• Calculation of the existing conditions flood hydrograph;
• Calculation of the proposed conditions flood hydrograph;
• Design of storage and outlet for the 50% probability (2-year) storm event; and
• Design of storage and outlet for the 1% probability (100-year) storm event.
The 50% probability (2-year) storm event outlet should be designed first because it is
used to convey a portion of the 1% probability (100-year) storm event flow. Further
guidance on methods for computing flood hydrographs is available in the ASCE
technical guide “Flood Runoff Analysis” (ASCE, 1997) or in most textbooks on hydrology. Figure 2-10 shows the general detention design procedure.
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Detention Basin Sizing Procedure Using the Unit Release Rate Method
(Also see example in Appendix I)
Typical development application: The unit release rate procedure is a simple method
to determine the required detention volume for new development or redevelopment.
It is applicable in situations where detention will be “off-line”, where there is minimal
off-site flow, no existing detention or natural storage and no unique, complex or
unusual site characteristics.
There are numerous
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Figure 2-10
Flow chart illustrating general detention design procedure.
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1. Define the existing site – Define flow paths on and through the site. Locate
discharge outfall points from the site and delineate the tributary area draining to each outfall point. Divide the drainage area into multiple subbasins, if
appropriate. In the analysis of most sites, it is appropriate to delineate the overall drainage area into individual subbasins. Subbasins are areas that define the
drainage to individual channel reaches, storm sewers, culverts or flow paths.
There should be sufficient subbasins delineated to define flows arriving at the
main channel or outlet via different paths. Areas of a specific land cover or
land use should be isolated. The delineation should also be used to divide areas
tributary to the proposed detention facilities from areas that will bypass the
facility. Typically sites that exceed approximately 40 acres will be delineated
into several subbasins; however smaller sites are often subdivided too.
2. Calculate the runoff hydrograph for existing conditions – Appropriate hydrologic/hydraulic methods consist of three components: rainfall input, calculation
of rainfall excess, and development of the runoff hydrograph analysis. Note:
a hydrograph analysis is required in order to comply with the Rules. There
are several acceptable computer and manual calculation methods. The most
common acceptable methods use the SCS (Soil Conservation Service, now the
Natural Resources Conservation Service or NRCS), curve number and SCS
dimensionless unit hydrograph that is incorporated change to into software
such as HEC-HMS or Hydraflow™. The SCS methods are often referred to as the
TR-55 methods and are documented in the TR-55 manual (USDA NRCS, 1986).
a. Precipitation – The Rules require the use of the most recent rainfall depths
and distributions as identified by SEWRPC. According to SEWRPC, NOAA
Atlas 14 (NOAA, 2013) presents the most-current precipitation
		depth-duration-frequency information for the Southeastern Wisconsin Region.
		 Using the latest SEWRPC rainfall depth and duration data, construct a hypothetical rainfall event. The 50% probability (2-year) storm event and 1%
probability (100-year) storm event, 24-hour rainfalls are used to determine
detention requirements. The mean rainfall depths by county are shown in
Table 2-2 for these recurrence intervals. Use either these values for the appropriate county or consult the NOAA website to obtain site-specific rainfall
depths. When using site-specific rainfall depths from the NOAA Atlas Precipitation Frequency Data Server (PFDS; http://hdsc.nws.noaa.gov/hdsc/pfds/), it
is important to use precipitation data that apply to the entire drainage area.

NOAA Atlas 14, 24-Hour Rainfall Depth (inches)
County

2-Year (50%
Probability)

100-Year
(1% Probability)

2.64

Milwaukee
Ozaukee

2.61

6.06
6.38

Racine
Washington
Waukesha

2.67
2.65
2.70

5.92
6.41
6.18

Table 2-2
NOAA Rainfall Depths for Wisconsin Counties in the District Planning Area
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		 Government units can prescribe storm depths greater than the NOAA
depths. Rainfall is arranged into hourly increments according to the
SEWRPC 2006 Regional Rainfall distribution or the new NRCS distribution, MSE3. The SCS Type II distribution is no longer accepted by the
District. The acceptable distributions are described below and shown
graphically in Figure 2-11. The SEWRPC 2006 Regional and NRCS MSE3
distribution can result in very different peak flows when used to evaluate
a 24-hour storm. These hypothetical rainfall distributions were developed
with different objectives and assumptions. Correct use of these distributions requires understanding of these assumptions. Further information is
available from SEWRPC. A few important features are summarized below.
SEWRPC 2006 Regional Rainfall Distribution
		Basis: Rainfall time distributions were developed for three- through
48-hour rain storms recorded at selected gauges within the SEWRPC
seven-county region. The distributions were plotted as a percent of total
rainfall (y-axis) versus percent of total time (x-axis) as shown in Table 2-3.

SEWRPC RECOMMENDED RAINFALL DISTRIBUTION
Percent of Total Storm Time

Cumulative Percent of
Total Storm Rain

0
5
10
15
20
25
30
35
40
45
50
55
60
65
70
75
80
85
90
95
100

0.0
2.7
4.8
5.9
9.5
13.2
18.9
28.5
42.2
56.6
68.4
76.5
81.6
85.2
88.0
90.3
92.2
94.0
95.8
97.7
100

Source: SEWRPC

Table 2-3
SEWRPC 2006 Rainfall Distribution
(http://www.sewrpc.org/SEWRPC/Environment/RainfallFrequency.htm)
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		Applicability: The distribution was derived using rainfall records only in
Southeastern Wisconsin.
		Limitations: A critical duration analysis must be conducted to determine
the proper storm duration for computing design flows. In a critical duration analysis, a range of storm durations are evaluated to identify the
storm duration that produces the greatest peak flow or volume.
NRCS MSE3 Distribution
		Basis: A nested distribution designed to generate extreme rainfalls at all
durations when applied to a 24-hour storm was accomplished by centering each duration at 12 hours, starting from the 5-minute rainfall and
continuing up to 24 hours.
		Applicability: This is an update to the SCS Type II distribution and is
more specific. There are now six rainfall distribution regions for the Midwestern and Southeastern States (MSE1 through MSE6). MSE3 is the one
that fits the climatological data for all counties served by the District and
is slightly more intense than SCS Type II.
		Limitations: Should only be applied to 24-hour storms. Can generate overestimated peak flows because it pushes the envelope of statistical likelihood.
		Source: Tabulated temporal distribution data for NOAA Atlas 14, Volume
8: Midwestern Region 3 (MSE3) can be downloaded from the NOAA
website at http://hdsc.nws.noaa.gov/hdsc/pfds/pfds_temporal.html.
Only the 24-hour distribution should be used to achieve Chapter 13 goals.
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Figure 2-11
Graphs Illustrating SEWRPC and NRCS Rainfall Distributions
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b. Rainfall Excess – The SCS curve number method is used to
compute the portion of the rainfall that becomes surface runoff.
The curve number (CN) is a measure of runoff potential that varies
from about 30 to 100. It is calculated from soil type, pervious
ground cover and percent impervious area. Composite CN values
for numerous urban land uses are tabulated in TR-55. The CN for a
specific site is calculated by taking a weighted average of the
pervious and impervious area CN. Normally a CN value of 98 is
assigned to impervious area. Typical pervious area CN values are
listed in Table 2-4. For simple, single subbasin sites, a composite
CN should be used. For more complex sites, it may be appropriate
to break the site into multiple subbasins (see Subbasin Delineation).

0.3 acre-ft per impervious
acre is a useful rule that
will give a good
first guess of
required storage.

If the existing land use is agricultural then a maximum allowable
curve number is prescribed by this Guidance. These limits are listed
by predominate hydrologic soil group in Table 2-5. Maximum
allowable curve numbers can only affect detention designs determined using the volumetric design procedure. The simple, single
site procedure does not utilize the existing conditions flow
hydrograph.

Land Use Description

Hydrologic Soil Group
A

B

C

D

Cultivated land:
without conservation treatment
with conservation treatment

72
62

81
71

88
78

91
81

Feature or range land:
poor condition
good condition

68
39

79
61

86
74

89
80

Meadow:
good condition

30

58

71

78

Wood or forest land:
thin stand, poor cover, no mulch
good cover

45
25

66
55

77
70

83
77

Open spaces, lawns, parks, golf courses, cemeteries, etc.:
good condition: grass cover on 75% or more of area
fair condition: grass cover on 50% to 75% of area

39
49

61
69

74
79

80
84

Commercial and business areas (85% impervious)

89

92

94

95

Industrial districts (72% impervious)

81

88

91

93

Residential:
Average lot size
1/8 acre or less
1/4 acre
1/3 acre
1/2 acre
1 acre

77
61
57
54
51

85
75
72
70
68

90
83
81
80
79

92
87
86
85
84

Paved parking lots, roofs, driveways, etc.

98

98

98

98

Streets and roads:
paved with curbs and storm sewers
gravel
dirt

98
76
72

98
85
82

98
89
87

98
81
89

Average % of Impervious
65
38
30
25
20

Table 2-4
Runoff curve numbers for selected agricultural,
suburban and urban land use (ACSE, 1997).
November, 2010 (Revised May, 2016)

33

Predominate Hydrologic
Soil Group

Maximum Pervious
Area Curve Number

A

55

B

68

C

77

D

80

Table 2-5
Maximum curve numbers for existing conditions

c. Hydrograph Generation – A unit hydrograph approach is often
used to determine the distribution of runoff over time. Other
methods are the kinematic wave and surface flow methods. The
SCS dimensionless unit hydrograph method uses the basin lag
time, which is calculated from the basin time of concentration. The
procedure for computing this parameter is documented in TR-55.
The time increments used to develop the computed hydrograph
must be less than 1/4 of the basin lag time.
3. Define proposed conditions drainage patterns and subbasins – For the
proposed development, determine the flow paths to storm drainage system
outlets. There are two options for off-site drainage: (1) design bypass routes
comparable to existing conditions for off-site drainage so that on-site facilities are not impacted, or (2) size on-site facilities to accommodate small off-site
drainage areas with ultimate development. New pipe conveyance of off-site
drainage areas to bypass the proposed detention-site(s) is not acceptable. Locate
the detention-site(s) such that all runoff from the site is captured. The bypass
system and on-site conveyance systems must provide capacity for the 1% probability (100-year) storm event peak flow. Delineate subbasins to define individual
flows draining to various conveyance facilities.
4. Compute runoff hydrograph for proposed conditions - Compute the proposed
conditions hydrograph draining to each detention basin. This step employs the
same computational procedure as that used for existing conditions. The proposed conditions peak flow should exceed the existing conditions peak flow
because the new development will have a higher curve number and a shorter
time of concentration. Often, the critical storm duration is shorter also.
5. Calculation of the allowable peak release rate – The allowable peak outflow
during the 1% probability (100-year) storm event is 0.5 times the site area in
acres. The allowable peak outflow during the 50% probability (2-year) storm
event is 0.15 times the site area in acres. If multiple detention basins are used,
the peak flow at each outlet from the site must meet the release rate requirement
based on the area tributary to the outlet.
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6. Size the detention basin - An iterative process is employed to design an outlet
and storage basin to satisfy the release rate requirement. The 1% probability
(100-year) storm event basin is developed first so that a detention-site of sufficient size is identified. Then the 50% probability (2-year) storm event outlet size
is sized to work in the proposed basin. The last step is to design a 1% probability
(100-year) storm event outlet that works in conjunction with the specified 50%
probability (2-year) storm event outlet. A computer program such as HEC-HMS or
Hydraflow™ can be used to conduct the storage routing calculations with different trial basins and outlets. The District may approve other methods upon request.
a. Develop a preliminary basin design based on-site conditions–
Typically, the site will require about 0.3 acre-feet of detention
storage for each acre of increased impervious area. The depth of
the basin is constrained by the elevations of the inlet, outlet and
surrounding development. A “maximum high water” elevation
should be established for the detention basin so as to prevent
adverse impacts on the capacity of the upstream drainage system
and prevent flooding of proposed adjacent development. Consider
free board as appropriate. The design high water is the maximum
water surface elevation during the 1% probability (100-year) storm
event. Based on these estimates of depth and volume, a preliminary basin area and 1% probability (100-year) storm event design
high water elevation can be established. Develop a preliminary
physical layout on the site grading plan and derive the stage
versus storage curve. Design an outlet weir or orifice to discharge
the allowable release rate when the pond depth is 10% to 20%
below the design high water (the 10% to 20% target is an interim
basin design to assist in the preliminary design of the basin).
b. Size the pond for the 1% probability (100-year) storm event– Route
the 1% probability (100-year) storm event, future conditions
hydrograph through the basin. Conduct successive iterations until the
peak outflow is less than the allowable release rate and the maximum
water level is less than the design high water. Substantial freeboard
should be maintained because the design for the 50% probability
(2-year) storm event is likely to increase the initial size of the pond.
c. Design the 50% probability (2-year) storm event – Generally, about
30% of the 1% probability (100-year) storm event storage is needed for
the 50% probability (2-year) storm event. Select a corresponding
design depth and design an outlet for the 50% probability (2-year)
storm event release rate. Usually an orifice or rectangular slot is used.
Though not widely used in the past, a V-notch weir outlet is very
effective in controlling both the 50% and 1% probability (2- and
100-year) storm events with a single structure. Incorporate the rating
curve into the model but use the stage storage relationship developed
in the previous step. Route the 50% probability (2-year) storm event
through the proposed pond. Conduct successive iterations until the
peak outflow is less than or equal to the allowable release rate and
the maximum water level is less than the design high water.
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d. Design the 1% probability (100-year) storm event – Rarely, the 50%
probability (2-year) storm event outlet will also provide proper
control for the 1% probability (100-year) storm event flood. A notable
exception is the V-notch weir which will provide control for both
storms. In other designs, a second outlet is added to function in
combination with the 50% probability (2-year) storm event outlet to
provide the required capacity for the allowable peak outflow during
the 1% probability (100-year) storm event . This outlet can be a pipe
or a weir and its invert must be above the 50% probability (2-year)
storm event design high water level. A compound rating curve is
developed which combines the flows through both outlets. The 1%
probability (100-year) storm event outlet is sized so the total outflow
is less than the 1% probability (100-year) storm event release rate
while the maximum pond depth remains below the 1% probability
(100-year) storm event design high water level. Route the 1% probability (100-year) storm event hydrograph through the basin.
Conduct successive iterations until the peak outflow is less than the
allowable release rate and the maximum water level is less than or
equal to the design high water level. Expand the basin area if necessary to achieve the proper maximum depth.
e. If using the SEWRPC 2006 Regional Rainfall, repeat the entire
design process for alternate durations to identify the critical duration for storage volume.
7. Additional Design Issues – Detention pond designs should also incorporate
appropriate freeboard and emergency overflow. These elements protect nearby
structures from flooding if the basin outlet should become blocked or if the 1%
probability (100-year) storm event design storm is exceeded. Typically, 1 or more
feet freeboard is provided between the maximum design water level and properties susceptible to flooding. An emergency overflow is provided to direct overflow
along a defined pathway so that excess flow is conveyed safely away from the site.
8. Stormwater Management Plan – Summarize the detention basin sizing analysis
in a report that discusses the pertinent site information, analysis assumptions,
hydrologic/hydraulic analysis results and the proposed design.
Detention Basin Sizing Procedure Using the Volumetric Design Procedure
(Also see example in Appendix I)
Typical development application: The volumetric design procedure is a more involved
analysis to determine the required detention volume for new development or redevelopment for unique or unusual site characteristics, but can be utilized for any project,
if desired. It is required for situations where multiple detention basins may interact
with one another, where there is existing detention storage or natural storage (low
area or wetland), where significant off-site flow must be accommodated in the proposed detention basin, or where unique existing conditions should be incorporated
into the detention basin analysis. Unique existing conditions could include existing
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impervious area tributary to the detention basin, unique runoff characteristics that
must be accounted for in the detention basin sizing, or complex low impact development practices that cannot be adequately incorporated the drainage analysis with the
release rate approach.
The volumetric design procedure is used to determine the storage volume and outflow
rate required to preserve the flow volume that is discharged during the critical time
period. Unlike the simple release rate method presented above, the volumetric design
procedure, or VDP, is applicable in complex situations including those where discharges from off-site areas are being passed through the pond being designed or
whose on-site natural storage will be incorporated into the analysis.
The VDP is essentially a method for controlling the volume of stormwater discharge
over time. It is generally not possible to regulate proposed conditions such that the
flood volume equals the existing volume through the entire flood. The VDP controls
the volume for a portion of the flood known as the critical time period. Figure 2-12
defines the critical time period concept. The critical time period is the span of time
between the peak rainfall intensity and the peak outflow of the watershed. During
this period, it is possible for the increased runoff from a development site to create
an increased peak flow at some location downstream even though the peak outflow
from the development is not higher. To prevent this type of increase, the VDP regulates the increase in outflow volume during the critical time period.
A key input to the procedure is the critical time period. The critical time period begins
at the time of maximum rainfall intensity and ends at the time of peak flow at a
critical downstream location. The critical location is selected based on its sensitivity
to future flow increases. Critical time periods have been established for each major
watercourse and are listed in Table 2-6.
When the volume is controlled during the critical time period, increases in downstream flows and elevations are also controlled. The hydrographs in Figure 2-13
demonstrate the volumetric design concept. To minimize the potential impacts to
areas downstream in the watershed, the volume of runoff from the development
must be controlled during the critical time period shown on the figure. The Pre-and
Post-Development Hydrographs illustrate the flood hydrograph response, at the site
level, when volumetric control is applied. The VDP uses the detention basin to limit
the outflow from the site such that the post development volume released during the
critical time period is the same as the existing conditions volume released during
the same time period.
Many of the analysis procedures employed in VDP are the same as for the single site.
1. Define the existing site – Define flow paths on and through the site. Locate
discharge outfall points from the site and delineate the tributary area draining to
each outfall point.
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Watershed Outlet Hydrographs
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Figure 2-12
Graph Illustrating Watershed Outlet Hydrograph

Basin

Length of Critical
Period (hr.)

Fish Creek

1.5

Fox River

12

Kinnickinnic River

1.75

Lake Michigan Direct
Drainage

1.5

Lincoln Creek

12

Menomonee River

9.5

Milwaukee River (1)

12

Oak Creek

15

Oak Creek (2)

6

Root River

7.75

(1) Includes Brown Deer Park Creek, Indian
Creek, South Branch Creek, and
Beaver Creek .
(2) Upstream of Puetz Road in the City of
Oak Creek.

Table 2-6
Critical time periods for major watercourses
within the District’s planning area.
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		 In the analysis of most sites, it is appropriate to delineate the overall drainage area into individual subbasins. Subbasins are areas that define the
drainage to individual channel reaches, storm sewers, culverts and flow
paths. There should be sufficient subbasins delineated to define flows that
arrive at the main channel or outlet via different paths. Areas of a specific
land cover or land use should be isolated. The delineation should also be
used to divide areas tributary to the proposed detention facilities from areas
that will bypass the facility. Typically sites that exceed approximately 40
acres will be delineated into several subbasins; however smaller sites are
often subdivided too.
2. Calculate the runoff hydrograph for existing conditions – Appropriate hydrologic methods consist of three components: rainfall input, calculation of rainfall
excess, and development of the runoff hydrograph. A hydrograph is required
in order to comply with the Rules. There are several acceptable computer and
manual calculation methods. The most common acceptable methods use the NRCS
time distributions applicable to the Southeastern Wisconsin Region or the 2006
SEWRPC distribution, which are incorporated into such software as HEC-HMS
or Hydraflow™. The District may approve other methods upon request.
a. Precipitation – A hypothetical rainfall event shall be constructed
using the latest SEWRPC rainfall depth and duration data
(SEWRPC, 2006). The 50% and 1% probability (2- and 100-year)
storm event, 24-hour rainfalls are used to determine detention
requirements. Government units can prescribe storm depths
greater than the SEWRPC depths. Rainfall is arranged into hourly
increments according to the SEWRPC 2006 Regional Rainfall
distribution or NRCS time distributions applicable to the Southeastern Wisconsin Region. Examples are shown in Figure 2-11.
b. Rainfall Excess – The portion of the rainfall that becomes surface
runoff typically is computed using the SCS curve number method.
The curve number (CN) is a measure of runoff-potential that varies
from about 30 to 100. It is calculated from soil type, pervious
ground cover and percent impervious area. Composite CN values
for numerous urban land uses have been constructed and are
tabulated in TR-55. The curve number for a specific site can be
calculated by taking a weighted average of the pervious and impervious area CN. Normally a CN value of 98 is assigned to the impervious area. Typical pervious area CN are listed in Table 2-4. It may
be appropriate to break the site into multiple subbasins to represent
the land use and soil types in to drainage areas. Curve numbers for
agricultural land uses are limited to the maximums in Table 2-5.
c. Hydrograph Generation – A unit hydrograph approach is often
used to determine the distribution of runoff over time. Other
methods are the kinematic wave and surface flow methods. The
SCS dimensionless unit hydrograph method uses the basin lag
time, which is calculated from the basin time of concentration. The
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procedure for computing this parameter is documented in TR-55.
The time increments used to develop the computed hydrograph
must be less than 1/4 of the basin lag time.
d. Existing conditions volume – From the existing conditions
hydrographs, calculate the total volumes of runoff released during
the critical time period for both the 50% and 1% probability (2- and
100-year) storm events. These volumes will be used to develop the
target releases under proposed conditions.
3. Define proposed conditions drainage patterns – For the proposed development, determine the flow paths to system outlets. Locate detention basins to
capture all runoff from the new development. Site grading and conveyance systems must provide capacity for the 1% probability (100-year) storm event peak
flow to reach the detention facility.
Site Development
Pre and Post Development Hydrographs
Critical Time Period 11:30 - 21:00 in
Menomonee Watershed
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Post Development with Volumetric Detention. Runoff volume
between 11:30 and 21:00 is the same as Pre Development
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Figure 2-13
Graph Illustrating Site Development Pre-and Post-Development Hydrographs

4. Compute runoff hydrograph for proposed conditions - Compute the proposed
conditions hydrograph draining to each detention basin. This step employs the
same computational procedure as that used for existing conditions. The proposed conditions peak flow should exceed the existing conditions peak flow
because the new development will have a higher curve number and a shorter
time of concentration.
5. Size the detention basin for the 1% probability (100-year) storm event - An
iterative process is employed to design an outlet and storage basin to satisfy the
volumetric design requirement. The 1% probability (100-year) storm event basin is
developed first so that a detention-site of sufficient size is identified. Then, the 50%
probability (2-year) storm event outlet size is designed to work in the proposed
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basin. The last step is to design a 1% probability (100-year) storm event outlet
that works in conjunction with the specified 50% probability (2-year) storm event
outlet. Usually a computer program such as HEC-HMS or Hydraflow™ is used
to conduct the storage routing calculations with different trial basins and outlets.
The District may approve other methods upon request.
a. Develop a preliminary basin design based on-site conditions –
Typically, the site will require about 0.3 acre-feet of detention storage
for each acre of increased impervious area. The depth of the basin is
constrained by the elevations of the inlet, outlet and surrounding
development. A “maximum high water” elevation should be established for the detention basin so as to prevent adverse impacts on
the capacity of the upstream drainage system and prevent flooding
of proposed adjacent development. Consider freeboard as appropriate. The design high water is the maximum water surface elevation
during the 1% probability (100-year) storm event. Based on these
estimates of depth and volume, a preliminary basin area and 1%
probability (100-year) storm event design high water elevation can
be established. Develop a preliminary physical layout on the site
grading plan and derive the stage versus storage curve;
b. Determine a preliminary outlet size – This step is conducted to
begin the volume calculations and serves only as an initial estimate
of the outflow from the site with detention in place. It is very difficult
to achieve an accurate initial estimate of the outlet capacity requirement because it is very sensitive to the quantity of off-site drainage
and the degree of development on the proposed site. The allowable
peak outflow will be less than the existing conditions peak flow.
How much less depends on the proportion of the peak flow that is
off-site flow. If the peak is dominated by off-site drainage, then the
detention release will be slightly less than the existing conditions
outflow. If the peak is mostly on-site flow, then 0.5 cfs/acre is a better
guide for estimating an initial flow. In general, a good starting point
for the analysis is to assume an outflow of 0.5 cfs/acre;
c. Size the pond for the 1% probability (100-year) storm event –
Route the 1% probability (100-year) storm event , future conditions
hydrograph through the pond and calculate the flow volume released during the critical time period. Conduct successive trials with
adjustment to the outflow and basin volume, if necessary, until the
outflow volume during the critical time is less than or equal to the
existing conditions volume. Adjust the size of the pond as necessary
to maintain a maximum water level that is less than the design high
water. Initially, assume substantial freeboard because the size of the
pond is likely to increase during design of the pond for the 50%
probability (2-year) storm event.
d. Design the 50% probability (2-year) storm event outlet –
Generally, about 30% of the 1% probability (100-year) storm event
storage will be needed for the 50% probability (2-year) storm event.
November, 2010 (Revised May, 2016)

41

Select a corresponding design depth and design an outlet for the
50% Probability (2-year) storm event release rate. The best outlet
design for volumetric control is a V-notch weir. Otherwise, an orifice
or rectangular slot can be used for small outflows while a standard
storm sewer or weir might be appropriate for sites with larger flows.
Incorporate the proposed 50% probability (2-year) storm event rating
curve into the model but use the stage storage curve developed in
“c” above. Route the 50% probability (2-year) storm event through
the proposed pond and determine the volume released during the
critical time period. Conduct successive trials until the outflow
volume during the critical time is less than the corresponding
volume released under existing conditions. Maintain the maximum
water level below the design high water for the 50% probability
(2-year) storm event;
e. Design the 1% probability (100-year) storm event outlet – The
V-notch weir designed for the 50% probability (2-year) storm event
flow will usually provide sufficient control for the 1% probability
(100-year) storm event. In other outlet designs, a second outlet is
added to function in combination with the 50% probability (2-year)
storm event outlet to provide the required capacity for the allowable
peak discharge during the 1% probability (100-year) storm event.
This outlet can be a pipe or a weir and its invert must be above the
50% probability (2-year) storm event design high water level. A
compound-rating curve is developed which combines the flows
through both outlets. The 1% probability (100-year) storm event
outlet should be sized so the total outflow volume is less than or
equal to the 1% probability (100-year) storm event peak discharge
assumed in “c” above, while the maximum pond depth remains
below the 1% probability (100-year) storm event design high water.
Route the 1% probability (100-year) storm event hydrograph through
the pond and determine the proposed conditions outflow volume
during the critical time period. Compare the outflow volume to the
existing conditions outflow volume determined in step 2d above,
and adjust the outflow accordingly. For example, if the proposed
conditions outflow volume is larger than the existing conditions
outflow volume during the critical time period, increase the size of
the outlet to increase outflow and reduce the volume of runoff that
is stored. Conduct successive iterations until the outflow volume
during the critical time is less than the corresponding existing
conditions volume and the maximum water level is less than the
design high water. Expand the pond area if necessary to achieve the
proper maximum depth; and
f. If using the SEWRPC 2006 Regional Rainfall distribution, the
design procedure must be repeated for alternate storm durations
until the critical storm duration is identified. The critical storm
duration for volume will always be at least as long as the critical
duration for peak flow.
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6. Additional Design Issues – Detention pond designs should also incorporate
appropriate freeboard and emergency overflow. These elements protect nearby
structures from flooding if the basin outlet should become blocked or if the 1%
probability (100-year) storm event design storm is exceeded. Typically, 1.0 or
more feet freeboard is provided between the maximum design water level and
properties susceptible to flooding. An emergency overflow is provided to direct
overflow along a defined pathway so that excess flow is conveyed safely away
from the site.
7.		Stormwater Management Plan – Summarize the detention basin sizing analysis in
a report that discusses the pertinent site information, analysis assumptions, hydrologic/hydraulic analysis results and the proposed design.
B. Land Disturbing Activities
Introduction
This section presents recommended procedures for the hydraulic design of runoff
management systems to satisfy the Rules in regards to redevelopment that will disturb
an area larger than 2 acres via demolition or construction, but will not increase the
impervious area by 1/2 acre or more. In general, the same procedure that is outlined
in the Detention Basin Sizing Procedure Using the Unit Release Rate Method can be
utilized to determine the detention volume required for a redevelopment site. However, since the methodologies differ in regards to how the maximum runoff release
rate is determined (reduction vs. unit release rate), the procedure is referred to as the
Runoff Release Rate Reduction Method.
Detention Basin Sizing Procedure Using the Runoff Release Rate
Reduction Method
Typical redevelopment application: The runoff release rate reduction method procedure
is a method used to determine the required allowable release from a redevelopment
site that has characteristics which trigger the land disturbing activity rules.
1. Define the existing site – Define flow paths on and through the site. Locate discharge outfall points from the site and delineate the tributary area draining to each
outfall point. Divide the drainage area into multiple subbasins, if appropriate.
In the analysis of most sites, it is appropriate to delineate the overall drainage
area into individual subbasins. Subbasins are areas that define the drainage to
individual channel reaches, storm sewers, culverts or flow paths. There should
be sufficient subbasins delineated to define flows arriving at the main channel or
outlet via different paths. Areas of a specific land cover or land use should be isolated. The delineation should also be used to divide areas tributary to the proposed
detention facilities from areas that will bypass the facility. Typically sites that
exceed approximately 40 acres will be delineated into several subbasins; however
smaller sites are often subdivided too.
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2. Calculate the runoff hydrograph for existing conditions – Appropriate hydrologic methods consist of three components: rainfall input, calculation of rainfall
excess, and development of the runoff hydrograph. A hydrograph is required
in order to comply with the Rules. There are several acceptable computer and
manual calculation methods. The most common acceptable methods use the SCS
curve number and SCS dimensionless unit hydrograph, which are incorporated
into such software as HEC-HMS or Hydraflow™. The District may approve other
methods upon request.
a. Precipitation – Using the latest SEWRPC rainfall depth and duration
data, construct a hypothetical rainfall event (NOAA Atlas 14, 2013).
The 50% and 1% probability (2-year and 100-year) storm event, 24-hour
rainfalls are used to determine flow reduction requirements. Government units can prescribe storm depths greater than the SEWRPC
depths. Rainfall is arranged into hourly increments according to the
SEWRPC 2006 Regional Rainfall distribution as shown in Figure 2-11.
A stormwater
management plan
is a package of
documents and exhibits
that demonstrate a
development conforms to
the runoff management
Rules, objectives and
performance standards.

b. Rainfall Excess – The SCS curve number method is used to
compute the portion of the rainfall that becomes surface runoff. The
curve number (CN) is a measure of runoff potential that varies from
about 30 to 100. It is calculated from soil type, pervious ground
cover and percent impervious area. Composite CN values for
numerous urban land uses are tabulated in NOAA Atlas 14. The CN
for a specific site is calculated by taking a weighted average of the
pervious and impervious are CN. Normally a CN value of 98 is
assigned to impervious area. Typical pervious area CN values based
on hydrologic soil group is listed in Table 2-3.
c. Hydrograph Generation – A unit hydrograph approach is often
used to determine the distribution of runoff over time. Other
methods are the kinematic wave and surface flow methods. The SCS
dimensionless unit hydrograph method uses the basin lag time,
which is calculated from the basin time of concentration. The
procedure for computing this parameter is documented in TR-55.
The time increments used to develop the computed hydrograph
must be less than 1/4 of the basin lag time.
3. Define proposed conditions drainage patterns and subbasins – For the proposed redevelopment, determine the flow paths to storm drainage system outlets.
There are two options for off-site drainage: (1) design bypass routes comparable to
existing conditions for off-site drainage so that on-site facilities are not impacted,
(2) size on-site facilities to accommodate small off-site drainage areas. New pipe
conveyance of off-site drainage areas to bypass the proposed best management
practices (BMPs) is not acceptable. Locate the BMP(s) so that the required percent
reduction of the existing runoff release rate is achieved.
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4. Compute the runoff hydrograph for proposed conditions – Compute the proposed conditions hydrograph draining to each BMP. This step employs the same
computational procedure as that used for existing conditions. The proposed conditions peak flow may or may not exceed the existing conditions peak flow rate since
the redevelopment of the site may result in a lower curve number and a longer
time of concentration based on the proposed site plan.
5. Calculate the reduced runoff release rate – The existing conditions peak runoff
release rate in the 50% and 1% probability (2- and 100-year) storm events shall be
reduced by a percentage dictated by the total area disturbed by demolition or
construction as summarized in Table 2-1. The peak flow rate of runoff from the
redevelopment is calculated as follows:
		Flow Rate of Runoff from Redevelopment (cfs) = Existing Flow Rate
(cfs) – (Existing Flow Rate (cfs) x Percent Reduction to the Existing Runoff
Release Rate (based on Disturbed Area).

All stormwater
management plans must
fully address the items in
the submittal checklist.
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6. Size the BMP(s) – An iterative process is employed to design the BMP(s) to satisfy
the release rate requirements. The sizing of the BMP(s) is governed by the type of
practice(s) and the extent of runoff management required. If utilizing a detention
basin(s) to achieve the runoff management requirements, refer to the additional
design criteria and design issues that need to be considered as specified in the
Detention Basin Sizing Procedure Using the Unit Release Rate Method Section.
7.		Stormwater Management Plan – Summarize the analysis in a report that discusses the pertinent site information, analysis assumptions, hydrologic/hydraulic
analysis and the proposed redevelopment design.
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OUTLET TYPES
There are a variety of common outlet designs that can be applied depending on the type
of receiving channel (whether it is a pipe or an open channel), the size of the pond and
the head difference between normal water and high water. Most outlets for runoff control
are either V-notch weir or multiple orifice, but many are constructed of weirs, grated box
openings, or storm sewer. Several typical configurations are shown in Table 2-7.

1% probability event
50% probability event
Normal

1 Orifice in Box Structure

2 Orifice in Circular
1% probability event
50% probability event
Normal

50% probability event
Normal

1% probability event
50% probability event
Normal
1% probability event
50% probability event
Normal

Small Size Site

Structure with 100-Yr
Overflow Through
Grated Top

3 Mulitple Orifices in
1% probability event

Medium Size Site

with Overflow Weir

a Circular Structure
with a Notch for
Emergency Overflow

4 Hanging Trap in Manhole

Small to Medium
Size Site

Small Size Site

with Overflow Through
Grated Top

5 Inlet Grate with Broad

Large Size Site

Crested Overflow

Table 2-7
Typical configuration of the compound weir

TECHNICAL PROCEDURES FOR EVALUATING LOW IMPACT
DEVELOPMENT (LID) PRACTICES FOR RUNOFF MANAGEMENT
Introduction
Volume 1 introduced the LID concept and components as alternative approaches to
traditional stormwater management. Appendix L , Low Impact Development Documentation (2003), provides additional discussion of LID. These discussions include
a summary of several LID practices that have the potential to compliment traditional management of stormwater volume and peak flow in a manner consistent with
the policy objectives of Chapter 13.
The previous discussion focused on the implementation of approaches using detention storage to achieve compliance with the Rule. This section addresses the need to
provide guidance to developers who use LID and other non-conventional practices
to help meet Chapter 13 runoff management requirements.
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A calculation spreadsheet (LID QuickSheet 1.2, Appendix L) has been developed to
provide a practical way to calculate how the use of particular low impact development
practices affect the required stormwater detention volume under Chapter 13. The LID
practices included in the QuickSheet are rain gardens, rain barrels, green roofs, cisterns,
and permeable pavement. The intent of the QuickSheet is to allow the designer to
evaluate the effect of LID practices on reducing the volume of traditional stormwater
detention required under Chapter 13. The QuickSheet evaluates LID practices in aggregate. However, proper application of LID practices require effective distribution
throughout the development. Detention volume calculations are performed using the
Unit Release Rate method. Developments using the Volumetric design Procedure must
explicitly represent the LID practices in the hydrologic/hydraulic model and cannot
use the QuickSheet. Developers, design engineers, and local government reviewers may
use this application in conjunction with their submittal of stormwater management
plans for review by the District. Detailed information on how the QuickSheet was
developed and how it should be used are included in the User Manual in Appendix L.
Appendix L includes the following:
• A User Manual, including four appendices, that defines procedures for using
the LID QuickSheet;
• Instructions on obtaining the LID QuickSheet;
• Memorandum “Evaluation of Stormwater Reduction Practices” that discusses
17 different LID techniques including advantages/disadvantages, costs, and
maintenance requirements for each technique.

SUBMITTAL REQUIREMENTS
A stormwater management plan must be prepared for all developments and redevelopments that are subject to the runoff management requirements. A stormwater management plan is a package of documents and exhibits that provide sufficient information
to demonstrate the development conforms to the runoff management Rules, objectives
and performance standards. A written narrative report is required to tie the exhibits
together into a logical and cohesive submittal.
Items that must be addressed in every stormwater management plan include:
• Layout and physical features of the site including topography, existing
structures, adjacent streets and waterways;
• Existing drainage system including the drainage pattern, flows, natural
storage and outlet condition prior to development or redevelopment;
• The proposed conveyance system including proposed drainage patterns and
flows after development or redevelopment;
• The proposed runoff management system;
• LID QuickSheet utilized for on-site low impact development features; and
• Plans to operate, maintain and inspect the runoff management system.
The specific items and documentation necessary to meet the submittal requirements
will vary depending on the type of plan. The checklist on the following page should be
used to determine the content of the submittal to the District.
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SUBMITTAL CHECKLIST FOR STORMWATER MANAGEMENT PLANS
(Also in Word format in Appendix M)
General Information
1. Project description;
2. Local ordinance requirements or off-site drainage constraints that may be
more restrictive than the District’s Rules;
3. Documentation of local municipal approval of the development;
4. Erosion and sediment control description;
5. Stormwater management facility description; and
6. Construction schedule and sequence.
Site Maps and Information
1. The boundary of the drainage area tributary to the project site.
2. The location of the project relative to significant features in the general
		 surroundings such as general roads, pedestrian ways, access to site,
		 adjacent land uses, existing man-made structures, public facilities;
3.		Existing contours at a minimum of 2-foot intervals, extending a minimum
		 of 200 feet beyond the limits of the proposed development and flow path
		 for each subbasin;
4. Streams, lakes, ponds, existing drainage swales, floodplains, wetlands,
		 natural storage and other physical features within or adjacent to the
		 project area;
5. Unique, unusual or environmentally sensitive features that provide
		 particular opportunities or constraints for development;
6. Locations of existing and proposed utilities, sewers and water lines;
7. Soil types and boundaries and locations of areas with steep slopes or
		 highly erodible soil;
8. Alterations in the natural terrain, cover, and grade including lawns and
		 other landscaping;
9. Areas to be cut or filled;
10. Proposed area of land disturbing activity, which includes demolition and
		construction;
11. Locations of proposed buildings, roads, parking areas, and other
		 permanent structures; and
12. Final contours at a minimum of 2-foot intervals, extending a minimum of
		 200 feet beyond the limits of the proposed development and flow path for
		 each subbasin.
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Stormwater Management Facilities
1. All stormwater management facilities such as storm sewers, swales,
overland flow paths, detention basins, outlets and local receiving waters
must be shown on a map. In addition, any low impact development (LID)
practices that will be applied to meet Chapter 13 requirements should
be shown also. The submittal should also include profile plots of channel and storm sewers showing invert elevations, dimensions and design
maximum hydraulic grade line. Ground elevation should be indicated for
storm sewers and top of bank for channels. Cross-section plots of channels
should also be provided with the maximum design water level indicated;
2. Comprehensive hydrologic and hydraulic design calculations including all
assumptions and criteria for the existing and post-development conditions
for the design storms as per the District requirements. Printed excerpts
of computer program input and output should be provided as needed to
document results. All model input and output should be provided on disk.
Summary and results of the critical duration analysis should be included
if applicable. If LID practices are being incorporated on-site to help offset
Chapter 13 detention requirements, the backup hydrologic calculations for
input data to the LID QuickSheet are required as well;
A written narrative
report is required to
tie the exhibits together
into a logical and
cohesive submittal.

3. Summary table of detention basin parameters including watershed or
subwatershed tributary drainage area, unit release rate or reduction to the
existing runoff release rate, maximum depth and elevation, design, volume,
peak outflow for the 50% and 1% probability (2- and 100-year) storm events,
area, and time to drain (based on hydrograph routing computations).
In addition, for volumetric calculations, existing and post-development
hydrographs, critical time period and existing and post-development outflow volumes for the 50% and 1% probability (2- and 100-year) storm events
during the critical time period. The LID QuickSheet can be utilized to determine the inflow hydrograph to the proposed detention basin, but pond
routing and outlet configuration calculations must be completed via another
method. The final detention storage required based on the outlet design
must be consistent with the volume required based on the LID QuickSheet;
4. For multi-site facilities: analysis of ultimate development in the tributary
watershed, consideration of multiple phases of construction, use of the
volumetric procedure, identification of the responsible parties, required
funding, financial and legal documentation, identification of required
drainage improvements between the developments or redevelopments of
the multi-site facility, and effective conveyance to multiple storage facilities must be determined; and
5. A maintenance plan indicating the organization permanently responsible
for the maintenance of the stormwater management facilities and a maintenance program schedule. The maintenance plan must also address all
LID practices that are employed to meet Chapter 13 requirements.
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Additional Requirements for Multi-Site and Watershed Plans
• Analysis of ultimate development in tributary watershed
• Details of multiple phases of construction;
• Use of the Volumetric design Procedure for storage facilities;
• Identification of the responsible parties;
• Analysis of required funding;
• Financial and legal documentation;
• Identification of required drainage/conveyance improvements
between the developments of the multi-site facility;
• Determine effective conveyance to multiple storage facilities; and
• Multi-jurisdictional coordination plan and necessary agreements.
Single sites generally require less documentation than multiple sites or regional
subwatershed plans. However, all plans must fully address the items listed above.
Possible approaches to meeting the submittal requirements are described in the following paragraphs.
Impervious area credits
will be considered by
the District on a
case-by-case basis.

Layout and Physical Features of the Site
A recent, accurate topographic map of the existing site should be provided. For
most sites, the map should be at a scale of one inch to 100 feet or less, with a contour
interval of one foot. Generally, USGS topographic maps are not acceptable except as
general location maps or in support of multi-site (off-site contribution) or watershed
planning efforts. The map should show:
• The developer’s property line;
• Public streets and roads;
• Watercourses and drainage ways;
• District and municipal easements;
• Wetland delineations;
• Floodplain and floodway boundaries (if applicable);
• Off-site drainage entry point;
• Off-site drainage watershed delineation;
• Existing detention facilities including those of adjacent properties if affected
by drainage from the site;
• Existing natural storage areas; and
• Existing buildings and structures.
A narrative should be provided describing the source of the map and any information that has been incorporated into it, such as wetland and floodplain boundaries.

November, 2010 (Revised May, 2016)

50

Existing Drainage System
Appropriate site reconnaissance and hydrologic and hydraulic analysis must be developed to characterize the direction and magnitude of existing site flows. Exhibits that
are normally included are:
• Site schematic showing drainage pattern, natural storage areas, receiving
stream and subbasin delineation on topo-aerial;
• Hydrologic data such as soils, basin areas, curve numbers, percents
impervious and times of concentration;
• Hydrologic analysis including rainfall input, hydrologic model, assumptions
and results;
• Hydraulic analysis including depth of flow in conveyance systems and
assumed outlet conditions; and
• Design flow hydrographs for the 50% and 1% probability (2- and 100-year)
storm events for each off-site inflow point and each site outflow location.
Each governmental unit
subject to Sec. 13.13
shall submit
an annual report
on or before
April 30th
each year.

A section of narrative should fully describe the analysis of existing site conditions
and include the sources of all data used to develop the model. A discussion of the
critical storm duration analysis should also be included if the SEWRPC 2006 Regional
Rainfall distribution is used.
Proposed Conveyance System
Similar hydrologic and hydraulic analyses are conducted for proposed conditions. The
proposed conditions analysis accounts for changes in drainage patterns due to modified
site grading and new conveyance facilities and changes in runoff rates due to added
impervious area and lost natural storage. The submittal requirements are similar to the
requirements for existing conditions. The results must demonstrate that facilities can
safely convey the 1% probability (100-year) storm event peak flow. Usually, the 10%
probability (10-year) storm event flow is conveyed in a so-called minor system while
designed overflows are provided to carry the excess up to the 1% probability (100-year)
storm event flow. In addition to the exhibits listed for existing conditions, the proposed
conveyance system documentation should include:
• Design drawings and details for all proposed conveyance facilities;
• Proposed areas of land disturbing activity, which includes demolition and
construction, if applicable;
• System inlet details;
• Outfall designs;
• Hydraulic grade line calculations and plots developed in the design of the
stormwater facilities;
• Calculations of outlet conditions at site discharge point.
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Proposed Runoff Management System
Hydrologic and hydraulic modeling of the detention basin and outlet design data
must be provided to demonstrate the performance of the proposed runoff storage
facilities. The location, grading, outlet and overflow should be shown on a topographic plan of proposed conditions. The plan should indicate the extent and elevation
of the design high water. Additional submittal items include:
• Elevation versus storage relation for each pond;
• Outlet design plan and profile - The profile should show the upstream and
downstream water surface elevations for the 50% and 1% probability (2- and
100-year) storm event.
• Outlet rating curve;
• Computer model analysis of hydrograph routing through the pond for the 50%
and 1% probability (2- and 100-year) storm event;
• Outflow versus required unit release rate or presentation of runoff volume
during critical time period shown in table or hydrograph plot; and
• Proposed site drainage plan showing:
a. Site limits
b. Tributary drainage area
c. Detention basin
d. Overland flow
e. Off-site flow paths
f. Connection to downstream receiving drainage system
A narrative section should identify the 50% and 1% probability (2- and 100-year) storm
event release rates and other design criteria such as the maximum permissible water elevation. The design development process should be described along with modeling results
that demonstrate that the release rate or volumetric design requirements have been met.
Operation, Maintenance and Inspection Plan
This plan is a summary of activities required to ensure proper functioning of the runoff
management facilities so that the performance standards are met throughout the life of
the facility. The plan must account for site conditions (such as potential debris blockage
during major rain events) and facility characteristics (such as small outlet openings) that
will create unusual maintenance requirements. Plan elements that should be included are:
• Description of system operation and required activities;
• List of required maintenance activities including inspections;
• Frequency of each activity;
• Materials and equipment needs;
• Responsible person or entity;
• Proof of acceptance by responsible person or entity;
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• Documentation of maintenance or drainage easements; and
• Funding source for activities.
The operation maintenance and inspection plan is required for only those runoff management components required by the Rules.

CREDITS FOR ELIMINATION OF IMPERVIOUS AREA

Obstruction prevention
and removal can
preclude increased
flooding on the

There may be times when governmental units and/or developers may be able to combine the elimination of impervious area in an existing or old development with a new
development or redevelopment. This would occur in developed areas where a Brownfield cleanup or other redevelopment has reduced or eliminated area that was formerly
covered by impervious surfaces such as buildings, parking lots or roads. The elimination
of this impervious area could be considered as a “credit” to offset new impervious area
if both developments or redevelopments are in the same subwatershed. When considered jointly, the elimination of impervious area combined with the new impervious area
can be used to develop a new net impervious area that determines if the development
or redevelopment meets or exceeds the 1/2 area threshold requirement for detention.
Impervious area credits will be considered by the District on a case-by-case basis.
However, the following minimum requirements must be met for a development or
redevelopment to be considered for a potential offset of its new impervious area by
the reduction in impervious area elsewhere.

watercourses or
increased inflow
and infiltration to
the sanitary conveyance
and treatment system.

• The developments or redevelopments must be in the same subwatershed
as defined in the Watercourse Management Plan. The District evaluated its
jurisdictional watercourses on a subwatershed basis to determine problems
and identify solutions. Generally, developments in the same general area that
produce no net increase in impervious area should produce little change to
watercourse flows on a subwatershed level;
• The potential local impact of the new impervious area should be investigated
by the developer to demonstrate that the local stormwater drainage system
and adjacent properties have adequate capacity for the additional flow that
would be expected from the increase in impervious area without detention. It
will be the responsibility of the local municipality to verify that flows from the
development without detention can be accommodated by the drainage system;
• The local municipality must document the details associated with each
site involved with the credit. Specific locations of each site, impervious and
pervious areas for each site, and the timing of the projects must be included;
• “Banking” of impervious area credits may be considered by the District on a
case-by-case basis provided the proposed credit meets the criteria in this section. Banking is defined as “setting aside” the net reduction in impervious area
of a project in anticipation of applying this reduction within 24 months to offset
new impervious area on a different project;
• The development or redevelopment with the reduction in impervious area
must be protected or preserved by easement or other deed restriction and
must have the necessary legal documentation. The local municipality must
also provide the District with written documentation of its approval of the
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drainage analyses of the developments or redevelopments, stating that there
will be no adverse impacts to the local drainage system from the proposed
development or redevelopment with the planned reduction in detention;
• The credit of impervious area must be clearly demonstrated by corresponding elimination of impervious area (creation of pervious area) at a minimum
ratio of one to one (eliminated impervious area to new impervious area);
• The reduction in impervious area must occur after January 1, 2002. Projects
involving credits initiated prior to January 1, 2002 may be considered on a
case-by-case basis only if the project has been continuous; that is, an ongoing
project that can demonstrate some form of continuous activity or progress; and
• The District reserves the right to require detention according to Chapter 13 if
it determines that it is in the best interest of the public to do so.
If a development anticipates using impervious area credits or if a redevelopment
desires to establish potential credits, the developer, engineer and governmental unit
should meet with the District early on in the project to define the project and understand the District’s requirements.

ANNUAL REPORTING
Each municipality shall be responsible for submitting proper documentation to fulfill
the Annual Report requirements specified in the Rules. The following discussion provides
guidance and requirements for submitting this information. Also, forms that can be
used as general guidance in meeting the requirements can be found in Appendix J.
As stated in the Rules, on or before April 30 of each year, each governmental unit subject
to sec. 13.13 shall submit an annual report. The report shall include:
a. WPDES Annual Report - A copy of the annual report submitted to
the Department of Natural Resources under the governmental unit’s
WPDES stormwater permit should be submitted to the District;
b. Inspection and Maintenance Activities - Runoff management
system inspection and maintenance activities and a discussion of
how completed activities compare to the plans provided according to
Sec. 13.12. This report should include a discussion and documentation of any operation and maintenance activity performed by the
submitting municipality. The document should include a description
of any inspection work and inspection procedures such as the type
of inspection and the frequency of inspection. Routine and non-routine maintenance procedures should be documented in this section.
For example, cleaning of catch basins or storm sewers would qualify
as maintenance procedures. A description of the maintenance
procedure as well as the frequency should be included;
c. Storm Sewer/Culvert Construction/Modification - A summary of
completed and proposed projects that have increased or will increase the diameter of a storm sewer, where the final equivalent
diameter is greater than 36 inches, and any other projects that have
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significantly increased or will significantly increase the capacity of
stormwater conveyance systems or outfalls, not including maintenance of drainage ditches or culvert replacements where the new
culvert has substantially the same capacity as the old culvert. The
location of these projects as well and the previous and new sizes of
the storm sewers should be included;
d. Reduction of Impervious Surfaces - A discussion of any foreseeable
plans to reduce runoff management requirements for an increase in
impervious surface in response to the removal of impervious surface
at other sites. The subwatershed, location, description, size of the site,
and estimated area of impervious surface to be removed, should be
included in this discussion; and
e. Exemptions – A list of developments or redevelopments determined
to be exempt from the Rules; for example, infill and low density
developments. A description of each site should be provided along
with the reason for the exemption. Developments and redevelopments
exempted for having less than 1/2 acre of impervious area, and
redevelopments that disturb 2 acres or less, do not need to be included.

GUIDANCE ON OBSTRUCTION REMOVAL
The Rules require governmental units to effectively manage debris and sediment accumulation to prevent obstructions at storm sewer outfalls or storm drainage structures
that discharge to its jurisdictional watercourses. The objective of this requirement is
to prevent increased flooding on its watercourses or increased stormwater ponding
away from the watercourses that could lead to additional infiltration and inflow to its
sanitary conveyance and treatment system.

Obstruction Prevention Management
Activities to manage accumulation of obstructions and debris generally fall into the
category of best management practices (BMPs). Most municipalities in the area have
already implemented a number of BMPs to address sediment and debris accumulation through their current stormwater management programs or through WDNR
imposed permit requirements. BMPs that may be effective in controlling sediment
and debris accumulation include:
• Erosion and sediment control;
• Public education for reduced dumping;
• Bank stabilization/erosion repair;
• Debris cleanup;
• Removal of dead or downed vegetation;
• Sediment removal from catch basins, sediment basins and detention basins;
• Illegal dumping control through cleanup and removal;
• Materials storage and handling management.
Each of these BMPs contributes to the overall management and control of erosion and
sedimentation. If not currently in place, they are likely to put into effect in the near future
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under the Phase II EPA NPDES stormwater regulations. The most effective of these are
erosion and sediment control and bank stabilization and erosion repair. Local governmental units should ensure that they are adequately enforcing the applicable erosion
and sediment control regulations across their local jurisdictions. They should also work
with riparian owners to identify ways to address bank stabilization and erosion repair
along major and minor drainageways throughout their jurisdictional areas.

Storm Sewer Outfall Obstruction Removal
Removal of sediment or debris that obstructs storm sewer outfalls is the responsibility
of the riparian owner or the local governmental unit. Local governmental units should
remove sediment accumulation downstream of outfalls or in outfall sewers or drainageways
when it accumulates to effectively reduce the flow area of the outfall by approximately
10%. The 10% loss of flow area can be estimated based on the depth of sediment divided
by the cross-sectional area of the outfall. Sediment removal may require WDNR permission through a formal permitting process.
Similarly, debris accumulation should also be removed when the flow obstruction approximates 10% loss of open flow area for outfalls, sewers, drainageways or culverts.
The responsibility for debris removal lies with the riparian owner or the owner of the
outfall. If debris accumulation is problematic, the responsible governmental units or
parties should prepare a prevention and response plan to proactively control debris
prior to and during flood events.

OUTFALLS AND STORMWATER CONVEYANCE SYSTEMS
Section 13.17 of the Rules requires governmental units to construct outfalls and conveyance improvements to prevent any reduction in the level of protection provided by flood
management projects implemented by the District. The annual reporting section requires
governmental units to inform the District of the construction of or improvements to
outfalls and conveyance systems that might substantially increase stormwater discharges to the areas drainage system. The intent of this section of the Rules is to maintain
the original design basis or level of protection provided by these facilities so that flooding problems do not return in the future. Local governmental units should not improve
or construct outfalls or other conveyance improvements that would result in an increase
in flow to the area receiving waters that may produce an increase in flood damages or
a reduction in the effectiveness of any of the District’s facilities.
It is not the intent of the District to regulate improvements to or construction of outfalls
or conveyance systems. However, they must be managed to not create additional problems or a lower level of protection downstream. The District will utilize information
provided by the local governments in the annual reports to review potential cumulative
increases in flow that might occur as the result of the improvement or construction of
new outfalls or conveyance systems. If the District determines that potential problems
or reduced levels of performance may result, it may require design modifications, impose
conditions on operations, or both, to prevent these problems from occurring.
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Connection of an outfall to a District jurisdictional stream requires issuance of a connection permit by the District to the governmental unit. See Section 13.23 of the Rules.
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