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4.1 Introduction
This chapter provides the calculation methods and associated equations
to support the requirements of Birmingham’s Storm Water Management
Ordinance.

4.2 Storm Water Quality Calculations
The compliance calculation methods for storm water quality protection
provided herein facilitates Birmingham’s compliance with the
requirements of the State of Alabama’s NPDES-MS4 Permit No.
ALS000032. Figure 4-1 presents the general approach that will be
taken to achieve compliance with the storm water quality protection
standards: the Rv standard and the 80% TSS Removal standard.  These
standards area established in Chapter 3 of this manual.

4.2.1 The Annual Runoff Reduction Method
4.2.1.1 Introduction
The Annual Runoff Reduction Method (also called Annual Rv Method)
centers on achievement of a rainfall volume capture goal.  Different
types of land cover are assigned ratings for rainfall volume capture,
based on the analysis of land cover conditions combined with
Birmingham area rainfall and soil data.  For example, if open space can
infiltrate all of the storm water from a single rainfall event, then it can
be credited for removing 100% of the pollutants within the storm water
volume.  This allows the open space to be recognized as an effective
control.  Even impervious surfaces capture a small amount of water
and therefore do not generate 100% storm water. Thus, site layout and
land cover decisions become critical aspects of storm water
management design, and understanding and calculating every aspect of
a site’s land and soil condition in relation to volume removal is
important.

Figure 4-1. General Compliance Approach for Storm Water Quality
Protection
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In the Annual Runoff Reduction Method a single metric is used for the
measurement of storm water and compliance with the Storm Water
Quality Performance Standard.  This metric, called the volumetric
storm water coefficient or “Rv”, is the percentage of rainfall
precipitation that runs off a specific land use area.  As such, Rv reflects
a development’s storm water volume for stormwater of moderate
intensity. Continuous simulation analysis of Birmingham rainfall
combined with standard land cover and soil conditions found that an
Rv of 0.22 generally indicates the capture of the first one-inch of
rainfall on an average annual basis.  Otherwise stated, Rv > 0.22 is an
indication that storm water runoff will be generated for a one inch
rainfall.  Alternatively, Rv < 0.22 indicates that no runoff will be
generated.  Thus, Rv ≤ 0.22 is established as the Storm Water Quality
Performance Standard for applicable land developments in
Birmingham. Information on the derivation of Rv values for
Birmingham is provided in Appendix J.

Determining the Rv for a development is a straightforward area-
weighting calculation.  Each land cover and hydrologic soil group
(HSG) combination within the development is assigned an appropriate
Rv, and then all of the Rv values are weighted by their areal coverage
(e.g., square feet or acres) to determine the weighted Rv for the
calculation area (i.e., the entire development for new developments,
new impervious area for redevelopments).  If the weighted Rv for the
calculation area is 0.22 or less, then the development complies with the
Storm Water Quality Performance Standard.

4.2.1.2 Process Summary
Conceptually, the Annual Runoff Reduction Method includes three
primary considerations: 1) developing the land cover (i.e., site) layout;
2) using green spaces for intrinsic storm water management; and, 3)
implementing structural green infrastructure practices (GIPs).  The Rv
is reduced through application of LID and GIPs as these steps
progress. This process is depicted graphically in Figure 4-2 and
described in more detail in the paragraphs that follow.

Figure 4-1. Storm Water Quality Compliance Approach
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Step 1: Develop land cover layout - Step 1 focuses on basic land
cover types (e.g., forest, turf, impervious) and how much storm water
can be removed from the site by making storm water conscious
decisions on the site layout, as land cover, buildings and pavement ideas
are being considered. While not required, the use of Low Impact
Development (LID) practices at this early stage of site planning can
serve to create a weighted Rv value that is relatively low, thus
decreasing the need for, or size of, engineered practices to achieve the
Rv Standard of Rv ≤ 0.22.  More information on LID principles,
approaches and incentives are presented in detail in Chapter 5.

Step 1 should start when the development layout is first being
conceptualized, making storm water management one of the first
design activities considered.  Whether LID practices are used or not,
site designers are encouraged to determine the area-weighted Rv for the
development at this time, to give them an early indication of the extent
of storm water control needed to achieve Rv ≤ 0.22.   This step
requires the assignment of Rv to every land cover and Hydrologic Soil
Group (HSG) combination and determination of the area-weighted Rv
for the development.

Step 2: Apply Intrinsic GIPs - Step 2 focuses on implementing
Intrinsic GIPs, which are engineered practices that, with some
planning, can result from the land cover layout decisions made in Step
1.  Intrinsic GIPs enhance the ability of pervious land cover to reduce
storm water volume through the planned and engineered use of such
practices as: downspout disconnection, sheet flow to pervious areas,
Urban Bioretention Areas, and grass channels.  Each of these practices
is assigned an ability to reduce one inch of rainfall in a storm event of
moderate intensity; and this assignment is captured in the Runoff
Reduction Credit that is assigned to the area draining to/through the
BMP.  The use of Intrinsic GIPs to reduce the development’s Rv is not
required but is strongly encouraged as a relatively “low-cost” approach
to storm water reduction.  Design specifications for Intrinsic GIPs are
provided in Chapter 6.

Implementation of Intrinsic GIPs require the assignment of Runoff
Reduction Credits utilized followed by recalculation of the weighted Rv
for the development.

Step 3: Apply structural GIPs - If the Rv Standard has been achieved
through Steps 1 and 2, site designers can skip Step 3.  However, this
will not be typical for most developments and some application of
structural (i.e., constructed) GIPs will usually be required. Structural
GIPs are controls that are designed and constructed to infiltrate,
evapotranspire or harvest and use rainfall and stormwater. Examples
include infiltration trenches, bioretention, green roofs, permeable
pavement and cisterns.  Design and sizing specifications have been
created for each of these GIPs to account for the Runoff Reduction
Credit that can be assigned to the area draining to it.  Design
specifications for GIPs are provided in Chapter 6.

The Rv calculation in Step 3 requires the assignment of Runoff
Reduction Credits and re-calculation of the weighted Rv for the
development.  If an Rv ≤ 0.22 has not been achieved after Step 3, then
additional structural GIPs must be designed until the Rv standard is
met or exceeded. If additional GIPs are not possible, then the site
designer moves to the application of TSS Removal Best Management
Practices (BMPs) for the remainder of the rainfall that is not captured
using GIPs.

4.2.1.3 Policies and Equations
Step 1: Develop Land Cover Layout
Step 1 begins with the creation of a site layout for the development.
Once the site layout is established, the site designer must identify four
basic land cover types are defined in Table 4 1.
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Table 4-1. Land Cover Types for Use with the Annual Runoff
Reduction Method

Land Cover
Type

Definition1

Forest2,3,4,5

Forests are green space areas that are undisturbed and unmaintained
and meet the following minimum requirements:

a. At least 1 acre in size;
b. At least 120 feet wide;
c. At least 90% of the land area is covered during the summer

months with the foliage of mature forest trees; and,
d. The ground surface is comprised of forest litter and naturally

occurring understory vegetation and is undisturbed by
another land use.

Urban
Forest2,3,4,5

Urban forests are green space areas that may or may not be
maintained and meet the following minimum requirements:

a. At least 1 acre in size;
b. At least 120 feet wide;
c. At least 70% of the land area is covered during the summer

months with the foliage of mature forest trees; and,
d. The ground surface is comprised of turf, landscaped areas,

understory forest litter or other vegetation (either managed
or unmanaged).

Meadow/Turf

Meadow/Turf land cover are areas primarily covered by turf grasses
and/or managed vegetation (including trees of any size, shrubs,
ornamental grasses, etc.).  Includes meadows, pastures, and
recreational fields.

Impervious
Cover

Hard surfaces which either prevent or significantly impede the entry
of water into soil, as it entered under natural conditions as
undisturbed property.  Impervious cover causes water to run off the
surface in greater quantities or at an increased rate of flow as
compared to natural conditions.  Examples include but are not limited
to roofs, pavement, impermeable pavers, athletic courts, compacted
gravel and “crusher” stone.

1 Land cover definitions apply to the land cover types for the POST-CONSTRUCTION
condition for the proposed site.

2 Bullets a and b can be disregarded when considering land cover designations for a vegetated
buffer along a water body.

3 Trees must be mature and already in existence at the site at the time the development is
proposed. Runoff Reduction Credits for new tree plantings, (i.e., reforestation) are addressed
later in this chapter.

4 Multiple non-contiguous areas of forest or urban forest vegetation that are, individually, less
than 1 acre in area but are located on a single development site cannot be combined to meet
this definition.

5 Forest and Urban Forest land cover types cannot be used for residential lots (see the discussion
and Table 4-3 below).

Once the land cover layout is established, the area of each land cover
and hydrologic soil group (HSG) combination must be determined.  A
single Rv value will be assigned to each land cover/HSG combination
using Table 4-2.  The Rv values shown in the table were derived for
Birmingham to estimate storm water from storms of moderate intensity
and meeting the NPDES-MS4 permit’s design basis rainfall of 1.1
inches.  Additional information on the derivation of values provided in
Table 4-2 is provided in Appendix J.

Table 4-2.  Runoff Coefficients for Land Cover – HSG Combinations

Land Cover Type
Volumetric Runoff Coefficient (Rv)

HSG A HSG B HSG C HSG D
Forest1 0.02 0.03 0.05 0.06

Urban Forest 0.1 0.13 0.15 0.17

Meadow/Turf 0.15 0.22 0.24 0.27

Impervious Cover 0.95
1 Forest Rv values can also be used for certain GIPs.  See Table 4-6 for more

information.

An area-weighting calculation is used to determine the Rv for the
calculation area (the entire new development, or the new impervious
area on a redevelopment). Equation 4-1 is used for this purpose.

= ( × ) + ( × ) + ⋯( × )( + + ⋯ ) Eq.  4-1

Where:

Weighted Rv = the area-weighted Rv for the entire development
Rvn = the value of Rv for a single land cover-HSG

combination
An = the area of a single land cover-HSG combination

There are specific policies that must be applied when applying the land
cover types in Tables 4-1 and 4-2 to residential subdivision designs:
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1. Forest and Urban Forest land cover cannot be used within the
boundaries of individual single family home lots for purposes of
calculating the weighted Rv.  Pervious land cover on individual
single family home lots must be identified as Meadow/Turf,
regardless of the tree cover on the lot.  The Forest and Urban
Forest land covers can still be used in the common and ROW areas
of residential developments. This policy, shown in tabular form in
Table 4-3, is applicable only to residential subdivisions for
individual, detached single family homes.  It is not applicable to
duplexes, triplexes or multi-family housing development (e.g.,
apartments, townhomes, etc.)

2. Impervious land cover on individual residential lots shall be
determined using the policies and procedure identified in Section
4.2.5 of this chapter.

Table 4-3.  Land Cover Designation for Residential Developments

Land Cover Type

(Residential Developments)
Land Cover Types Suitable for Rv Calculation
Single
Family

Lots

Multi-
Family

Lots

Common
Areas

Right-Of-
Way

Forest1 No Yes Yes Yes

Urban Forest No Yes Yes Yes

Meadow/Turf Yes1 Yes1 Yes Yes

Impervious Cover Yes2 Yes2 Yes Yes
1 The total area of meadow/turf land cover located on single or multi-family

lots must be multiplied by 0.9 to account for potential future loss of land
cover due to home renovations or additions, driveway expansions, shed or out-
building construction, pool decking installations, etc.

2 The total area of impervious land cover located on single or multi-family lots
must be multiplied by 1.1 to account for potential future increases in
imperviousness due to home renovations or additions, driveway expansions,
shed or out-building construction, pool decking installations, etc.

Site Design Tip
Naturally reduce the Rv using LID
Site designers are encouraged to consider the use of LID practices when
initially laying out the site. LID is the use of site layout and construction
techniques that can reduce, and sometimes even eliminate, the need for the
design and construction of storm water quality controls.  From the
standpoint of runoff reduction, LID techniques focus primarily on the
preservation of a site’s natural hydrologic features in order to protect its
ability to infiltrate rainfall naturally, and the elimination of unnecessary
impervious surfaces to reduce the volume of runoff that is generated by
land development.  When used thoughtfully, LID can decrease development
costs, increase development aesthetic value, and decrease the cost of the
long-term operation and maintenance of constructed storm water controls.

A key LID technique for Birmingham is the maximization of the pervious land
cover types (forest, urban forest, and meadow/turf) with the moderately
well-drained soils (HSG B) that can be found regionally. The site designer is
encouraged to take advantage of the infiltration capabilities of well-drained
soils (HSGs A and B) by placing impervious surfaces on poorly drained soils
(HSGs C and D) to the extent possible.  When applied, this technique can
make optimal use of a site’s natural storm water management capabilities to
provide a lower weighted Rv and reduce the need for GIPs. More detailed
information on LID techniques and their use when planning and designing a
development is provided in Chapter 5 of this manual.

Above: Examples of green space and sensitive feature preservation in urban
developments. Source left: Urban Land Institute (ULI.org).  Source Right: City
of Seattle, WA
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EXAMPLE 4-1A: STEP 1 FOR A TRADITIONALSITE LAYOUT
Example A: A site layout is prepared for a proposed 10 acre business development.  The site layout shows that the development’s land cover distribution is 5 acres of
Impervious cover over B soils (Rv = 0.95), 2 acres of Forest cover over C soils (Rv = 0.05) and 3 acres of Turf grass over C soils (Rv = 0.24).  Determine the development’s
weighted Rv using Table 4-2 and Equation 4-1. = ( . × . ) + ( . × . ) + ( . × . )( . ) = .
The storm water quality performance standard of a weighted Rv ≤ 0.22 is not achieved, therefore Intrinsic and Green Infrastructure Practices must be considered. Example B
provides more insight into how Low Impact Development can be utilized to lower the weighted Rv.

EXAMPLE 4-1B: STEP 1 USING LOW IMPACT DEVELOPMENT
Example B: The proposed site layout from the 10-acre development from Example A is rearranged in order to take advantage of the site’s natural storm water management
properties using LID approaches.  The figure below presents a comparison of the original layout (Example A) and revised layout (Example B).

In Example B, the site designer relocates the impervious cover to the area with the C soils, allowing the site’s pervious land covers to be located on the moderately well-
draining B soils. Instead of using Turf, the site designer maximizes the Forest land cover by increasing its coverage area from 2 acres to 3 acres, and limits tree cutting in the
remaining 2.75 acres to create a landscaped Urban Forest area with a managed understory area. This provides a natural, yet scenic landscape along the property’s street
frontage. The site designer also reduces the parking area, which allows a decrease of the impervious cover by 0.75 acres.  The Urban Forest land cover is used for this pervious
area behind the office building, where it will serve as a shady picnic area for the office’s employees.

The resulting land cover distribution in the revised layout is 4.25 acres of Impervious cover over B soils and C soil (Rv = 0.95), 0.75 acres of Urban Forest over C soil (Rv = 0.15),
3 acres of Forest cover over B soil (Rv = 0.03), and 2 acres of Urban Forest over B soil (0.13).  Determine the development’s weighted Rv using Table 4-2 and Eq. 4-1.= ( . × . . ) + ( . × . . ) + ( . × . ) + ( . × . )( . ) = .
Thus, the developer’s decision to use Better Site Design principles results in a lower weighted Rv (0.45) for the site than that determined using a traditional site design (0.56).
While the storm water quality performance standard of a weighted Rv ≤ 0.22 is not achieved, the extent of GIPs that must be designed and implemented to achieve the
Standard will be smaller due to the natural capture that occurs as a result of the LID layout.
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Step 2: Apply Intrinsic GIPs
Step 2 of the Annual Runoff Reduction Method involves the planning
and design of intrinsic GIPs, which are engineered practices that
enhance the ability of the pervious land cover established in Step 1 to
reduce storm water volume.  Each intrinsic GIP is assigned a Runoff
Reduction Credit (RR Credit) that is applied to the Rv of the GIP’s
contributing drainage area, thus accounting for the ability of the GIP to
reduce storm water volume of the contributing drainage area.

Equation 4-2 is used to determine the Rv for a contributing drainage
area that flows through a storm water reduction GIP.

= − Eq.  4-2

Where:

RvCDA = the weighted value of Rv for contributing
drainage area to the Intrinsic GIP after flow
through the GIP

RvBefore = the weighted value of Rv for contributing
drainage area to the Intrinsic GIP before flow
through the GIP

RR Credit = the Runoff Reduction Credit from Table 4-4
(percent)

Note: RvCDA is the weighted Rv value for only the contributing
drainage area flowing into the GIP.  If the area has multiple land cover
/ HSG combinations, then RvBefore will be a weighted value calculated
using Equation 4-2.

Table 4-4 lists the intrinsic GIPs and the credits for each.  The two
levels refer to specific design requirements for each GIP, where GIPs
designed to Level 2 specifications will provide greater storm water
reduction capabilities than Level 1 designs.  Design specifications for
intrinsic GIPs are provided in detail in Chapter 6.

Table 4-4. Runoff Reduction Credits for Intrinsic GIPs

Intrinsic GIP1

Runoff Reduction Credit2

(RR Credit)

Level 1 Level 2

Downspout Disconnection 15% 43%

Grass Channel

w/o compost
amended soil 0% 18%

with compost
amended soil 6% 25%

Green Roof 77 88

Sheet Flow

to pervious area 41% 73%

to filter strip
44%

(with compost
amended soil)

50%

Reforestation3

Rv by Hydrologic Soil Group

D C B A
w/o compost
amended soil 0.18 0.16 0.14 0.10

with compost
amended soil 0.06 0.05 0.04 0.02

1 Level 1 GIPs can be assigned a Level 2 Runoff Reduction Credit value provided that
compost soil amendments are performed to increase the infiltration rate to a value
equivalent to that found in an A or B soil.  Soil amendment information is provided
in Appendix K.

2 RR Credit indicates the % rainfall volume captured by the GIP, and thus removed
from surface runoff

3 The runoff reduction impact of the Reforestation GIP is not calculated using an RR
Credit.  It will be expressed as an Rv value for the reforested area, based on the
area’s hydrologic soil group(s).
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Table 4-5 provides the land use applicability policies for the Intrinsic
GIPs.  These policies have been developed based on the suitability of
intrinsic GIPs for different types of land uses and any inherent
difficulties in tracking, inspecting and maintaining the BMPs, especially
when located on individual residential lots.

Table 4-5. Land Use Applicability Policies for Intrinsic GIPs

Intrinsic GIP

Development Land Use Type

Residen-
tial Lots

Residen-
tial

Common
Areas

Private
Roadways

Public
Roadways
and ROW

All Other
Land Use

Types

Downspout
Disconnection

    

Grass Channel     

Green Roof     

Reforestation     

Sheet Flow     

Key:
 - The GIP is acceptable for the land use type.  Site designs including this GIP may be

approved depending upon the GIP’s suitability for the specific development and
whether the design is in accordance with all other local ordinances, codes, policies
and technical specifications.

 - The GIP is not acceptable for the land use type.
 - The GIP is allowed for the land use type, but it cannot be used to meet the Rv

standard or included in storm water quality calculations.

As indicated by Table 4-5, the use of intrinsic GIPs on residential lots
and privately-owned roadways for purposes of compliance with the
Birmingham’s storm water quality protection requirement is limited.
As a result, designers of residential developments are encouraged to
consider these practices for common areas, where the long-term
operation and maintenance of these practices are better assured. In

addition, site designers should also consider the use of LID practices
such as Creative Development Design to maximize the use of Forest
and Urban Forest land cover types in residential common areas.  See
Chapter 5 for more information on LID.

Figure 4-2 Green Roof at Children’s Hospital, Birmingham AL
(Source: Macknalley Land Design, Birmingham AL)
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EXAMPLE 4-2: STEP 2 USING INTRINSIC GIPS
The LID site layout from Example 4-1B is proposed for a 10 acre office development.  The layout is 4.25 acres of Impervious cover over B soils and C soils, 0.75 acres of Urban
Forest over C soil, 3 acres of Forest cover over B soils, and 2 acres of Urban Forest over B soils. After LID, the site-weighted Rv is 0.45.  The site designer now considers the use
of Intrinsic GIPs.  A portion (0.75 acre) of the development’s parking area can drain (using a level spreader) via a Level 2 sheet flow GIP to the urban forest area (B soil).  As
well, approximately 0.75 acres of roof discharge can drain into the other urban forest area using Level 1 downspout disconnection GIP. Using Equation 4-2, determine two
RvCDA values for the sheet flow and downspout disconnection Intrinsic GIPs, and then determine the development’s weighted Rv after application of the Intrinsic GIPs.

First, the RvCDA is determined for the 0.75 acre parking area discharging via sheet flow (SF) over B soil area using Equation 4-2. From Table 4-2, RvBefore = 0.95, and the Runoff
Reduction Credit for a Level 2 sheet flow design is 50%, from Table 4-4.

( ) = . ( − . ) = .
Thus, the Rv for the parking area that is managed via sheet flow is reduced from 0.95 to 0.48. A similar calculation is performed to determine the Rv for the roof contributing
drainage area to the Level 1 downspout disconnection to C soil design (RvCDA(DS)).  RvBefore = 0.95 and the Runoff Reduction Credit = 15%.

( ) = . ( − . ) = .
Now the development’s new weighted Rv can be determined with the consideration of the runoff reduction provided by the Intrinsic GIPs. With the GIPs in place, the site
layout is as follows:

 0.75 acres of parking area discharged to a Level 2 Sheet Flow GIP, RvCDA = 0.48;
 0.75 acres of rooftop discharged to a Level 1 Downspout Disconnection GIP, RvCDA = 0.81;
 2.75 acres of impervious area (remaining rooftop, parking and driveway), Rv = 0.95;
 3 acres of Forest cover over B soil; and, Rv = 0.03;
 0.75 acres of Urban Forest cover over C soil, Rv = 0.15;
 2 acres of Urban Forest cover over B soil, Rv = 0.13

= ( . × . ) + ( . × . ) + ( . × . ) + ( . × ) + ( . × . ) + ( . × )( )= .
The application of Intrinsic GIPs uses the natural runoff reduction characteristics of the site to decrease the weighted Rv from 0.45 to 0.40. Through the use of relatively low
cost and low maintenance Intrinsic GIPs, progress has been made toward meeting the storm water quality performance standard of a weighted Rv ≤ 0.22.  However, the
performance standard still has not been achieved. Structural GIPs must be designed to further reduce the weighted Rv.
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Step 3: Apply Structural GIPs
Step 3 of the Annual Runoff Reduction Method involves the planning
and design of structural GIPs, which are practices designed and
constructed to enhance storm water reduction through infiltration,
harvest and use, or evapotranspiration.  The determination of a
development’s weighted Rv after application of structural GIPs is
exactly the same as that used for intrinsic GIPs.  Each GIP is assigned
a RR Credit that is applied to the contributing drainage area of the
BMP.  The RR Credit is applied using Equation 4-2, which is provided
again below.

= − Eq.  4-2

Where:

RvCDA = the weighted value of Rv for contributing
drainage area to the Intrinsic GIP after flow
through the GIP

RvBefore = the weighted value of Rv for contributing
drainage area to the Intrinsic GIP before flow
through the GIP

RR Credit = the Runoff Reduction Credit from Table 4-6
(percent)

Note again that RvCDA is the weighted Rv value for only the
contributing drainage area flowing into the GIP.  If the area has
multiple land cover / HSG combinations, then RvBefore will be a
weighted value calculated using Equation 4-2.

Table 4-6 lists the GIPs and the assigned credits for each.  The two
levels represent a baseline design (Level 1) and a more complex design
(Level 2) that can achieve a greater degree of runoff reduction, and
hence, pollution removal. This distinction is important because
performance can vary greatly depending on sizing and design features.
The site designer can choose which design level is most appropriate to

the development’s needs. Level 1 and Level 2 design specifications are
provided Chapter 6.

Table 4-6. Runoff Reduction Credits for Structural GIPs

Structural GIP
Runoff Reduction Credit

(RR Credit))
Level 1 Level 2

Bioretention1 56 78

Urban Biortention1 56 Not Applicable

Permeable Pavement 38 72

Infiltration Trench1 43 89

Water Quality Swale1 32 54

Cisterns Design Dependent – See Chapter 6

Detention (ED or standard) 7 Not Applicable

1 These structural GIPs typically occupy a portion of the land area within the development
and have the ability to infiltrate (and in some cases evapotranspirate) the rain that falls
on them.  For this reason, the land area occupied by these GIPs can be assigned the
Forest cover Rv value (from Table 4-2) for their underlying Hydrologic Soil Group.

2 Detention ponds, whether in a standard or extended detention (ED) configuration, are
popular BMPs for the multiple primary purposes of TSS Removal and flood protection.
Thus, detention ponds are not typically protected or managed to preserve infiltration,
and therefore should not be considered as a first choice practice for runoff reduction
purposes. However, it is recognized that detention ponds can provide some limited
infiltration, as indicated in the table. The design specifications for detention ponds are
provided in the TSS Removal BMP Design Specification sheets which are provided in
Chapter 6.
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Photo: Example of GIPs used
in series.  The bioretention
area is located within a
pervious concrete parking
area.

Courtesy: City of
Chattanooga TN

Table 4-7 provides the land use applicability policies for the structural
GIPs included in Chapter 6.  These policies have been developed based
on the suitability of intrinsic GIPs for different types of land uses and
any inherent difficulties in tracking, inspecting and maintaining the
GIPs, especially when located on individual residential lots.

Table 4-7. Land Use Applicability Policies for Structural GIPs

Structural GIP

Land Use Type

Residen-
tial Lots

Residen-
tial

Common
Areas

Private
Roadways

Public
Roadways
and ROW

All Other
Land Use

Types

Cistern     

Urban
Bioretention

    

Permeable
Pavement

    

Dry Water
Quality Swale

    

Infiltration
Trench

    

Bioretention     

Extended
Detention

    

Key:  - The GIP is generally allowed for the land use type.  Site designs including
this GIP may be approved depending upon the GIP’s suitability for the
specific development and whether the design is in accordance with all
other local ordinances, codes, policies and technical specifications.

 - The GIP is not allowed for the land use type.
 - The GIP is allowed for the land use type, but it cannot be used to meet

the Rv standard or included in storm water quality calculations.

As indicated by Table 4-7, the use of GIPs on residential lots for
purposes of compliance with the Rv Standard is generally not allowed.
However, site designers of residential developments are encouraged to
consider these practices for common areas where their long-term
operation and maintenance is better assured. The use of LID practices
to maximize the use of Forest and Urban Forest land cover types in
residential common areas is also recommended. Chapter 5 has
information on LID.

Site Design Tip
Mixing GIPs to Maximize Effectiveness
GIPs are often most effective when they are designed as multiple, small,
decentralized facilities that are located in a number of locations within a
development. When using multiple GIPs, site designers can often save time
and money by mixing BMP design levels to meet the needs of the
performance standard. Level 1 GIPs may be sufficient in developments with
relatively low imperviousness, while Level 2 GIPs might be necessary to
meet the performance standard in a highly impervious site.  Regardless, a
site’s need for Level 1 or Level 2 GIPs can easily be “tested” prior to full-scale
GIP sizing and design by performing trial calculations using Equations 4-1
and 4-2 and the appropriate RR Credits from Tables 4-4 and 4-6.
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EXAMPLE 4-3: STEP 3 – USING GREEN INFRASTRUCTURE PRACTICES
This expands on Example 4-2 and presents calculations for Structural GIPs to finish the design. Continuing with Example 4-2, the LID site layout with Intrinsic GIPs for a 10 acre
business development results in a weighted Rv = 0.40. To meet the storm water quality performance standard, the weighted Rv for the development must be less than or
equal to 0.22.  Apply structural GIPs and to reduce weighted Rv to acheive the performance standard.

The site designer decides to use permeable pavers for the driveway, a portion of the parking area and side alley, resulting in 1.3 acres of permeable paver area.  The permeable
paver area does not receive drainage from any other areas of the site.  Several bioretention GIPs will be used to manage the runoff from the remaining impervious area
(connected rooftop, parking in front of the building and the rear alley).  These facilities will be located on C soils around the end of the building.  The total surface area of the
bioretention will amount to 0.35 acres and these areas will control runoff from 1.1 acres of impervious surface.  The new site layout with both the intrinsic and structural GIPs
is shown in the graphic below.

First, the designer attempts to meet the storm water quality performance standard using Level 1 GIP designs. The RR Credit calculation for the bioretention area is first. For
the 1.1 acre area discharging to the Level 1 bioretention areas: RvBefore = 0.95 and the RR Credit = 56%, from Table 4-6.

( ) = . ( − . ) = .
Note also that footnote 1 in Table 4-6 indicates that the 0.35 acres of bioretention can be assigned an Rv for Forest on C soil, Rv =0.05.

The example is continued on the next page.

Second, Table 4-6 (footnote 1) indicates that the 0.3 acres of bioretention can be assigned an Rv for Forest on C soil, Rv =0.05.  For the 1 acre area discharging to the
bioretention areas: RvBefore = 0.90 and the Runoff Reduction BMP Credit = 80%, from Table 4-6.  Equation 4-2 is applied on the next page, where the example continues.

( ) = . ( − . ) = .
Now the development’s new weighted Rv can be determined with the consideration of the runoff reduction provided by the Structural RRPs. Continued on the next page.
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EXAMPLE 4-3: CONTINUED
For the 1.3 acre area of the Level 1 permeable pavers, RvBefore = 0.95 and the RR Credit = 38%, from Table 4-6.  Applying Equation 4-2:

( ) = . ( − . ) = .
Now the development’s new weighted Rv can be determined with the consideration of the runoff reduction provided by the GIPs.

The site layout is now as follows:

 1.1 acres of impervious surface discharged to a Level 1 Bioretention GIP, RvCDA(Bio) = 0.42;
 0.35  acres of Bioretention area over C soil, Rv = 0.05
 1.3 acres of Permeable Pavement GIP, RvCDA(PP) = 0.59;
 0.75 acres of parking area discharged to a Level 2 Sheet Flow GIP, RvCDA = 0.48;
 0.75 acres of rooftop discharged to a Level 1 Downspout Disconnection GIP, RvCDA = 0.81;
 3 acres of Forest cover over B soil; and, Rv = 0.03;
 0.75 acres of Urban Forest cover over C soil, Rv = 0.15;
 2 acres of Urban Forest cover over B soil, Rv = 0.13

Weighted Rv = (0.42 × 1.1 ) + (0.05 × 0.35 ) + (0.59 × 1.3 ) + (0.48 × 0.75 ) + (0.81 × 0.75 ) + (0.03 × 3 ) + (0.15 × 0.75 ) + (0.13 × 2 )(10 ac)
= .

With a weighted Rv = 0.27, the application of Level 1 Structural GIPs allows the runoff reduction characteristics of the site to decrease, but not sufficiently to meet the storm
water quality performance standard of a weighted Rv ≤ 0.22.  Next, the site designer tests the use of a Level 2 design for the bioretention and permeable pavement GIPs,
Level 2 RR Credit of 78% and 72% respectively from Table 4-6.  Again applying Equation 4-2:

( ) = . ( − . ) = . ( ) = . ( − . ) = .
Reapplying Equation 4-1,Weighted Rv = (0.21 × 1.1 ) + (0.05 × 0.35 ) + (0.27 × 1.3 ) + (0.48 × 0.75 ) + (0.81 × 0.75 ) + (0.03 × 3 ) + (0.15 × 0.75 ) + (0.13 × 2 )(10 ac)

= .
Using Level 2 bioretention and permeable pavement GIPs will allow the site to have a weighted Rv = 0.20, which is less than the required performance standard.  The site
designer checks again that all impervious areas are managed using storm water quality protection using GIPs and that required treatment volumes can be captured by the
GIPs (not shown in this example).  Upon positive confirmation of these checks, the designer can be confident that his/her design will meet the storm water quality performance
standard in Birmingham.
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4.2.1.4 Rv Credit Eligibility and Application
The Rv Standard includes the possibility for adjustment using Rv
Credits (see Chapter 3). This section describes Rv Credits and provides
policies for their application during the design of a development.
Further discussion the rationale behind Rv Credits is provided in
Chapter 3. Note: Rv Credits are expressed as a percentage reduction of
the 1.1-inch required capture volume, which is then correlated to an
appropriate reduction in the Rv standard.

1. Available Rv Credits. The Rv credits offered by Birmingham are
listed in Table 4-8 in terms of the rainfall capture reduction
assigned to the credit.

2. Rv Credit combinations. The Rv Standard may be adjusted for
Rv Credit eligible developments in accordance with Table 4-9. Rv
Credits may be combined up to a maximum rainfall capture
reduction of 30%.

Table 4-8. Rv Credit Types

Development Type Rainfall Capture Reduction

Brownfield Redevelopment 10%

Cluster Development 10%

Vertical Density Development 10%

Table 4-9. Rv Credit Combinations & Adjusted Rv Standards

Number of Rv Credits % Rainfall Capture
Reduction

Adjusted Rv
Standard

1 10% Rv = 0.30

2 20% Rv = 0.38

3 30% Rv = 0.45

3. Rv Credit eligibility criteria. A development may receive one or
more Rv Credits if the design and construction of the development
conforms to the criteria defined below.

a. Brownfield Redevelopment, defined as a redevelopment of a
property where the presence of a hazardous substance,
pollutant, or contaminant is known or suspected.  Note that
infiltration should be avoided where existing soil
contamination is present in areas that are, or could be, subject
to contact with infiltrated storm water.

b. Cluster Development, defined per Title 2-Zoning Ordinance
Chapter 3 District Area and Dimensional Regulations Article
II. Conservation Subdivision and Cottage Development. For
example, lots may be reduced in area the equivalent of one
smaller zone districts, except that no single-family lot shall be
less than 3,500 square feet.

c. Vertical Density Development, defined as a new
development or redevelopment that has a floor to area ratio of
at least 2 or at least 18 units per acre. Refer to Title 2-Zoning
Ordinance Chapter 1: Zoning Districts for vertical density
requirements. A parking garage is an example of a
development that could receive this credit.

4. Rv Credit denial. The Director may deny eligibility for an Rv
Credit under the following circumstances.

a. The development discharges storm water, either directly or
through a public or private storm water drainage system, to a
stream that has an established Total Maximum Daily Load
(TMDL) or is subject to state or federal water quality
requirements or designations.

b. A storm water or watershed master plan or engineering study
indicates that controls are needed to limit the adverse impacts
of polluted storm water discharges from development.
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c. The property has a history of hazardous substances, pollutants,
or contaminants that will, in the judgement of the Director, be
better managed with full storm water management controls.

4.2.1.5 Special Case: GIPs in Series
Using GIPs in series can provide the site designer with tremendous
flexibility in evaluating the most effective approach to apply the Annual
Runoff Reduction Method. However, the calculation of the volume
removal percentage for controls in series can be complex and it is
dependent upon the type of GIP being considered.  When GIPs are
placed in series, the upstream control has the advantage of initially
handling runoff from the many small storms, while the downstream
GIP must be able to handle the overflow from the first GIP (i.e., a set
of fewer, but larger storms).  Therefore the ability to capture immediate
volumes and store them for later removal is critical for the downstream
BMP. When placing GIPs in series, any GIP can be used as the

upstream control, but only the following GIPs can be used as the
downstream control:

 Bioretention  Water Quality Swale
 Urban Bioretention Areas  Detention
 Permeable Pavement  Cisterns
 Infiltration Trench

Equation 4-3 must be used to calculate the Rv for the contributing
drainage area to GIPs placed in series.  Note that credit will be given
for no more than two controls used in series.

= [( − ) × ( − )] Eq.
4-3

Where:

RvCDA S = the weighted Rv for contributing drainage
area(s) to the GIPs placed in series after flow
through the GIPs

RvCDA = the weighted Rv for the CDA(s) to the
upstream GIP before flow through the GIP

RR Credit1 = the Runoff Reduction percentage for the
upstream GIP, defined from Table 4-4 or
Table 4-6

RR Credit2 = the Runoff Reduction Credit percentage for the
downstream GIP, defined in Table 4-6

Example calculations for GIPs in series are provided after the next
section in Example 4-5.

EXAMPLE 4-4: ADJUSTING THE Rv USING Rv CREDITS
A 20-acre redevelopment within Birmingham city limits is proposed for a
brownfield site. The redevelopment is a high-end office park. The site designer
opts to use LID techniques which minimize impervious surface area by optimizes
the built environment vertically and creates an urban forest with walking trails,
ponds and picnic areas as office park amenities.  Several multi-story office
buildings and parking garages are planned which meet the required floor to area
ratio of 2 for an Rv Credit.

Question: What is the Rv Standard for this redevelopment?

Looking at Table 4-8 and the eligibility criteria stated in Policy 3 on the preceding
page, this redevelopment is eligible to receive two Rv Credits: a 10% credit for a
brownfield development; and a 10% credit for a vertical density development.
Table 4-9 indicates that a two-credit combination results in an adjusted Rv
Standard of 0.38. Therefore, the site designer must apply the Annual Runoff
Reduction Method to achieve Rv ≤ 0.38.  Note that for redevelopments, the Rv
Standard is applied only to the amount of new impervious surface on the site.
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4.2.2 Sizing of Media-Based GIPs

This section presents the method that must be used to determine the
treatment volume for media-based GIPs, and thus size the GIPs.
Treatment volume calculation for non-media-based GIPs is provided in
the design specifications for the GIPs, provided in Chapter 6. When
applying GIPs, it is important that the site designer keep in mind
that compliance with the Rv Standard is a three-pronged
requirement.

1. a weighted Rv ≤ 0.22 for the entire development; and,

2. all impervious surfaces must be managed by a GIP or TSS
Removal BMP; and,

3. there must be sufficient storage volume in the proposed
GIP(s) to capture the treatment volume from the required
1.1 inch of rain (as set forth by the NPDES-MS4 permit).

If these conditions cannot be met, the Rv Standard has not been
achieved.

Equations 4-4 and 4-5 is the general equation that must be used to
determine the GIP treatment volume (TvGIP).

= . ( ( ) ( ) ) , ) Eq.
4-4= ( )( ) Eq. 4-5

Where:
TvGIP = the GIP treatment volume (in ft3)

1 Note: TvRR must be calculated for the volume of runoff from one inch of rainfall that will be
discharged to the GIP from its’ contributing drainage area.  Therefore, when using Equation 4-4
to calculate TvRR for a solitary BMP, Runoff Reduction Credits (from Table 4-6) cannot be applied
in the calculation of the weighted Rv. When using the equation to calculate TvRR for BMPs

Mult. = the multiplier for the GIP from Table 4-10
P = 1.1 inch
Rv = the weighted Rv for the contributing drainage area to

the GIP without consideration of GIPs located within
the CDA1

CDA = the contributing drainage area to the GIP (in acres)
n = porosity of the media
D = media depth of the GIP (in feet)
SA = surface area of the GIP (in square feet)
n(D) = the equivalent storage depth (DE) for multi-media GIPs

Equation 4-4 includes a multiplier (Mult.), which is required for the
design of some GIPs, especially Level 2 designs.  BMP multipliers are
provided in Table 4-10 and in the design specifications in Chapter 6.

Table 4-10. BMP Multipliers for Use in Equation 4-4

GIP
Multiplier

Level 1 Level 2

Bioretention 1 1.25

Urban Bioretention 1 not applicable

Permeable Pavement 1 1.1

Infiltration Trench 1 1.1

Water Quality Swale 1 1.1

Detention 1.25 not applicable

in series, the weighted Rv can include consideration of the Runoff Reduction Credit that is
provided by the upstream BMP.  The resulting TvRR is then applicable to the treatment volume
that will be required for the downstream BMP.
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Equation 4-6 must be used to find the equivalent storage depth (DE)
for media-based BMPs with multiple layers of media, which is used in
calculation of TvGIP.= ( ) + ( ) +⋯ ) Eq. 4-6

Where:

DE = the equivalent storage depth
nx = the porosity the 1st layer, 2nd layer, etc. (see Table

4-10)
Dx = the depth of the media in the 1st layer, 2nd layer,

etc.
Table 4-11 provides basic specifications for porosity and field capacity
for the standard recommended soil-based media and gravel for GIPs.
Additional design specifications are provided in the respective GIP
specifications in Chapter 6.  An example calculation for sizing media-
based GIPs is provided in Example 4-5.

Table 4-11. Volume-Based Specifications for GIP Media

Parameter
Value

Porosity Field Capacity

Soil-Based Media1 0.40 0.25

Gravel2 0.40 0.04

Ponding 1.0 not applicable

1. For soil-based media in bioretention, water quality swales and tree planter boxes.
2. For gravel-based media in bioretention and urban bioretention areas, water quality

swales, permeable pavement and infiltration trenches.

Insert photo here



PAGE HEADER HERE

Chapter 4 – Design Calculations
BIRMINGHAM STORM WATER DESIGN MANUAL (ver. Jan 2018) 4-21

EXAMPLE 4-5: GIPS IN SERIES, GIP SIZING

Rv ( ) = 0.24(1 − 0.73) = 0.06 Rv ( , ) = 0.06(1 − 0.78) = 0.01
Finally, the weighted Rv for the entire area (after flow through the bioretention GIP) is found using Equation 4-1.= ( . × . ) + ( . × . ) + ( . × . )( . ) = .
To size the bioretention GIP, first calculate the weighted Rv for the bioretention GIP’s contributing drainage area (excluding the GIP itself) using Equation 4-1.Weighted Rv = (0.95 × 0.5 ac) + (0.06 × 0.25 ac)(0.75 ac) = 0.65
After applying a Level 2 bioretention GIP (RP Credit =78%), the resulting RvCDA = 0.14. To size the GIP, consult Table 4.10 and the design specification for the bioretention GIP
in Chapter 6.  The multiplier for a Level 2 bioretention BMP design volume (TvGIP) is 1.25, the media depth (D) must be no less than 36-inches (3 ft), and the maximum ponding
depth is 6-inches (0.5 ft).  Using Table 4-11, the porosity (n) for soil-based media is 0.4 and for ponding is 1.0. Use Equation 4-6 to calculate the Equivalent Storage Depth (DE).= . ( ) + . ( . ) = . ft

The Surface Area (SA) can be determined by application of Equations 4-4 and 4-5 and solving for SA.  Note that the equivalent depth, (DE) is substituted for n(D) and rainfall

depth of 1.1 inches (for Birmingham). Tv = 1.25 (1.1 in)(0.75ac)(0.65)( )( ) = n(D)(SA)= , = ( ), . = , =

A site designer will be using a mix of Intrinsic GIPs and GIPs to manage storm water discharges from a 0.5
acre impervious area (Rv = 0.95).  The impervious area is first disconnected via Sheet Flow (an Intrinsic
GIP, Level 2), through a 0.25 acre turf area on C soil (Rv = 0.24).  The sheet flow area has a Runoff
Reduction Credit of 73%.  Storm water from the sheet flow area will then discharge to a 0.06 acre
bioretention facility constructed in C soil (Rv = 0.24).  The bioretention facility will have a Level 2 design,
and therefore has a Runoff Reduction Credit of 78%. The figure provides a basic schematic of the
situation. Note that the only the runoff generated by the impervious area (denoted by the blue line
labeled “1”) is being managed by GIPs placed in series. Determine the Rv for each of the three areas,
and the weighted Rv for the total area, then determine the surface area of the bioretention GIP.

The Rv for the Impervious Area after flow through both GIPs is calculated using Equation 4-3.Rv ( ) = 0.95 [(1 − 0.73)(1 − 0.78)] = 0.06
Thus the effective Rv of the GIPs in series becomes 0.06.  Now calculate the weighted Rv value for the
entire site. The Rv for the bioretention GIP is 0.05 (Forest Cover on C soil per footnote 1 of Table 4-6).
The Rv for the Sheet Flow area after flow through the bioretention GIP is calculated using Equation 4-2.
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4.2.3 Curve Number Adjustments for Structural GIPs
The capture of storm water by structural GIPs changes the runoff
depth entering downstream detention structures that are designed for
peak discharge and flood control.  As a result, the lower depth can be
considered when sizing detention structures on developments that
implement GIPs.

Note: the reduction of detention requirements can be considered only
if structural GIPs will be used at a development. This reduction does
not apply to sites that employ only LID or Intrinsic GIPs to address
runoff reduction.  The impact of LID and pervious areas associated
with Intrinsic GIPs on peak discharge calculations is already inherently
included in the determination of a curve number (CN).

An approximate approach to account for the impact of the GIPs on
runoff volumes is to adjust the CN for the post-developed conditions
of site.  The adjusted curve number (CNadj) can then be used in
hydrologic calculations and in routing. The standard SCS rainfall-runoff
equation in Equations 4-7a and 7b below provides a way to calculate a
total runoff.

= ( − . )( + . ) = − Eqs. 4-7a
and 4-7b

Where:

Q = the accumulated direct runoff (inches), for P greater
than Ia = 0.2S.

P = the accumulated rainfall depth (inches) for the 24-hr
design storm (see Table 4-12)

S = the potential maximum soil retention (inches)
CN = the SCS Curve Number

The adjusted total runoff in depth entering the flood control facility
downstream of a GIP is calculated by taking the difference in the

original total runoff in depth and the depth captured by the BMP (TvRR

from Equations 4-4 and 4-5) expressed in watershed inches.

Table 4-12. Birmingham 24-Hour Rainfall Depths

Return Period (Years) Rainfall Depth (inches)

1 3.63
10 5.83
25 7.14

100 9.49

Equation 4-8 is used to make the initial adjustment by determining the
adjusted total Runoff (Qadj).

= − ( )( ) Eq. 4-8

Where:

Qadj = the accumulated direct runoff adjusted for the volume
removed by GIPs (inches)

Q = the accumulated direct runoff from Equation 4-7a
(inches)

TvGIP = the GIP design volume (cubic feet)

CDA = the contributing drainage area (acres)

Equation 4-9 then calculates the modified curve number (CNadj) based
on Qadj.

= + + ( ) − + . Eq. 4-9



PAGE HEADER HERE

Chapter 4 – Design Calculations
BIRMINGHAM STORM WATER DESIGN MANUAL (ver. Jan 2018) 4-23

Where:

CNadj = the adjusted curve number for the development

Qadj = the accumulated direct runoff adjusted for the volume
removed by GIPs

P = the accumulated rainfall depth (inches) for the 24-hr
design storm (see Table 4-12)

4.2.4 Multi-Benefit GIP Incentives
This section identifies the incentives available with Multi-Benefit GIPs
are used and provides policies for their application during the design of
a development. The incentives are applied in the design calculations
for the Annual Runoff Reduction Method. Further discussion the
rationale behind Multi-Benefit GIPs is provided in Chapter 3.

Table 4-13 lists the incentives and states the eligibility requirements.

EXAMPLE 4-6: ADJUSTING THE CURVE NUMBER FOR GIPS
A proposed site design includes a 1.5 acre parking lot that will drain into the
site’s detention pond.  The detention pond must be designed for the 25-year,
24-hour storm event. A bioretention GIP is used at the downstream end of the
parking lot. Before designing the detention pond, the site designer wishes
adjust the curve number (CN) to account for the volume captured by the GIP.
Determine CNadj for the site. Note: Prior to adjustment, the SCS CN for the
parking lot is 98.

Step 1. Calculate the Total Runoff (Q): From Table 4-12, P is 7.14 inches (25-
year storm).  Use Equations 4-7a, 7b.= 100098 − 10 = 0.2 ℎ , = 7.14 − 0.2(0.2)(7.14 + 0.8(0.2)) = 6.90 .
Step 2. Calculate bioretention design volume (TvGIP): Use Equation 4-4 to
determine TvGIP.  Rv = 0.95 (Table 4-2), Mult. = 1.25 (Table 4-11), P = 1.1 inches
and CDA = 1.5 acres.

Tv = (1.25)1.1 in(1.5ac)(0.95) 43,560 ft1ac 1 ft12 in = 7,113 ft
Step 3. Calculate the adjusted total runoff (Qadj): Use Equation 4-8 to
determine Qadj. = . − ,( , )( . ) = .
Step 4. Calculate the adjusted curve number (CNadj): Use Equation 4-9 to
determine CNadj.  P = 7.14 inches

EXAMPLE 4-6: CONTINUED= 100010 + 5(7.14) + 10(6.90) − 10(6.90 + 1.25(6.90)7.14)= 89
The site designer can perform a check by substituting CNadj into Equation 4-7(b)
to obtain S, and then using Equation 4-7(a) to calculate Qcheck.  Note that P in
Equation 4-7(a) is the 24-hour design storm used (7.14 inches in this case).

= 100089 − 10 = 1.2 ℎ , = . − . ( . )( . + . ( . )) = . .
Qcheck = Qadj therefore the adjusted curve number is correct.
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Table 4-13.Multi-Benefit GIP Incentives & Eligibility Criteria

GIP Incentive Eligibility Criteria Application Criteria

Use of the Site
Reforestation GIP
or Stream Buffer
Preservation GIP

Site reforestation refers to the planting of trees, shrubs,
and other native vegetation in previously disturbed areas
to permanently restore them to a forest land cover.

Eligibility requires the permanent preservation and
protection of the reforestation area, such that vegetation
will not be disturbed or removed in the future. The GIP
shall be designed and installed in accordance with this
Manual.

This incentive may not be combined with the Soil
Restoration GIP incentive defined in this table for the same
area.

Rv criterion: Subtract 50% of any permanently protected
reforested areas from the total site area when calculating the
GIP treatment volume (TvGIP) for the development.  If soil
restoration is performed in the reforested areas, then the
100% of the reforested areas can be subtracted.

TSS Removal criterion: Subtract 50% of any permanently
protected reforested areas from the total site area when
calculating the TSS treatment volume (TvTSS) for the
development.  100% of the reforested areas can be
subtracted if soil restoration is performed in the reforested
areas.

Qp criterion: The post-development hydrologic condition of
any permanently protected reforested areas are equivalent
to those of a similar cover type (e.g., meadow, brush, woods)
in FAIR condition.  If soil restoration is performed in the
reforested areas, then the post-development hydrologic
condition of the reforested areas are equivalent to those of a
similar cover type in GOOD condition.

Use of the Soil
Restoration GIP

Soil restoration is the process of tilling and adding compost
and other amendments to previously compacted or
disturbed soils or fill to restore infiltration and percolation
to that of a well-drained soil.

Eligibility requires the permanent protection of the soil
restoration area to maintain well-draining properties.  The
GIP shall be designed and installed in accordance with this
Manual.

This incentive may not be combined with the Site
Restoration GIP incentive defined in this table for the same
area.

Rv or TSS Removal criterion: Subtract 50% of any permanently
protected soil restoration areas from the total site area when
calculating the GIP or TSS treatment volume (Tv) for the
development.

Qp criterion: The post-development hydrologic condition of
any permanently protected soil restoration areas are
equivalent to those of a similar cover type (e.g., meadow,
brush, woods) in FAIR condition.
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Table 4-13 continued

GIP Incentive Eligibility Criteria Application Criteria

Use of the Stream
Buffer
Preservation GIP

A stream buffer is a permanent, mature forest or
reforested, natural conservation area along a stream that
physically separates the stream from development.  Buffers
provide storm and stream water quality benefits such as
protection, infiltration, evapotranspiration, filtration,
shade, and habitat.

Eligibility requires a minimum average stream buffer width
of 50 feet and permanent preservation and protection of a
mature forest or reforested stream buffer. Pervious trails,
walkways and other passive recreation areas may be
present.  There are no impervious areas, except those
associated with utilities or roadway/pedestrian crossings.
The GIP shall be design and installed in accordance with
this Manual.

A mature forest buffer is defined as an undisturbed stream
buffer where at least 90% of its area is covered during the
summer months with the foliage of mature forest trees.
The ground surface is comprised of forest litter and
naturally occurring understory vegetation and is
undisturbed by another land use.

A reforested buffer area is defined as an undisturbed
stream buffer that requires reforestation (i.e., the planting
of immature trees) to adequately establish a forested
buffer.

Rv criterion and TSS Removal Criterion: Subtract a percentage
of any permanently protected stream buffer area from the
total site area when calculating the GIP or TSS treatment
volume (Tv) for the development.  The percentage is
determined using the table below.

Average Buffer
Width

% Reduction of Stream Buffer Area
used to determine Tv

Mature Forest Reforested

0 to 49 feet No incentive No incentive

50 to 100 feet 50 to 100% Divide average
width by 2

> 100 feet 100% 50%

Example 1: A mature forest buffer having an average width
of 36 feet is preserved.  No reduction in Tv is allowed.

Example 2: A mature forest buffer having an average width
of 64 feet is preserved.  A 64% reduction in Tv is allowed.

Example 3: A reforested buffer having an average width of
64 feet is preserved. Tv reduction = 64/2 = 32%.

Qp criterion: The post-development hydrologic condition of
any permanently protected buffers are as follows:

Reforested buffer: Woods-grass combo – FAIR condition*

Mature forest buffer: Woods – GOOD condition*

* See TR-55 Table 2-2c (Runoff curve numbers for other
agricultural lands)
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Table 4-13 continued

GIP Incentive Eligibility Criteria Application Criteria

Use of Green
Roof or
Permeable
Pavement GIPs

Soil restoration is the process of tilling and adding compost
and other amendments to previously compacted or
disturbed soils or fill to restore infiltration and percolation
to that of a well-drained soil.

Eligibility requires the permanent protection of the soil
restoration area to maintain well-draining properties.  The
GIP shall be designed and installed in accordance with this
Manual.

This incentive may not be combined with the Site
Restoration GIP incentive defined in this table for the same
area.

Rv or TSS Removal criterion: Subtract 50% of any areas
covered by a green roof or permeable pavement from the
total site area when calculating the GIP or TSS treatment
volume (Tv) for the development.

Green roofs and permeable/porous paver systems do not
provide flood protection, so an incentive is not provided for
the calculation of Qp.

MULTI-BENEFIT GIP INCENTIVE EXAMPLE 4-7 HERE>
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4.2.5 Pollutant Removal
4.2.5.1 Background
The combined methodology provided in this section has been
developed to satisfy the Storm Water Quality Performance Standard for
developments that have limitations that preclude full achievement of
the Rv Standard.  In these situations, the site design must achieve the
TSS Standard of 80% TSS Removal using TSS Removal BMPs such as
extended detention ponds, sand filters, and wet ponds. It is important
to keep in mind that compliance with the TSS Standard is a three-
pronged requirement.

1. 80% TSS Removal must be achieved for the remainder of
the treatment volume; and,

2. all impervious surfaces must be managed by a GIP or TSS
Removal BMPs; and,

3. there must be sufficient storage volume in the proposed
GIP(s) and/or TSS Removal BMPs to capture the
treatment volume from the required 1.1 inch of rain (as set
forth by the NPDES-MS4 permit).

If these conditions cannot be met, the TSS Standard has not been
achieved. Ideally, TSS Removal BMPs will only be applied when the
site design cannot support full achievement of the Rv Standard due to
limitations in the application of GIPs (see limitations in Chapter 3).

TSS Removal BMPs are applied only to the volume of the 1.1-inch
rainfall that is not managed using the Annual Runoff Reduction
Method.  Therefore, all site designs will start with application of the
Method to calculate a weighted Rv for the site, even if LID and GIPs
are not used.  However, there are design benefits that result from the
use of LID and GIPs, regardless of whether Rv Standard is attained.

 The curve number used for peak flow calculations can be
adjusted to recognize the storm water captured by GIPs.

 The volume of storm water that must be managed by TSS
Removal BMPs will be reduced based on the Rv achieved
using LID and GIPs.

This section provides the policies, tables and equations that will be used
to calculate compliance with the TSS Standard.  Design specifications
for TSS Removal BMPs are provided in Chapter 6 of this Manual.

4.2.5.2 Accepted TSS Removal BMPs
Table 4-14 provides the list of Birmingham-accepted TSS Removal
BMPs. The table presents each BMPs TSS removal percentage (%)
used to calculate compliance with the TSS Standard (ARC, 2016).  The
values reflect expected average annual TSS loads in typical urban post-
development storm water, when the structural BMP is sized, designed,
constructed and maintained in accordance with required specifications
in Chapter 6.

Table 4-14. BMP Removal Rates for Total Suspended Solids (TSS)

TSS Removal BMP TSS Removal Value (%)

Dry Detention Pond 60%
Dry Extended Detention Pond 60%

Enhanced Swale 80%
Gravity (oil-grit) Separator 40%

Manufactured Treatment Device See Design Specification
in Chapter 6

Open Channel1 50%
Sand Filters (Surface & Perimeter) 80%
Storm Water Wetland/Submerged
Gravel Wetland 80%

Storm Water Wet Ponds 80%
Underground Detention 0%
1 Refers to open channel practice designed for hydraulic control.
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4.2.5.3 Calculating TSS % Removal for BMPs in Parallel
The percent TSS removal (% TSS) that is achieved on a site can be
calculated using Equation 4-10, which is an area-weighted TSS
reduction equation that accounts for the TSS reduction that is
contributed from BMPs that area treating separate areas and not being
used in series.

% = ∑ ( + + … + )∑ ( + +⋯+ ) Eq.
4-10

Where:

weighted
TSS%

= weighted TSS Removal % for the area treated by
the TSS Removal BMPs

TSSn = TSS Removal % for an individual BMP from
Table 4-14

An = the area draining to an individual BMP (acres)

4.2.5.4 BMPs in Series and in Flow through Situations
BMPs in Series: The case of two or more TSS Removal BMPs in
series, where storm water treated in one BMP and discharged into
another BMP for further treatment, is called a treatment train.
Equation 4-11 is used to calculate the total % TSS removal for a
treatment train comprised of two or more TSS Removal BMPs.

= + − Eq. 4-11

Where:

TSStrain = TSS Removal % for treatment train (%)

TSSup = TSS Removal % - upstream BMP (Table 4-14)

TSSdown = TSS Removal % - downstream BMP (Table 4-14)

Flow through Condition: TSS Removal BMPs within a treatment
train may sometimes be separated by a contributing drainage area.  For
purposes of this manual, this is called a “flow-through” condition.  In
this case, Equation 4-12 is used, since some of the flow entering the
downstream BMP has not been treated by the upstream BMP.

= + + −+ Eq. 4-12

Where:

TSStrain = TSS Removal % for treatment train (%)

TSSup = TSS Removal % - upstream BMP (Table 4-14)

TSSdown = TSS Removal % - downstream BMP (Table 4-14)

CDAup = Contributing drainage area - upstream BMP (acres)

CDAdown = Contributing drainage area - downstream BMP
(acres)

Several situations for TSS Removal BMPs in series and flow through
conditions are possible.  Calculation policies for each situation are listed
below.

A. For development sites where the treatment train provides the
only storm water treatment on the site, it is required that TSStrain

≥ 80% to meet the TSS Standard.

B. For development sites that have other TSS Removal  BMPs for
storm water treatment that are not included in the treatment
train, TSStrain must be included in Equation 4-11 in the
calculation of the overall % TSS removal for the site.

C. Equation 4-12 is not used when the TSS Removal BMP is placed
in series with an upstream GIP.  The TSS Standard is applied
only to the volume that is not managed using GIPs. Therefore,
the storage volume of the GIP is not a part of this remaining
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volume and the GIP is not included in the calculation of % TSS
removal.

4.2.5.5 Calculating the TSS Treatment Volume (TvTSS)
There are two basic scenarios for the application of TSS Removal
BMPs on a development site, depending on the extent to which the
Annual Runoff Reduction Method is applied at the development and
whether the site designer wishes to use a GIP in series with a TSS
Removal BMP. The various circumstances that could occur when
using TSS Removal BMPs and the calculations required to determine
compliance with the TSS Standard are described in the following
sections.

BMPs Alone or in Parallel
This situation an occur as a result of two design conditions: 1) the
development is severely runoff reduction limited and the Annual
Runoff Reduction Method cannot be applied at all; or 2) one or more
GIPs are designed, but will have completely different contributing
drainage areas than the TSS Removal BMP(s).  In this situation, the
TSS Removal BMP is sized for the storm water volume that is not
captured by GIPs.  In the case of design condition 1 described above,
the TSS Removal (BMPs) must treat the volume resulting from the
entire 1-inch of rainfall.

The volume that must be treated by the TSS Removal BMP (TvTSS) is
determined using Equation 4-13.= − Eq. 4-13

TvTSS = the volume of runoff that must be treated by TSS
Removal BMPs to comply with the TSS Standard

TvGIPs = the total capture volume of all structural GIPs
proposed for the development.  If no GIPs are not
designed for the site, then TvGIPs = 0.

Tvtotal = the capture volume from the 1.1-inch rainfall over
the entire development (Equation 4-4 (no multiplier)

EXAMPLE 4-8: %TSS REMOVAL (FLOW THRU CONDITION)
A storm water management system located on a 9 acre development site
consists of a dry extended detention pond and a bioretention cell.  Five (5) acres
drain to an open channel which then drains to an underground pipe system.  The
pipe system receives discharge from an additional 4 acres that have not been
treated for water quality.  The pipe system discharges to a dry extended
detention (ED) pond which is used for final treatment.  Determine the % TSS
removal for the site.

The % TSS removal value for each BMP located on the site is determined from
Table 4-14: For the channel, TSSup = 50% and for the ED pond, TSSdown = 60%.
Use Equation 4-12 to calculate TSStrain, which in this situation represents the
%TSS Removal for the entire site.

TSS = 50%(5ac) + 60%(4 ) + 60%(5 ) (100 − 30)1005 + 4TSS = 77.8%
The % TSS removal for the site is 66.7%, which is below the Pollutant Removal
Performance Standard of 80% TSS Removal.  Converting the open channel to a
wet water quality swale would allow the upstream BMP to have a higher TSS
removal ability and help the site meet the standard.
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BMPs in Series with a GIP
When using a GIP and TSS Removal BMP in series, the equation(s)
used to determine TvTSS will depend on the compliance situation with
the Rv Standard. In sort, the site design has not met the Rv Standard
because it does not meet one or both of the following conditions.

1. A weighted Rv ≤ 0.22 for the entire development

2. Sufficient storage volume in the proposed GIP(s) to capture
the entire treatment volume from the required 1.1 inch of rain

(Note also that all impervious surfaces must be managed by a GIP or
TSS Removal BMP.  This condition is unimportant to this discussion).

Equations 4-14, 4-15 and 4-16 will be used to calculate the TSS
Treatment Volume (TvTSS) when a TSS Removal BMP is used in
combination with an upstream GIP.= + Eq. 4-14

Where:

TvTSS = the volume of runoff that must be treated by TSS
Removal BMPs to comply with the Pollutant Removal
Performance Standard

A = TSS treatment volume if GIPs do not provide sufficient
storage for the entire treatment volume (TvGIP).  If GIPs
capture the entire 1.1-inch rainfall, then A = 0.  See
Equation 4-15 to calculate A.

B = TSS treatment volume if the weighted Rv > 0.22 after
application of the Annual Runoff Reduction Method.  If
weighted Rv ≤ 0.22, then B = 0.  See Equation 4-16 to
calculate B.

EXAMPLE 4-9: CALCULATING TvTSS (BMPs IN PARALLEL)
A site designer is sizing a micropool extended detention (ED) pond (a TSS
Removal BMP) for a 10 acre runoff reduction limited development.  Three (3)
acres of parking lot development discharges to a Level 2 bioretention. In a
separate drainage area, the remaining 7 acres of the development (4.5 acres
impervious cover and 2.5 acres meadow/turf on B soil) will discharge to the
micropool ED pond.  Determine the treatment volume for the bioretention BMP
and the micropool ED pond.

TvRR is calculated using Equation 4-4 (see below).  It is determined by the site
designer that the bioretention area can be sufficiently sized to capture this
volume, thus a downstream BMP is not needed.= (1.25)(1.1 in)(0.95)(3ac) 43560 ft1 ac 1 ft12 in = 14,225 ft3
When the Level 2 bioretention RR Credit (78%) is applied to the 3 acre drainage
area, the Rv is reduced to 0.21, which is less than the target of Rv ≤ 0.22.  Thus,
the storm water quality performance standard is met in the CDA for the
bioretention area.

The micropool ED pond is sized using Equation 4-13.  First, find Tvtotal using
Equation 4-4 without the multipler, which initially requires calculation of the
weighted Rv for entire development without consideration of GIPs (use
Equation 4-1): Rv (parking lot) = 0.95; Rv (meadow/turf on B soil) = 0.22.)Weighted Rv (for development) = (0.95 × 7.5 ac) + (0.22 × 2.5 ac)(10 ac) = 0.77

= (1.1 in)(0.77)(10ac) 43560 ft1 ac 1 ft12 in = 30,746 ft
Applying Equation 4-13: = −Tv = 30,746 ft − 14,225 ft = 16,521 ft
Note that the % TSS Removal for the micropool ED pond = 80%, so a properly
sized pond will be sufficient to meet the TSS Removal standard of 80% TSS
Removal.



PAGE HEADER HERE

Chapter 4 – Design Calculations
BIRMINGHAM STORM WATER DESIGN MANUAL (ver. Jan 2018) 4-31

The application of Equation 4-14 is explained in tabular form in Table
4-15, which lists the combinations and the form of the equation that is
used for each combination.

Table 4-15. GIP-TSS BMP Series Combinations

GIP-TSS BMP
Combination

Rv Standard Compliance
Situation Form of

Equation 4-14
used to

calculate TvTSS
Is

Rv ≤ 0.22?

Do GIPs
capture the
entire TvGIP?

GIP-BMP
Combination 1

No Yes =
GIP-BMP

Combination 2
Yes No =

GIP-BMP
Combination 3

No No = +
Equations 4-15 and 4-16 are provided below.

= . −. Eq. 4-15

= ( − ) Eq. 4-16

Where:

Mult. = multiplier for the GIP from Table 4-10

P = rainfall depth, 1.1 inches

Rv = weighted Rv of the contributing drainage area to the
GIP.  (E.g., if the entire contributing drainage area to
the GIP is impervious, then Rv = 0.95.)

A = contributing drainage area to the GIP (acres)

Tvactual = treatment volume that will be captured by the GIP

RR
Credit

runoff reduction credit for the GIP, from Table 4-4
or 4-6

The examples that follow show how these equations are applied.

EXAMPLE 4-10: CALCULATING TvTSS (COMBINATION 1)
A site designer performing water quality calculations for a 3 acre commercial
parking lot development.  A Level 1 infiltration trench on C soil (RR Credit = 43%)
manages the TvGIP for the 2.5 acre parking lot but does not lower the weighted
Rv for the site sufficiently to achieve Rv ≤ 0.22. Other GIPs are not feasible so
the designer plans for a micropool ED pond downstream of the infiltration
trench to meet the TSS Standard.  The area of the infiltration trench is 0.2 acres
and it has an Rv = 0.05 (Forest on C soil).  Determine the treatment volume for
the micropool ED pond.

The Rv for the contributing drainage area to the infiltration trench is determined
using Equations 4-1 and 4-2.Weighted Rv = (0.95 × 2.5 ac) + (0.05 × 0.2 ac)(2.7 ac) = 0.88
The treatment volume of the micropool ED pond is calculated using Equation 4-
14 (and Equation 4-16), where A = 0 because the parking lot has sufficient
storage volume to manage TvGIP. So, Equation 4-14 becomes:Tv = P x Rv(1 − RR Credit) x A x 4356012= 1.1 (0.88)(1 − 0.43)(2.7 ) 4356012 = 5,408 ft3
Note that the % TSS Removal for the micropool ED pond = 80%, so a properly
sized pond will be sufficient to meet the TSS Standard of 80% TSS Removal.
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4.2.6 Determining Land Cover Areas
The determination of the area of impervious surfaces the other types of
land cover is critical to storm water quality protection calculations. The
policies, guidance and equations for the measurement of land cover
areas are provided in this section.

1. Land cover area determination for single lot developments.
For planned unit developments and other single lot developments
where the pervious land cover designations and impervious cover
footprints are part of the proposed design plans, land cover areas
shall be determined by measuring the areas of the proposed
boundaries for all pervious land cover designations (see Table 4-1)
and impervious surfaces.

2. Land cover area determination for residential subdivisions.
The coverage area of impervious surfaces will often not be well-
understood for proposed residential subdivisions at the time the
development is being submitted to the local jurisdiction for
approval.  The person(s) responsible for establishing the
subdivision lot layout, streets, common area and infrastructure
often sells lots to subsequent property owners who will establish
the site layout on each individual lot.  Therefore, the impervious
area can usually only be measured for streets and common areas,
but must be estimated on individual lots.  Pervious land cover areas
and common-use impervious areas (roadways, common areas, etc.)
can then be determined using measurements.

Equation 4-15 and Table 4-16 are used for impervious area
estimation on individual lots. Example 4-12 illustrates land cover
determination for residential subdivisions.= . (% ) +

Eq. 4-15

EXAMPLE 4-11: CALCULATING TvTSS (COMBINATION 2)
A site designer is performing water quality calculations for a 5 acre
development.  The site’s weighted Rv is less than 0.22 due to the use of a Level
2 bioretention GIP, but it does not have sufficient storage volume available to
capture the entire volume from the 1.1 inch rainfall.  The land cover is as follows:
4 acres of impervious surface (Rv = 0.95) and 1 acre of meadow/turf on B soil
(Rv = 0.22).  The entire development discharges to the Level 2 bioretention BMP,
which can capture no more than 8,500 ft3 (determined using Equation 4-4).
Overflow from the GIP discharges to a micropool ED pond.  Determine the
treatment volume for the micropool ED pond.

The weighted Rv for the development (without RR credits) is determined using
Equation 4-1.Weighted Rv = (0.90 × 4 ac) + (0.22 × 1 ac)(5 ac) = 0.80
The required treatment volume for the development is calculated using
Equation 4-14 (and Equation 4-15), where B = 0 because Rv was less than 0.22.

So, Equation 4-14 becomes:

Tv = Mult. P x Rv x A x 4356012 − TvMult.= 1.25 (1.1)(0.80)(5ac) 4356012 − 8,500 ft31.25
Tv = 19,965ft3 − 8,500ft31.25 = 9,172 ft3

Note that the % TSS Removal for the micropool ED pond = 80%, so a properly
sized pond will be sufficient to meet the TSS Removal standard of 80% TSS
Removal.
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Where:

IAtotal = the impervious area of the entire site or the
contributing drainage area

1.1 = Ten percent increase factor to account for future
changes in residential impervious cover that can
happen as a result of property owner renovations.

%Ilots = the percent (%) impervious value for only the
residential lots, including streets but excluding
common areas.  This value is determined using Table
4-16.

Alots = the total area of the residential lots used to determine
%Ilots, including streets but excluding common areas.

IAcommon the area of impervious cover in common areas,
excluding streets, as measured from the subdivision’s
concept plan or site plan.

Table 4-16. Residential % Impervious Area Values by Lot Size

Residential Lot Size1 % Impervious2

Less than 1/4 acre 65
1/4 acre 38
1/3 acre 30
1/2 acre 25
3/4 acre 22.53

1 acre 20
2 acres or greater 15

1 - Where the average lot size falls between the categories shown, interpolate between
the ranges to determine the % impervious value.

2 - % impervious values Include lots streets.  Common areas must be measured separately.
3 – The % impervious value is interpolated from SCS data.

EXAMPLE 4-12: RESIDENTIAL IMPERVIOUS AREA CALCS.
A development of upscale residential cottages is being designed.  The
subdivision has a total area of 10 acres, and will include 22 residential lots, each
having an area close to ¼ acre for a total of 5.5 acres of land located on
residential home lots.  Of the remaining 4.5 acres, 2 acres will be used as green
space amenity area within the center of the property, with a wood chip
pedestrian path and several park benches.  The area will meet the criteria for
the urban forest land cover designation. The remaining 2.5 acres will be utilized
for a neighborhood pool area comprised of the pool and surrounding deck, a
pool house and bathrooms, a small parking area and surrounding turf with some
small landscaped areas.  The development has two distinct contributing
drainage areas (CDA).  CDA A is 4 acres in size and is comprised solely of
residential lots (including roadways).  CDA B is 6 acres in size and includes the
remainder of the lots (1.5 acres) and the common areas. Determine the land
cover areas within each CDA.

The impervious area of CDA A is easily estimated because the land use is
homogeneous (all 1/4 acre lots). Using Table 4-16, the impervious area of CDA
A is: IA = 1.1(0.38 X 4 . ) = 1.67 .
From Table 4-1, the pervious areas on residential lots will have a turf land cover.Turf = 4.0 . −1.67 . = 2.33 .
The impervious area and associated turf area of the residential lots in CDA B is
estimated using the same approach.= 1.1(0.38 x 1.5 . ) = 0.63 .= 1.5 . − 0.63 . = 0.87 .
The remaining impervious cover and pervious land cover areas for the urban
forest amenity and the pool area in CDA B can be measured directly from the
site plan.  By measurement it is determined that the pool area has 2.13 acres of
impervious cover and 0.37 acres of turf and landscaping.  Although some trees
are present in the landscape, the area does not meet the criteria for urban forest
land cover designation.

The example is continued on the next page.
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4.3 Hydrology
4.3.1 General Policies
This section provides design policies which shall be used to perform
hydrologic analyses. General policies are as follows.

1. Pre-development condition defined. The pre-developed
condition shall be the existing condition of the new development
or redevelopment prior to any grubbing, grading, or other
disturbance that may have already been performed as a result of the
proposed new development or redevelopment. For new
developments, the pre-development condition will be an
undeveloped condition.  For redevelopment, the pre-development
condition will be an improved condition.

2. Post-development condition defined. The post-development
condition shall be the improved condition shown in the proposed
fully developed land use plan. Changes in flow patterns (from the
pre-predevelopment condition) caused by the proposed
development shall be considered during all hydrologic and
hydraulic calculations, and the proposed lot grading shall be used
to calculate the time of concentration or the runoff calculation
parameters.

4.3.2 Rainfall
The probability that a storm event of a certain magnitude will occur in
any given year is expressed in terms of event frequency and return
period.  The frequency, or exceedance probability, is a measure of how
often a specific rainfall event will be equaled or exceeded.  For specific
storm durations, a rainfall intensity exists that corresponds to a given
frequency.  The intensity-duration-frequency (IDF) curve provided in
Figure 4-6 illustrates the average rainfall intensities in Birmingham
corresponding to a particular storm for various storm durations.
Figures 4-4 and 4-5 contain frequency and duration of events based
on rainfall intensity and rainfall depth, respectively.

4.3.2.1 Rainfall Distributions
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4.3.2.2 Design Storms for Peak Flow Calculations
Text

4.3.3 Runoff
Text.

4.3.3.1 Time of Concentration
Text.

4.3.3.2 Peak Discharge
Text

4.3.4 Discharge Hydrograph Generation
Text.

4.3.5 Local Flood Protection Calculations
The Birmingham Storm Water Management Ordinance requires
adherence to the Local Flood Protection Standard which requires
extended detention of the Local Flood Protection Volume (LFPv).
The LFPv is determined for the 1-year frequency, 24-hour storm over

EXAMPLE 4-12 continued
All land cover areas are shown in the table below.

Land Cover CDA A (4 acres) CDA B (6 acres)

Forest 0 ac. 0 ac.

Urban Forest 0 ac. 2.0 ac.

Turf 2.33 ac. 0.87 + 0.37 = 1.24 ac.

Impervious Cover 1.67 ac. 0.63 + 2.13 = 2.76 ac.


