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Chapter 1 

General Provisions 

 

1.1 Short Title 
These regulations, together with all future amendments, shall be known as the City of Brandon 

Engineering Design Standards for Public Improvements (hereinafter called Design Standards).  
 

1.2 Jurisdiction 
These Design Standards, along with the City of Brandon Standard Specifications (hereinafter referred to 

as Standard Specifications) and the City of Sioux Falls Standard Plates (hereinafter referred to as 

Standard Plates), shall apply to all public improvements within the incorporated area of the City of 

Brandon except where superseded by federal or state requirements. 

 

1.3 Amendments and Revisions 
These standards and criteria may be amended as new technology is developed or experience gained in the 

use of these Design Standards. The City Council, following the recommendations of the City Engineer, 

shall consider and adopt revisions and/or amendments to these Design Standards.  
 

1.4 City Engineer’s Authority 

The City Engineer shall have the authority to enforce the provisions of the Design Standards. Such 

authority does not otherwise restrict the City from Court enforcement.  

 

1.5 Review Process 

The City will review all submittals for compliance with the specific Design Standards. Acceptance by the 

City does not relieve the Owner, Design Professional, or Contractor from responsibility for ensuring that 

the calculations, plans, specifications, construction, and record drawings are in compliance with the 

Design Standards.  

 

1.6 Prior Approval 
These Design Standards shall not abrogate or annul: (a) any permits issued before the effective date of 

these Design Standards; (b) any construction plans approved before the effective date of these Design 

Standards; (c) any final plat documents that have been recommended for approval by the City Engineer to 

the Planning Commission prior to the effective date of these standards; or (d) any easements or covenants 

already in effect.  
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1.7 Relationship to Other Standards 
If special districts impose more stringent standards, this difference is not considered a conflict and the 

more stringent standard shall apply. If state or federal government imposes more stringent standards, 

criteria, or requirements, these shall be incorporated into these Design Standards in accordance with 

Section 1.3 of this Manual.  

 

1.8 Variances 

Variances from these Design Standards will be considered on a case-by-case basis by the City Engineer. 
 

1.9 Private Facilities 

If an owner of private street or utility facilities wishes to dedicate these facilities for public use and 

maintenance, the facilities must meet the standards set forth herein prior to being accepted by the City. 

 

1.10 City Discretion 

The City reserves the right to require more stringent Design Standards on a case-by-case basis where the 

City Engineer believes it to be in the best interest of the City. 

 

1.11 Limitation of Liability 

The City’s adoption of the Design Standards, the enforcement of failure to enforce, and/or any deviations 

authorized by the City from the standards does not create any liability on the part of the City.  
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Chapter 2 

Submittal Procedures 

 

 

2.1 General 
2.1.1 All capital improvement plans, private subdivision plans, reports, and related documents 

shall conform to the following submittal requirements, unless waived by the City Engineer.  

2.2 Submittal of Reports and Plans for Review 
2.2.1 Submittal Format. Design Professionals or Owners seeking approval and/or acceptance 

of reports, plans, and related documents shall submit an electronic copy (DWG and PDF format 

for plans, PDF format for reports) to the Office of the City Engineer for review. Where the report 

and/or plans are returned for revisions, all revisions shall be made prior to resubmittal. 

 

2.2.2 Conformance. Plans submitted shall be in conformance with Chapter 13. The plans shall 

include any special provisions. Reports submitted shall be in a typed, bound form in conformance 

with the requirements of the applicable chapters of these standards. If a report is required which is 

not provided for in these standards, the report shall include all data, references, and calculations 

as applicable.  

2.3 Acceptance of Reports and Plans 
2.3.1 Review Process. The Engineering Department’s review of submitted plans will attempt 

to be completed in approximately thirty (30) calendar days. This time will vary due to the 

complexity of the project and/or workload of the review staff. After review is completed, 

comments will be compiled and forwarded to the Design Professional/Owner. If necessary, a 

review conference will be scheduled. The report and/or plans will be accepted or returned for 

revisions as noted. 

 

2.3.2 Acceptance. Upon acceptance of reports, plans, and related documents, the following 

submittals are required: For Capital Improvement Projects, three (3) paper copies and two (2) 

electronic copies (one DWG format and one PDF format) shall be submitted to the Office of the 

City Engineer. For private subdivisions, six (6) paper copies and two (2) electronic copies (One 

DWG format and one PDF format) shall be submitted to the Office of the City Engineer. All final 

drawings, plans, specifications, reports, plats, or other architectural, engineering, or land 

surveying documents, papers, or diagrams involved in the practice of architecture, professional 

engineering, or land surveying shall be dated and bear the signature and stamp or seal of the 

architect, professional engineer, or land surveyor who was responsible for the preparation thereof.  
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2.4 Revisions to Accept Plans 

2.4.1 Initial Acceptance. Development Engineering Plans (DEPs), specifications, and reports 

are accepted initially for eighteen (18) months. If substantial construction has not been initiated 

during this time period, such reports automatically become void and must be updated to current 

criteria before any further permits can be issued. Upon written request, the City Engineer may 

grant a one-year extension to the Development Engineering plans (DEPs), specifications, and/or 

drainage report, provided a) the development plans and specifications substantially conform to 

current standards; and b) that other conditions affecting the development site have not 

substantially changed or do not require either modifications to accepted plans or specifications.  
 
2.4.2 Updates to Prior Submittals 

2.4.2.1 Whenever updates or revisions to previously accepted Development Engineering 

Plans, specifications, or reports are necessary, the design professional will submit updates 

or revisions through the normal document submittal process. This submittal shall meet 

the requirements of Section 2.2 of these Design Standards. 
 
2.4.2.2 Requests for updates and revisions will be considered only if there are no 

revisions to the Preliminary Engineering Plan(s) or report(s). The City will review the 

Preliminary Engineering Plan(s) or report(s) for compliance with current standards under 

normal review procedures.  
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Chapter 3 

Permits Procedures and Requirements 
 

 

3.1 Application Requirements and Procedures 
 

3.1.1 Permit Application. A permit shall be required for any construction or installation 

within the public right-of-way or public easement for any substantial modification of existing 

construction or use. Application for such permits shall be made at the Building Services 

Department. 

 

3.1.1.1 No permit will be required for contracts awarded by the City of Brandon. In 

subdivision work, it will be the responsibility of the Owner to obtain the necessary permits 

from the Building Services Department. 

 

3.1.2 Types of Permits. 

 

3.1.2.1 Public Right-of-Way Permit may include construction of new and repair or 

replacement of existing sidewalks and driveways within public right-of way. 

 

3.1.2.2 Public Right-of-Way Permit may include the installation, removal, repair, or 

maintenance of public and/or private utilities other than sanitary sewer, water, and storm 

sewer services in public right-of-way or public easements. 

 

3.1.2.3 Public Right-of-Way Permit may include the installation, removal, repair, or 

maintenance of sanitary sewer services, water services, and storm sewer services. 

 

3.1.2.4 Grading Permit shall be required for the installation of public improvements 

within the public right-of-way and grading outside the street right-of-way in proposed 

subdivisions. This includes street grading, curb and gutter, roadway subbase, base and 

wearing surface, drainage and flood control facilities, water main and sanitary sewer 

installation, street lighting installation, and grading outside the street right-of-way. 

 

3.1.3 Letters of Responsibility. Those agencies set forth in Section 3.4.4 may obtain a permit 

under their Letter of Responsibility, Figure 3.1, or at their option, require the Contractor 

performing the work to obtain a permit. The contractor would be required to furnish a 

performance bond as set forth in Section 3.4.1, thereby assuming full responsibility for the work 

performed. Except as set forth herein, the Contractor performing the work shall be the permittee. 

 

3.1.4 Reserved. 

 

3.1.5 Emergency Repairs. Permits shall apply to emergency repairs. However, a delay of 24 

hours is granted, excluding weekends and holidays, following the beginning of such repairs. 

 

3.1.6 Reserved.  

 

3.1.7 Issuance of Permits. 
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3.1.7.1 Public Right-of-Way Permits will be issued only to those qualified persons or 

corporations as kept on file in the Building Services Department. Exceptions to this 

requirement are Public Right-of-Way Permits issued for sidewalk installation where the 

property owner acquires the permit and does the construction. 

 

3.1.8 Time Limits. 

 

3.1.8.1 All permits requiring excavation within the paved portion of a city street will 

become void on November 1. Upon written request, extensions to existing permits may be 

made on a case-by-case basis by the City Engineer. Permits requiring excavation within the 

paved portion of the street will be issued on an emergency basis only between November 1 

and April 1 of the following year. 

 

3.1.8.2 Unless otherwise provided for in the special provisions, the Public Right-of-Way 

Permit shall be valid for one (1) year from the date issued, unless revoked by mutual consent, 

for failure of the applicant to abide by the terms and conditions of the permit, or by operation 

of the law. 

 

3.1.9 Cancellation. 

 

3.1.9.1 Failure of the applicant to comply with any of the terms and conditions of the 

permit shall be sufficient cause for cancellation of the permit and may result in removal of the 

utilities, approaches, or other facility by the City at the applicant’s expense. 

 

3.1.9.2 The permit, the privileges granted herein, and the obligations of the applicant 

created thereby shall be binding and not transferable. 

 

3.2 Permit Standards and Conditions 
This Section describes the requirements for plans and other information necessary for approval of 

a permit application. 

 

3.2.1 Permit Approval. Permits are issued subject to the approval of City, county, state, or 

other governmental agencies having either joint supervision over the section of road, or authority 

to regulate land use by means of zoning and/or building regulations. It shall be the applicant’s 

responsibility to determine the necessity of and to obtain any such easements and approvals 

which may be required. 

 

3.2.2 Street Restoration. Granting of a permit is based upon replacement or restoration of the 

street and right-of-way to its original condition or to a satisfactory condition by the City 

Engineer.  

 

3.2.3 Landscaping. The permit holder shall be responsible for the restoration of landscaped 

areas between the property line and adjacent public roadways. 

 

3.2.4 Relocating Utilities. The applicant shall be responsible for relocating or adjusting any 

utility facilities located within the public right-of-way as required to accommodate the approach 

or other facility applied for. Construction of the utility, road approach, or other facility by the 

applicant, his agent or Contractor, will be permitted only after the applicant has furnished the City 
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Engineer evidence that satisfactory arrangements for said relocation or adjustment has been made 

with the Owner of the affected utility facility. 

 

3.2.5 Permit Release. Applicant must pay required fees and provide insurance and bonding, as 

required, prior to release of the permit. 

 

3.3 Refunds 
Refunds may be made on any permit fee at the discretion of the City Administrator. 

 

3.4 Bonds and Insurance 
 

3.4.1 Bonds. Bonds are required for construction work. 

 

3.4.2 Inadequate Bond. Any permit determined to be without an adequate bond as required 

shall be subject to immediate revocation by the City. 

 

3.4.3  Reserved. 

 

3.4.4 Letters of Responsibility. Governmental agencies, other than the City of Brandon, 

special districts, cooperative utilities, and investor-owned electric, gas, and communications 

utilities, may provide a Letter of Responsibility in lieu of posting the required performance bond. 

Subject Letter of Responsibility shall be in the format of Figure 3.1. 

 

3.4.5 Other Forms of Security. It shall be acceptable to the City to receive cash deposits, 

certified checks, or similar security in lieu of a performance bond. Bonds shall be filed at the 

Building Services Department. 

 

3.4.6 Liability Insurance. The applicant shall obtain and carry for the period of time required 

for the complete installation of facilities authorized by the permit, including the repair and 

restoration of the road facilities, and also during such future periods of time when operations are 

performed involving the repair, relocation, or removal of said facilities authorized by the permit, 

a liability and property damage insurance policy or policies. Coverage shall be provided against 

any claim, demand, suit, or action for property damage, personal injury, or death resulting from 

any activities of the applicant, his officers, employees, agents, or contractors in connection with 

the construction, installation, repair, or removal of the said facilities authorized by the permit. The 

said policy or policies shall include as named insured: the City of Brandon, its City Council, its 

officers, agents, and employees, except as to claims against the applicant, for personal injury to 

any members of the City Council or its officers, agents, and employees, or damage to any of its or 

their property. The said insurance shall provide coverage as set forth by City ordinance. The said 

insurance policy or policies shall be in any insurance company duly authorized and licensed to do 

business in the state of South Dakota. The applicant and/or its Contractor’s insurer shall endeavor 

to give the City Engineer ten (10) days’ written notice in advance of any cancellation of insurance 

required in the terms of these general provisions. 

 

3.4.7 Certificate of Self-Insurance. Government agencies other than the City of Brandon, and 

public utilities, may provide a Certificate of Self-Insurance as shown in Figure 3.2 in lieu of any 

insurance policy or policies required under Section 3.4.6. Such Certificate shall be approved by 

the City Attorney and filed in the Building Services Department prior to the issuance of any 

permit.  
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3.5 Construction Specifications 
All backfill material, compaction, and resurfacing of any excavation made in the City public 

right-of-way will be done in accordance with the Standard Specifications and Standard Plates on 

file in the Office of the City Engineer. 

 

3.6 Traffic Control 
 

3.6.1 Street Closure. Traffic must be provided with a minimum lane width of ten (10) feet in 

the construction area. Any plan for traffic control during construction that indicates a complete 

closure of any street must show detour routes and must be approved by the City Engineer prior to 

issuance of a permit. When a local street is closed to traffic, the City Engineer must be notified 

forty-eight (48) hours in advance. 

 

3.6.2 Signing. Construction signing must be used and shall be maintained by the responsible 

Contractor. All traffic control devices must be in accordance with the Manual on Uniform Traffic 

Control Devices (MUTCD), latest edition. 

 

3.7 Restoring Pavements  
All persons, corporations, governmental agencies, special districts, utility companies who having 

obtained a permit and made a cut in a public right-of-way shall repair such pavements or 

surfacing to the original condition within the timeframe stated in the permit. If such pavements or 

surfacing are not restored and maintained to the original condition, notice thereof in writing by 

first-class mail shall be given the permittee, who shall put the same in good condition within a 

maximum of one (1) calendar week. If the permittee fails after notice given to restore and 

maintain such pavements or the surface thereof, the City may make the necessary repairs and 

such permittee shall pay the costs thereof, and until paid no other permit shall be issued. 

 

3.8 Utility Installations  
 

3.8.1 Underground. All utility lines shall be installed at depths as illustrated in these Design 

Standards. Exceptions may be granted by the City where warranted and upon prior written 

request and approval. 

 

3.8.2 Overhead. Minimum ground clearances shall conform to the National Electric Safety 

Code Standards, latest edition. 

 

3.9 Fees  
Fees shall be assessed for permits and inspection at the time of issuance of the permit in 

accordance with the schedule in force. 
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Chapter 4 

Utility Locations and City Utility Easements 

 
   

4.1 Purpose of Standard Locations  
 

4.1.1 Conflicts. It is necessary to provide adequate space for utilities in a manner that will 

minimize conflicts between using the public right-of-way for transportation purposes and utility 

purposes. When street grades, alignments, or widths are changed, utilities are usually required to 

relocate. Oftentimes standard locations are inapplicable and unobtainable in street areas where 

existing utilities are seriously crowded and where it would not be feasible to expect major or 

dramatic reorientation of the underground. The location criteria must be practical and applicable 

in new developments, in urban relocation work, and in cases where overhead facilities are being 

converted into underground structures and plans. 

 
4.1.2 Relocations. Utilities are not expected to revise existing facilities as to location or depth 

solely or primarily for the purpose of creating uniformity. However, when new or relocation work 

is undertaken, uniformity should be sought. It is acknowledged that the present may be locked in 

because of the past, but there should be consideration for uniform utility locations for the future. 
 

4.2 Plans Required 
 

4.2.1 Construction Approval. Any utility or other facility constructed in the public right-of-way 

shall have construction plans submitted and approved in accordance with the requirements in 

these Design Standards. No permit shall be issued for construction of new utilities or extension of 

existing facilities (except service taps or laterals to individual properties) without prior 

construction plan approval by the City Engineer. 

 
4.2.2 Conformance. The applicant’s completed facility shall be in conformance with the 

construction plans referred to above, unless a special variance has been requested and approved 

by the City Engineer.  

 

4.3 Location Requirements 
All utilities located within the public right-of-way shall be in accordance with drawings based on 

width of right-of-way and pavement width. (See Figures 4.1 through 4.6.) 
  

1) Utilities already existing in non-standard locations may be replaced in the same location 

when permitted by the City Engineer. 

2) Gravity lines shall take preference as to horizontal and vertical alignment over non-gravity 

systems and pressure systems. 
3) Consideration will be given to the use of utility easements adjacent to the public right-of-way 

and to the use of alleys and medians. 
4) In the event of a conflict, or if a particular utility requires more than one system be installed 

in the public right-of-way, the alternate location may be used when permitted by the City 

Engineer. 
5) Utilities shown are primarily for local distribution and collection. Large diameter lines may 

make it necessary to modify utility locations. 
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6) Storm sewer shall normally be located on the south or east side of the street. Any storm sewer 

48 inches or larger in diameter shall be reviewed on a case-by-case basis. 

7) Street trees placed between the curb and street side of sidewalk must not interfere with 

underground or overhead utilities. 
8) Normally streetlights will be placed on the same side of the street as the electric utility.  
9) Streetlights shall not be located closer than five (5) feet horizontally to fire hydrants. 

 

4.4 Street Closures  
All Public Right-of-Way permits requiring a lane closure, must be approved by the City Engineer. 

All proposed permits shall be submitted a minimum of one (1) calendar week prior to 

construction and be accompanied by a traffic control plan.  
 

4.5 City Utility Easements 
Easements for sanitary sewer, storm sewer, drainage, water main, and power shall be obtained 

when the utilities are to be constructed outside of the typical public right-of-way on private 

property. Sanitary sewer, storm sewer, drainage, and water main easements shall have a minimum 

width of 20 feet. Additional width may be required by the City Engineer to ensure proper access 

for City maintenance equipment. When City utilities are to be located adjacent to one another, the 

minimum separation distance between the utilities shall be 10 feet. Power shall have a minimum 

easement width of 10 feet. 

 
Easements shall be labeled specifically for the utility in which it is describing, for example: 
Sanitary Sewer Easement  
Storm Sewer Easement 
Drainage Easement  
Water Main Easement 
Power Easement 

 
4.5.1 Easement for Sanitary Sewer, Storm Sewer, Drainage, Water Main, and/or Power. The 

easement form shall be used where the City utility is to be constructed on private property. The 

most current version of the easement form shall be used and obtained from the Office of the City 

Engineer. 
 
4.5.2 Construction Easement for Sanitary Sewer, Storm Sewer, Drainage, Water Main, and/or 

Power. The easement form shall be used with the appropriate description inserted when a 

temporary easement is required during construction. 
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Chapter 5 

Street Access and Parking Lot Criteria 
 

 

5.1 Traffic Studies 
 

5.1.1 Responsibilities for Traffic Report 

 

5.1.1.1 Traffic impact reports may be required by the City in order to adequately assess the 

impact of a proposal on the existing and/or planned street system. The primary responsibility 

for assessing the traffic impacts associated with a proposed development will rest with the 

developer with the City serving in a review capacity. 

 

5.1.1.2 Unless waived by the City Engineer, a written report meeting the City guidelines will 

be required for a nonresidential development proposal when trip generation during the peak 

hour is expected to exceed 100 vehicles, or any multifamily residential development with 150 

or more dwelling units. 

 

5.1.1.3 Preparation of the report shall be the responsibility of the developer and must be 

prepared by a licensed design professional with experience in transportation planning. Upon 

submission of a draft traffic report, the City will review the study data sources, methods, and 

findings. Comments will be provided in a written form. The developer and his engineer will 

then have an opportunity to incorporate necessary revisions prior to submitting a final report. 

All reports must be reviewed by the City before acceptance. 

 

5.1.1.4 All previous traffic reports relating to the development that are more than two years old 

must be updated, unless it is determined that conditions have not changed enough to warrant an 

update. 

 

5.1.1.5 Traffic reports will be required if the trip generation/dwelling unit criteria as noted in 

Section 5.1.1.2 are exceeded for the following submittals: 

 

a. For a rezoning application or Conditional Use Permit. 

b. For a Preliminary Development Plan if the property has already been rezoned for the 

proposed use and no traffic report was required for the rezoning. 

c. Prior to issuance of a building permit, if the property has already been zoned/platted, 

and no previous traffic report less than two years old exists. 

d. Additional access off an arterial street to an existing use is being requested. 

e. The developer will be required to submit a new traffic report if, after submitting the 

original traffic report, the land use intensity and traffic generation area increased. 

f. A land use amendment is required. 

 

5.1.1.6 Where access points are not defined or a site plan is not available at the time the 

traffic report is prepared, additional traffic work may be required when a site plan becomes 

available, or the access points are defined. 

 

5.1.1.7 The developer will be notified at the concept plan if a traffic report will be 

required, provided sufficient information is available for the City to determine whether the 

trip generation/dwelling unit criteria have been met. If insufficient information is available 

but the property appears to involve a sufficiently intense land use, the applicant will be 

informed that a traffic report is required. 
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5.1.2 Traffic Report Format 

 

Traffic consultants are encouraged to discuss projects with the City prior to starting the study. 

Topics for possible discussion at such meetings might include directional distribution of traffic, 

definition of the study area, intersections requiring capacity analysis, and methods for projecting 

build-out volume. This should provide a firm base of cooperation and communication between 

the City, the owner or developer, and his consultant in creating traffic characteristics that are in 

the best interest of the total community. Specific requirements will vary depending on the site 

location. However, all traffic reports shall contain, as a minimum, the following information: 
 

5.1.2.1 Introduction. 

 

5.1.2.1.1 Land Use, Site, and Study Area Boundaries. A brief description of the size of 

the land parcel, general terrain features, the location within the jurisdiction and the region 

should be included in this section. In addition, the roadways that afford access to the site, 

and are included in the study area, should be identified. 

 

The exact limits of the study area should be based on engineering judgment, and an 

understanding of existing traffic conditions at the site. In all instances, however, the study 

area limits shall be mutually agreed upon by the developer, his design professional, and 

City staff. These limits will usually result from initial discussion with staff. A vicinity map 

that shows the site, in relation to the surrounding transportation system, should be 

included. 

 

5.1.2.1.2 Existing and Proposed Site Uses. The existing and proposed uses of the site 

should be identified in terms of the various zoning categories of the City. In addition, the 

specific use for which the request is made should be identified if known, since a number 

of uses may be permitted under the existing ordinances. 

 

5.1.2.1.3 Existing and Proposed Uses in Vicinity of the Site. A complete description 

of the existing land uses in the vicinity of the site, as well as their current zoning and 

use, should be included. 

 

The developer should also state the proposed uses for vacant adjacent land in order that 

any proposed transition in uses is identified. This latter item is especially important 

where large tracts of undeveloped and/or underdeveloped land are in the vicinity of the 

site, and within the prescribed study area. Generally, much of this information can be 

obtained from the initial meetings with the City’s Planning staff. 

 

5.1.2.1.4 Existing and Proposed Roadways and Intersections. Within the study area, 

the developer must describe existing roadways and intersections (geometrics and traffic 

signal control) as well as improvements contemplated by government agencies. This 

would include the nature of the improvement project, its extent, implementation schedule, 

and the agency or funding source responsible. 
 

5.1.2.2 Trip Generation and Design Hour Volumes. 
 

5.1.2.2.1 A summary table listing each type of land use, the size involved, the average 

trip generation rates used (total daily traffic and a.m./p.m. peaks), and the resultant total 

trips generated shall be provided. 
 

5.1.2.2.2 Trip generation will be calculated from the latest data contained within the 

Institute of Transportation Engineers’ Trip Generation Guide (latest edition). In the event 

that data is not available for the proposed land use, the City must approve estimated rates 

prior to acceptance. 
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5.1.2.2.3 Site design hour volumes approximating the peak hour volume used to 

determine public improvements will be estimated by one of the following methods 

which are listed in order of preference: 
 

a. Traffic volume counts for existing uses. 

b. Peak hour trip generation rates as published in the ITE Trip Generation Guide 

(latest edition). 
 

5.1.2.3 Trip Distribution. The direction of approach for site-generated traffic will be 

presented in this section. The technical analysis steps, basic methods, and assumptions 

used in this work must be clearly stated. 
 

5.1.2.4 Trip Assignment. This section will describe the utilization of study area 

roadways by site-generated traffic. The anticipated site traffic volumes must be 

combined with existing and projected area traffic volumes in Section 5.1.2.5 to 

describe mainline and turning movement volumes for future conditions with the site 

developed as proposed. Internal trips in excess of 10 percent will require analytical 

support to demonstrate how the higher figures were derived. Nongenerated passerby 

traffic reductions in generation volumes may be considered if applicable. All 

estimates of trip distribution, assignment, and modal split are subject to review and 

approval by the City. 
 

5.1.2.5 Existing and Projected Traffic Volumes. 
 

5.1.2.5.1 Graphics should show: 

 

a. a.m. peak hour site traffic (in and out) including turning movements. 

 

b. p.m. peak hour site traffic (in and out) including turning movements. 

 

c. a.m. peak hour total including site (in and out) and through traffic including turning 

movements for current conditions and the Metropolitan Planning Organization (MPO) 

planning year horizon or build-out. 

 

d. p.m. peak hour total including site (in and out) and through traffic including turning 

movements for current conditions and MPO planning year horizon or build-out. 
 

5.1.2.5.2 All raw traffic count data (including hourly ADT and peak hour turning 

movements) and analysis worksheets shall be provided in the appendices. Computer 

techniques and the associated printouts can be used as part of the report. 

 

5.1.2.5.3 Build-out projections shall include major vacant properties around the 

proposed development as defined by the City. Volume projections for background 

traffic growth will be provided by the City, or a method for determining their volume 

will be recommended by the City. 

 

5.1.2.5.4 All total daily traffic counts should be actual machine counts and not 

based on factored peak hour sampling. Latest available machine counts from the South 

Dakota Department of Transportation (SDDOT), the City, and other agencies may be 

acceptable if not more than two years old. 

 

5.1.2.5.5 All traffic will be assigned to existing and planned facilities in a manner 

consistent with existing traffic patterns and approved by the City. 
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5.1.2.6 Capacity Analysis. A capacity analysis will be conducted for the street intersections 

at driveways for the proposed development. Within the limits of the previously defined study 

area, capacity analyses will also be conducted for street intersections. The a.m., p.m., and any 

other relevant peak period will be analyzed. Pedestrian, bicycles, and transit movements 

should also be considered in the evaluation. Capacity calculations should also include an 

analysis for MPO planning year horizon or build-out conditions. Capacity analysis will be 

calculated using Synchro and SimTraffic software. The latest 

edition of the Highway Capacity Manual analysis report from Synchro shall also be included in 

the report. The default values for the capacity analysis in 

Synchro and SimTraffic will be in the default files provided by the City to the consultant 

electronically. 
 

5.1.2.7 Traffic Signals. 
 

5.1.2.7.1 The need for new traffic signals shall be checked using the warrants in the 

Manual on Uniform Traffic Control Devices, latest edition. Traffic progression is of 

paramount importance. Generally, a spacing of one-half mile for all signal-controlled 

intersections is desirable with the spacing not to drop below one quarter mile. This 

spacing is usually desirable to achieve good speed, capacity, and optimum signal 

progression. 
 

5.1.2.7.2 To provide flexibility for existing conditions and ensure optimum signal 

progression, an approved traffic engineering analysis will be made to properly locate all 

proposed connecting access approaches that may require signalization if the access is 

more than 100’ from a quarter mile spacing. A progression pattern will be established 

between two public intersections that bracket the proposed approach as chosen by the 

City. These bracketing intersections should be at least one mile apart, and be existing, or 

possible future signal locations. The progression patterns shall be established using A.M. 

and P.M. peak platoon progression diagrams and an off-peak time space diagram that 

shows progression in both directions. The cycle lengths and splits used for capacity 

analysis shall be the same ones that are used for the progression patterns. Tru-Traffic, or 

compatible software that saves files that can be opened by Tru-Traffic such as 

Synchro.csv files, shall be used to establish progression patterns. The City may choose not 

to signalize intersections shown to be less than desirable in the progression patterns. 

 

5.1.2.7.3 The acceptable cycle lengths for capacity analysis and progression patterns 

are between 60 and 180 seconds with a travel speed of 40 mph, unless existing signal 

systems and speed limits govern usable cycle lengths and travel speeds. Left-turn phases 

shall have a minimum split of at least 10 seconds. Dual left-turn phases shall have a 

minimum split of at least 13 seconds. Thru-phases shall have a minimum split of at least 

20 seconds, and no less than the time required for a pedestrian to cross the street in 

accordance with the latest edition of the Manual of Uniform Traffic Control Devices. 
 

5.1.2.8 Level of Service. Level of Service (LOS) C during the peak hour will be the design 

objective for all new street components and intersections. Individual approaches shall be 

designed to at least LOS D for arterial street approaches or a LOS E for collector/local/private 

street approaches, with no individual movement having a volume/capacity ratio of greater than 

1.00. Existing corridors with established adjacent development shall be designed to LOS D. 

The design year will be the MPO planning year horizon or at build-out of the area. Levels of 

service are defined in The Highway Capacity Manual. 
 

5.1.2.9 Traffic Crashes. Traffic crash data for affected street corridors may be required for the 

study. Where this is necessary, estimates of increased or decreased crash potential shall be 

evaluated for the development. 
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5.1.2.10  Recommendations. In the event that analysis indicates unsatisfactory levels of service 

on study area roadways, a description of proposed improvements to remedy deficiencies shall 

be included. These proposals would not include committed projects by the City or the SDDOT. 

In general, the recommendation section should include: 
 

5.1.2.10.1 Proposed Recommended Improvements. This section shall describe the 

location, nature, and extent of proposed improvements to assure sufficient roadway 

capacity. 

 

5.1.2.10.2 Volume/Capacity Analysis at Critical Points. Another iteration of the 

volume/capacity analysis will be described, which demonstrates the anticipated 

results of making these improvements. 
 

5.1.2.10.3 Levels of Service at Critical Points. As a result of the revised 

volume/capacity analysis presented in the previous section, levels of service for the 

highway system with improvements will be presented. 
 

5.1.2.11  Conclusion. The last chapter of the report must be a clear, concise description of 

the study’s findings. It is anticipated that this concluding chapter will serve as an executive 

summary. 
 

5.1.2.12  Revisions to Traffic Report. Revisions to the traffic report must be provided as 

required by the City. The need to require revisions will be based on the completeness of the 

traffic report, the thoroughness of the impact evaluation, and the compatibility of the study 

with the proposed access and development plan. 
 

5.1.2.13  Report Submittals. The engineer shall submit two paper copies of the Draft Traffic 

Impact Study to the City’s Engineering Department. In addition, the engineer shall submit the 

electronic files of Synchro and SimTraffic traffic data and output files. 
 

The engineer shall submit to the City one paper copy and one electronic copy of the Final 

Traffic Impact Study. The electronic copy shall include the report in PDF format and all the 

appendices in Synchro or SimTraffic format or a compatible format. 
 

 

5.2 Access Control 
 

5.2.1 General Access 
 

Access in newly developing areas will follow these provisions. In areas being redeveloped, 

access will be determined as to the best fit based on traffic safety, existing conditions, future 

street improvements, and property development along with other considerations as appropriate. 
 

A Right-Of-Way Permit must be obtained from the Building Inspections Department for any 

public or private access constructed to a public street. Access to streets or highways within the city 

limits under the jurisdiction of the South Dakota Department of Transportation (SDDOT) are also 

governed by requirements of the SDDOT. In addition to obtaining a Right-of-Way permit, a 

permit from the Area Engineer of the SDDOT must be obtained. Access shall be limited as 

dictated by this City of Brandon Design Standards. Any discrepancy between the SDDOT and the 

City of Brandon regarding precedence of access design standards shall be jointly coordinated, 

reviewed, and approved. 

Emergency Service access to all buildings shall be provided and maintained during construction 

and upon completion of all improvements.  
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5.2.2 Definition of Terms for Access Control 
 

Several terms are used herein which have a somewhat distinct meaning. For the purpose of 

clarity, the definitions of some of these terms are listed below. 
 

5.2.2.1.  Width of Curb Opening (W) - The width of curb opening measured at the throat of the 

driveway from the edge of pavement to the edge of pavement. 

 

5.2.2.2. Property Line (P) - The distance measured along the property line from the nearest 

edge of the driveway to the property line. 

 

5.2.2.3. Corner Clearance (C) - At an intersecting street the distance measured along the curb 

line from the end of the corner radius to the nearest edge of the curb opening. 

 

5.2.2.4. Distance Between Double Drives (D) - The distance measured along the curb line 

between the radii. 

 

5.2.2.5.  Frontage - That side of a lot abutting on a street; the front lot line.  

 

5.2.2.6. Residential - Property used primarily for residential purposes such as single-family, 

two-family, and multifamily units. 
 

5.2.3 Basic Principles for Curb Openings and Driveways 

 
5.2.3.1 Arterial Street Access 

 

5.2.3.1.1 Private residential access directly to arterial streets and any access to a 

principal arterial street shall be permitted only when the property in question has no other 

reasonable access to the general street system, or when denial of direct access to the 

arterial and alternative access to another roadway would cause traffic operation and 

safety problems as shown in a Traffic Report. Any access to arterials must adhere to City 

Street standards as described in Chapter 8. 
 

5.2.3.2 General Access 

 

5.2.3.2.1 High Volume Access. In general, when trip generation served by the 

driveway exceeds 100 vehicles per hour during the peak hour or the driveway accesses an 

arterial street, returns using a standard street return radius as set forth in Table 5.1 and 

Figure 5.1 will be required. 

 

5.2.3.2.2 Access Points. Access will not be approved for parking or loading areas that 

require backing maneuvers onto or from a public street right-of-way except for single-

family or duplex residential uses on local and minor collector streets. 
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Table 5.1 
 

Driveway Dimensions 

(All Dimensions in Feet) 
 

Arterial Dimension 

Reference 

 

(See 

Figure 5.1) 

Local Collector Arterial 

Resi-

dential 

Com-

mercial 

Indus-

trial 

Resi-

dential 

Com-

mercial 

Indus-

trial 

Resi-

dential 

Com-

mercial 

Indus-

trial 

Right-turn 

Radius 

R          

  Minimum  5 10 15 10 15 25 25 25 30 

  Maximum3  15 20 30 25 50 50 30 50 50 

Minimum 

Spacing4 

          

  From 

  Property 

  Line 

P 0 R R 0 R R R R R 

  From 

  Street 

  Corner 

C 10 40 40 50 50 50 NA NA NA 

  Between 

  Driveways 

D 105 25 25 35 50 50 NA NA NA 

Angle6 A 45° 70° 70° 45° 70° 70°    

 
1  

The minimum width of commercial driveways is intended to apply to one-way operation. In high pedestrian activity areas, such 

as in a central business district or in the same block with an auditorium, school, or library, the maximum basic width should be 

30 feet. The width shown applies to rural routes and most City streets including neighborhood business, residential, and 

industrial streets. The width is intended to be measured along the right-of-way line, in 

most instances, at the inner limit of a curbed radius or between the line of the radius and the near edge of a curbed island at 

least 50 square feet in area. 
 

2  
Maximum width on bulb of cul-de-sac shall be 24 feet. 

 
3  

On the side of a driveway exposed to entry or exit by right-turning vehicles. In high pedestrian activity areas, the radii 

should be half the values shown. The maximum radii for major generator driveways shall be designed in accordance with 

A Policy on Geometric Design of Highways and Streets, published by AASHTO latest edition. 
 

4  
Measured along the curb or edge of pavement from the roadway end of the curb radius. In high pedestrian activity areas, the 

minimum spacing between driveways should be 5 feet. 
 

5  
Minimum space between driveways may be reduced to 3 feet on one side on local streets only at the discretion of the City 

Engineer. 
 

6  
Minimum acute angle measured from edge of pavement, and generally based on one-way operation. For two-way driveways, 

and in high pedestrian activity areas, the minimum angle should be 80 degrees. 
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Figure 5.1 
 

Driveway Dimensions 
 

 
 

5.2.3.2.3 Standards. Every property that accesses the street shall have a driveway. 

 

5.2.3.2.4 Existing and Future Demands. The opening or driveway width shall be 

adequate to handle properly the anticipated traffic volume and character of traffic, as 

well as being within the limits specified for the type of property development. The 

controls established for curb openings and driveways shall apply to existing streets as 

well as new streets that may be developed in the future. 

 

5.2.3.2.5 Utility Conflicts. Any adjustments which must be made to utility poles, 

street light standards, fire hydrants, catch basins or inlets, traffic signs and signals, or 

other public improvements or installations which are necessary as the result of the curb 

openings or driveways shall be accomplished without any cost to the City. 

 

5.2.3.2.6 Access Signs. Driveway approaches, whereby the driveway is to serve as an 

entrance only or as an exit only, shall be appropriately signed by, and at the expense of, 

the property owner subject to approval of the City.  Sign location, height, and legend 

must be in accordance with the Manual on Uniform Traffic Control Devices (MUTCD). 
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5.2.3.2.7 Abandoned Driveways. Any curb opening or driveway which has been 

abandoned shall be removed and the street restored by the property owner. 
 

5.2.4 General Requirements 
 

5.2.4.1 Number of Openings. 

 

5.2.4.1.1 Single-Family Residential - In general, each single-family residential property 

shall be limited to one access point. However, where houses are located on corner lots or 

have extra wide frontage, more than one access point may be permitted. Applicable zoning 

setback requirements must be followed. 

 

5.2.4.1.2  Multi-Family Residential - In general, access shall be determined by 

information provided by the owner/developer in a Traffic Impact Report and/or by 

comments generated during the City’s review and acceptance of that report. 

 

5.2.4.1.3 Commercial/Industrial - In general, access to commercial and industrial 

property shall be limited to the requirements as set forth in Chapter 8 of the Engineering 

Design Standards and shall be based on the street classification. For commercial/industrial 

property located on a corner of an arterial street, access may be restricted to a side street 

only. Access may also be restricted if use of such access would be precluded by existing left 

turn lanes or other traffic control devices. 
 

5.2.4.2 Access to Roadways with No Curb and Gutter. Private drive access to local, collector, 

or arterial streets that have no curb and/or gutter improvements shall be constructed to meet the 

following requirements: 

 

5.2.4.2.1 The private drive shall extend from right-of-way line to the edge of the 

existing driving surface and shall be constructed of: (a) an 8-inch- thick compacted 

aggregate base material, or if paved, (b) a minimum 4- inch-thick asphalt pavement over 6-

inch-thick aggregate base material, i.e., minimum acceptable roadway pavement design. 

 

5.2.4.2.2 Access shall be governed by the driveway criteria. 

 

5.2.4.2.3 A culvert properly sized for the ditch flow shall be installed at the established 

roadside ditch flowline beneath the private drive access. The minimum size for the culvert 

shall be 15 inches. Culverts shall have a precast concrete-sloped end section or cast-in-

place concrete headwall. If a cast-in-place headwall is built, it shall have a maximum slope 

of 4:1 on any exposed face. No vertical headwalls will be allowed. 

 

5.2.4.2.4 A sketch plan of the installation must be submitted with the Right-of-Way 

permit application. No construction permit will be issued until the access and its 

construction plan or sketch are approved by the City Engineer. 

 

5.2.4.2.5 Amount of Curb Opening Permitted. Driveway width shall comply with Table 

5.1. 

 

5.2.4.2.6 Mutual Access. On commercial, industrial, and multifamily developments, 

mutual use of access to streets is encouraged and may be necessary to meet driveway 

spacing requirements. Where used, mutual access will comply with City ordinance and will 

be shown on plans for approval prior to construction or change of use. 
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5.3 Access Design 
 

5.3.1 Driveway Spacing 

 
Where lots are large enough, the center of driveways not in alignment will normally be offset a 

minimum of 150 feet for all commercial/multifamily properties. Greater distances may be required 

if left-turn storage lanes require such on arterial streets. Minimum sight distance shall be provided 

at all access points as shown in Figure 5.2, which applies to both city street and driveway 

intersections. 

 

Figure. 5.2: Intersection Distance at At-Grade Intersection 
 

 
 

A -      SIGHT DISTANCE FOR P VEHICLE CROSSING TWO-LANE HIGHWAY FROM STOP (SEE DIAGRAM). 
 

B-I- SIGHT DISTANCE FOR P VEHICLE TURNING LEFT INTO TWO-LANE HIGHWAY ACROSS P VEHICLE APPROACHING 

FROM LEFT (SEE DIAGRAM). 
 

B-I-4   Lane+median  SIGHT DISTANCE FOR P VEHICLE TURNING LEFT INTO FOUR-LANE HIGHWAY ACROSS P VEHICLE 

APPROACHING FROM LEFT (SEE DIAGRAM). 
 

B-2b-  SIGHT DISTANCE FOR P VEHICLE TO TURN LEFT INTO TWO-LANE HIGHWAY AND ATTAIN 85% OF DESIGN SPEED 

WITHOUT BEING OVERTAKEN BY A VEHICLE APPROACHING FROM THE RIGHT REDUCING SPEED FROM DESIGN 

SPEED TO 85% OF DESIGN SPEED (SEE DIAGRAM). 
 

Cb- SIGHT DISTANCE FOR P VEHICLE TO TURN RIGHT INTO TWO-LANE HIGHWAY AND ATTAIN 85% OF DESIGN SPEED 

WITHOUT BEING OVERTAKEN BY A VEHICLE APPROACHING FROM THE LEFT AND REDUCING FROM DESIGN SPEED 
TO 85% OF DESIGN SPEED. 
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5.3.2 Driveway Design 
 

Driveway sectional details are shown in Figure 5.3 with design requirements listed in Table 

5.2. 

 

Figure 5.3: Driveway Grades 
 

 
 

 

*All sidewalk grades (Gs) shall be 2.0%.
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Table 5.2 

 

Type of Driveway Minimum 

Thickness 

Grade (G1) Grade (G2) Control 

Distance  

(C) 
Min. Max. Min. Max. 

Low Volume 

Residential 

6” + 5.0% + 8.0% +/- 0.5% +/- 13% 20’ 

Low Volume 

Commercial/Industrial 

7” +/- 0.5% +/- 6% +/- 0.5% +/- 6% 40’ 

High Volume 7” +/- 0.5% +/- 3% +/- 0.5% +/- 3% 40’ 
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The following sketches are the recommended minimum design for limited movement driveways. 

Acceleration and deceleration lanes may be required to be incorporated into the designs. The islands are 

raised with vertical curb. The ends of the islands should typically be provided with 2-foot radii. 

 

 
 

Figure 5.4: Right-In, Right-Out, Left-In Driveway Design 
 

 

 

 
 

 

 
 

Figure 5.5: Right-In, Right-Out Driveway Designs 
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Figure 5.6: Right-In, Right-Out, Left-Out Driveway Design 
 

 

 

 
 

Figure 5.7: Driveway Design with Median Divider 
 

 

 

 

 
 

Figure 5.8: Median Design to Restrict Existing Left Turns 
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5.4 Off-Street Parking Area 
 

5.4.1 General. Off-Street Parking shall be in accordance with the City Zoning 

Ordinances, the following guidelines regarding the design of off-street parking areas 

shall be followed. 
 

5.4.2 Minimum Stall Width. The minimum stall width shall be 8 1/2 feet, except compact 

vehicles. Compact vehicle minimum stall width shall be 7 1/2 feet. 
 

5.4.3 Compact Vehicles. A maximum of 33 percent of total required parking stalls may be 

designated specifically for compact vehicles. When an area is designed for compact vehicles only, 

the area shall be adequately signed to inform drivers of the exclusion. 

 

5.4.4 Parking Dimensions. Minimum module depths shall be shown on Figure 5.9 and in 

Table 5.3.  

 

5.4.5 Backing Into Street Not Allowed. The spaces shall be so arranged so that no vehicle will 

be required to be backed into the street in order to exit the lot except for single-family or duplex 

dwelling units.  

 

5.4.6 Backing Over Sidewalk Not Allowed. The spaces shall be so arranged so that no vehicle 

will be required to be backed over a public sidewalk in order to exit the stall. 
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Figure 5.9 Parking Area Layout 
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Table 5.3 

Minimum Parking Lot Design Requirements 

(All Dimensions in Feet) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.5 On-Street Diagonal Parking in Urban Villages 
 

5.5.1 General 
 

Generally, on-street diagonal parking is not allowed on City streets except by City Engineer 

approval. 

 

5.5.2 Minimum Standards. 
 

5.5.2.1 Vehicle Pulling Into the Diagonal Stall 

 

1. Minimum street width is 32 feet, face of curb to centerline of street. Minimum right-of-

way width is 40 feet from centerline of the street. Minimum stall width is 9 feet. The angle 

shall be 60 degrees or less. 

 

2. Diagonal parking  may  be  allowed  on  local  or  collector  streets.  No diagonal 

parking will be allowed on arterial streets. 

 

3. A maintenance agreement is required to be executed between the developer and the 

City before the Development Engineering Plans are approved. 

 

4. The diagonal parking will not be metered. 
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5.5.2.2 Vehicle Backing Into the Diagonal Stall 
 

1. Minimum street width is 33 feet, face of curb to centerline of street. Minimum right 

of way width is 40 feet from the centerline of the street. Minimum stall width is 9.5 feet. 

The angle shall be 60 degrees or less. 

 

2. Diagonal parking may be allowed on local or collector streets. No diagonal parking 

will be allowed on arterial streets. 

 

3. A maintenance agreement is required to be executed between the developer and the 

City before the Development Engineering Plans are approved. 

 

4. The diagonal parking will not be metered. 

 

5. Bicycle lanes may be accommodated with this street section. 
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Chapter 6 

 Geotechnical Exploration and Report 
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Chapter 6 

Geotechnical Exploration and Report 
  
 

6.1 General  
The geotechnical exploration and report shall determine any special geotechnical conditions and 

make recommendations regarding the special conditions, grading, foundations, and pavement. 

 

6.2 When Required 
For public improvement projects, the determination as to when soils reports will be required will 

be determined on an individual, case-by-case basis by the City Engineer. 

 

6.3 Soil Exploration 

 

6.3.1 General. When geotechnical explorations are required, all sampling and testing of the soil 

shall be performed in accordance with the appropriate AASHTO (American Association of State 

Highway and Transportation Officials) and ASTM (American Society for Testing and Materials) 

designations. 
 

6.3.2 Sampling. Representative samples of the soils shall be obtained by drilling shallow 

penetration soil borings along the route of the existing or proposed public right-of-way.  
 

6.3.2.1 Borings shall extend to a minimum depth of 5.0 feet below the proposed 

subgrade foundation, or 2.0 feet below the flow line elevation of any pipe or conduit. 

Every third boring, or a minimum of one boring, shall be of sufficient depth, or a 

minimum of 10 feet, for monitoring of the ground water elevation. 

 
6.3.2.2 Borings will be performed at close enough intervals to determine the boundaries 

of each significant soil type present.  
 
6.3.2.3 A random technique shall be used to select sampling locations.  

 
6.3.2.4 Spacing of the borings will vary with the uniformity of the soil profile and the 

topography. The maximum interval between soil borings may not exceed 400 feet.  

 
6.3.2.5 Where the original ground line is to be covered with fill material, 5-foot depth 

borings are necessary to determine the character of the support.  
 
6.3.2.6 Where drainage areas are crossed or boggy areas are encountered, the spacing of 

the borings shall be at closer intervals in order to determine the boundaries of the “soft” 

area. At these “weak” areas, the depth of the borings may also have to be increased in 

order to determine if and to what depth improved subgrade material will be required to 

provide uniform support for the construction.    
 
6.3.2.7 Representative samples from the borings shall be collected for submittal to a soil 

testing laboratory for evaluation.  
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6.3.2.8 A boring log shall be maintained for each soils boring performed. The boring log 

shall contain a complete record of the soil material observed.  

 

6.3.3 Testing.  
 

6.3.3.1 The tests required are those for identification and classification purposes. These 

tests include a standard sieve and hydrometer analysis (ASTM D422 of AASHTO T-88) 

and Atterburg Limits (ASTM D423 and 424 or AASHTO T-89 and 90). The test results 

are used to give a soil a descriptive name and letter symbol (in accordance with the 

Unified Soils Classification System) indicating its principle characteristics. Based on the 

test results, similar soil types can be placed into several major groups. 
 
6.3.3.2 These major groups shall be plotted on a profile sheet to determine their limits. 

The profile sheet is used with the laboratory data in selecting what soil types further 

testing should be performed on. Additional testing includes the moisture-density 

relationship (AASHTO T-99 or T-180) and California Bearing Ratio (MIL STD 621 

Method 101 or ASTM D1883). The moisture-density relationship determines the 

maximum dry density and optimum moisture content for that particular soil. The CBR 

test is performed at 95 percent of the maximum dry density and at the optimum moisture 

content. The results of the CBR test determine the relative bearing value of the subgrade 

and is used in the pavement thickness design. A minimum of a three-point curve will be 

utilized for the CBR testing with a five-point curve preferred. If the various soil type 

areas are not large enough to justify separate pavement designs, a single design shall be 

made on the worst soil type.  
 

6.4  Report 
 

6.4.1 General. The report shall identify any geotechnical special conditions found in the 

exploration and recommendations to ameliorate the special conditions along with grading, 

foundations, and subgrade and pavement requirements. The recommendations may be divided 

into three parts: geotechnical special conditions, grading and foundation, and subgrade and 

pavement.  
 

6.4.2 Special Geotechnical Conditions. The special conditions portion of the report shall 

consider ground water, frost susceptibility, erosion potential, soils creep, land sliding, expansive 

soils, soil corrosivity, and any other special geotechnical conditions the Geotechnical Engineer 

becomes aware of.  
 

6.4.3 Grading and Foundation. The grading and foundation portion shall include data 

regarding the distribution and engineering characteristics of the various soil materials, data about 

groundwater levels, recommendations about the need for mitigation measures for special 

geotechnical conditions, grading criteria, foundation design criteria, and any other information 

the Geotechnical Engineer considers pertinent. 
 

6.4.4 Subgrade and Pavement. The subgrade and pavement portion shall include data 

regarding the distribution of various subgrade materials and design tests (such as CBR, R-value, 

and/or plate bearing) to be made. Where soils are susceptible to erosion, recommendations shall 

be made for preventing the undermining of pavements. The pavement design may be included in 

this report or prepared and submitted separately by the Engineer responsible for preparation of 

the construction plans and contract documents. 
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Chapter 7 

Grading 
 

 

7.1 General 
 

7.1.1 All proposed developments shall be graded such that stormwater runoff is conducted 

away from proposed building sites to swales constructed in drainage easements along lot lines, to 

public rights-of-way, or to another approved drainage course. 

 
7.1.2 Reserved. 

 

7.1.3 Reserved. 

 

7.1.4 Reserved.  

 
7.1.5 No filling will be allowed in any areas of land within a proposed subdivision or other 

type of development which lies either wholly or in part within the flood plain of a river, stream, 

creek, or lake unless under the terms of a permit granted by the U.S. Corps of Engineers and/or 

the City of Brandon where applicable. 

 

7.2 Grading Requirements for Subdivisions 

 
7.2.1 Reserved. 

 
7.2.2 The longitudinal slope along a rear yard drainage easement shall be not less than 1.0 

percent but not so great as to cause erosion. 

 
7.2.3 All grade point elevations shall be shown for each lot at the property corners and at the 

low and high points along the property lines. 

 
7.2.4 The general direction of overland drainage in the rear yard shall be indicated on each lot 

by an arrow. 

 
7.2.5  High and low street grade points, slope direction (by arrow), and the location of all inlets 

and drainage ditches shall be shown on the grading plan.  
 

7.2.6 A maximum slope of 3 feet horizontal to 1-foot vertical shall not be exceeded for all 

terracing. The toe of the slope shall be located outside of drainage easements and natural drainage 

ways unless adequate drainage is provided.  

 
7.2.7 Grading plans shall be drawn to a scale of 1 inch = 100 feet (1" = 100') or larger. 

 
7.2.8 Grading plans shall include details of typical lot grading and drainage patterns intended 

to be used.  
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7.2.9 The grading plans shall show the contours with intervals of 1 foot for land with a slope of 

1 percent or less, intervals of 2 feet for a slope between 1 and 1.1 and 9 and 9.9 percent and 

contours of 5 feet for land with a slope exceeding 10 percent. 

 
7.2.10 All elevations shall be on the NAVD 1988 vertical datum. 

 
7.2.11 Drainage patterns other than those shown in standard details may be used and will be 

acceptable for review. Details of the typical lot drainage pattern shall be shown on the grading 

plan with all grade control points identified. 

 
7.2.12 In general, for streets with ditches and no curbs, elevation of the front lot line shall be at 

least 6 inches above the centerline of the road. 

 
7.2.13 All nonconforming lots with drainage patterns other than those in standard details shall 

be noted on the grading plan.  

 
7.2.14 Storm sewers and inlets shall be placed in rear yard swales at low (sump) points where 

front to rear grading is used. 

 
7.2.15 Reserved. 

 
7.2.16 Drainage swales shall be constructed entirely within the easements. 

 
7.2.17 The grading plan shall show the minimum ground elevation adjacent to buildings for 

each lot. 
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Chapter 8 

Street Design and Pavement Thickness 
 

 

8.1 General 
 

8.1.1 This chapter sets forth the design and technical criteria to be used in the preparation of all 

roadway plans. Where design information is not provided herein, “A Policy on Geometric Design 

of Highways and Streets” (AASHTO Standards) as published by AASHTO’s most current edition 

(English units) shall be used. 

 

8.2 Access Management 
 

8.2.1 Access. 

 
8.2.1.1 Access Defined. Access is defined as any connection, driveway, street, turnout, or 

other means of providing for the movement of vehicles to or from the public roadway system. 

Access is further defined as any full movement access, right in right out movement, or partial 

movement access. 

 

Access Management is defined by the Transportation Research Board National Access 

Management Manual as the systematic control of the location, spacing, design, and operation 

of driveways, median openings, interchanges, and street connections to a roadway. It also 

involved the roadway design applications, such as median treatments and auxiliary lanes and 

the appropriate spacing of traffic signals. The purpose of access management is to provide 

vehicular access to land development in a manner that preserves the safety and efficiency of 

the transportation system. The contemporary practice of access management extends to the 

concept of access design and location control to all roadways - not just limited access 

highways, streets, or interstates. 

 

Access management principles and history can be reviewed in the Access Management Manual 

published by the Transportation Research Board. The City of Brandon implements access 

management principles. Using access management techniques reduces crash rates while 

keeping the traffic flowing. 

 

The Office of the City Engineer may initiate an access management plan or corridor study that 

would supersede the design standards for access along an arterial or major collector street. 

Preparation of the study shall be the responsibility of the City of Brandon, South Dakota 

Department of Transportation, and/or private individuals, or jointly prepared. However, the 

study must be prepared by a licensed professional engineer with experience in transportation 

planning. The access plan or corridor study shall be approved by the Office of the City 

Engineer and/or South Dakota Department of Transportation. 

 

Access planning that has not been identified in any type of study in existing development areas 

will be considered on a case-by-case basis. Retrofit techniques will adhere to best access 

management practices as identified in the National Access Management Manual. 

 
8.2.1.2 Access Permit. Access to arterial street public right-of-way (ROW) may be required to 

be permitted and approved by the City Engineer. An Access Permit is defined as a permit 
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issued by a governmental agency for the construction, maintenance, and use of a driveway or 

public street that connects to a roadway. Access locations shall all be measured from the center 

line of ROW to centerline of ROW or driveway. 

 

The City Engineer’s Office will permit and approve the standard ¼ mile street locations along 

all arterial corridors. This permit will be referred to as the Administrative Access Permit. The 

City will facilitate coordination with all affected landowners before the access permit is 

approved for the ¼ mile locations.  

 

The Development Access Permit is a non-standard access permit that will be completed by the 

property owner with a supporting map documenting the requested location of each direct or 

indirect access to arterial public ROW. 

 

All types of Access permits will be reviewed based on access category criteria, dimensions 

from centerline of the ROW from adjacent streets, traffic analysis conducted by City staff, 

surrounding access points and any other information relevant to the operation of the access 

point. The access permit shall conform to the requirements listed in the ordinance. 

 
8.2.1.3 Access Category. Access category is defined as a classification system for 

regulating access that is used to assign a set of access management standards to roadways or 

roadway segments. The City has four categories of arterial streets and the official access 

category map is on file at the City Engineer’s Office. 

 
Regional - Routes which provide continuity regionally. Full access is spaced at 1-mile 

intervals and may be spaced at 1/2-mile intervals in regional commercial areas. Traffic signal 

spacing is typically 1-mile distance apart. 

 
Arterial I—Routes which provide continuity across and are spaced approximately 3 miles 

from the next parallel Arterial I classification. These routes primarily serve high 

commercial, and commuter needs. 
 

Full movement access is generally allowed at the 1/4-mile locations. Traffic signal spacing 

will be 1/4-mile distance apart. Other types of access movements will be evaluated with a 

traffic analysis conducted by City Engineering. 

 
Arterial II - Routes that typically have continuity across the city. These routes serve a 

mixture of commercial and residential needs. 

 
Full movement access is generally allowed at the 1/4-mile locations. Traffic signal spacing 

will be 1/4-mile distance apart. Other types of access movements will be evaluated with a 

traffic analysis conducted by City Engineering. 

 
Arterial III - Routes that typically do not continue across the city. These routes serve mainly 

residential and neighborhood commercial uses. 

 
Full movement access is allowed at the 1/4-mile locations. Traffic signal spacing will be 

1/4-mile distance apart. Other types of access movements will be evaluated with a traffic 

analysis conducted by City Engineering. An additional full movement access at 

approximately 660 feet from the major intersection may also be considered. 
  



5 | P a g e   Revised on: March 6th, 2023 

Table 8.0 Access Spacing 

 

Classification Signal Spacing Median Opening Unsignalized 

Intersection Spacing 

Regional    

Arterial/Expressway 1/2 mile 1/2 mile 2640 

Arterial I 1/4 mile 1/4 mile 1320 

Arterial II 1/4 mile 1/4 mile Varies 

Arterial III 1/4 mile 660 Varies 

 
 

8.2.2 Spacing of Direct and Indirect Access, Angle of Intersection, and Offsets. 

 
8.2.3.1 Spacing. For collectors and local streets in a subdivision, four- legged intersections 

will normally be spaced at least 300 feet apart. 

 

8.2.3.2 Angle of Intersection. Proposed streets and driveways must intersect one another at 

90° angles or as close to 90° as topography permits (no less than 80°). 

 

8.2.3 Offsets. When “T” intersections are used, the centerlines of the streets not in alignment 

must normally be offset a minimum of 150 feet on local streets, and 300 feet on nonresidential 

local, and collector streets.Functional Street Classification. 

 

8.2.3.1 Major Street Plan. The functional street classification of the City’s street network is 

shown on the latest version of the Major Street Plan kept in the Office of the City Engineer. 

The functional classification is a system used to group public roadways into classes according 

to their purpose in moving vehicles and providing access to the public. 

 

8.2.3.2 Regional Arterial or Expressway. A regional arterial street or expressway is a 

general term denoting a roadway designed or operating with the following characteristics: 

 

A. Defined as a roadway designed for relatively uninterrupted, high-volume mobility 

between areas, access to which is limited, may include a mixture of intersections (at grade) 

and interchanges (grade- separated). 

 

B. Posted speed limits of greater than or equal to 45 miles per hour. 

 

C. Anticipated traffic volumes in excess of 25,000 vehicles per day within the corridor. 

This arterial is designed to carry regional traffic. 

 

D. Direct intersections with local streets and access from adjacent properties shall not be 

allowed except for existing lots with no other method of access. 

 

E. The indirect access intersections will be with arterials or major collectors and will 

normally be spaced at 1-mile intervals and may be at one-half mile intervals for 

commercial areas. 

 

F. Traffic control devices may be provided to enhance through traffic movements. 

 

G. No on-street parking will be allowed. 
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H. Detached bicycle and/or pedestrian facilities shall normally be constructed. 

 

I. Right-of-way is typically 200 feet in width. 

 
8.2.3.3 Principal Arterial. A principal arterial street is a general term denoting a roadway 

designed or operating with the following characteristics: 

 
A. Defined as a primary roadway intended to serve regional traffic, where access is 

carefully controlled; generally, roadways of regional importance, intended to serve high 

volumes of traffic traveling relatively long distances and at higher speeds. 

 

B. Anticipated traffic volumes in excess of 15,000 vehicles per day within the corridor. 

Posted speed limits of greater than or equal to 40 miles per hour. 

 

C. Designed to accommodate through traffic, intersecting with Minor Arterial and 

Collector Streets only. Intersections with local streets and access from adjacent properties 

shall not be allowed except for existing   lots with no other method of access. The number 

of intersections will normally not be spaced less than one-half mile. (“T” intersections will   

be considered an intersection for half-mile spacing purposes.) 

 

D. Continuous for several miles through the urban area and are typically on section line 

right-of-way. Right-of-way is 120 feet in width. 

 

E. Provides continuity for rural arterials which intercept the urban boundary. 

 

F. Traffic control devices provided to enhance through traffic primarily by signal control 

and/or limited access. Right turn lane and/or acceleration/deceleration lanes should be 

considered at the arterial/collector street intersections. 

 

G. No on-street parking will be allowed. 

 
8.2.3.4 Minor Arterial. A minor arterial street is a general term denoting a roadway designed 

or operating with the following characteristics: 

 

A. Defined as a major roadway intended primarily to serve through traffic, where access 

is carefully controlled; generally, roadways of community importance, intended to serve 

moderate to high volumes of traffic traveling relatively long distances and at high speeds. 

 

B. Anticipated traffic volumes in excess of 10,000 vehicles per day within the corridor. 

Posted speed limit of greater than or equal to 35 miles per hour. 

 

C. Designed to accommodate through traffic and serve adjacent major developments. 

Intersections with local streets will not be allowed. Development access will use shared 

driveways and be encouraged to utilize collector streets. The number of intersections will 

normally not be   spaced less than one-quarter mile. (“T” intersections will be considered 

an intersection for spacing purposes.) 



7 | P a g e   Revised on: March 6th, 2023 

D. Continuous for several miles and are typically on section line right-of- ways. Right-of-

way is typically 100-120 feet in width. 

 

E. Provides continuity for rural arterials which intercept the urban boundary. 

 

F. Traffic control devices provided to enhance through traffic primarily by signal control. 

Right turn lanes and/or acceleration/deceleration lanes should be considered at the collector 

street intersections or high traffic generators. 

 

G. No on-street parking will be allowed. 

 
8.2.3.5 Major Collector. A major collector street is a general term denoting a roadway 

designed or operating with the following characteristics: 

 

A. Defined as roadways intended to serve moderate volumes of traffic from local roads to 

arterials. 

 

B. Anticipated traffic volume generally greater than 5,000 vehicles per day. Posted speed 

limit of greater than or equal to 25 miles per hour. 

 

C. Typically, but not limited to, located on the 1/2-mile location of a section. Right-of-

way is 80 feet. A traffic impact study may determine if there is extra width required to 

handle a development’s traffic. 

 

D. Designed to handle traffic volumes loading from and onto local, other collector, and 

arterial roadways. 

 

E. Traffic control is provided generally by signs. 

 

F. On-street parking may be allowed. 

 

G. Access locations will not be allowed within 300 feet from the intersection with an 

arterial street. 

 

H. Generally, serves multi-family residential, commercial, and/or industrial uses. 

 

I. Major collectors could transition into minor collectors if approved by the City Engineer. 

 

8.2.3.6 Minor Collector. A minor collector street is a general term denoting a roadway 

designed or operating with the following characteristics: 

 

A. Defined as roadways intended to move traffic from local roads to arterials. 

 

B. Anticipated traffic volume generally less than 5,000 vehicles per day. Posted speed 

limits of greater than or equal to 25 miles per hour. 

 

C. Should be designed in a way that does not promote through traffic in residential areas 

and generally located on the 1/4 and 3/4 points along a section line. 

 

D. Designed to handle traffic volumes loading from and onto local, other collector, and 

arterial roadways. 
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E. Generally, adjacent land use is single family residential. 

  

F. On-street parking may be permitted. 

 

G. Right-of-way width is 66 feet. When minor collectors intersect with arterials, the right-

of-way is required to be 80 feet within a minimum of 300 feet of the centerline of the 

arterial street right-of-way. 

 

H. Traffic control is by signage or rules for uncontrolled intersections. 

 

8.2.3.7 Local Street. A local street is a general term denoting a roadway designed or operating 

with the following characteristics: 

 

A. Posted speed limit not in excess of 25 miles per hour. 

 

B. No criteria for traffic volumes. 

 

C. Limited continuity. 

 

D. Designed for ease of access to adjacent developments. 

 

E. Traffic control is by signage or rules for uncontrolled intersections. 

 

F. On-street parking permitted. 

 

G. Does not intersect with an arterial street. 

 

H. Right-of-way is 66 feet or less. 

 

8.2.3.8 Private Street. Private streets may be allowed when serving a limited number of 

parcels if right-of-way constraints exist and when all maintenance responsibilities are detailed 

within the easement.  

 

8.3 Roadway Design and Technical Criteria 
 

The highway design speed shall be used to establish features such as superelevation rate, critical 

length of grade, vertical and horizontal curves, intersections, etc. See Table 8.1 for design standards 

for each of these street classifications. 

 

8.3.1 Traffic Lane Widths. 

 

8.3.1.1 The standard traffic lane width shall be 11 feet. Lower lane widths may be used for 

traffic calming with approval of the City Engineer. For arterial streets and streets with 

anticipated truck traffic count in excess of 3% of the total traffic count, the lane width shall be 

12 feet. 

 

8.3.1.2 In the design of local streets, the number of lanes for moving traffic will be a 

secondary consideration. 
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Table 8.1 

Minimum Street Design Criteria 

 
 
 
 

 Local Collector Arterial 
Design Elements Single 

Family 
Commercial, 

Industrial, 
Multfamily 

Minor Major Minor Regional or 
Principal 

      15,000 
24-hour Volumes (vpd) 2000 or 

less 
2500 or less <5000 >5000 10,000 50 

Design Speed (mph) - - 35 40 45 4 or more 
Driving Lanes - 2 2 2-4 4 120+ 
Right-of-Way (ft.) 66 66 66 80 100+ 65 or more 
Roadway Width (ft.) (1)  33 39 39  39  41-53 12 
Lane Width (ft.) - 11 12 12 12  
Sidewalk (2) 5’ detached 5’ detached 5’ detached  5’ detached  
Curb & Gutter 6” vertical 6” vertical 6” vertical  6” vertical  
Min.-Max. Grade (%) 0.5-0.8 0.5-8.0 0.5-7.0  0.5-6.0  
Curb Return Radii (ft.)       

 - Intersect local 13.5 13.5 20 20 - - 
 - Intersect collector 20 20 25 25 30 30 
 - Intersect arterial   30 30 35 35 

       
Horizontal Curve Radius 
(ft.) 

150 300 --------------------     AASHTO Standards     -------------------- 

Vertical Alignment Control       
Grade at Intersection (%)       
- Intersect local 3 3 3 3 - - 
- Intersect collector 2 2 2 2 - - 
- Intersect arterial   2 2 2 2 
 

(1) All dimensions are measured to back of curb. 
(2) Where sidewalk is attached to curb, sidewalk shall be one foot wider. 
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8.3.2 Separate Turning Lanes. 

 

8.3.2.1 Separate turning lanes may be constructed on arterial and collector streets but will, as a 

rule, not be found on local streets. 

 

8.3.2.2 Where separate turning lanes are constructed on the basis of a capacity analysis at the 

intersection, a width of 12 feet will be used for arterial streets where truck traffic is involved 

and 11 feet in width for other streets. 

 

8.3.2.3 A directional median, 3/4 turn or partial opening is allowed in a median section and 

allows for right in, right out, and left in and/or u-turn movements. The left out movement is 

prohibited. This directional median opening improves safety at intersections and has been 

proven to reduce crash rates. 

 
8.3.3 Parking. 

 
8.3.3.1 Parking lanes will not be allowed on arterial streets. Parking lanes may not be 

allowed on major collector streets. 

 

8.3.3.2 Diagonal or perpendicular parking shall not be allowed on any City street, 

except by City Council resolution. 

 

8.3.3.3 Where on-street parking is provided on collector streets, the parallel lane width 

shall be a minimum of eight (8) feet, including the gutter pan. 

 
8.3.4 Medians. 

 

8.3.4.1 A median is a physical barrier that separates traffic traveling in opposite directions. 

Medians should be constructed on arterial streets with four or six lanes of through travel. 

Medians should be constructed at arterial to arterial intersections to provide additional capacity, 

increased safety, and better traffic operations. 

 

Median openings are normally designated at collector street intersections. These intersections 

are normally at each quarter-mile location intersecting the arterial street. These openings may 

be full movement intersections that provide both left in and left out maneuvers. These openings 

also may be controlled by a traffic signal. 

 

8.3.4.2 Full median breaks shall not be allowed closer than 1,000 feet from an arterial to 

arterial intersection, unless an exception is approved by the City Engineer. 

 

8.3.4.3 The median width to accommodate a left turn lane is typically 16 feet. The minimum 

width of a median may be 4 feet back of curb to back of curb. 

 

8.3.4.4 Medians and center boulevards are not typically desired on local streets. However, 

when permitted, the center median or boulevard shall conform to the same design standards as 

set forth for arterial streets. 

 

8.3.4.5 Median design may include an irrigation system and landscaping plan to enhance the 

street corridor. A median landscape design plan shall be approved by the City Engineer. The 

plan shall include type of groundcover, trees, low shrubbery, and or other vegetation which will 
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be approved by the City Engineer. If the median width is less than 6 feet wide, other treatments 

may be explored; for example, colored and/or stamped concrete, concrete pavers. Asphalt is not 

considered an acceptable paving material for medians.  The slopes across a median should be at 

a minimum 1% from back of curb to the middle of the median to allow for proper drainage off 

of the median. 

 

8.3.4.6 U turns at arterial and collector street intersections may be considered and approved if 

acceptable right-of-way width is acquired and/or dedicated. U turns will be allowed at traffic 

signalized and un-signalized intersections where it is signed appropriately. 

 

In addition, property access to the arterial can be improved by constructing front or rear service 

road from a collector street to intersect the arterial street at a traffic signalized intersection. 

These connections should be explored to complement U-turn accessibility. 

 

8.3.4.7 Splash guards may be designed in the median. The minimum splash guard width shall 

be 18 inches. 

 

8.3.5 Roundabouts. Roundabouts are considered a form of traffic control. Roundabouts shall be 

considered as two types: (a) modern roundabouts and (b) mini-roundabouts. 

 

Purpose. The roundabout is a traffic control device in lieu of a multi-way stop or a traffic signal. 

Roundabouts may assist in improving the performance of intersections that have the following 

characteristics: 
 

a. High number of crashes 

b. High delays 

c. Four legs or more or usual geometry 

d. Frequent U-turns 

e. High left-turn movements 
 

8.3.5.1 Modern Roundabouts. Modern roundabouts shall be specially designed to the need on 

high traffic volume streets and used to improve traffic flow. 

 

1. Design Basis. The design shall be in accordance with NCHRP 672, Roundabouts: An 

Informational Guide, Second Edition or other design criteria approved by the City 

Engineer. Each design shall have a peer review. 

 

2. Design Vehicle. Modern roundabouts shall be designed to accommodate a WB-67 

design vehicle. 

 

3. Roadway Width. The circulatory roadway width shall be a minimum of 

1.2 times the width of the widest entering roadway. This width may include the apron when 

approved by the City Engineer. Truck aprons with a minimum width of 8 feet shall be 

provided on the perimeter of the central island. 

 

Each roadway section shall be analyzed to conditions at a particular intersection. Such 

items as available Right- of-Way (ROW), special or existing features, number of lanes, and 
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roadway width entering the intersection shall be considered in determining the width of the 

roundabout roadway. 

 

4. Design Entry Speed. Maximum design entry speed for urban roundabout shall not 

exceed 25 mph. Maximum design entry speed for rural roundabout shall not exceed 30 

mph. 

 

5. All modern roundabouts landscaping plans need to be approved by the 

City Engineer. 

 
8.3.5.2 Mini-Roundabouts. Mini-roundabouts may be allowed in a neighborhood setting to 

improve intersection characteristics. Mini- roundabouts may be designed in conditions where a 

maximum of one lane may be entering per approach. The center median of a mini-roundabout 

may be designed so that the median may be mountable in some cases. 

 

1. Design Basis. The design shall be performed in accordance with NCHRP 672, 

Roundabouts: an Informational Guide, Section Edition,  or other design criteria approved 

by the City Engineer. Each design shall have a peer review. 

 

2. Design Vehicle. Mini roundabouts shall be designed to accommodate WB-50 vehicles. 

Consideration to emergency vehicles must also be explored with the City during design. 

 

3. Roadway Width. Each roadway section shall be analyzed to conditions that are 

available to that particular intersection. Such items as available right-of-way, special or 

existing features, and roadway width entering the intersection shall be considered in 

determining the width of the mini-roundabout. 

 

4. All mini-roundabouts landscaping plans need to be approved by the City Engineer. 

 

8.3.6 Traffic Calming. Traffic calming is the process by which vehicular speeds and volumes on 

local streets are reduced to acceptable levels. This is achieved through the installation of approved 

devices such as traffic circles, flares, and center islands. Traffic calming serves the purpose of 

reducing cut-through traffic, truck traffic, excessive speeding, noise, vibration, air pollution, and 

accidents in an attempt to provide a safer environment for motorists and pedestrians. 

 

Traffic calming is limited to residential streets with a posted speed limit of 25 mph. 

 

Traffic calming devices may be installed if the traffic volume exceeds, or is projected to exceed, 

1,000 vehicles per day; and if the 85th percentile speed of traffic exceeds, or is reasonably expected 

to exceed, 30 mph. 

 

Traffic calming devices shall be designed to accommodate emergency vehicles that may use the 

local street. All final construction plans are to be approved by the City Engineer. 

 

Landscaping agreements for the continued care of vegetation within traffic circles and center 

islands shall be considered with adjacent property owners and determined on a case-by-case basis. 

 

8.3.6.1 Flares. A flare is a roadway narrowing used to achieve speed reductions. Flares are 

usually coupled with sidewalks and serve to make streets more pedestrian friendly by reducing 

the amount of roadway the pedestrian is exposed to. They also draw motorists’ attention to 

pedestrians via the raised peninsulas. 
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1. Street Characteristics: Flares may be installed on streets that have on- street parking. 

Flares can be located at street intersections or mid- block. 

 

2. Pedestrian Generators: Flares should be considered on streets adjacent to pedestrian 

generators such as schools, parks, and bike paths. 

 

3. Width of Flares: Flares shall be constructed so that driving lanes are no less than 10 

feet wide. 

 

8.3.6.2 Center Islands. Center Islands are raised islands located at the centerline of a street 

that narrows the travel lanes at that location. When used in conjunction with sidewalks, center 

islands can provide a refuge area for pedestrians to wait while traffic passes. Center islands can 

be located near intersections or mid-block. 

 

1. Street Characteristics: Center islands may be used downstream of intersections to 

reduce the speed of turning vehicles. Center islands may also be used on curves to reduce 

vehicle speeds and prevent motorists from driving into the path of oncoming vehicles. 

 

2. Length of Center Islands: Center islands should be constructed in short interruptions 

rather than as a long median that channelizes and separates opposing flows. Island lengths 

shall be between 25 feet and 

75 feet. 

 

3. Width of Center Islands: Center islands shall be constructed such that the driving lane, 

excluding drainage gutter, is limited to 11 feet in each direction. 

 

4. Pedestrian Characteristics: Center Islands may be required to accommodate pedestrians. 

 

8.3.7 Railroad Overpass Policy. 

 
The City of Brandon has many streets that cross railroad facilities. The majority of these crossings 

are at-grade, where the transportation facility and the railroad facility are at the same elevation. The 

remainder of the crossings are grade-separated, where the transportation facility and the railroad 

facility are separated by a bridge or an underpass. Grade-separated crossings allow continuous 

vehicle and pedestrian flow, reduce conflicts with the railroad facility, and increase safety. The City 

of Brandon encourages grade-separated crossings whenever economically and spatially feasible. 

 

Other communities in surrounding states, various state Departments of Transportation, and the 

Federal Highway Administration have been consulted on what policies and guiding objectives they 

use to determine the needs for grade-separated crossings. The majority of these agencies indicated 

they do not follow an “official” grade-separation policy but construct them when feasible due to 

safety and pedestrian/traffic flow. 

 

The following Evaluation Process is used by the City of Brandon when evaluating the need for 

a grade-separated crossing. These factors, combined with engineering design criteria, and 

financial and geometric considerations are essential in determining the need for a grade-

separated crossing. 
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8.3.7.1 Design Criteria for a Grade-Separated Crossing. 

 

A grade-separated crossing should be considered when one or more of the following criteria 

exist: 

 

1. The roadway is designated as an arterial street on the Major Street Plan. 

 

2. The roadway design speed is at least 45 mph. 

 

3. The roadway has a projected average annual daily traffic (AADT) that exceeds 10,000 

vehicles per day. 

 

4. The rail line has a design speed of at least 49 mph. 

 

5. The rail line carries an average of three or more trains per day at the location under 

consideration. 

 

The analysis of all relevant factors identified below should be completed when a location 

meets one or more of the above-listed design criteria. 

 

8.3.7.2 Analysis of Factors. 

 

Five factors commonly used to analyze a grade-separated crossing are safety, vehicle and 

pedestrian accessibility, street connectivity, driver delay, and train noise. These factors are 

indirectly related to the above design criteria and are all considered the same priority in the 

analysis. The information below should be analyzed and considered to determine if a grade-

separated crossing is a better choice than an at-grade crossing. 

 

1. Safety 

 

Safety brings forth much emotion, publicity, and urgency. Vehicle-train crashes, while 

infrequent, do occur at at-grade crossings and can cause severe injuries and fatalities. 

Safety is a critical factor to be considered when evaluating possible grade-separated 

crossing locations. 

 

2. Vehicle and Pedestrian Accessibility 

 

In some areas, it may be relatively easy to bypass an at-grade crossing that is 

occupied by a train by accessing the nearest grade-separated crossing.  

 

Philosophy of constructing multiple crossings has changed due to the Rail Authority design 

objectives of reducing crossing conflicts, improving safety, and costs of crossing 

construction and maintenance. 

  

3. Street Connectivity 

 

Roadways with grade-separated crossings connect major trip generators   and 

employment centers within a community. These roadway facilities tend to be a higher 

classification such as arterials and expressways because their main function is mobility 

versus access to a public right-of-way. 
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Because of the increased construction costs of a grade-separated crossing, it is 

important to locate a grade-separated crossing where it will receive the highest usage. 

 

4. Driver Delay 

 

It is generally recognized that user costs are incurred by drivers waiting for trains at an at-

grade crossing. However, that is not the only user cost which may result from delaying 

drivers at rail crossings. The time it takes for a train to pass can be life threatening to a 

trauma victim on the way to an emergency room. Therefore, it is important to include the 

full range of social costs associated with delay at at-grade crossings when looking at delay 

as a factor in a grade-separated crossing. 

 

5. Train Noise 

 

Train and train whistle horn noise are a significant quality-of-life issue for many 

communities. The human voice cannot be heard over the noise of a train horn. Phone calls 

and conversations can be interrupted by the train noise, which may have an impact to 

property values. Measures, such as banning horn blowing, would create obvious safety 

concerns and are not supported by the Rail Authority. If an at-grade crossing is replaced 

with a grade-separated crossing, the need to blow a horn for the crossing is eliminated. 

Therefore, it is imperative to consider concerns about noise as a factor in evaluating a 

grade-separated crossing. 

 

Consideration of establishing a Whistle Free Zone as described in the Federal Rail 

Authority (FRA) Regulations also needs to be considered as part of the evaluation. This 

process is lengthy and would need to be approved by the FRA and Local Rail Authority. 

Typically, this process would evaluate multiple crossings in an area to show a benefit to 

the surrounding land uses. 

 

In addition, if an at-grade crossing is determined to be the most feasible crossing type, 

additional crossing improvements are required at each location and include: the 

installation of crossing gates and arms, the installation of a center median in the arterial 

street for a minimum of 110 feet back from the rail crossing, signal crossing lights, 

protected and signed pedestrian crossings. These costs are generally the responsibility of 

the agency requesting the rail crossing. 
 

8.4 Shared Use Paths 
 

8.4.1 General. A shared use path shall be constructed on at least one side of all new 

construction arterial streets and considered on all reconstruction projects. 

 

8.4.2 Design Guidelines. Multi-use, shared use, and bicycle facility designs shall comply 

with the current AASHTO publications Guide for the Development of Bicycle Facilities 

and Guide for the planning, Design, and Operation of Pedestrian Facilities. National 

Association of City Transportation Officials (NACTO) Urban Bikeway Design Guide and 

Urban Street Design Guide, the Institute of Transportation Engineers (ITE) Designing 

Urban Walkable Thoroughfares, Public Rights-of-Way Accessibility Guidelines and other 

current design flexibility guidelines defined by the Federal Highway Administration. 

Design shall also comply with requirements in Chapter 16 Accessible Sidewalk 

Requirements. 
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A shared use path is physically separated from motorized vehicular traffic by an open 

space or barrier and either within the highway right-of-way or within an independent right-

of-way. Most shared use paths are designed for two-way travel and are a supplemental 

network to on-road bicycle facilities and should not be used an alternate for an on-road 

bikeway. Shared use paths may be used by bicycles, pedestrians, skaters, and other 

nonmotorized users. A side path is a type of shared use path that runs adjacent to the 

roadway and should only be used when other shared use path options are not available. 

Vertical clearance to obstructions shall be 100 inches minimum and 120 inches desired.  
 

The same considerations (design speed, horizontal alignment, superelevations, grade, etc.) that go 

into designing a highway system also apply to shared use facilities. The AASHTO Guide for the 

Development of Bicycle Facilities contains many useful design parameters and considerations.  

 

8.4.3 Width. A shared use path shall have a minimum width of 10 feet. Under special 

circumstances, the City Engineer may allow a narrower path. 

 

8.4.4 Shoulder. A shared use path shall have 24-inch-wide vegetated shoulders on both sides. 

 

8.4.5 Vertical Clearance to Structure. Shared use paths which go under a roadway or structure 

shall have a minimum clearance of 8’ from the top of the path to the lowest part of the structure. 

 

8.4.6 Structure Width Structures of tunnels constructed for shared use paths shall have a 

minimum 12-foot horizontal clearance from wall to wall. The entrances and exits to tunnel sections 

shall be as visually free of trees, shrubs, and other obstructions to facilitate a wide field of view 

when exiting tunnels. 

 

8.4.7 Tunnel Lighting. Tunnel sections shall be lit according to current AASHTO lighting 

guidelines. It is recommended that the ceilings in the tunnel are painted white. 
 

8.5 Drainage 
 

Drainage systems shall be designed in accordance with Chapter 11 - Drainage Improvements. 

Development plans, including drainage studies, shall be considered as part of the street design and 

will be required for concurrent review with the street construction plans. Safe conveyance of traffic 

is the major function of streets; the storm drainage function of the street must therefore be designed 

to the limits set forth in Chapter 11 - Drainage Improvements. 

 

8.5.1 Valley Gutters. Valley gutters shall be constructed in accordance with the City of Sioux 

Falls Standard Plates. Valley gutters are not permitted across arterial streets and are discouraged 

across collector streets. Valley gutters are not allowed on streets with storm sewer systems. 

 

8.5.2 Inlets. Inlets shall be located to intercept the curb flow at the point curb flow capacity is 

exceeded by the storm runoff. Refer to Chapter 11 – Drainage Improvements for curb capacity. 

Inlets shall also be installed to intercept cross-pavement flows at points of transition in super 

elevation. Due to the presence of curb ramps, inlets are not allowed in the curb return, but will be 

located at the tangent points of the curb returns. In general, inlets shall be placed on the upstream 

side of the intersection so as to intercept the water before it reaches the pedestrian crosswalk. 

 

8.5.3 Cross-slope. Except at intersections or where superelevation is required, streets, in general, 

shall be level from top of curb to top of curb (or flowline to flowline) and shall have a crown 1.5% 

and 3% as measured from centerline to lip of gutter, or lip of median gutter to lip of outside curb on 
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roadways with medians. Where the crown is not centered in the street, it can be no further out than 

the quarter point of the street. 

 

8.5.4 Temporary Erosion Control. Temporary erosion control is required at the ends of all 

roadways that are not completed due to project phasing, subdivision boundaries, etc., in accordance 

with Chapter 12 - Erosion Control and with the Subdivision Ordinance of the City of Brandon. 

 

8.5.5 Sidewalk. Storm water from concentrated points of discharge shall not be allowed to flow 

over sidewalks, but shall drain to the roadway by use of storm sewers. Sidewalk chases will not be 

allowed unless specifically approved by the City Engineer. If permitted, sidewalk chase sections 

shall not be located within the driveway. 

 

8.6 Horizontal Alignment 
 

8.6.1 Horizontal Curves. Any angular break in horizontal alignment of more than two (2) 

degrees shall require a horizontal curve (Table 8.1). 

 

8.6.2 Curb Return Radius. Minimum curb return radius shall be as shown in Table 8.1. Where 

truck traffic is significant, curb return radii shall be provided in accordance with AASHTO 

standards. 

 

8.6.3 Construction Signs and Barricades. Design and construction shall comply with the 

requirements of the Manual on Uniform Traffic Control Devices, latest edition. Details shall be 

shown on the construction drawings, and installation shall be provided by the contractor and/or 

owner. 

 

8.6.4 Superelevation. The use of superelevation is discouraged on all streets. However, where 

superelevation is required for curves on arterial streets and collector streets, horizontal curve radius 

and superelevation shall be in accordance with the recommendations of the AASHTO standards. 

Superelevation shall not be used on local roadways. All roadway designs utilizing superelevation 

are subject to review and acceptance by the City Engineer. 

 

8.6.5 Spiral Curves. Spiral curves shall not be used on streets within the City 

except upon written acceptance of the City Engineer. 

 

8.6.6 Cul-de-sacs. The following criteria shall be used for the horizontal geometry of cul-de-

sac turnarounds. 

 
(1) Minimum property line radius:   

 Residential 55.0 feet 

 Non-residential 65.0 feet 

 

(2) Minimum back of curb radius:   

 Residential 40.5 feet 

 Non-residential 50.5 feet 

 

(3) Maximum length of cul-de-sac measured along 

centerline, between the radius point of the 

turnaround and the R.OW. Line of the abutting 

street 

 500.0 feet 
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8.6.7 Transition Length. If lanes are added, deleted, or adjusted, it will be necessary to 

construct a transition section for the safe conveyance of traffic. The following formula shall be 

applied to the taper or lane change necessary for this transition: 

 
L=WS²/60 

where: 

L   =   Length of transition in feet 

W  =   Width of offset in feet 

S   =   Speed limit or 85th percentile speed 

 
8.6.8 Spacing of Direct and Indirect Access, Angle of Intersection, and Offsets 

 

8.6.8.1 Four-way directional intersections will normally be spaced at least 300 feet apart. 

 

8.6.8.2 Proposed streets and driveways shall intersect one another at 90°. 
 

8.6.8.3 At locations of offset or “T” intersections, the minimum offset allowed shall be 150 feet 

for local streets and 300 feet for all other street types.  

 

8.7 Vertical Alignment 
 

8.7.1 Changing Grades. The use of grade breaks, in lieu of vertical curves, is not 

encouraged. However, if a grade break is necessary and the algebraic difference in grade 

does not exceed eight tenths of a percent (0.008 ft/ft), the grade break will be permitted. 

 
8.7.2 Vertical Curves. Design controls for vertical alignment must be in accordance with 

AASHTO standards. When the algebraic difference in grade (A) is at or exceeds eight-

tenths of a percent (0.008 ft/ft), a vertical curve is to be used. All vertical curves shall be 

labeled, in the profile, with length of curve (L) and K (defined as L/A). 

 
8.7.3 Intersections. The following criteria shall apply at intersections. 

 
8.7.3.1 Intersection design must comply with the grade requirements outlined in the Accessible 

Sidewalk Requirements chapter of the Engineering Design Standards. 

 

8.7.3.2 The grade of the “through” street shall take precedence at intersections. At intersections 

of roadways with the same classification, the more important roadway, as determined by the 

City Engineer, shall have this precedence. 

 

8.7.3.3 The elevation at the end of curb return on the through street is always set by the grade 

of the through street in conjunction with normal pavement cross-slope. 

 

8.7.3.4 Carrying the crown of the side street into the through street is not permitted. 

 

8.7.3.5 Dipping the flowline to the extent that the lip of gutter is dipped is not permitted, 

except as specified by Standard Plates concerning curb opening inlets. Tipping an inlet for the 

benefit of drainage is also not permitted. 
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8.7.3.6 A more detailed review shall be performed for arterial-arterial intersection to maximize 

drivability. 

 

8.7.3.7 Flowline profiles and pavement cross-slopes shall be shown through an intersection 

until a normal cross-section is obtained. Elevations on a 15-foot grid shall be shown on a plan 

view drawing. This information shall be submitted using a scale of 1" = 20' horizontally and 1" 

= 2' vertically. 

 

8.7.3.8 Parabolic or curved crowns are not allowed. In no case shall the pavement cross-slope 

at intersections exceed the grade of the through street. 

 

8.7.3.9 The rate of change in pavement cross-slope, when warping side streets at intersections, 

shall not exceed 1% every 25 feet horizontally on a local roadway, 1% every 37.5 feet 

horizontally on a collector roadway, or 1% every 56.5 feet horizontally on arterial roadways. 

 
8.7.4 Curb Returns. Minimum fall around curb returns shall be 0.6%, but shall not 

exceed grades established by the Accessible Sidewalk Requirements Chapter of the 

Engineering Design Standards. 

 

8.7.5 Connection with Existing Roadways 

 
8.7.5.1 Existing grade(s) shall be shown for a sufficient distance to assure that 

horizontal and vertical curve requirements are being or can be met with field verified 

as-builts showing stations and elevations at 25-foot intervals. In the case of connection 

with an existing intersection, these as-builts are to be shown within a 100-foot radius of 

the intersection. This information shall be included in the plan and profile that shows 

that proposed roadway. Limits and characteristics of the existing improvement are the 

primary concern in the plan view. Such characteristics include horizontal alignment, 

offset intersections, limits of the improvements, etc. 

 

8.7.5.2 Previously approved designs for the existing improvement are not an acceptable 

means of establishing existing grades; however, they are to be referenced on the 

construction plan where they occur. 

 

8.7.5.3 The basis of the as-built elevations shall be the same as the design elevations 

(both flowline or both top of curb, etc.) when possible. 

 
8.7.6 Sight Distance 

 

8.7.6.1 Design of roadway alignment, intersections, and accesses shall comply with standards 

outlined in A Policy on Geometric Design of Highway and Streets (AASHTO Standards). 

 

8.8 Off-Site Design 
 

The design grade, and existing ground at that design grade, of all roadways that dead end due to 

project phasing, subdivision boundaries, etc., shall be continued, in the same plan and profile as the 

proposed design, for at least 300 feet or to its intersection with another roadway. This limit shall be 

extended to 600 feet when arterial roadways are being designed. 
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8.9 Construction Traffic Control 
 

8.9.1 Pedestrian Accommodations Through Work Zones. 

 

8.9.1.1 When pedestrian facilities are impacted due to maintenance or construction, 

pedestrian accommodations must be provided to the maximum extend feasible. These 

accommodations must have accessibility features up to the level of the disturbed route. 

Signage and temporary barricades must be provided to direct pedestrians safely through the 

work zone. 

 

8.9.1.2 Temporary pedestrian access routes shall be designed in compliance with Public 

Rights-of-Way Accessibility Guidelines and Manual on Uniform Traffic Control Devices 

requirement.  

 

8.9.2 Vehicular Traffic. 

 

8.9.2.1 Construction work zone traffic shall be controlled by signs, barricades, detours, etc., 

which are designed and installed in accordance with the Manual on Uniform Traffic Control 

Devices, latest edition. A traffic control plan shall be submitted to and approved by the City 

Engineer, or designated agent, prior to start of any construction. 

 

8.9.2.2 For construction of new facilities, traffic control should strive to keep the motorist 

from entering the facility. The primary means to accomplish this are by use of temporary 

barricades, located in advance of the construction area and with appropriate signing. New 

construction shall not be opened to traffic, and the construction traffic control removed, 

without the approval of the Project Engineer and the City Engineer. 

 

8.9.2.3 The details of the traffic control plan must be shown on a map. For minor projects or 

local roadways, a neat sketch of the roadways and the proposed control devices will suffice. 

For major projects or major roadways, the traffic control plan shall be superimposed on as-

builts, construction plan drawings, or other detailed map. 

 

8.9.2.4 The Manual on Uniform Traffic Control Devices, latest edition, shall be the basis 

upon which the traffic control plan is designed, in concert with proper, prudent, and safe 

engineering practice. All necessary signing, striping, coning, barricading, flagging, etc., shall 

be shown on the plan. 

 

8.9.2.5 Any plan for traffic control during construction that indicates a complete closure of 

an arterial or collector street must show detour routes and must be approved by the City 

Engineer. Requirements as to rerouting of traffic, signing, time of closure, and length of 

closure will be determined on a case-by-case basis. When a local street is to be closed to 

traffic, the City Engineer must be notified, preferably 24 hours in advance. 

 

8.9.2.6 Directional access on roadways may be restricted (minimum travel lane width in 

construction area is ten 10 feet), but proper controls including flagging must be indicated. 

Removal of on-street parking shall be considered and noted where applicable. 
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8.10 Turn Lanes 
 

The design of the arterial street system depends upon the proper control of access to 

developments and turn lanes at collector street intersections. The location and design of access 

points must minimize traffic hazards and interference to through-traffic movements. In order to 

ensure proper access control, the following standards for turn lanes have been established. 

 

8.10.1 Where Required. Turn lanes may be required along segments of arterial or collector 

streets if the proposed development constitutes a potential for creating a traffic hazard or 

unnecessarily impedes through- traffic movements as determined by the Traffic Impact Report 

or the City Engineer. A turning lane must be provided at a high volume access to allow the 

driver to maneuver out of the main travel lanes before slowing down. Left turn lanes must be 

provided in the center or median of the road for left turning traffic at a high volume access. If 

such lanes cannot be provided, left turns will be restricted.  

 

Turn lanes for right-turning movements will be required as necessary at intersections for capacity 

and safety. Turn lanes for access points shall be according to Table 8.2. 
 

Table 8.2: Volume Warrants For Turn Lanes for Access Points 

For Right-Turning Movements 

 

POSTED SPEED OF STREET IN MPH 

 Less than 25 26 to 40 41 to 50 51 or 
Greater 

For 

If the design hour volume 
of the highway lanes will 
exceed 

500 

1400 

400 

1200 

200 

800 

150 

600 

2-lane streets 

4 or more lanes 

And the design hour 
volume of the access 
approach will exceed 

50 

70 

40 

60 

20 

40 

15 

25 

2-lane streets 

4 or more lanes 

 
For streets with four or more through travel lanes, design hour volumes shall be measured only in the 

direction of the access approach. 
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8.10.1.1 For left-turning movements, turn lanes will be required as necessary at 

intersections for capacity and safety. Turn lanes for access points shall be according to 

Table 8.3. 

 
Table 8.3: Volume Warrants For Turn Lanes at Access Points 

For Left-Turning Movements 

 
POSTED SPEED OF STREET IN MPH 

 Less than 25 26 to 40 41 to 50 51 or 
Greater 

For 

When design hour volume 
of the highway will exceed 

500 

1000 

400 

900 

200 

600 

150 

400 

2-lane streets 

4 or more lanes 

and the left-turning design 
hour volume into the 
access approach will 
exceed 

50 

70 

40 

60 

20 

40 

15 

25 

2-lane streets 

4 or more lanes 

 

For streets with four or more through travel lanes, design hour volumes shall be measured only in the 

direction of the median turn lane. 

 
8.10.1.2 For both tables, where the existing street design hour volume is below the values 

in the tables, a prediction using the Metropolitan Planning Organization horizon year 

planning model shall be made and compared to the table. 

 
8.10.1.3 Where public safety so requires, due to specific site conditions, such as sight 

distance, a turn lane may be required even though the warrants in Tables 8.2 and 8.3 are not 

met. Where the design hour volume of the street is twice the street design hour volume in 

Tables 8.2 and 8.3, the City may require a minimum turn lane for any access approach. 

 
8.10.2 Turn Lane and Acceleration Lane Design 

 
8.10.2.1 On highway arterial and collector streets in the City, the design of 

acceleration/deceleration lanes shall meet the minimum requirements as shown in Tables 8.4 

and 8.5, providing sufficient off-site right-of-way is available. These minimum requirements 

were developed recognizing the severe limitations that currently exist on right-of-way 

availability for most of the urban street network. Where grades are significant, modifications 

to these lengths will be required by the City. If off-site right-of-way is insufficient, lanes will 

be designed to maximize the use of available right-of-way at the time that construction plans 

receive final approval. The percentile queue values are determined by Synchro or other 

similar traffic analysis software. The queue blockage should be considered in the design. 

 

Table 8.4: Acceleration Lane Lengths 
 

(1) SPEED (MPH) LANE LENGTH TAPER LENGTH 
 Stop Condition From 15 mph (2)  

30 150’ 125’ 120’ 
35 175’ 150’ 150’ 
40 250’ 200’ 180’ 
45 300’ 250’ 180’ 

 
(1) 85th percentile speed. 

(2) Assumes vehicles start at 15 miles per hour.  
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Table 8.5: Turn Lane Lengths 

 

 
 

8.10.3 Exemptions. Requests for an exemption from deceleration lane requirements shall be 

based on a traffic engineering study that presents trip generation data for the proposed 

development in terms of impacts on through-traffic flows.  An exemption will not be granted if 

through-traffic would be impeded more than 3% of the total time or more than 5% of the time 

during peak traffic flow periods. Other unique circumstances may warrant special design 

considerations and prohibit an exemption. Exemptions must be approved by the City Engineer 

following a review of the traffic engineering study. 

 

8.11 Pavement Thickness/Street Section 
 

Design of pavement thickness for collector and arterial streets and local streets in industrial and 

commercial zoned areas shall be based on AASHTO Guide for Design of Pavement Structures, 

latest edition. Pavement design shall be based on an inherent reliability of 75%. For traffic 

conditions where the equivalent 18 kip/single axle loading is less than 1,000,000, the low-

volume road design method may be used. Recommendations and subgrade properties developed 

by the Geotechnical Exploration Report shall be used in the design of the pavement structure. 
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8.11.1 Industrial and Arterial Streets must be designed for pavement thickness on an 

individual street-by-street basis. However, in no event may the pavement thickness be 

less than that specified in Table 8.6. Local Residential Streets need not be designed on 

an individual basis, but must meet the minimum pavement thickness as set forth in Table 

8.6. 
 

8.11.2 Minimum compressive strength for Portland Cement concrete paving shall be 4000 psi 

at 28 days. 

 
8.11.3 Traffic Data. Where traffic data is available, actual counts shall be used along with 

projections of traffic growth in determining the pavement design. If traffic data is not available, 

Table 8.7 may be used to provide data for the pavement design. Traffic data for all arterial streets 

will be determined by the City Engineer. 

 
 

Table 8.6 

Minimum Pavement Thickness Requirements 
 

 
 Local 

Residential 
Streets 

Commercial, 
Industrial & 

Collector 
Streets 

Arterial 
Streets 

Portland Cement Concrete 
(Requires Aggregate Cushion) 

6” 8” 8” 

 Hot Mix Asphalt 
With Aggregate Base 

4” HMA 
6” 

Aggregate 

5” HMA 
9” Aggregate 

6” HMA 
12” Aggregate 

 

Table 8.7 

Traffic Volumes 

 

Street Classification ADT 

(2 way) 

No. of 

Lots 

18-kp 

ESAL 

Traffic 

AASHTO 

Traffic 

Level 

Cul-de-sacs and Local 

Residential 

200 20-30 10,000-50,000 Low 

Local, Local Multi-Family, 

or Commercial 

300-700 60-140 50,000-300,000 Low 

Local Industrial 200-700  400,000-600,000 Medium 

Collector 7,000  400,000-1,000,000 High 

Arterial To be determined by the City Engineer 
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8.12 Rural Section  Street Standards (Inside City Limits) 
 

Design of rural section streets within city limits shall conform to the current edition of the 

AASHTO Policy on Geometric Design of Highway and Streets and the AASHTO Roadside 

Design Guide. All rural section streets shall be approved by the City Engineer. 

 

Where bicycle facilities are included as part of the design, reference should be made to the 

current edition of the AASHTO Guide for the Development of Bicycle Facilities. 

 

8.13 Rural Subdivision Road Standards 
 

8.13.1 New subdivisions outside of the City limits and within the extraterritorial platting 

jurisdiction shall comply with these requirements. 

 

8.13.2 Access shall be determined by street classification. Roadway serving the 

subdivision must be hard surfaced as approved by the City Engineer. 

 

8.13.3 Driveways shall be hard surfaced and comply with Figure 5.3 of the Engineering 

Design Standards. 

 

8.13.4 Minimum width of the driving surface shall be 24 feet with 2-foot shoulders. 

Minimum street section shall be 4-inch asphalt with 6-inch aggregate base. Ditches shall 

have a maximum 4:1 side slope. Additional width may be required for higher traffic 

roadways as determined by the City Engineer. 

 

8.13.5 A plan and profile for connection to existing trunk sanitary sewer and its 

extension upstream is required. Where trunk sewers cross roadways, the ultimate 

roadway grade shall be called out. 

 

8.13.6 An access road agreement or other arrangements for maintenance of detention 

ponds and/or BMP facilities shall be provided by association or other perpetual contract. 

 

8.13.7 Culverts in the street right-of-way shall comply with county requirements. Flared 

end sections or slope concrete headwalls are required on all culverts within the road 

right-of-way. 

 

8.13.8 The size of culverts shall be determined by a drainage study for the entire 

subdivision. 

 

8.13.9 The City Engineer’s Office will be responsible for accepting final street and 

drainage plans and coordination of road access and approach permits with County, 

Township, and SDDOT officials. 

 

8.13.10 Traffic control signs and street name signs shall be properly posted. Street names 

shall be approved by the City Planning and Zoning Commission and the City Council. 
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8.14 Minimum Street Requirements for Annexation of Existing 

Developments 
 

Rural infrastructure may remain after a rural neighborhood or individual property is annexed, provided it 

meets the minimum standards below. Design standards shall follow guidance in the AASHTO Policy on 

Geometric Design of Highway and Roadside Design Guide.  

 
8.14.1 Width of local and collector roadways shall be a minimum of 24 feet from edge to edge 

of driving surface. When fire hydrants are located along roadway, the minimum width shall be 

26 feet from edge to edge of driving surface. 

 

8.14.2 Collector roads shall be asphalt surfaced with minimum thickness of 4 inches of asphalt 

or as approved by the City Engineer. Local roads may be gravel surfacing as approved by the 

City Engineer.  
 

8.15 Curb and Gutter 
 

8.15.1 Curb and gutter shall be a standard thirty inches wide with a six inch wide curb top and 

six inch depth from the top of the curb to the flow line of the gutter. Curb and gutter on roads 

under the jurisdiction of the SDDOT shall meet the requirements set forth in the SDDOT 

Standard Specifications. 
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Chapter 9 

Sanitary Sewers 
 
 

9.1 General Requirements 
 

9.1.1 Design. The design for sanitary facilities shall be in conformance with current 

versions of the following. 

 

1. City of Brandon Design Standards, City of Brandon Standard Specifications, and 

City of Sioux Falls Standard Plates. 

 

2 Requirements and Standards of the South Dakota Department of Environment and 

Natural Resources. 

 

3. Recommended Standards for Wastewater Facilities Great Lakes-Upper 

Mississippi River Board of State Public Health and Environmental Managers Edition 

(Ten State Standards). 

 

4. South Dakota State Plumbing Code. 

 

5. Uniform Plumbing Code of International Association of Plumbing and Mechanical 

Officials. 

 

6. Conflict—In case of a conflict between the above design standards, the most 

restrictive requirement shall apply. 

 

9.1.2 Construction Standards. Construction standards shall be the current version of the 

City of Brandon Standard Specifications and the City of Sioux Falls Standard Plates together 

with the latest addenda. All details, materials, and sewer appurtenances shall conform to these 

standards. 
 

9.2 Plan Submittals 
 

9.2.1 Subdivision Plan Submittals. See Chapter 13 for Subdivision Plan Submittal 

requirements. 

 

9.2.2 Capital Improvement Project Plan Submittals. See Chapter 13 for Capital 

Improvement Project Plan Submittal requirements. 
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9.3 Determination of Flow 

 

9.3.1 Lateral Sewers. 

 

1. Discharge (QA) Average Daily Flow (gpd) 

 

Equation 1: Area x Area Density x Unit Density x Rate = 

Average Daily Flow 

 

Equation 2: Number of Units x Unit Density x Rate = Average Daily Flow.  

 

Density for multiple dwelling units shall be not less than 2.5 persons/unit. 

Density for single family dwelling units shall be not less than 3.5 persons per 

unit. 

 

2. Discharge (QP) Peak Lateral Sewer Flow (gpm) 

 

Average Daily Flow x 400% = Peak Lateral Sewer Flow 

 

3. Design Density and Rate - (See paragraph 9.3.5) 

 

9.3.2 Trunk Sewers. 

 

1. Discharge (QA) Average Daily Flow (gpm) 

 

Equation 1: Area x Area Density x Unit Density x Rate = 

Average Daily Flow 

 

Equation 2: Number of Units x Unit Density x Rate = Average Daily 

Flow 

 

2. Discharge (QP) Peak Trunk Flow (gpm) 

 

Average Daily Flow x 250% = Peak Trunk Sewer Flow 

 

3. Design Density and Rate - (See paragraph 9.3.5) 

 

9.3.3 Area. Gross area shall be used in determining design flows and shall include streets 

and alleys but exclude parks, school grounds, and similar dedicated open space. 
 

9.3.4 Special Design Densities. Special design densities shall be subject to approval by the 

City Engineer based on methodology provided by the design professional. 
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9.3.5 Density Design Table. 

 

Land Use Area Density Unit Density Rate* 

Low Density 

Residential 6 units/acre 3 people/unit 100 gpcd 

Med. Density 

Residential 12 units/acre 2 people/unit 100 gpcd 

High Density 

Residential 25 units/acre 2 people/unit 100 gpcd 

Office and 

Institutional Special Design Density – Dependent on water use. 

Commercial Special Design Density – Dependent on water use. 

Industrial Special Design Density – Dependent on water use. 
 

*gpcd—gallons per capita per day 
 

9.4 Facility Design 

 
9.4.1 Capacity of Pipe. The Manning Equation shall be used to determine pipe capacities. 

The design Manning’s (n) for all Pipe Materials. 

 

“n” = 0.013 

 

9.4.2 Velocity within Pipe. 

 

Min. at peak flow = 2 feet per second (fps) 

 

Max. at peak flow = 14 feet per second (fps) 

 

The following are the minimum slopes that shall be provided unless the City Engineer allows an 

exception; however, slopes greater than these are desirable.  

 
Pipe Size (in) Slope (%) 

8 0.400 

10 0.280 

12 0.220 

14 0.170 

15 0.150 

16 0.140 

18 0.120 

21 0.100 

24 0.080 

 

Gravity sanitary sewer pipe slopes entering manholes shall not exceed 9%.  

 

9.4.3 Approved Pipe Materials. Refer to Standard Specifications. 
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9.4.4 Force Main Minimum and Maximum Velocity. 

 

The minimum force main velocity shall be 2 feet per second. 

 

Suction and discharging piping for lift stations shall be sized so that the maximum velocities 

do not exceed 5 feet per second and 8 feet per second, respectively. 

 

Dual force mains will be required if the initial force main velocities cannot meet the minimum 

velocity standards or if odor problems are anticipated. 

 

9.4.5 Size of Sewer Pipe. No gravity sanitary sewer to be maintained by the City shall be less 

than 8-inch diameter. Minimum size of building sanitary sewer stubouts shall be 4-inch diameter. 

All sanitary sewer services other than single-family residential units (example: commercial, 

industrial, office, multifamily, etc.) shall be a minimum of 6-inch diameter. The minimum 

gravity sewer size for public or private sanitary sewer collection systems shall be 8-inch 

diameter. 

 

9.4.6 Depth of Sewer. Gravity sewers shall have a minimum depth of 7 feet to the invert 

where practical. Insulation shall be placed above the sanitary sewer where the dimension from 

the finished grade elevation to the top of the pipe is 5 feet or less (see the Standard Plates for pipe 

insulation details). . The maximum sanitary sewer depth to the invert at manholes shall be 15 

feet.  

 

9.4.7 Alignment of Sewers. Sewers shall be installed in a straight line between manholes. In 

subdivisions where street layouts are such that a straight alignment is not practical, sewers may 

be curved. All sanitary sewers on curved streets shall be located in the center of the street. 

Where it is not possible to maintain the centerline location on a curved street (ex: road centerline 

radius of curvature less than 200 feet), the sanitary sewer shall be located as close to the 

centerline as possible and at a distance of at least 10 feet from the back of curb. The following 

table shows the minimum pipe radius.  

 
Pipe Size (inches) Minimum Radius (feet) 

8 200 

10 250 

12 300 

 

The recommendation for 15-inch through 36-inch diameter sewer pipe is that the angular 

deflection at the joint is a maximum of 1.5 degrees. This will produce an offset in a 20-foot 

section of approximately 6.25 inches. The pipe manufacturer’s recommended minimum 

curvature shall not be exceeded.  

 

9.4.8 Physical Requirements. 

 

1. Minimum Manhole Diameter - 48 inches when the influent or effluent piping is 

less than 18 inches. Manholes are to have a minimum diameter of 60 inches when either 

the influent or effluent pipes are 18 inches and greater. In all cases, the manufacturer’s 

recommended minimum spacing between pipes shall be followed. 

 

  



7 | P a g e   Revised on: March 6th, 2023 

2. Maximum Manhole Spacing 
 

Diameter of Sewer Distance 
 

All sanitary sewer pipe diameters 400 feet 

 

Note: Exceptions will be permitted within a development; however, said exceptions shall not 

be for more than 5 percent of the manholes in the development. Said exceptions shall not 

exceed 6 percent of the above distances. 

 

3. Manhole Locations. Manholes shall be installed at the following locations: 

 

a. At the end of each sewer line. “Dead end” manholes on line segments shall be 

extended beyond the midpoint of the last serviced lot.  
 

b. At all changes in pipe size, grade, or alignment. 
 

c. At all sewer pipe intersections. 

 

d. Manholes located within the pavement at the end of cul-de-sacs shall be located 5 to 

10 feet from the back of curb and gutter. 

 

e. All manholes located on trunk sewers or lines 10 inches and greater shall be 

constructed with a corrosion-resistant liner. 

 

f. Sanitary sewer lines ending at development phase boundaries that do not terminate 

with a manhole shall be ended with a bell end section of pipe and watertight plug. A 1-

foot or less section of pipe with a glued-on cap inserted into the bell end of the pipe will 

be allowable as a watertight plug. Couplings will not be allowed for this type of 

connection unless there is a change in pipe material. The sewer shall not be put in service 

until a manhole on the dead-end line is installed.  

 

g. Shall be placed outside the 100-year floodplain. Exceptions will require 

approval from the City Engineer and shall include placing the rim elevation a 

minimum of 1-foot above the 100-year base flood elevation.  

 

4. Minimum Grade. Sewers shall have minimum grade sufficient to maintain 2 fps 

at peak flow. 

 

5. Minimum Manhole Drop 
 

Same pipe size—0.10 feet. 

 

Change in pipe size—match 0.8 depth point of all lines as a minimum and match top of pipes 

whenever possible. 
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6. Maximum Manhole Drop 

 

The designer shall remove drop manholes of less than 4 feet by increasing the pipe slope as 

long as velocity requirements are not exceeded. When the drop is less than 1.5 feet, the 

manhole invert shall be constructed to form a uniform slope from the incoming pipes to the 

outgoing pipe.  

 

7. Manhole Covers, Manhole External Joint Seals, and Manhole Markers. If the 

possibility of surface runoff cannot be avoided, a solid manhole cover, having an integral 

self-sealing type gasket that can be bolted closed, must be used.  

 

Plastic type manhole markers shall be used in areas outside of the dedicated street right-of-

way, except for interstate areas, roadway right-of-way areas, and areas designated by the City 

Engineer.  

 

Refer to the Standard Specifications for materials and construction requirements.  

 

8. Access to Manholes. Manholes outside the street right-of-way shall be subject to the 

acceptance of the City Engineer. Manholes located outside of the street rights-of-way must 

be located in areas that allow direct access by maintenance vehicles. In parking areas, there 

shall be a no parking within 10 feet of a manhole rim.  

 

Access routes shall be benched as necessary to shed water and, at a minimum, include a 

gravel surface for adequate access.  

 

9. Industrial Sewer Monitoring Facility. Any new building constructed or proposed to 

be constructed in an industrially zoned area with a floor space of greater than 5,000 square 

feet, and with a water meter size of greater than 3/4 inch and projected process wastewater 

flow greater than 5,000 gallons per day, or if otherwise required by the City of Sioux Falls 

Director of Public Works, shall install a sewer monitoring facility prior to final building 

inspection approval. The monitoring facility shall normally be situated outside of the 

building on the user’s premises. If the industrial user’s service line ties into an existing City 

manhole and such manhole allows for safe sampling and isolation of the industrial user’s 

discharge, the City of Sioux Falls Director of Public Works may allow said manhole to 

serve as the industrial user’s monitoring facility. 

 

10. Crossings. Sanitary sewer crossings of storm sewers shall have no less than 6 inches of 

clearance. Special structural support and insulation will be required if there is less than 18 

inches clearance (see the Standard Plates for insulation details). Clearance refers to the 

distance from the outside of the sewer pipe to the outside of the storm sewer pipe. 

 

Sewer systems shall be designed to minimize the number of open channel drainage crossings. 

Sanitary sewer crossings of open channel drainage features shall be designed as nearly 

perpendicular as possible and shall be on a constant grade. Special structural support and 

insulation will be required if less than 3 feet of cover is provided within the stream bed.  
 

Sanitary sewer crossings of other utilities shall be done in accordance with the South Dakota 

Department of Environment and Natural Resources, the City Standard Specifications, and 

the City Standard Plates. 
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11. Standard Plates. See Supplemental Standard Specifications and Standard Plates 

for such details as manholes, drop connections, risers, and other appurtenances. 
 
 

9.4.9 Sewer Services. 
 

9.4.9.1 Connections to Manholes. Individual services may not be connected into 

manholes. 
 

9.4.9.2 Regular Services. 
 

1. Each structure shall be served by a separate service line connected to a public or 

private sanitary lateral sewer. The service should be perpendicular to the lateral sewer 

line in the public right-of-way. Single-family attached housing (twin homes, duplexes, 

etc.) will be required to have separate services for each living unit. The service for each 

living unit shall not be located under the property of the adjacent living unit. 

 

2. Sewer services must meet all the requirements of the Supplemental Standard 

Specifications and Standard Plates. 

 

3. All platted lots of a proposed subdivision are to front on and have a separate sewer 

service to a public sanitary sewer main without crossing adjacent properties. 

Additional sewer services will be required for each additional principal structure on a 

given lot. 

 

4. Sewer services across one lot to provide service to an adjacent lot in a proposed 

subdivision may be approved, provided that all of the following conditions are met: 
 

a. Proposed subdivision does not exceed two lots. 
 

b. A private utility easement 20 feet in width is provided across the burdened lot 

(to be occupied by sewer service only). 
 

c. The City Engineer’s Office determines that a sewer main extension will not be 

necessary to perpetuate the system and in all likelihood no future development of 

abutting properties will benefit from a main extension. 

 

5. Minimum size of building sanitary sewer stub outs shall be 4-inch diameter. All 

sanitary sewer services other than single-family residential units (example: commercial, 

industrial, office, multifamily, etc.) shall be a minimum of 6-inch diameter. No private 

lateral sewer shall be less than 6 inches in diameter; however, 8-inch diameter sewers are 

recommended. 

 

6. Service lines shall be designed with a 2 percent grade (absolute minimum of 1 

percent upon approval of the City Engineer). 

 

7. Whenever possible, the building sewer shall be brought to the building at an 

elevation below the basement floor. In all buildings in which any building drain is too 

low to permit gravity flow to the public sewer, sanitary wastewater carried by the 

building drain shall be lifted by an approved means and discharged into the building 

sewer at the owner’s expense.  
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8. Risers on service stub outs shall be provided for sewers greater than 12 feet deep as 

measured at the main line sanitary sewer (see the Standard Plates for riser details). 

 

9. Private sewer service clean-outs will not be allowed in the public right-of-way. All 

clean-outs shall be protected with approved cover protection (see Standard Plates).  

 

9.4.9.3 Lateral Extension 

 

1. The sanitary sewer collection system shall be considered “public”, if the following 

conditions exist: 

 

a. The sanitary sewer serves upstream properties outside of the development. 

 

b. Sanitary sewer serves more than one lot. 

 

2. The sanitary sewer collection system shall be considered “private” if the following 

conditions exist: 

 

a. The sanitary sewer is extended to a single private lot to serve a building(s) 

and/or dwelling unit(s), which are not platted separately and/or are not separated by a 

two-hour fire wall (identified by the International Building Code or City of Brandon 

Ordinance). Appropriate private sanitary sewer easements shall be placed over the 

center line of the lateral or service extension meeting the width requirement for 

public sanitary sewer lines. 

 

b. Shared public and private utility easements will not be allowed. 

 

c. Private maintenance agreements – refer to subdivision ordinance for private 

maintenance agreements.  

 
 

9.4.10 Sewage Lift Stations. The Design Standards and Standard Details for sewage lift 

stations shall be used for all stations unless a separate design is determined necessary by the 

City Engineer. Example specifications and drawings can be obtained from the City Engineer’s 

Office for reference. Each pumping station shall be provided with a minimum of two pumps, 

each having a capacity sufficient to pump the peak design flow.  
 

Temporary lift stations with reduced design requirements may be considered by the City 

Engineer where future trunk sewers are planned to eliminate the need for the station within five 

years from the installation date of the lift station.  
 

No sanitary sewage shall be allowed to be discharged into a newly constructed lift 

station wet well until final completion is made and notification is made by the City 

assuring operation responsibilities. 
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9.4.10.1 Specific Equipment Required. The sewage lift station shall be 

supplied with, but not be limited to, the following specific items: 
  

• Secondary power supply—engine generator system. 
 
• Automatic transfer switch for the secondary power supply. 
 
• Programmable logic controller to control and monitor the lift station remotely and 

locally.   
• Variable Frequency Drive (VFD) for all motors greater than 30 horsepower—The 

requirement for VFDs may be deleted if it is determined unnecessary by the City 

Engineer. 
 

9.4.10.2 Wet Well Design. The wet well design shall be coordinated with pump sizing in 

order to avoid frequent on/off cycling of the pumps. To prevent septicity, wet well detention 

time at average daily flow (QA) should not exceed 30 minutes. 
 

Cycle time is the total time between starts of an individual pump and can be determined by 

comparing the volume between the “on” and “off” levels in the wet well with the pump 

capacity. Cycle time is computed as follows: 

 

Where: 
 

CT = Cycle Time (minutes); 
 
V = Wet Well Volume between On and Off Levels (gallons); 
 
D = Rated Pump Capacity (gallons per minute); and 
 
(QP) = Peak Hourly Lateral Sewer Flow (gallons per minute). 
 
CT = V/(D- QP ) + V/ QP 

 
With a given wet well volume and pumps of uniform pumping rate, minimum cycle time 

will occur when the rate of inflow is equal to one-half of the discharge rate of the individual 

pump under consideration and the formula for cycle time simplifies to CT = 2V/ QP = 

4V/D. An effective wet well volume of at least 2.5 times the discharge rate of the pump is 

required. 
 

The operating volume of the wet well shall be designed to provide the following 

maximum motor starting times at the design pumping rates. 
 

Motor Size, hp Maximum Motor Starting Times 

0–25 6 starts per hour 

26–35 5 starts per hour 

36–60 4 starts per hour 
 

9.4.10.3 Pump Design. The operating speed of the pumps shall not exceed 1,800 rpm. 

The test sphere minimum diameter shall be no less than 3 inches in diameter. The minimum 

suction and discharge diameter shall be no less than 4 inches in diameter. 
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9.4.10.4 Engine Generator Design. The engine generator shall be designed to operate 

each pump simultaneously but start each pump separately. If more than two pumps are used, 

the engine generator shall be designed to start the pumps necessary for the firm pumping 

capacity of the station simultaneously. It shall be at the City Engineer’s discretion to change 

the generator sizing requirements when the size of the lift station warrants it. The engine 

generator system shall be a four-cycle water-cooled type. The generator shall be supplied 

with an automatic transfer switch. An enclosure for the automatic transfer switch shall be 

supplied and sized large enough to contain the station on/off switches, telephone termination 

boxes, and other necessary controls. The generator shall be enclosed in a sound attenuation 

enclosure and supplied with all accessories which make it a complete operating system. 

 

9.4.10.5 Power Supply. The power supply shall be 240 volt, 60 Hz, 3-phase unless 480-

volt power supply is required and/or available. 

 

9.4.10.6 Access Road to the Lift Station. An access into the lift station will be required 

and shall be shown on the construction drawings. The access road shall meet minimum 

thickness and materials standards for streets. The surfacing used shall be asphalt or concrete. 

 

9.4.10.7 Lift Station Site Fencing. The City Engineer shall determine if a fence is 

required around the entire site. The fence shall be as detailed and specified in the Standard 

Plates. 

 

9.4.10.8 Site Landscaping. The Contractor shall maintain the grass areas by watering, 

fertilizing, reseeding, mulching, and mowing until the grass has established a 2-inch catch of 

grass. The Contractor shall immediately reseed and mulch areas which show bare spots at no 

additional cost. 

 

9.4.10.9 Odor Control. Odor control shall be provided at the lift station and/or the force 

main discharge where it is determined to be a detectable problem or shown through a design 

analysis. The design engineer shall perform an analysis showing the modeled results of the 

odor control analysis. Odor control will be required at the lift station and force main 

discharge point if it is found to be a detectable problem in the analysis or in the field as 

determined by the City Engineer within the two-year warranty period. 

 

9.4.10.10 Flooding. Wastewater pumping station structures and electrical and 

mechanical equipment shall be protected from physical damage by the 100-year flood and 

shall remain fully accessible during the 100-year flood. 

 

9.5 Sanitary Sewer Easements 

 

Sanitary sewer easements shall be obtained for all sanitary sewers located on private and public 

property. In addition, temporary easements may be required for construction. 

 

Sanitary sewer easements shall be accessible for City maintenance vehicles to drive on to 

maintain the sanitary sewer. All manholes shall be accessible to City maintenance vehicles. If 

determined necessary by the City Engineer, the area over the sanitary sewer shall be benched to 

provide an access trail along the line and/or to the manholes. 
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The most current version of the sanitary sewer easement forms shall be used and obtained from 

the City Engineer’s Office. 

 

The following Table 9.5 lists the minimum easement widths for sanitary sewer with a pipe 

diameter of 30 inches or less. The minimum easement widths shall be used when preparing 

plans. Easements shall be shown on the Preliminary Plans, Development Engineering Plans, and 

CIP Plans. Plans are to show the easement dimensioned from the centerline of the pipe to the 

outside edge of the easement and labeled “Sanitary Sewer Easement.” The easement widths may 

be required to be wider depending upon specific site conditions. 

 

Easement shall be provided over lots where sewer crosses, but no Development Plan has been 

submitted. The minimum horizontal clear distance between pipes shall be half the necessary 

sanitary sewer easement width. Water and storm easements can overlap 10 feet max when 

running parallel.  
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Table 9.5 
 

Minimum Required Easement Width for Sanitary Sewer  
(for 30-inch pipe and smaller) 

 

 Minimum 

Pipe Easement 

Depth Width Required 

(feet) (feet) 

8 20 

9 20 

10 20 

11 22 

12 24 

13 28 

14 30 

15 34 

16 36 

17 40 

18 42 

19 46 

20 48 

21 52 

22 54 

23 58 

24 60 

25 64 

26 66 

27 70 

28 72 

29 76 

30 78 
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Chapter 10 

Water Mains 
 

 

10.1 General  
 

10.1.1 Design: The design for water main facilities shall be in conformance with this chapter. 

All water main facilities shall be designed and sealed by a licensed engineer in the state of South 

Dakota. Where design information is not provided herein, the most current edition of the 

following standards shall be used:  

 
1. Recommended Standards for Water Works, Great Lakes—Upper Mississippi River 

Board of State and Provincial Public Health and Environmental Managers (Ten State 

Standards).  
 

2. Requirements and Standards of the South Dakota Department of Environment and 

Natural Resources.  

 
3. American Water Works Association Standards.  

 
4. South Dakota Plumbing Code. 

 
5. Uniform Plumbing Code.  

 
6. International Fire Code and referenced NFPA Standards.  

 
7. City of Sioux Falls Cross Connection Control Manual.  

 
10.1.2 Material Specifications: Material specifications are included in the Supplemental 

Standards Specifications for Water Main Construction. 
 

10.1.3 Construction Standards. Construction standards shall be the most recent revision of the 

City of Brandon Engineering Design Standards, City of Brandon Code of Ordinances, 

Supplemental Standard Specifications and City of Sioux Falls Standard Plates, together with the 

latest addenda. All details, materials, and water appurtenances shall conform to these standards.  
 

10.1.4 Where a conflict occurs between the above standards, the most restrictive requirement 

shall apply.  
 

10.1.5 An average daily water flow rate of 1,500 gallons per minute with a residual pressure of 

20 psi at the most remote hydrant shall be maintained for all residential developments. 

Multifamily, commercial, and industrial developments shall be designed according to acceptable 

methods to determine their water flow demands.  
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10.2 Water Main  
 

10.2.1 Transmission mains shall be defined as water mains 16 inches in diameter and larger. 

Distribution and service mains shall be defined as water mains less than 16 inches in diameter. 

 

10.2.2 Minimum size distribution main shall be 8 inches in diameter. Exceptions include dead-

end water mains less than 500 feet in length, which can be 6 inches in diameter, unless otherwise 

specified by the City Engineer. 

 

10.2.3 Minimum depth of cover, as measured from the top of the pipe to the finished surface 

elevation, shall be 6 feet. Where an adjustment is required in order to pass under another utility, 

the length of the deeper main shall be kept to a minimum, and bends or deflection shall be used to 

achieve the desired offset, as approved by the City Engineer. 

 

10.2.4 Distribution and service mains shall be at least 20 feet away from structures and under 

paved areas whenever possible, unless otherwise specified by the City Engineer. 

 

Transmission mains shall be at least 40 feet away from structures and under paved areas 

whenever possible, unless otherwise specified by the City Engineer.  

 

Water mains will not be allowed under structures. Water mains under enclosed walkway and 

tunnels must be ductile iron and installed as required in accordance with the City of Brandon 

Supplemental Standard Specifications for Water Main Construction. 

 

10.2.5 Disinfection, bacteriological, and hydrostatic tests shall be required in accordance with 

requirements of the City of Brandon Supplemental Standard Specifications for Water Main 

Construction.  

 

10.2.6 Water main, a minimum of 16 inches in diameter, shall be installed in a one-mile grid 

pattern. Water main, a minimum of 12 inches in diameter shall be installed in a half-mile grid 

pattern. 

 

10.2.7 Water mains shall be located so as to best conform to the layout of the existing facilities. 

In streets where no pattern has been established, mains shall generally be located 10 feet to the 

north or west of the center line, or as noted in Chapter 4 of the City of Brandon Engineering 

Design Standards for Public Improvements – Utility Locations and City Utility Easements. 

 

10.2.8 A minimum horizontal separation of 10 feet shall be provided when measured edge to 

edge between water mains and sanitary and storm sewers as required  in the Ten States Standards.  

 

Water mains crossing sanitary or storm sewers shall be laid to provide a minimum vertical 

distance of 18 inches when measured edge to edge. This shall be the case where the water main is 

either above or below the sewer with preference to the water main located above the sewer.  

 

When it is impossible to obtain the minimum specified separation distances, the City Engineer 

must specifically approve any deviations. Such deviations may allow for installation of the water 

main closer to a sewer, provided that the water main is laid in a separate trench or on an 

undisturbed earth shelf located on one side of the sewer at which there is 18 inches above the 

top of the gravity sewer. In addition, the sewer pipe shall meet water main standards. The 
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pipe shall be at least 20 feet in length, and the length of water pipe is located so both joints are as 

far as possible from the sewer main.  

 

10.2.9 Water mains constructed under drainage structures or drainage mains shall be installed 

using the following guidelines:  

 

• If a transmission shall pass under culverts, drainage pipe, or closer than 10 feet from the 

drainage structure, water main shall be constructed with a steel encasement. Encasement 

shall end 10 feet from the outside edge of the drainage structure. 

 

• If a transmission main is routed around a drainage structure, the water main system shall 

be installed 15 feet away (either upstream or downstream) from the outside edge of the 

structure. 

  

• Valves must be provided on each side of the drainage channel or creek to the maximum 

extent practicable; the means to provide for future access to water for development must 

be provided if the water main is taken off line. 

 

• If a distribution or service main shall pass under drainage structures or drainage mains 24 

inches and larger, with 2 feet or less in clearance, the water main shall be constructed 

with a steel encasement. Encasement shall end 10-feet from the outside edge of the 

drainage structure. 

 

10.3 Valves 

 
10.3.1 All valve operation on the existing water distribution system shall only be by a City of 

Brandon Public Works employee. 

 

10.3.2 In general, valves on cross connecting mains shall be located so that no single break 

requires more than 1,000 feet to be out of service. Valves on water main 12 inches in diameter 

and larger shall be spaced not more than one-fourth mile apart. Valves shall be arranged so that 

any section can be isolated by closing not more than four valves, with a maximum of 30 

residential lots out of service. 

 

10.3.3 Valves shall be located such that they will not be in the sidewalk line or in driveways 

whenever possible. 

 

10.3.4 All valves shall be installed with valve boxes. 

 

10.3.5 Valves shall be placed on all dead-end mains for future extension, unless no services are 

planned and rechlorination can be completed without interruption of water service. 

 

10.3.6 All shut-off valves and curb stop valve shall be installed at least 20 feet away from the 

structure (s).   
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10.4 Fire Hydrants 

 
10.4.1 Fire flow requirements for buildings or portions of buildings and facilities shall be 

determined by methods approved by the City’s Building Inspector. 

 

For arterial streets, fire hydrants shall be staggered on both sides of the street such that they are 

spaced not more than 500 feet along the centerline of the street. Fire hydrants on each street side 

shall be spaced at not more than 1,000 feet measured along the centerline of the street.  

 

For collector and local streets, fire hydrants shall be spaced at not more than 500 feet along the 

centerline of the street. When collector or local streets intersect arterial streets, hydrants on the 

opposite side of the arterial street are not considered for purposes of the 500-foot fire hydrant 

spacing requirement for the collector or local street.  

 

10.4.2 Spacing of fire hydrants around multiple family, commercial, or manufacturing 

establishments shall be considered as individual cases and shall be determined by the City 

Engineer. 

 

10.4.3 Fire hydrants shall be located not less than 40 feet from structures. Private fire hydrants 

on private water systems shall be located a minimum of 15 feet from structures.  

 

10.4.4 Fire Hydrants shall be located on the road right-of-way 3 feet from the back of curb for 

sidewalk adjacent to boulevards and on a lot line whenever possible. Fire hydrants installed 

within curbside sidewalk shall be located 2 feet behind the back of curb and on a lot line 

whenever possible.  

 

10.4.5 A minimum of 3-foot clear space shall be maintained around the circumference (outside) 

of fire hydrants, except as otherwise required or approved by the City Engineer. This requirement 

pertains to posts, fences, vehicles, vegetative growth, trash, storage, mailboxes, and other 

materials or things shall not be placed or kept near fire hydrants in a manner that would prevent 

such fire hydrants from being immediately discernible and/or usable. 

 

A minimum of 15-foot clear space shall be maintained around the circumference (outside) of the 

fire hydrants as it pertains to light, electric, or traffic light poles.  

 

10.4.6 Fire hydrants shall be installed on the end of all dead-end mains. If the main terminates in 

a cul-de-sac, the fire hydrant shall be installed to meet clear space requirements as outlined in this 

Engineering Design Standard.  

 

10.4.7 When fire hydrants are located outside City ROW and are subject to impact by motor 

vehicles, they shall be protected by guard posts, bollards, curb and gutter, or other approved 

means.  

 

10.4.8 Flushing hydrants installed for testing purposes shall be removed once testing has been 

completed. If the flushing hydrants will remain in place for the duration of a winter season, they 

shall be installed behind the proposed curb and gutter.  

 

10.4.9 Finish grades for all hydrants shall be shown on the plans.  
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10.5 Fire Service Lines 

 
10.5.1 Fire Service mains and appurtenances shall be installed in accordance with current 

edition of NFPA 24: Standard for the Installation of Private Fire Service Mains and Their 

Appurtenances. 

 

10.5.2 Fire lines shall be a minimum of 6 inches in diameter, or as approved by Fire Marshall. 

 

10.5.3 Combination fire service line and domestic service line may be installed for apartment 

buildings with 6 units up to, and including, 15 units. Design calculations and documentation shall 

be submitted to the City Building Inspector for usage and sizing approval. 

 

10.5.4 Domestic service lines and fire service lines shall be separate lines from the property line 

to the structure. The only exception is combination fire service line and domestic service lines as 

outline in 10.5.3. 

 

10.5.5 An indicator valve is required on all dedicated fire service lines as dictated by the fire 

code. Post Indicator Valve (PIV) or Wall Indicator Valve (WIV) must be specified for approval. 

 

10.5.6 Domestic service lines may be connected to the fire service main sized 6 inches or 

greater. Domestic service lines shall be tapped on the water main side of the PIV valve or at the 

property line if a WIV is proposed.  

 

10.5.7 Shut-off valves for the domestic service shall be installed at the property line or as 

approved by the City Engineer. 

 

10.5.8 A minimum of 40-foot spacing is required of a PIV from structure(s), unless otherwise 

approved by the City Engineer.  

 

10.6 Domestic Service Lines 
 

10.6.1 Water meters will be furnished and installed by the City of Brandon Water department. 

Ownership of the meter will remain with the City of Brandon. 

 

10.6.2 All platted lots are to front on and have a separate water service to a water main. No 

water service system shall be located in a lot other than the lot that is the site of the premise being 

served. 

 

10.6.3 A minimum of 10-foot spacing is required of a service line from any structure(s). 

 

10.6.4 Service lines may be constructed to the property line as a part of the street construction 

project, if the service line size is known. When the property develops, permanent service 

disconnection at the main will be required for services not utilized. 

 

10.6.5 All service lines installed for future connection shall be marked by a steel fence post or 

an approved marker. The steel fence post should be painted blue on the top 1-foot portion of the 

marker. The marker should be placed near the curb stop or at the termination point of the service 

stub-in. The service line marker shall remain in place and be maintained by the property owner 

until the service line is extended into the property to serve a house, building, or other structure. 

The property owner will be responsible for replacing damaged markers. 
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10.6.6 Minimum size water service piping shall be 1 inch in diameter.  

 

10.6.7 The criteria for sizing service piping for single-family residential homes from the City 

main to the curb stop or shutoff valve shall be: 

 

• Those dwellings that have a plumbing fixture load which requires a demand of 40 Fixture 

Units (FU) or less are allowed to be sized with a minimum 1-inch service. 

 

• Those dwellings that have a plumbing fixture load which require a demand of greater than 

40FU shall be sized with a minimum 1 1/4-inch service. 

 

Reference Appendix A of the most current edition of the Uniform Plumbing Code for FU 

allocations to various fixture demands.  

 

10.7 Cross-Connection Control and Backflow Prevention  
 

10.7.1 The City of Brandon potable water system shall be protected from all cross connections 

by a backflow prevention assembly. 

  

10.8 Lawn Irrigation Systems 
 

10.8.1 Irrigation heads shall be located and maintained so as not to spray over or onto any 

impervious surface. 
 
10.8.2 New lawn irrigation systems shall be installed with rain sensors that automatically shut 

off the system after 1/4 inch of rainfall has occurred. 

 

10.9 Service Lines  
 

10.9.1 All platted lots of a proposed subdivision are to front on and have a separate water 

service to a public water main without crossing any adjacent properties. If newly developing 

separate platted properties are replatted to a single unit, any additional water services that were 

previously installed shall be removed to the corporation stop on the City main at the expense of 

the owner, unless otherwise approved by the City Engineer. 
 
10.9.2 Apartments and over/under duplexes, triplexes, etc., do not need to be individually 

metered and do not need separate service lines. 

 
10.9.3 Residential service lines shall be constructed to the property line as a part of the street 

construction project. 

 
10.9.4 Commercial and industrial service lines may be constructed to the property line if the 

service line size is known. 
 
10.9.5 All service lines shall be marked by a steel fence post or an approved marker. The steel 

fence post should be painted blue on the top 1-foot portion of the marker. The marker should be 

placed near the curb stop or at the termination point of the service stub-in. The service line 

marker shall remain in place and be maintained by the property owner until the service line is 
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extended into the property to serve a house, building, or other structure. The property owner will 

be responsible for replacing damaged markers. 

 
10.9.6 If newly developing separate platted properties are replatted to a single unit, any 

additional water services that were previously installed shall be    removed to the corporation stop 

on the City main at the expense of the owner, provided the final lift of asphalt or final surfacing 

has not been installed. 
 
10.9.7 Polyethylene (PEX) pressure pipe and tubing will be acceptable for use as water service 

piping between the curb stop or valve and the water meter, except as defined in the Uniform 

Plumbing Code. PEX tubing will not be permitted within the City ROW or dedicated public water 

main utility easement. 
 
10.9.8 Water service connections 2 inches and smaller will not be permitted on water mains 16 

inches and larger unless otherwise approved by the City Engineer. 

 
10.9.9 The criteria for sizing and constructing Type K Soft Copper Water Services for single-

family residential homes from the City main to the curb stop or shutoff valve shall be:  Those 

dwellings that have a plumbing fixture load which requires a demand of 40 Fixture Units (FU) or 

less are allowed to be sized with a minimum 1-inch service.  Those dwellings that have a 

plumbing fixture load which requires a demand of greater than 40 FU shall be sized with a 

minimum 1 1/4-inch service. Reference Appendix A of the most current edition of the Uniform 

Plumbing Code for FU allocations to various fixture demands Water services installed from the 

curb stop to the City water main prior to March 4, 2010, will not be subject to the above-detailed 

sizing criteria. Developers and/or owners who install water services sized in accordance with 

Engineering Design Standard 10.7.9 will not be responsible for removing and replacing water 

services from the City main to the curb stop. Service sizes shall be detailed within the 

Construction Drawings for review and approval.  

 

10.10 Material Specifications 
 

10.10.1 Material specifications are included in the Supplemental Standard Specifications for 

Water Main Construction—Section 300. However, ductile iron pipe is required to be used in the 

“Downtown” area, in state highways, and in all sites known to have soil contaminated by volatile 

organic compounds such as fuel and petroleum products or as directed by the City Engineer. All 

ductile iron pipe and fittings shall be encased in polyethylene regardless of soil conditions.     
 

10.11 Manufactured Home Parks  
 

10.11.1 Manufactured home parks will be allowed to have individually metered services if the 

distribution system within the park meets design standards and the streets meet design standards. 

Water and access easements in accordance with Chapter 4 of the Engineering Design Standards 

shall be granted to the City of access to the water main and the service lines to the curb stop. 

 

10.11.2 If individually metered homes are not desired, a metering structure is required for each 

water main entrance into the park. If a metering structure is used, the distribution system within 

the park will be considered privately owned and privately maintained and will not be maintained 

by the City.  
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Chapter 11 

Drainage Improvements 
 

 

11.1 Requirements for Storm Drainage Plans 
 

11.1.1  General 
 

The following criteria shall be utilized in the analysis of the drainage system: 
 

a. Runoff analysis shall be based upon proposed land use, and shall take into 

consideration all contributing runoff from areas outside of the study areas. 
 

The analysis of storm runoff from existing developed areas lying outside of the study 

area shall be based upon present land use and topographic features. 
 

All undeveloped land lying outside of the study area shall be considered as fully 

developed based upon the Brandon Comprehensive Plan. Whenever the future land 

use of a specific undeveloped area cannot be accurately predicted, the average runoff 

coefficient to be used in said area shall not be less than 0.50 for the Rational Method 

runoff coefficient or an approved equivalent value for any other method, Table 11.1 

(Appendix). 
 

b. The probable future flow pattern in undeveloped areas shall be based on existing 

natural topographic features (existing slopes, drainage ways, etc.). 
 

c. Average land slopes in both developed and undeveloped areas may be used in 

computing runoff. However, for areas in which drainage patterns and slopes are 

established, actual slopes and patterns shall be utilized. 
 

d. Flows and velocities which may occur at a design point when the upstream area is 

fully developed shall be considered. Drainage facilities shall be designed to assure 

flows and velocities will not cause erosion damage. 
 

e. The primary use of streets shall be for the conveyance of traffic. The computed 

amount of runoff in streets shall not exceed the requirements set forth in these Design 

Standards. 
 

f. The use of onsite detention, detention within the development or detention in a 

drainage basin of which the development is part may be required. See the 

Subdivision Ordinances regarding drainageways and detention pond right-of-way 

dedication. 
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g. The changing of natural drainageway locations will not be approved unless such 

change is shown to protect against unreasonable hazard and liability, substantiated 

by thorough analysis. 
 

h. The planning and design of drainage systems shall be such that problems are not 

transferred from one location to another. Outfall points shall be designed in such a 

manner that will not create flooding hazards. 
 

i. Localized flooding information shall include the area inundated by the major storm 

runoff. 
 

j. The flow routing for both the minor and major storm runoff shall conform to the 

master drainage plan. Drainage easements conforming to the City Master Drainage 

Plan will be required and shall be designated on all drainage drawings and subdivision 

plats. 
 

k. Approval will not be made for any proposed building or construction of any type of 

structure including retaining walls, fences, etc., or the placement of any type of fill 

material, which will encroach on any utility or drainage easement or which will 

impair surface or subsurface drainage from surrounding areas. 
 

11.1.2 Minor and Major Design Storms 
 

1. Urban areas generally have two separate and distinct drainage systems. One is the 

minor system corresponding to the minor (or ordinary) storm recurring at regular 

intervals. The other is the major system corresponding to the major (or extraordinary 

storm) which has a one percent probability of occurring in any one year, called the 

100-year storm event. Since the effects and routing of storm waters for the major 

storm may not be the same for the minor storm, all storm drainage plans submitted for 

approval shall be submitted in detail identifying the effects of both the minor storm 

and the major storm. 
 

a. Minor Storm Provisions. 
 

The minor storm drainage system shall be designed to provide protection 

against regularly recurring damage, to reduce street maintenance costs, to 

provide an orderly urban drainage system and to provide convenience to the 

urban residents. Storm sewer systems consisting of underground piping, 

natural drainageways, and other required appurtenances shall be considered as 

part of the minor storm drainage system. 
 

b. Major Storm Provisions. 
 

The major storm drainage system shall be designed to prevent major 

property damage or loss of life. The effects of the major storm on the minor 

drainage system shall be noted. The route of the major storm shall be noted 

to assure an outlet to a designated major drainageway is available. 

 

11.1.3  Design Storm Calculations 
 

1. Introduction 
 

Presented in this section are the criteria and methodology for determining the storm 

runoff design peaks and volumes to be used in the City of Brandon for the 

preparation of storm drainage studies, plans, and facility design. 
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2. Design Frequencies 
 

The residential and commercial design storm return frequency shall not be less than 5 

years for the minor storm and 100 years for the major storm. The industrial design 

return frequency shall not be less than  
5 years for the minor storm and 100 years for the major storm. 

 
3. Design Rainfall 

 
The design rainfall data to be used for the Brandon area was obtained from the 

National Weather Bureau. The intensity-duration-frequency chart in Figure 11.1A 

(Appendix) for storm durations less than 1 hour and the intensity-duration-frequency 

curves in Figure 11.1B (Appendix) for storm durations greater than one hour are 

presented for computations of rainfall intensities. 
 

4. Rational Method 
 

The Rational Method may be used in both the minor and major storm runoff 

computations for basins that are not complex and generally have less than 100 acres. 
 

The Rational Method is based upon the following formula: 
 

Q = CIA (Equation 1) 
 

Where: 
 

Q = Peak Discharge (cfs); 

C = Runoff Coefficient; 

I = Rainfall Intensity (inches/hour); and 

A = Drainage Area (acres). 

 

When using the Rational formula, an assumption is made that the maximum rate of 

flow is produced by a constant rainfall which is maintained for a time equal to the 

period of concentration of flow at the point under consideration. Theoretically, this is 

the time of concentration, which is the time required for the surface runoff from the 

most remote part of the drainage basin to reach the point being considered. 

 

However in practice, the concentration time, Tc , is an empirical value that results 

in acceptable peak flow estimates. 

 

Watershed and storm sewer modeling for City projects shall be completed using 

SWMM-based modeling software or other software capable of exporting to a 

SWMM format. Electronic versions of the storm sewer model shall be submitted to 

the City once construction as-built plans have been submitted. On private 

developments, other storm water modeling methods may be used. Design parameters 

used in the model shall be submitted with the drainage calculations. 
 

5. Time of Concentration and Travel Time 
 

As discussed in this Section, Tc, the time of concentration, is the time it requires for 

runoff to travel from the hydraulically most distant point of the watershed to the 

point of interest within the watershed. 
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Travel time is the time it takes water to travel from one location to another in 

a watershed. 

 

In the application of the Rational Method, the time of concentration must be estimated 

so that the average rainfall rate of a corresponding duration can be determined from 

the intensity-duration-frequency chart in Figure 11.1A (Appendix) for storm durations 

less than one hour and the intensity-duration-frequency curves in Figure 11.1B 

(Appendix) for storm durations greater than one hour. 

 

Water travels across a watershed as sheet flow, shallow concentrated flow, 

open channel flow, or some combination of these. The type that occurs is a 

function of the conveyance system and is best determined by field 

inspection. The minimum time of concentration shall be 15 minutes. 
 

a. Sheet Flow 
 

Sheet flow is flow over plane surfaces. It usually occurs in the headwater of 

streams. With sheet flow, the friction value (Manning’s  
n) is an effective roughness coefficient that includes the effect of 

raindrop impact; drag over the plane surface; obstacles such as litter, crop 

ridges, and rocks; and erosion and transportation of sediment. These n 

values are for very shallow flow depths of about 0.1 foot or so. Table 

11.2 (Appendix) provides Manning’s n values for sheet flow for various 

surface conditions. 
 

For sheet flow of less than 300 feet, use Manning’s kinematic 

solution (Overton and Meadows 1976) to compute Tt: 
 

  Tt = 0.007 (nL)
0.8

 (Equation 2) 
       

  (P2)
0.5

 S
0.4

  

Where:    

Tt =   travel time (hr);  

n =   Manning’s roughness coefficient, Table 11.2 (Appendix); 

L =   flow length (ft);  

P2 =   Two-year, 24-hour rainfall (in) = 2.7 inch for our area; and 

s =   slope of hydraulic grade line (land slope, ft/ft).  
 

This simplified form of the Manning’s kinematic solution is based on the 

following: (1) shallow steady uniform flow; (2) constant intensity of 

rainfall excess (that part of a rain available for runoff); (3) rainfall 

duration of 24 hours; and (4) minor effect of infiltration on travel time. 
 

i. Limitations 
 

 Manning’s kinematic solution should not be used for sheet flow 

longer than 300 feet. Equation 2 was developed for use with the 

four standard rainfall intensity-duration relationships. 
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 South Dakota is a Type II intensity-duration relationship, as 

defined by the Soil Conservation Service (SCS). 
 
 In watersheds with storm sewers, carefully identify the 

appropriate hydraulic flow path to estimate TC. Storm sewers 

generally handle only a small portion of a large event. The rest 

of the peak flow travels by streets, lawns, and so on, to the 

outlet. Consult a standard hydraulics textbook to determine 

average velocity in pipes for either pressure or nonpressure flow. 
 
 The minimum Tt used in Technical Release-55 (TR-55) Urban 

Hydrology for Small Watersheds is 0.1 hr (6 minutes). 
 

b. Shallow Concentrated Flow 

 

After a maximum of 300 feet, sheet flow usually becomes shallow 

concentrated flow. The average velocity for this flow can be determined 

from Figure 11.2 (Appendix) in which average velocity is a function of 

watercourse slope and type of channel. Tillage can affect the direction of 

shallow concentrated flow. 
 

After determining average velocity from Figure 11.2 (Appendix), use 

the following equation to estimate travel time for the shallow 

concentrated flow segment: 
 

Tt  = L  (Equation 3) 

 3600 V   

Where:  

Tt = travel time (hr);  

L = flow length (ft);  

V = average velocity (ft./sec.); and  

3600 = conversion factor from seconds to hours.  
 

c. Open Channel Flow 
 

Open channels are assumed to begin where surveyed cross section 

information has been obtained, where channels are visible on aerial 

photographs, or where blue lines (indicating streams) appear on United 

States Geological Survey (USGS) quadrangle sheets. Manning’s equation 

or water surface profile information can be used to estimate average flow 

velocity. Average flow velocity is usually determined for bank-full 

elevation. 
 

Manning’s equation is: 
 

 V = 1.49 r
2/3

 s
1/2

 (Equation 4) 

   n   

Where:  
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V = average velocity (ft/s);  
r = hydraulic radius (ft) and is equal to a/pw;  

a = cross sectional flow area (ft
2
); pw 

= wetted perimeter (ft);  
s = slope of the hydraulic grade line (channel 

slope, ft/ft); and 

n = Manning’s roughness coefficient for open channel flow. 
 

Manning’s n values for open channel flow can be obtained from 

standard hydraulic textbooks. After average velocity is computed using 

Equation 4, Tt for the channel segment can be estimated using 

Equation 3. 
 

6. Rainfall Intensity (I) 

 
The intensity (I) is the average rainfall rate in inches per hour for the period of 

maximum rainfall of a given frequency having a duration equal to the time of 

concentration. After the design storm frequency has been selected, the rainfall 

intensity shall be obtained from the intensity-duration-frequency chart in Figure 

11.1A (Appendix) for storm durations less than one hour and the intensity-

duration-frequency curves in Figure 11.1B (Appendix) for storm durations 

greater than one hour using the time of concentration calculated above. 
 

7. Runoff Coefficient (C) 
 

The runoff coefficient (C) represents the integrated effects of infiltration, 

evaporation, retention, flow routing, and interception, all of which effect the 

time distribution and peak rate of runoff. Table 11.1 (Appendix) presents the 

recommended values of C for the various recurrence frequency storms. The 

values are presented for different surface characteristics as well as for different 

aggregate land uses. The coefficient for various surface areas can be used to 

develop a composite value for a different land use. 
 

11.1.4  Concept Drainage Plan 
 

The Concept Drainage Plan may  be submitted as part of the Concept Plan . 
 

The purpose of the Concept Drainage Plan is to identify any proposed drainage 

concerns regarding the development. Approximate flow paths and existing 

conditions will be provided. The Concept Drainage Plan will provide information 

in accordance with the City Master Drainage Plan. 
 

11.1.5  Developers Preliminary Drainage and Grading Plan 
 

1. The developer shall submit a drainage plan which complies with the City 

Master Drainage Plan for the drainage basin(s) of which the development is 

included. Scales as small as 1 inch equals 500 may be used to show the entire 

development. 
 

2. The following information shall be included in the submittal: 
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a. A route outlet map will be required. This map shall show how the 

drainage from the proposed development will be transmitted to the 

nearest major drainageway. The map shall show any existing structure(s) 

which may limit the flow en route to the major drainageway. The route 

outlet map shall show the drainage area upstream of the proposed 

development and the estimate of flow under current conditions presently 

draining onto and through the development. 
 

b. Data for minor and major storm flows within the proposed 

development for all drainage basins and sub-basins, as identified per 

the City Master Drainage Plan. 
 

c. Identification of drainage problems with proposed solutions to deal with 

the problems within the development. 

 

d. Identification of downstream and upstream facilities as shown on the 

route outlet map in accordance with the City Master Drainage Plan. 
 

e. Locations and size of proposed detention ponds as required by the City 

Master Drainage Plan and Best Management Practices Plan within the 

development shall be identified. 
 

f. General locations and size of potential wetlands shall be identified. 

Include copy of correspondence with United States Army Corps of 

Engineers (USACOE) requesting wetland determination and any 

responses. Also note if any mitigated wetlands will be created. 
 

g. Any and all existing 100-year floodplains must be identified, as shown 

by FEMA maps or the City Master Drainage Plan. The Assistant 

Director of Building Services will provide needed FEMA maps. 
 

h. Existing contours. 
 

i. Location and size of existing open channels, bridges, culverts, storm 

sewers, and ponding areas within the development. 
 

j. Location of streets. 
 

k. Identification of all drainage basins tributary to the development. 
 

l. Drainage patterns within the proposed development. 
 

m. Provide adequate information as to the effect of the drainage pattern on 

adjacent property. Provide survey data as required for adequate 

information. Identify the storm water path to the major drainway. 
 

11.1.6 Development Engineering Final Drainage Plan 
 

1. The Final Drainage Plan shall be a detailed plan of the proposed development 

phase, as defined per Subdivision Ordinance. It shall include detailed data for 

all runoff within the proposed development phase, and detailed data for the 

design of all drainage structures within the development phase. 
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2. Drawings and data (actual calculations may be required with submittal) 

comprising of the Final Drainage Plan shall comply with Chapter 2— 

Submittal Procedures, and shall include, but not be limited to the following 

information. Scale will be 1 inch equals 100 feet maximum. 
 

a. Proposed contours, and arrows indicating drainage paths. 
 

b. Location and elevations of bench marks. 
 

c. Property lines. 
 

d. Streets, names, and grades. 
 

e. Existing drainage facilities and structures, including existing roadside 

ditches, drainage ways, gutter flow directions, culverts, etc. All 

pertinent information such as size, shape, slope, location, etc., shall 

also be included to facilitate review and approval of drainage plans. 

Flow areas will be delineated. 
 

f. Proposed storm sewers and open drainage ways, easement, and right-of-

way requirements, including proposed inlets, manholes, and culverts. 

General notes concerning erosion control and energy dissipation shall be 

provided. 
 

g. Proposed outfall point for runoff from the development phase. 
 

h. Routing and accumulative flows at various critical points for the 

minor and major storm runoff. 
 

i. 100-year flood level in all streets in which the curb is overtopped during 

the 100-year storm for sump condition or other critical points. 
 

j. Identify 100-year flood elevations for major and lateral 

drainageways. 
 

k. Inlet flow data. Figure 11.42 (Appendix). 
 

l. Pipe flow data. Figure 11.41 (Appendix). 
 

m. All flood plains, identified by FEMA maps, within the proposed 

development phase. 
 

n. Location and size of potential wetlands. 
 

1. Provide copy of correspondence with state and federal agencies 

related to the potential impact to wetlands or other cultural 

resources. This includes: 
 

a) Wetland determination for USACOE 
 

b) Wetland mitigation plan 
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c) Any restrictive covenants that would prevent the City from 

performing maintenance activities such as excavating within 

the wetlands. 
 

o. Hydrological data for each drainage area. 
 

1. Areas. 
 

2. Watershed lengths, elevations, time of concentration. 

 

3. Rainfall intensity. 
 

4. Runoff coefficients. 
 

5. Projected land uses and existing physical features of areas 

contributing runoff. 
 

6. Storm duration. 
 

7. Reference to City Master Drainage Plan for plan flows is 

acceptable. 
 

8. Runoff (Q) (Note: This list of criteria assumes use of Rational 

Formula. If a different method is used, all relevant factors are to be 

enumerated.). 

 

9. Maximum release rate of storm water generated by the development 

and post-developed upstream properties.  
 
 

p. Major drainageways. 
 

1. Alignments. 
 

2. Profiles including existing and proposed. 
 

3. “n” values (Manning). 
 

4. Velocities. 
 

5. Soils analysis with a discussion of the proposed channel erosion 

potential. 
 

6. Shear stress. 
 

q. Design recommendations. 
 

1. Dikes. 
 

2. Filling low areas. 
 

3. Provision of easements. 
 

4. Recommendations against building in certain areas. 
 

5. Provisions for onsite retention and detention. 
 

6. Other as appropriate for conditions. 
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11.1.7 Existing Floodplain Map—Revisions 

 

All submittals for floodplain revision must be reviewed and approved by FEMA or their 

authorized agent. The City will not take responsibility for time, scheduling, or cost 

involved in floodplain map revisions or letters of map amendments. 
 

The developer is responsible for submitting all information to FEMA. Copies of all 

information sent to, and correspondence with FEMA, must also be sent to the City Engineer. 

 

11.1.8 Review by Other Agencies 

 

All open channel construction and existing drainageway modifications will be 

reviewed by the City and other appropriate county, state, or federal agencies. 

 

11.1.9 Hydrologic and Hydraulic Analysis Standards 
 

The purpose of this standard is to define hydrologic and hydraulic (H&H) analysis 

to evaluate development for potential impacts to the elevation, storage, and 

conveyance of storm water in H&H Analysis Areas.  

 

1. Hydrologic analysis 

 

a) Rainfall intensity-duration to utilize: 

 

(1) Engineering Design Standards. 

 

(2) Or approved method.   

 

2. Hydraulic analysis 

 

a) The H&H Analysis shall utilize existing reports/studies with regard to hydraulic 

inundation in the study area. Deviations between an existing report/study and 

subsequent H&H analysis shall be justified and documented to the satisfaction of 

the reviewing authority. 

 

b) Hydraulic models shall be calibrated to existing conditions such as past hydraulic 

inundation elevations to determine the reasonableness of the model results. If 

historical data is not available, adequate justification shall be documented. 

  

c) H&H Analysis shall reflect anticipated conveyance from all projected future 

development based on best available information. 

 

d) H&H Analysis to generally determine the following potential impacts utilizing 

Developer-provided digital elevation models (existing/proposed) and other 

required information to support adequate analysis. 

 

(1) Elevation 
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(a) Determine impacts to hydraulic profile.  

 

(2) Storage 

 

(a) Analyze development or grading for reduction of hydraulic storage.  

 

(3) Conveyance: determine impacts to hydraulics 

 

(a) Analyze development or grading for potential impacts of hydraulic 

conveyance.  

 

e) Limits of the hydraulic model shall be based on detailed information for 

downstream structures (dam, bridge, culvert) to determine adequate starting 

hydraulic profile for the H&H Analysis. 

 

f) Cross sections may be obtained by one of several methods, including surveying 

or LIDAR/photogrammetry. Cross section spacing shall be sufficient to 

accurately define a hydraulic profile and determine elevations at key locations 

such as roads, buildings, and property lines. 

  

g) A survey of bridge and culvert openings and the top of road shall be required at 

each road crossing unless alternate methods are approved.  

 

h) Parameters for such as flow, Manning’s N valves, expansion and contraction 

coefficients, or effective flow limits to utilize: 

 

(1) Engineering Design Standards 

 

(2) Standard accepted engineering practices 

 

i) The H&H Analysis must extend past the upstream limit of the difference in the 

existing and proposed flood profiles in order to provide a tie-in to existing 

analysis. The proposed hydraulic profile shall match the existing hydraulic 

profile at the tie-in locations. The hydraulic profile shall be calculated to the 0.01 

foot. 

 

3. H&H Analysis Areas are defined as the following: 

 

a) Special Flood Hazard Areas (SFHA) 

 

b) Reserved 

 

4. Final report. A comprehensive final report shall be submitted to the City Engineer.  
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a) H&H Analysis shall be completed using approved H&H software with a final 

report including software file/s exported to a City-approved compatible format 

for all hydraulic conditions. 

 

b) An exhibit of the reach analyzed shall be provided, showing all cross section 

locations, model centerline, preliminary and/or effective SFHA, major design 

event hydraulic inundation limits based on best available data, limits of the 

proposed development.   
 

11.2 Storm Sewers 

 

11.2.1 Design Flow 
 

For areas smaller than 100 acres, the Rational formula is acceptable to compute 

runoff. For areas larger than 100 acres, the Soil Conservation Service method 

or other acceptable computer applications shall be used. Computations for 

storm sewer design and storm inlet designs shall be submitted on forms similar 

to those included in these standards. 
 

11.2.2 Material and Installation 
 

All construction shall be in accordance with the approved Standard 

Specifications and Standard Plates for drainage improvements. 
 

11.2.3 Location of Storm Sewers 
 

1. All public storm sewers shall be installed in the public easement or right-of-

way. Storm sewer shall be placed as shown in Chapter 4. If storm sewer pipe is 

placed on back lot lines or otherwise placed across private property, a drainage 

easement is required provided the pipe is utilized to drain public storm water. 

If the storm sewer pipe is to be used for private storm water runoff, no 

easement is required. 
 

a. Placement 
 

Storm sewer must be extended to the far edge of the platted subdivision to be 

serviced, regardless of where the inlets are placed. 
 

b. Easements 
 
1. All easements must be mutually exclusive for the City of Brandon. 

Easements shall be identified as public utility and drainage easements. Final Drainage Plans 

shall identify the type of easement. 

2. All drainage easements must be a minimum of 20 feet wide, 

additional width for access may be required. The pipe shall be placed 

only along the center of the easement, unless approved by the City 

Engineer. 
 

3. No landscaping except grass may be placed in the easement. 
 

4. No permanent structure may be placed in the easement. 
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11.2.4  Size 
 

No public storm sewer shall be less than 12 inches in diameter. Trunk storm sewers 

must be a minimum of 18 inches in diameter. 
 

All changes in pipe size must occur at a manhole, inlet, or junction box. 
 

11.2.5  Depth 
 

The minimum allowable sewer depth of cover shall be 18 inches. 
 

11.2.6  Pipe 
 

Pipes shall be sized to convey the minor design storm as referenced for the 

applicable land use classification.  Hydraulics of the pipe shall be analyzed. The 

hydraulic gradient shall remain below the gutter or ground surface elevation to 

prevent overflow. 
 

Storm sewer pipe shall be reinforced concrete unless otherwise approved by the 

City Engineer. In certain cases the designer may wish to specify one type of pipe for 

a certain purpose, in which case no alternate should be given. The “class” of 

reinforced concrete pipe shall be shown on the plans. 
 

Storm sewer pipe made of other materials such as polyethylene may be approved by 

the City Engineer for private development storm sewer or storm sewer to be 

installed outside the public right-of-way. 
 

Coefficients of roughness, “n,” for use in the Manning formula as listed below shall 

normally be used: 
 

Type of Pipe “n” 
 

Concrete 0.013 
 

Polyethylene 0.010 
 

11.2.7  Velocity 
 

The minimum allowable velocity in a storm sewer shall be 3 feet per second (fps). 

The maximum velocity shall be 15 fps. 
 

11.2.8  Pipe Strength 
 

Pipe specified shall meet AASHTO HS-20 loadings. 

 

11.2.9  Alignment 
 

Sewer shall be installed with a straight alignment between structures with the 

following two exceptions: In locations where layouts are such that a straight 

alignment is not practical, sewers may be curved. The curvature must be concentric 

with the curvature of the street. The pipe manufacturer’s recommended maximum 

deflection angle shall not be exceeded. Storm sewer bends will be shown as 

required. The City Engineer may require a structure instead of a bend. 
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11.2.10 Separation 
 

1. Storm sewer crossings of the water main will be performed in accordance 

with the Standard Specifications. Water main will be installed at least ten 10 

horizontally from any storm sewer. Exceptions will be allowed based on 

street width as per Chapter 4 of these standards. 
 

Crossings of water main and storm sewer will have a minimum of 18 

inches clearance between the outside surface of the pipes. 
 

2. Storm sewer crossings of sanitary sewer shall be performed in 

accordance with the Standard Specifications. 
 

Sanitary sewer shall be installed at least 2 feet horizontally from any storm 

sewer. 
 

Crossings of sanitary sewer and storm sewer will have a minimum of 
6 inches clearance between the outside surface of the pipe. Crossings that have 

less than 18 inches of clearance will be structurally supported. 
 

11.2.11 Ground Water Barriers 
 

When there exists a possibility that ground water may be diverted and follow the path 

of the new sewer, ground water barriers shall be constructed in adequate numbers to 

prevent ground water migration along sewer trenches. 
 

11.3 Storm Sewer Appurtenances 

 

11.3.1  Junction Boxes 
 

1. Location 
 

Trunk storm sewer is defined as any storm sewer 18 inches in diameter or 

larger that is used to convey storm water from two or more inlets. 
 

Lateral storm sewer is defined as the storm sewer that connects to the trunk 

sewer system. Minimum lateral storm sewer pipe shall be 12 inches in 

diameter. 
 

Structures shall be required when trunk line storm sewers intersect. 

 

Pipe Tee-Sections may be used to connect a lateral storm sewer to the trunk 

storm sewer when the lateral length between the Tee-Section and a structure is 

75 feet or less. 
 

Field connections to connect a lateral system to the existing trunk storm sewer 

system, as described in the previous paragraph, will only be permitted if 

conditions prohibit the installation of a structure, as determined by the City 

Engineer. 
 

Bends may be used along the trunk system between structures when curvature 

alignment requires the bend and the maximum spacing between structures has 
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not been exceeded. The City Engineer's Office may require a structure instead 

of a bend. 
 

For 18-inch-diameter storm sewer, the maximum total bend or curvature 

allowed is 22.5 degrees. For 24-inch-diameter storm sewer and larger, the 

maximum single bend allowed is 45 degrees. If more than one bend is required 

due to alignment curvature, the maximum angle per bend is 7.5 degrees. 

Maximum total curvature is 90 degrees for 24-inch RCP and larger. 
 

Structures shall be installed at the upper end of each line, at changes in grade, 

size, curvature or alignment, and at distances not greater than: 400 feet for sewers 

15 inches in diameter or less; 450 feet for sewers  
18 inches and 21 inches in diameter; and 500 feet for sewers 24 inches in 

diameter and larger. 
 

Structures must be located in areas which allow direct access by 

maintenance vehicles. 
 

2. Flow Channels 
 

When there is an increase in sewer size of a smaller sewer connected with a 

larger one, the invert of the smaller sewer must be raised to maintain the same 

energy gradient. An approximate method of doing this is to place the 0.8 depth 

point of both sewers at the same elevation or to match the crown of the pipe. 

Structures that have a direction change of flow shall have a minimum 0.1-foot 

drop between the inverts.  

 

Drop manholes shall be avoided whenever possible. 
 

11.3.2  Outlets 
 

1. Where a storm sewer discharges into a natural channel or irrigation ditch, 

an outlet structure shall be provided that will blend the storm sewer 

discharge into the natural channel flow in such a way as to prevent 

erosion of the bed or banks of the channel.
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2. When the discharge velocity is low, or subcritical, the outlet structure may 

be one of the following: 
 

a. Flared end section 

b. Head wall 

c. Wing walls 
 

3. If the discharge velocity is high, or supercritical, prevention of erosion of the 

natural channel bed or banks in the vicinity of the outlet may require an energy 

dissipating structure. 
 

4. All outlets shall have an apron consisting of one of the following: 
 

a. Riprap with geotextile fabric base 

b. Concrete anchor mat 

c. Concrete slab 

d. Scour stop, or approved equal 

e. Other approved methods 
 

11.3.3  Inlets 
 

1. Introduction 
 

A storm inlet is an opening into a storm sewer system for the entrance of surface 

storm runoff. There are three types of inlets: curb opening, grated, and 

combination. In addition, inlets may be further classified as being on a continuous 

grade or in a sump. The term “continuous grade” refers to an inlet so located that 

the grade of the street has a continuous slope past the inlet and therefore ponding 

does not occur at the inlet. The sump condition exists whenever water is restricted 

to the inlet area because the inlet is located at a low point. A sump condition can 

occur at a change in grade of the street from positive to negative or due to the 

crown slope of a cross street when the inlet is located at an intersection. 
 

2. Inlet Standards 
 

Acceptable inlets for public streets shall be Type I curb opening or Type II 

combination. Curb opening inlets shall be used at true sumps or at sumps 

formed by crown slope of cross section at the intersection. Either curb opening 

type or combination inlets may be used on continuous grade. 

 

Grated inlets may be used for parking areas and open fields or other 

applications subject to approval by the City Engineer. 
 

Reduction factors shall be applied to the theoretical calculated capacity of 

inlets based upon their type and function. The reduction factors compensate 

for effects which decrease the capacity of the inlet such as debris plugging, 

pavement overlaying, and in variations of design assumptions. 
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The allowable capacity of an inlet shall be determined by applying the 

applicable reduction factor from Table 11.3 (Appendix) to the theoretical 

capacity as presented in the following sections. 
 

The size of outlet pipes from storm water inlets shall be based upon the 

theoretical capacity of the inlet, but shall not be less than 12 inches in 

diameter. 
 

3. Curb Opening Inlet Hydraulics 
 

A curb opening inlet may operate under two different conditions of flow: 

(1) free flow conditions under which a free water surface is continuous into the 

inlet; or (2) submerged conditions in which the inlet functions as an orifice. 

The continuous grade design procedures described herein assume that the 

inlets will be designed to operate under the free flow condition, since the 

gutter flow depth required to submerge the inlet is greater than the allowable 

street capacity. 
 

The inlet dimensions evaluated herein are the standards used for Type I and II 

inlets. 
 

4. Sump Condition 
 

Presented in Figure 11.3 (Appendix) is a capacity nomograph for sump 

condition with a gutter depression at the inlet. This chart is an adaptation of a 

Bureau of Public Roads chart and is applicable to both the free flow and the 

submerged cases. 
 

5. Continuous Grade 
 

For the “continuous grade” condition, the capacity of the inlet is dependent 

upon many factors including gutter slope, depth of flow in the gutter, height 

and length of curb opening, street cross slope, and the amount of depression at 

the inlet. In addition, all of the gutter flow will not be intercepted and some 

flow will continue past the inlet area (“bypass”). The amount of bypass must be 

included in the downstream drainage facility evaluation as well as in the design 

of the inlet. 
 

Inlet size and spacing is dependent upon the allowable use of streets for 

handling storm runoff. Section 11.6, of this chapter will address pavement 

encroachment and provide criteria for the maximum width of spread (W) as 

addressed below. 
 

When the allowable pavement encroachment has been determined, the 

theoretical gutter capacity for a particular encroachment can be determined by 

the use of Figure 11.4 (Appendix). To further simplify computations, Figure 

11.5 (Appendix) is provided to enable direct determinations for various street 

sections. Figure 11.4 (Appendix) as well as the charts for inlet capacity 

provided in the Appendix of these standards will assist the designer in solving 

for the capacity of an inlet on a continuous grade. The procedure for properly 

sizing and determining inlet spacing is as follows: 
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a. After the design has determined a total runoff discharge (Q) flowing 

upstream of the inlet, enter Figure 11.5 (Appendix) for design Q and 

extend a vertical line down to intersect with the longitudinal gutter slope 

(So). Extend a horizontal line from the point to the cross slope (Sx) of the 

street being studied and extend a vertical line down from this point to the 

width of spread (W). The depth of flow 

(D) at the curb may also be determined if the vertical line intersecting the 

cross slope (Sx) on the lower portion of the graph is extended horizontally 

to intercept the depth at the curb. 
 

b. Select the appropriate capacity chart from the Appendix for the type of 

inlet (Type I or II), street cross slope (Sx) and longitudinal gutter slope 

(So). 
 

c. Type I inlets: Enter the chart for the inlet length selected. Extend a 

vertical line up to intersect the curve for the width of spread (W) 

determined in Step 1 and extend a horizontal line from this point to the 

inlet intercept ratio (Qi/Q). 
 

Type II inlets: Enter the chart for the width of spread (W) determined 

in Step 1. Extend a horizontal line across to intersect the line for the 

longitudinal gutter slope (So) and extend a vertical line from this point 

to the inlet intercept ratios (Qi/Q). 
 

d. Multiply the inlet intercept ratio (Qi/Q) determined in Step 3 times the 

total discharge (Q) carried by the gutter, yields the quantity of water 

being intercepted by the inlet (Qi). For Type I inlets, the designer may 

want to repeat Steps 3 and 4 for other lengths of inlets. 
 

After the theoretical capacity has been determined as outlined above, 

capacity reduction factors must be applied as listed in Table 11.3 

(Appendix). The designer will need to choose which type of inlet is 

most effective based upon both hydraulic and economic 

considerations. 
 

6. Capacity of Grated Inlets in Sump 
 

As previously noted, grated inlets may be used for parking areas and open 

fields or other areas subject to approval by the City Engineer. The design 

procedure presented in the following section is based upon the assumption that 

the grated inlet is clear from debris and is operating at its maximum 

efficiency. 
 

For a grated inlet operating under sump conditions, the reduction factors of 

Table 11.3 (Appendix) shall be applied. 
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Under sump conditions a grated inlet acts essentially as a series of orifices. 

Design charts indicate that the application of the orifice formula to the clear 

opening of the inlets gives satisfactory capacities for a clean inlet. Figure 11.6 

(Appendix) shows the results of the tests. The head used shall be determined 

by the allowable depth of ponding for the installation at the design storm 

frequency. 
 

11.4 Culverts 
 

11.4.1  General 
 

Culverts may be of any shape and construction as required by existing topographic 

features; provided, however, the size, location, and type of construction of culverts 

shall be subject to acceptance by the City Engineer’s Office. 
 

Culverts within the major drainageways, as outlined in the Brandon   Master 

Drainage Plan, that are under arterials or railroads shall have sufficient capacity to 

pass all of the runoff from the 100-year storm considering 20 percent of the inlet 

plugged, for pipes under 48-inch diameter. 
 

For all other streets, culverts must be designed to convey a minimum of 10-year 

flow with no street overtopping and must be large enough so that the 100-year 

flow over the top of the road does not exceed 18 inches in depth above the invert 

of the gutter. 
 

11.4.2  Design Criteria 
 

1. The following design criteria shall be utilized for all culvert design: 
 

a. The culvert including inlet and outlet structures shall properly take care of 

storm water flow, bed-load, and debris at all stages of flow. 
 

b. Inlets. Culvert inlets shall be designed to minimize entrance and friction 

losses. Inlets shall be provided with either flared-end sections or head 

walls with wing walls. Projecting ends will not be acceptable. For large 

structures, provisions shall be made to resist possible structural failure 

due to hydrostatic uplift forces. 
 

c. Outlets. Culvert outlets shall be designed to avoid sedimentation, 

undermining of the culvert, or erosion of the downstream channel. Outlets 

shall be provided with either flared-end sections or headwalls, with 

wingwalls. Projecting outlets will not be acceptable. Additional outlet 

control in the form of rip rap, channel shaping, dissipation structure, etc., 

may be required where excessively high discharge velocities occur. All 

structural outlet velocity dissipaters shall be underlain with a suitable 

filter fabric to protect against scour. 
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d. Slopes. Culvert slopes shall be such that neither silting nor excessive 

velocities and scour occur. Generally, the minimum slope of culverts shall 

be limited to 0.50 percent. 
 

e. Hydraulic Design. Culverts shall be analyzed to determine whether 

discharge is controlled by inlet or outlet conditions for both the initial 

storm discharge and the major storm discharge. The value of the 

roughness coefficient (n) used shall not be less than those specified by 

documentation of the culvert manufacturer. Computations for selected 

culvert sizes shall be submitted for review. 
 

f. Minimum Allowable Size. The required size of the culvert shall be 

based upon adequate hydraulic design analysis. Approval will not be 

granted for round culverts with less than 18 inches inside diameter, or for 

arched or oval-shaped culverts with span-rise dimensions less than 24 

inches x 18 inches nominal except that culverts 12 inches or greater in 

diameter may be used for single-family residential access drives. 
 

The minimum height of a reinforced box culvert should be 3 feet to 

facilitate cleanout and allow removal of forms during construction. 
 

g. Multiple Culvert Installation. Where physical conditions dictate, 

multiple culvert installations will be acceptable, provided the minimum 

size of any culvert to be used shall not be less than the requirements set 

forth above. 
 

h. Structural Design. The structural design of culverts shall conform to 

those methods and criteria recommended by the manufacturer of a 

specific type of culvert dependent upon the type of bedding, the method 

of installation, and the load. 
 

i. Trash and Debris Deflector. When, in the opinion of the City Engineer, 

debris accumulation for a particular drainageway appears to pose a 

significant probability of culvert plugging, trash racks or debris deflectors 

will be required. 
 

11.5 Open Channel Flow, Major Drainageway 
 

11.5.1  General 
 

Major drainageways and lateral drainageways will be classified by the City 

Engineer. 
 

All drainageways to be dedicated to the City shall have a maintenance bench along both 

sides providing access to all channel areas. Drainageways adjacent to rights-of-way 

proposed with one maintenance bench will be reviewed by the City of a case-by-case 

basis for approval. The maintenance bench shall be 12 feet wide with a cross slope no 

greater than 10 percent. If the bench is located along a future recreational trail, the 

maximum cross slope may be reduced to meet trail requirements. Property delineation 

markers shall be installed upon dedication of the property in locations specified by 

City Engineer. 
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See Figure 11.7A, 11.7B, 11.7C (Appendices) for design standards for 

channel construction. 
 

All channels will be designed with the five-year storm frequency and the 100-

year storm frequency considered. 
 

The property corner elevation abutting or property elevation adjacent to a  

drainageway shall be a minimum of 1 foot above the 100-year major design 

storm elevation. 
 

Minimum ground elevations for structures abutting or potential to flood by 

drainageways or storm water facilities shall be 2 feet above the overflow elevation 

or 100-year major design storm elevation, whichever is higher. Where an overflow 

system is not available, minimum ground elevation shall be a minimum of 4 feet 

above the 100-year major design storm elevation or 150 percent of the 100-year 

major design storm elevation, whichever is higher.  
 

Channels shall be designed in such a manner that flows at the critical depth and 

supercritical flows are avoided. 
 

If increased flows are proposed for any channel, protection as required shall be 

provided for a natural channel. Channel protection will be designed to withstand 

forces that attempt to overtop the channel banks, deteriorate the channel lining, 

erode soils beneath the channel lining and erode unlined areas of the channel. 
 

Open channels conveying storm water shall be designed using the Tractive Force 

Procedure*. The permissible shear stress, Td, is the force required to initiate 

movement of channel lining material. Normal depths in the channel are calculated 

using Manning’s equation. Manning’s roughness coefficients for different ranges of 

depth are provided in Figure 11.7B. The coefficient of roughness generally 

decreases with increasing flow depth. 
 

Shear stress, T, at normal depth, is computed for the lining by the following 

equation: 
 

T = yds (Equation 5a) 
 

Where: 
 

T = shear stress in lb/ft2 

y = unit weight of water, 62.4 lbs/ft3 

d = flow depth in feet 

s = channel gradient in ft/ft 
 

If the permissible shear stress, Td, given in Figure 11.7C, is greater than the 

computed shear stress, T, the chosen channel liner is considered acceptable. If the 

computed shear stress is too great, select a liner with a higher permissible shear 

stress and repeat the calculations for normal depth and shear stress. In some cases, 

it may be necessary to alter the channel dimensions to reduce the shear stress. 
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All channels shall be designed with proper and adequate erosion control features. 

When required, drops or check dams shall be installed to control water surface 

profile slope. 
 

Grass-lined channels or side slopes of concrete-lined channels will be seeded 

with a mixture as set forth in these Design Standards. 
 

Lateral drainageways without a low flow storm sewer will only be permitted with 

the acceptance of the City Engineer. 
 

For channels that cross a roadway and overflow the street section within design 

standards, it is acceptable to provide an easement for the 12-foot access strip along 

the backwater area. The remaining channel dedication will be per ordinance. 
 

11.6 Street Flow Capacity 

 

11.6.1 General 
 

The criteria set forth herein will be used in analyzing and approving the adequacy of 

streets as a function of the drainage system. Both the minor and 100-year storm 

runoff must be considered and calculations showing such runoff at critical sections 

shall be submitted. Street, curb and gutter, valley gutters, and curb cuts shall 

conform to the Standard Specifications. 
 

11.6.2 Street Capacity for Minor Storms 
 

Pavement encroachment for the minor design storm shall not exceed the 

limitations set forth in the following table: 
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Allowable Pavement Encroachment and  
Depth of Flow for Minor Storm Runoff 

 

Street Classification Maximum Encroachment* 
 

Local No curb overtopping. Flow may spread to crown 

of street. 
 

Collector No curb overtopping. Flow spread must leave 

the equivalent of one 10-foot driving lane clear of 

water (one lane for two-lane street, two lanes for 

four-lane street). 
 

Arterials No curb overtopping. Flow spread must leave 

the equivalent of two 10-foot driving lanes clear of 

water; one lane in each direction. 
 

Freeways No encroachment is allowed on any traffic lane. 
 

*Where no curbing exists, encroachment shall not extend past 

property lines. 
 

The storm sewer system shall commence at the point where the maximum allowable 

encroachment occurs. All  storm sewers systems shall be designed to convey the minor 

design storm as referenced for the applicable land use classifications.  
 

When the allowable pavement encroachment has been determined, the 

theoretical gutter carrying capacity for a particular encroachment shall be 

computed using the modified Mannings formula for flow in a triangular channel 

as shown in Figure 11.4 (Appendix). To simplify computations, graphs for 

particular street shapes may be used as shown on Figure 11.5 (Appendix). An 

“n” value of 0.015 shall be used unless special considerations exist. 
 

11.6.3  Street Capacity for Major Storms 
 

The allowable depth of flow and inundated area for the major design storm shall 

not exceed the limitations set forth in the following table: 
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Allowable Depth of Flow and  
Inundated Area for 100-Year Storm Runoff 

 

Street Classification Allowable Depth and Inundated Areas 
 

Local and Collector Residential dwellings, public, commercial, and 

industrial buildings shall not be inundated at the 

ground line. The depth of water over the gutter flow 

line shall not exceed 18 inches. 
 

Arterial and Freeway Residential dwellings, public, commercial, and 

industrial buildings shall not be inundated at the 

ground line. Depth of water at the street crown shall 

not exceed 6 inches to allow operation of 

emergency vehicles. The depth of water over the 

gutter flow line shall not exceed 18 inches. 
 

11.6.4  Cross Street Flow 
 

Cross street flow can occur by two separate means. One is runoff which has been 

flowing in a gutter and then flows across the street to the opposite gutter or inlet. 

The second case is flow from some external source, such as a drainageway or 

conduit, which will flow across the crown of the street when the conduit capacity 

beneath the street is exceeded. The maximum allowable cross street flow depth 

based on the worst condition shall not exceed the limitation stipulated in the 

following table. 
 

Allowable Cross Street Flow 

 

Street Minor 100-Year Design Storm 

Classification Storm Runoff Runoff 

Local 6-inch depth at crown or in the 18 inches of depth above 

 valley gutter gutter flowline 

Collector Depth of flow shall not exceed 6 18 inches of depth above 

 inches above gutter flow line gutter flowline 

Arterial None 6 inches or less over crown* 

Freeway None 6 inches or less over crown*  

* Only in gutter flow crossing the street. External flows may not cross street. 
 

11.6.5  Capacity Calculations 
 

All theoretical flow capacities shall be reduced by the appropriate reduction 

factors as shown in Figure 11.8 (Appendix) to obtain allowable flow capacities. 
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11.6.6 Drainage Tract Requirements 
 

All backward draining cul-de-sacs and sump streets are required to have a minimum 

20-foot-wide drainage easement shown on the plat for the purpose of conveying 

drainage. The easement shall meet the applicable requirements for storm sewer 

easements. 
 

11.6.7 Sump Pump Collection Systems 
 
Sump pump collection system or underdrain systems shall be required for all proposed 
subdivisions.  

a. It is acceptable for a sump pump collection system to be installed in the 

street right-of-way, within a front yard easement, or within a backyard 

easement. If within a backyard easement, the collection pipe shall be 

installed 1.5 feet south or east of the back property line. If within a front 

yard easement, the collection pipe shall be installed 2.5 feet from the 

street back of curb. 
 

b. Services shall not cross the street section. 
 

c. Storm sewer can serve as the sump pump collection pipe. RCP storm 

sewer pipe will be cored drilled for service connections. Polyethylene 

pipe or PVC pipe service connections will be installed in accordance with 

manufacturer specifications. 
 

d. Service connections shall be installed and capped along the mainline 

pipe for each individual lot. For backyard installations, service stub-

outs shall be centered on the back lot line. 
 

e. A minimum 24-inch diameter structure shall be installed at a maximum 

distance of 600 feet. A 5-foot access easement from right-of-way to 

backyard easement is required for the backyard structures. Corner lots 

may not require a 5-foot access easement. 
 

f. Structures will be installed at the farthest upstream and downstream end. 

For front yard installations, the structures shall be on the side lot line. For 

backyard installations, the structures shall be +/- 5 feet from the side lot 

line. 
 

g. Minimum diameter of sump pump collection system pipe shall be 6 

inches. Minimum velocity shall be 2 feet/sec. 
 

h. Maximum number of homes connected to a sump pump collection 

system until connected to a trunk storm sewer system is 300 homes. 
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i. The connection of the sump pump collection pipe to the trunk storm sewer 

system shall be a minimum of 0.4 foot above the structure outfall storm 

sewer or flow line. 
 

j. Depth of cover shall be a minimum of 4 feet. When the minimum cover 

cannot be established, the collection system shall be insulated per City 

Design Standard Plates. For those systems that are insulated, a minimum 

cover of 18 inches in grassed/ landscaped areas and 30 inches in 

asphalt/concrete areas shall be provided from finished grade to the top of 

the collection system pipe. 
 

k. Bends will not be allowed. Minimum radius of curvature shall be 150 

feet. 
 

l. For backyard installations, if the swale along the back property line is less 

than 2 percent, the sump pump collection pipe may be a  
6 inches min. perforated pipe with a filter fabric sock. 

 

m. The minimum slope of collection pipes shall be 0.40 percent. 
 

n. Animal guards shall be installed at the end of all collection pipes 

discharging directly into a public drainageway. 
 

o. Sump pump collection pipe diameters less than 12 inches shall only 

convey groundwater. 
 

2. A regional groundwater collection drain tile system can be installed 

instead of a sump pump collection system. 
 

11.7 Detention Storage 

 

11.7.1 General 
 

Detention ponds shall be designed and constructed at those locations identified 

by the City Engineer. The use of onsite detention is permitted at those locations 

where the onsite drainage system cannot be tied into an existing drainage 

system. 
 

Onsite detention may be used if the development cannot provide adequate storm 

sewer systems to achieve the required storm sewer standards. 
 

Parking lots which serve as detention storage ponds must not have a storage depth of 

more than 1 foot. It is recommended that notification signs be installed in parking 

lots which serve as detention ponds. The signs shall be permanent and high quality, 

meeting the City’s Specifications for Traffic Signs. 
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11.7.2 Design Storm 
 

Detention ponds along major drainageways as identified in the City Master 

Drainage Plan shall be designed for a 100-year design flow. 
 

Other detention ponds shall be designed such that the 5-year return storm is 

conveyed through the principal outlet assembly and the 100-year return storm is 

conveyed through the overflow assembly. 
 

11.7.3 Release Methods 
 

Intermittent ponds shall drain completely. 
 

Careful consideration must be given to the discharge of the surface release as to the 

elimination of erosion potential, and the capacity of the downstream surface water 

course. The release structure shall be designed to withstand the forces caused by the 

structure being overtopped during a larger than design storm. 
 

A stage (foot) versus release rate (CFS) curve must be provided for the release 

structure. 
 

11.7.4 Maximum Release Rate 
 

The detention pond volumes and release rate shall be designed to accommodate 

runoff generated by the development and post-developed upstream properties. 
 

The release rate from the detention pond cannot exceed predevelopment rates for 

the 5-year and 100-year return storm when discharge is conveyed onto 

undeveloped property unless City-owned conveyance structures of adequate size 

are contiguous and downstream of the proposed discharge points. 
 

If project size is over five acres and is zoned non-single-family residential, all 

discharge from site cannot exceed single-family discharge rates for the 5-and 100-

year return storm. 
 

11.7.5 Maintenance Requirements 
 

Detention ponds and similar areas, not required as a necessary part of the major 

drainage system as outlined in the City Master Drainage Plan, may be accepted by 

the City for maintenance only if such land provides another useful public service 

such as a public park or wildlife area. 
 

All detention areas shall have a 30-foot-wide access to a public right-of-way if they 

are not located adjacent to a public right-of-way. 
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Detention pond properties greater than two acres in size where discharge is 

generated from publicly maintained infrastructure may be considered for 

dedication to the City during preliminary plan approval. The ponds must have a 

maintenance bench providing access to all pond areas. The bench shall be 12 feet 

wide with a cross slope no greater than 10 percent. If the bench is located along a 

future recreational trail, the maximum cross slope may be reduced to meet trail 

requirements. Property delineation markers shall be installed upon dedication of 

the property in locations specified bythe City Engineer. . All other detention ponds 

shall be privately maintained. 
 

11.7.6 Adjacent Property Elevations 
 

The property corner elevation of properties abutting a detention pond shall be 1 

foot above the 100-year design storm. 
 

Recommended minimum ground elevations for homes abutting or affected by the 

detention pond shall be 2 feet above the overflow elevation. Recommended 

minimum ground elevation for homes abutting or affected by detention ponds will 

be a minimum of 4 feet above the 100-year pond high water elevation if an 

overflow system is not available or at an elevation that provides an additional 50 

percent storage. 
 

11.8 Best Management Practices 

 

All projects have to meet the requirements of Section 11.8 Best Management Practices 

except those that are less than two acres and have less than one acre of new impervious 

area. 
 

11.8.1 Two-Step Process of Best Management Practices 
 

The following process is recommended for selecting structural BMPs in 

newly developing and redeveloping urban areas: 
 

1. Step 1. Employ Runoff Reduction Practices 
 

To reduce runoff peaks and volumes from urbanizing areas, employ a practice 

generally called “minimizing directly connected impervious areas” (MDCIA). 

The principal behind MDCIA is two-fold: to reduce impervious areas and to 

route runoff from impervious surfaces over grassy areas to slow down runoff, 

promote infiltration, and reduce costs. The benefits are less runoff, less storm 

water pollution, and less cost for drainage infrastructure. There are several 

approaches to reduce the effective imperviousness of a development site: 
 

a. Reduced Pavement Area 
 

Using smaller roadway cross sections is encouraged. Creative site layout 

can reduce the extent of paved areas. 
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b. Porous Pavement 
 

The use of modular block porous pavement or reinforced turf in low traffic 

zones such as parking areas and low use service drives such as fire lanes 

can significantly reduce site imperviousness. 
 

c. Grass Buffers 
 

Draining impervious areas over grass buffers slows down runoff and 

encourages infiltration, in effect reducing the impact of the 

impervious area. 
 

d. Grass Swales 
 

The use of grass swales instead of storm sewers slows down runoff and 

promotes infiltration, also reducing effective imperviousness and 

detention. 
 

Two of the approaches for reducing imperviousness are structural  
BMPs and are described in detail in the following sections: 

 

Section Structural BMP 

11.8.2 Grass Buffer 

11.8.3 Grass Swale 
 

e. Levels of Minimizing Directly Connected Impervious Areas 
 

Minimizing directly connected impervious areas (DCIAs) can be 

implemented in varying degrees. Two general levels associated with 

minimizing DCIAs have been identified and are described below: 
 

• Level 1. The primary intent is to direct all possible runoff generated 

by impervious surfaces to flow over grass-covered areas, and to 

provide sufficient travel time so as to encourage the removal of 

suspended solids before runoff leaves the site, enters a curb and 

gutter, or enters another storm water collection system. 
 

• Level 2. This level replaces street curb and gutter systems with low-

velocity grass-lined swales and pervious street shoulders. 

Conveyance systems and storm sewer inlets will still be needed to 

collect runoff at downstream intersections and crossings where 

storm water flow rates exceed the capacity of the swales. Small 

culverts will be needed at street crossings and at individual 

driveways until inlets are provided to convey the flow to a storm 

sewer. This level can only be used for City projects with approval 

of the City Engineer. 
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2. Step 2. Provide Water Quality Capture Volume 
 

A fundamental requirement for any site addressing storm water quality is to 

provide water quality capture volume (WQCV). One or more of five types of 

water quality basins, each draining slowly to provide for long-term settling of 

sediment particles, may be selected to provide WQCV as shown in Figure 

11.48. These five BMPs are described in detail in the following sections: 
 

Section Structural BMP 

11.8.4 Porous Landscape Detention 

11.8.6 Extended Detention Basin 

11.8.7 Sand Filter Extended Detention Basin 

11.8.8 Constructed Wetlands Basin 

11.8.9 Retention Pond 
 

The following BMP must be used with a BMP that meets the WQCV criteria. 

It does not provide WQCV by itself. It can, however, provide additional 

water quality treatment and aesthetic value: 
 

Section Structural BMP  
11.8.10 Constructed Wetlands Channel 

 

The following BMP does not meet the WQCV criteria. It is only intended for 

use in highly urbanized areas, such as redevelopment conditions, where 

existing development precludes the ability to meet the WQCV criteria. This 

BMP must be approved for use by the City Engineer. In determining BMP 

approval, preference will be given to structural BMPs providing WQCV as 

listed in this section. 
 

Section Structural BMP 

11.8.11 Water Quality Catch Basins and Water Quality Catch 

Basin Inserts 
 

The following BMP meets the WQCV criteria, but does not use Figure 11.48 

in the design process. Provide runoff capture volume as indicated in Section 

11.8.12. 
 

Section Structural BMP 

11.8.12 Bioretention 
 

11.8.2 Grass Buffer 
 

1. Description 
 

Grass buffer strips are an integral part of the MDCIA land development 

concept. They are uniformly graded and densely vegetated areas of turf grass. 

They require sheet flow to promote filtration, infiltration, and settling to reduce 

runoff pollutants. Grass buffers differ from grass swales as they are designed to 

accommodate overland sheet flow rather than concentrated or channelized 

flow. They can be used to remove larger sediment from runoff from impervious 

areas. 
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Whenever concentrated runoff occurs, it should be evenly distributed across the 

width of the buffer via a flow spreader. This may be a porous pavement strip or 

another type of structure used to achieve uniform sheet-flow conditions. Grass 

buffers can also be combined with riparian zones in treating sheet flows and in 

stabilizing channel banks adjacent to major drainageways and receiving waters. 

Grass buffers can be interspersed with shrubs and trees to improve their aesthetics 

and to provide shading. 
 

2. General Application 
 

A grass buffer can be used in residential and commercial areas. They are 

typically located adjacent to impervious areas. When used, they should be 

incorporated into site drainage, street drainage, and master drainage planning. 

Because their effectiveness depends on having an evenly distributed sheet flow 

over their surface, the size of the contributing area and the associated volume of 

runoff have to be limited. Flow can be directly accepted from an impervious 

area such as a parking lot or building roofs, provided the flow is distributed 

uniformly over the strip. Grass buffers provide only marginal pollutant removal 

and require that follow-up structural BMPs be provided. They do, however, 

help to reduce some of the runoff volume from small storms. 
 

3. General Properties 
 

a. General 
 

The grass and other vegetation provide aesthetically pleasing green space, 

which can be incorporated into a development landscaping plan. Eventually, 

the grass strip next to the spreader or the pavement will accumulate sufficient 

sediment to block runoff. At that point, a portion of the grass buffer strip will 

need to be removed and replaced. 
 

b. Physical Site Suitability 
 

After final grading, the site should have a uniform slope and be capable of 

maintaining an even sheet flow throughout without concentrating runoff 

into shallow swales or rivulets. The allowable tributary area depends on the 

width, length, and the soils that lay under the grass buffer. Hydrologic Soil 

Groups A and B provide the best infiltration capacity, while Soil Groups C 

and D provide best site stability. The swelling potential of underlying soils 

should also be taken into account in how the soils may affect adjacent 

structures and pavement when water is delivered to the grassed areas. 
 

c. Pollutant Removal 
 

Pollutant removal depends on many factors, such as soil permeability; 

site slope; the flow path length along the buffer; the 
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characteristics of drainage area; runoff volumes and velocities; and the 

type of vegetation. The general pollutant removal of both particulate and 

soluble pollutants is projected to be low to moderate. Grass buffers rely 

primarily upon the settling and interception of solids, and, to only a minor 

degree, on biological uptake and runoff infiltration. See Table 11.4 

(Appendix) for an estimated range of pollutant removals. Maintenance 

requirements for this BMP are listed in Table 11.5 (Appendix). 
 

4. Design Considerations 
 

Design of grass buffers is based primarily on maintaining sheet-flow 

conditions across a uniformly graded, dense grass cover strip. When a grass 

buffer is used over unstable slopes, soils, or vegetation, rills and gullies will 

form that will disrupt sheet flow. The resultant short-circuiting will invalidate 

the intended water quality benefits. Grass buffers should be protected from 

excessive pedestrian or vehicular traffic that can damage the grass cover and 

affect even sheet-flow distribution. A mixture of grass and trees may offer 

benefits for slope stability and improved aesthetics. 
 

5. Design Procedure and Criteria 
 

The following steps outline the grass buffer design procedure and criteria. 

Figure 11.43 (Appendix) is a schematic of the facility and its components. 
 

a. Step 1: Design Discharge 
 

Determine the two-year peak flow rate of the area draining to the grass 

buffer. Also, determine the flow control type: sheet or concentrated. 
 

b. Step 2: Minimum Length 
 

Calculate the minimum length (normal to flow) of the grass buffer. The 

upstream flow needs to be uniformly distributed over this length. General 

guidance suggests that the hydraulic load should not exceed 0.05 cfs/linear 

foot of buffer during a two-year storm to maintain a sheet flow of less than 

1 inch throughout dense grass that is at least 2 inches high. The minimum 

design length (normal to flow) is therefore calculated as:    

 

=

 Minimum design length (feet) 

= Peak discharge supplied to the grass buffers by a 2-

year event (cfs)  

Longer lengths may be used. 
 

 

 

 

 

Q2-year 

 
In which: Lg 

LG   

Q
2year 

(Equation 6) 
 

0.05  
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c. Step 3: Minimum Width 
 

The minimum width (WG) (the distance along the sheet flow direction) of 

the grass buffer shall be determined by the following criteria for onsite 

and concentrated flow control conditions: 
 

 Sheet Flow Control (use the larger value) 
 

WG = 0.2LI or 10 feet (Equation 7) 
 

In which: 
 

LI = The length of flow path of the sheet flow over  
the upstream impervious surface (feet) 

 

 Concentrated Flow Control (use the larger value) 
 

WG = 0.15(At/Lt) or 10 feet (Equation 8) 
 

In which: 
 

At  = The tributary area (square feet) 
 

Lt = The length of the tributary inflow normal to flow 

spreader (i.e., width of flow spreader (feet)) 
 

A generally rectangular-shaped strip is preferred and should be 

free of gullies or rills that concentrate the overland flow. 
 

d. Step 4: Maximum Slope 
 

Design slope in the direction of flow shall not exceed 4 percent. 
 

e. Step 5: Flow Distribution 
 

Incorporate a device on the upstream end of the buffer to evenly 

distribute flows along the design length. Slotted curbing, modular block 

porous pavement (MBP), or other spreader devices can be used to apply 

flows. Concentrated flow supplied to the grass buffer must use a level 

spreader (or a similar concept) to evenly distribute flow onto the buffer. 
 

f. Step 6: Vegetation 
 

Vegetate the grass buffer with dense turf to promote sedimentation and 

entrapment and to protect against erosion. 
 

g. Step 7: Outflow Collection 
 

Provide a means for outflow collection. Most of the runoff during 

significant events will not be infiltrated and will require a collection and 

conveyance system. In some cases, the use of under-drains can maintain 

better infiltration rates as the soils saturate and help dry out the buffer after 

storms or irrigation periods. 
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6. Design Example 
 

Design forms that provide a means of documenting the design procedure 

are included in the Appendix. A completed form is shown in Figure 11.44 

(Appendix) as a design example. 
 

11.8.3 Grass Swale 

 

1. Description 
 

A grass swale sedimentation facility is an integral part of the MDCIA 

development concept. They are densely vegetated drainageways with low-

pitched side slopes that collect and slowly convey runoff. Design of their 

longitudinal slope and cross section size forces the flow to be slow and 

shallow, thereby facilitating sedimentation while limiting erosion. Berms or 

check dams should be installed perpendicular to the flow as needed to slow it 

down and encourage settling and infiltration. 
 

2. General Application 
 

A grass swale can be located to collect overland flows from areas such as 

parking lots, buildings, residential yards, roadways, and grass buffer strips. 

They can be made a part of the plans to minimize a directly connected 

impervious area by using them as an alternative to a curb-and-gutter system if 

approved by the City Engineer. A grass swale is set below adjacent ground 

level, and runoff enters the swales over grassy banks. The potential exists for 

wetland vegetation to become established if the swale experiences standing 

water or if there is a base flow. A site with a base flow should be managed as 

either a swale with an unlined trickle channel, or as a wetland bottom channel, 

the latter providing an additional BMP to storm water runoff. 
 

3. General Properties 
 

a. General 
 

A grass swale can be more aesthetically pleasing than concrete or rock-

lined drainage systems. Although limited by the infiltration capacity of 

local soils, this BMP can also provide some reduction in runoff volumes 

from small storms. Dense grasses can reduce flow velocities and protect 

against erosion during larger storm events. Swales in residential and 

commercial settings can also be used to limit the extent of directly 

connected impervious areas. 
 

b. Physical Site Suitability 
 

A grass swale is practical only at sites with general ground slopes of less 

than 4 percent and are definitely not practical for sites steeper than 6 

percent. The longitudinal slopes of a grass swale should be kept to less 

than 1.0 percent, which often necessitates the use of grade control checks 

or drop structures. Where the general terrain slope exceeds 4 percent, a 

grass swale is often practical only on the upslope side of the adjacent 

street. 
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When soils with high permeability (for example, Class A or B) are 

available, the swale will infiltrate a portion of the runoff into the 

ground, but such soils are not required for effective application of this 

BMP. When Class C and D soils are present, the use of a sand/gravel 

underdrain is recommended. 
 

c. Pollutant Removal 
 

Removal rates reported in literature vary and fall into the low to medium 

range. Under good soil conditions and low-flow velocities, moderate 

removal of suspended solids and associated other constituents can be 

expected. If soil conditions permit, infiltration can remove low to 

moderate loads of soluble pollutants when flow velocities are very low. 

As a result, small frequently occurring storms can benefit the most. See 

Table 11.4 (Appendix) for estimated ranges in pollutant removal rates by 

this BMP. Maintenance considerations for this BMP are listed in Table 

11.6 (Appendix). 
 

4. Design Considerations and Criteria 
 

Figure 11.45 (Appendix) shows trapezoidal and triangular swale 

configurations. A grass swale is sized to maintain a low velocity during small 

storms and to collect and convey larger runoff events, all for the projected 

fully developed land use conditions. 
 

A healthy turf grass cover must be developed to foster dense vegetation. 

Permanent irrigation in some cases may be necessary. Judicious use of grass 

swales can replace both the curb-and-gutter systems and greatly reduce the 

storm sewer systems in the upper portions of each watershed when designed 

to convey the “initial storm” (for example, a two- or a five-year storm) at slow 

velocities. However, if one or both sides of the grass swale are also to be used 

as a grass buffer, the design of the grass buffer has to follow the requirements 

of Section 11.8.2, Grass Buffer. 
 

5. Design Procedure and Criteria 
 

The following steps outline the grass swale design procedure and 

criteria: 
 

a. Step 1: Design Discharge 
 

Determine the two-year flow rate in the proposed grass swale for water 

quality. The swale shall also meet the conveyance requirements of 

Section 11.5. 
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b. Step 2: Swale Geometry 
 

Select geometry for the grass swale. The cross section should be 

trapezoidal or triangular. The side slopes shall be flatter than 4:1 

(horizontal/ vertical). The wider the wetted area of the swale, the slower 

the flow and the more effective it is in removing pollutants. 
 

c. Step 3: Longitudinal Slope 
 

Maintain a longitudinal slope for the grass swale between 0.2 and 1.0 

percent. If the longitudinal slope requirements cannot be satisfied with 

available terrain, grade control checks or small drop structures must be 

incorporated to maintain the required longitudinal slope. If the slope of 

the swale exceeds 0.5 percent, the swale must be vegetated with 

irrigated turf grass to establish the vegetation. 
 

d. Step 4: Flow Velocity and Depth 
 

Calculate the velocity and depth of flow through the swale. Based on 

Manning’s equation and a Manning’s roughness coefficient of n=0.05, 

find the channel velocity and depth using the 2-year flow rate 

determined in Step 1. 
 

e. Step 5: Maximum Flow Velocity 
 

Maximum flow velocity of the channel shall not exceed 1.5 feet per second 

and the maximum flow depth shall not exceed 2 feet at the two-year peak 

flow rate. If these conditions are not attained, repeat Steps 2 through 4, each 

time altering the depth and bottom width or longitudinal slopes until these 

criteria are satisfied. 
 

f. Step 6: Vegetation 
 

Vegetate the grass swale with dense turf grass to promote 

sedimentation, filtration, and nutrient uptake, and to limit erosion 

through maintenance of low-flow velocities. 
 

g. Step 7: Street and Driveway Crossings 
 

If applicable, small culverts at each street crossing and/or driveway crossing 

may be used to provide onsite WQCV in a similar fashion to an extended 

detention basin (if adequate volume is available). 
 

h. Step 8: Drainage and Flood Control 
 

Check the water surface during larger storms such as the 5-year 

through the 100-year event to assure that drainage from these larger 

events is being controlled without flooding critical areas. 
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6. Design Example 
 

Design forms to document the design procedure are included in the 

Appendix. A completed form is shown in Figure 11.46 (Appendix) as a 

design example. 
 

11.8.4 Porous Landscape Detention 

 

1. Description 
 

Porous landscape detention consists of a low lying vegetated area underlain 

by a sand bed with an underdrain pipe. A shallow surcharge zone exists above 

the porous landscape detention for temporary storage of the WQCV. During a 

storm, accumulated runoff ponds in the vegetated zone and gradually 

infiltrates into the underlying sand bed, filling the void spaces of the sand. 

The underdrain gradually dewaters the sand bed and discharges the runoff to a 

nearby channel, swale, or storm sewer. This BMP allows WQCV to be 

provided on a site that has little open area available for storm water detention. 
 

2. General Application 
 

a. Location 
 

A porous landscape detention can be located in just about any of the 

open areas of a site. It is ideally suited for small installations such as: 
 

Parking lot islands. 

Street medians. 

Roadside swale features. 

Site entrance or buffer features. 
 

This BMP may also be implemented at a larger scale, serving as an 

infiltration basin for an entire site if desired, provided the water quality 

capture volume and average depth requirements contained in this section 

are met. 
 

Vegetation may consist of irrigated bluegrass or natural grasses with 

shrub and tree plantings if desired. 
 

3. General Properties 
 

a. General 
 

A primary advantage of porous landscape detention is making it possible to 

provide WQCV on a site while reducing the impact on developable land. It 

works well with irrigated bluegrass, whereas experience has shown that 

conditions in the bottom of extended detention basins become too wet for 

bluegrass. A porous landscape 
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detention provides a natural moisture source for vegetation, enabling 

“green areas” to exist with reduced irrigation. 
 

The primary drawback of porous landscape detention is a potential for 

clogging if a moderate to high level of silts and clays is allowed to flow 

into the facility. Also, this BMP needs to be avoided close to building 

foundations or other areas where expansive soils are present, although an 

underdrain and impermeable liner can reduce some of this concern. 
 

b. Physical Site Suitability 
 

If an underdrain system is incorporated into this BMP, porous landscape 

detention is suited for about any site regardless of in-situ soil type. If 

sandy soils are present, the facility can be installed without an underdrain 

(infiltration option); sandy subsoils are not a requirement. This BMP has a 

relatively flat surface area, and may be more difficult to incorporate into 

steeply sloping terrain. 
 

c. Pollutant Removal 
 

Although not tested to date in the Brandon area, the amount of pollutant 

removed by this BMP should be significant and should equal or exceed 

the removal rates provided by sand filters. In addition to settling, porous 

landscape detention provides for filtering, adsorption, and biological 

uptake of constituents in storm water. See Table 11.4 (Appendix) for 

estimated ranges in pollutant removals. See Table 11.7 (Appendix) for 

maintenance requirements for a porous landscape detention. 
 

4. Design Considerations 
 

Figure 11.47 (Appendix) shows a cross section for a porous landscape 

detention. When implemented using multiple small installations on a site, it is 

increasingly important to accurately account for each upstream drainage area 

tributary to each porous landscape detention site to make sure that each facility 

is properly sized, and that all portions of the development site are directed to a 

porous landscape detention. 
 

5. Design Procedure 
 

The following steps outline the porous landscape detention design 

procedure and criteria: 
 

a. Step 1: Basin Storage Volume 
 

Provide a storage volume based on a 12-hour drain time. 
 

• Find the required storage volume (watershed inches of runoff). 

Using the tributary areas imperviousness, determine the required 

WQCV (watershed inches of runoff) using 
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Figure 11.48 (Appendix), based on the porous landscape 

detention 12-hour drain time. 
 

• Calculate the design volume in cubic feet as follows: (Equation 

9) 
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In which: 
 

Area = The watershed area tributary to the porous landscape 

detention basin (square feet) 
 

b. Step 2: Surface Area 
 

• Calculate the minimum required surface area as follows: (Equation 

10) 
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In which: 
 

dav = average depth (feet) of the porous landscape 
detention basin. 

 

c. Step 3: Sand-Peat Media 
 

Provide, as a minimum, an 18-inch-thick layer of well mixed sand and 

peat (2/3 sand and 1/3 peat) for plant growth as shown in Figure 11.47. 

Keep the top surface as flat as possible, while avoiding side slopes 

steeper than 4:1. 
 

When installing in type NRCS Type D or expansive soils and no 

subdrain outlet is possible, use a total sand-peat mixed layer thickness 

of 36-inches and no granular subbase. 
 

d. Step 4: Granular Subbase 
 

Whenever an under-drain is used or when the soils are not expansive 

(i.e., soils are NRCS Type A, B, or C) and an under-drain is not used, 

use an 8-inch layer of granular subbase with all fractured faces meeting 

the requirements of AASHTO #67 coarse aggregate. 
 

e. Step 5: Membrane Liner 
 

If expansive or NRCS Type D soils are present, install an impermeable 

15-mil-thick, or heavier, liner on the bottom and sides of the basin. 

 



42 | P a g e   Revised on: March 6th, 2023 

 

 

 

If soils are not expansive (i.e., NRCS Type A, B, or C), use porous 

geotextile fabric to line the entire basin bottom and sides. Porous 

membrane liner shall be of woven monofilament as manufactured by 

Carthage Mills-Carthage 15 percent (or equal) having an open surface 

area of 12–15 percent, with openings equivalent to AOS U.S. Std. Sieve 

size of 40 to 50. 
 

f. Step 6: WQCV Depth 
 

Maintain an average WQCV depth between 6 inches and 

12 inches. Average depth is defined as water volume divided by the water 

surface area. 
 

6. Design Example 
 

Design forms that document the design procedure are included in the 

Appendix. A completed form is shown in Figure 11.49 (Appendix) as a design 

example. 
 

11.8.5 Incorporating Water Quality Capture Volume into Storm Water 

Quantity Detention Basins 
 

Wherever possible, it is recommended that WQCV facilities be incorporated into 

storm water quantity detention facilities. This is relatively straightforward for an 

extended detention basin, constructed wetland basin, and a retention pond. The 

100-year detention level is provided above the WQCV and the outlet structure is 

designed to control two or more different releases. Figures 11.50a and 11.50b 

(Appendix) show examples of combined quality/quantity outlet structures. Figure 

11.50c (Appendix) contains typical outlet structure notes applicable to the design 

of outlet structures. 
 

Storm water quantity detention could be provided above the WQCV for porous 

pavement and landscape detention, provided the drain times for the larger events 

are kept short. The following approach is suggested: 
 

• Water Quality: The full WQCV is to be provided according to the 

design procedures documented for the Structural BMP. 
 

• 100-Year Storm: The WQCV plus the full 100-year detention volume 

is to be provided. 
 

11.8.6 Extended Detention Basin 
 

1. Description 
 

An extended detention basin is a sedimentation basin designed to totally drain 

dry over an extended time after storm water runoff ends. It is an adaptation of 

a detention basin used for flood control. The primary difference is in the outlet 

design. The extended detention basin uses a much smaller outlet that extends 

the draining time of the more frequently occurring runoff events to facilitate 
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pollutant removal. The extended detention basin’s drain time for the brim-full 

water quality capture volume (i.e., time to fully evacuate the design capture 

volume) of 40 hours is recommended to remove a significant portion of fine 

particulate pollutants found in urban storm water runoff. Soluble pollutant 

removal can be somewhat enhanced by providing a small wetland marsh or 

ponding area in the basin's bottom to promote biological uptake. The basins 

are considered to be “dry” because they are designed not to have a significant 

permanent pool of water remaining between storm water runoff events. 

However, an extended detention basin may develop wetland vegetation and 

sometimes shallow pools in the bottom portions of the facilities. 
 

2. General Application 
 

An extended detention basin can be used to enhance storm water runoff quality 

and reduce peak storm water runoff rates. If these basins are constructed early 

in the development cycle, they can also be used to trap sediment from 

construction activities within the tributary drainage area. The accumulated 

sediment, however, will need to be removed after upstream land disturbances 

cease and before the basin is placed into final long-term use. Also, an extended 

detention basin can sometimes be retrofitted into existing flood control 

detention basins. 
 

Extended detention basins can be used to improve the quality of urban runoff 

from roads, parking lots, residential neighborhoods, commercial areas, and 

industrial sites and are generally used for regional or follow-up treatment. 

They can also be used as an onsite BMP and work well in conjunction with 

other BMPs, such as upstream onsite source controls and downstream 

infiltration/filtration basins or wetland channels. If desired, a flood routing 

detention volume can be provided above the WQCV of the basin. 
 

3. General Properties 
 

a. General 
 

An extended detention basin can be designed to provide other benefits 

such as recreation and open space opportunities in addition to reducing 

peak runoff rates and improving water quality. They are effective in 

removing particulate matter and associated heavy metals and other 

pollutants. As with other BMPs, safety issues need to be addressed 

through proper design. 
 

b. Physical Site Suitability 
 

Normally, the land required for an extended detention basin is about 0.5 

to 2.0 percent of the total tributary development area. In high 

groundwater areas, instead consider the use of retention ponds in order to 

avoid many of the problems that can occur when the extended detention 

basin’s bottom is located below the seasonal high water table. Soil maps 

should be consulted, and soil borings may be needed to establish design 

geotechnical parameters. 
 

c. Pollutant Removal 
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The pollutant removal range of an extended detention basin is presented 

in Table 11.4 (Appendix). Removal of suspended solids and metals can 

be moderate to high, and removal of nutrients is low to moderate. The 

removal of nutrients can be improved when a small shallow pool or 

wetland is included as part of the basin's bottom or the basin is followed 

by BMPs more efficient at removing soluble pollutants, such as a 

filtration system, constructed wetlands, or wetland channels. 
 

The major factor controlling the degree of pollutant removal is the 

emptying time provided by the outlet. The rate and degree of removal 

will also depend on influent particle sizes. Metals, oil and grease, and 

some nutrients have a close affinity for suspended sediment and will be 

removed partially through sedimentation. 
 

d. Aesthetics and Multiple Uses 
 

Since an extended detention basin is designed to drain very slowly, its 

bottom and lower portions will be inundated frequently for extended 

periods of time. Grasses in this frequently inundated zone will tend to die 

off, with only the species that can survive the specific environment at each 

site eventually prevailing. In addition, the bottom will be the depository of 

all the sediment that settles out in the basin. As a result, the bottom can be 

muddy and may have an undesirable appearance. To reduce this problem 

and to improve the basin's availability for other uses (such as open space, 

habitat, and passive recreation), the designer should provide a lower-stage 

basin as suggested in the Two-Stage Design procedure. As an alternative, 

a retention pond could be used, in which the settling occurs primarily 

within the permanent pool. 
 

e. Design Considerations 
 

Whenever desirable and feasible, incorporate the extended detention 

basin within a larger flood control basin. Whenever possible, try to 

provide for other urban uses such as passive recreation and wildlife 

habitat. If multiple uses are being contemplated, consider the multiple-

stage detention basin to limit inundation of passive recreational areas to 

one or two occurrences a year. Generally, the area within the WQCV is 

not well suited for active recreation facilities such as ballparks, playing 

fields, and picnic areas. These are best located above the WQCV pool 

level. 
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Figure 11.51 (Appendix) shows a representative layout of an 

extended detention basin. 
 

Perforated outlet and trash rack configurations are illustrated in Figures 

11.50a, 11.50b, and 11.52 through 11.56 (Appendix). Figure 11.52 

(Appendix) equates the WQCV that needs to be emptied over 40 hours to 

the total required area of perforations per row for the standard 

configurations shown in that section. The chart is based on the rows being 

equally spaced vertically at 4-inch centers. The total area of perforations 

per row is then used to determine the number of uniformly sized holes per 

row as shown in Figures 11.53 and 11.54 (Appendix). One or more 

perforated columns on a perforated orifice plate integrated into the front 

of the outlet can be used. Other types of outlets may also be used, 

provided they control the release of the WQCV in a manner consistent 

with the drain time requirements. 
 

Although the soil types beneath the pond seldom prevent the use of this 

BMP, they should be considered during design. Any potential exfiltration 

capacity should be considered a short-term characteristic and ignored in 

the design of the WQCV because exfiltration will decrease over time as 

the soils clog with fine sediment and as the groundwater beneath the basin 

develops a mound that surfaces into the basin. 
 

High groundwater should not preclude the use of an extended detention 

basin. Groundwater, however, should be considered during design and 

construction, and the outlet design must account for any upstream base 

flows that enter the basin or that may result from groundwater surfacing 

within the basin itself. 
 

Stable, all weather access to critical elements of the pond, such as the 

inflow area, outlet, spillway, and sediment collection areas, must be 

provided for maintenance purposes. Maintenance requirements for the 

extended detention basin are provided in Table 11.8 (Appendix). 
 

4. Design Procedure and Criteria 
 

The following steps outline the design procedure and criteria for an 

extended detention basin. 
 

a. Step 1: Detention Pond Storage Volume 
 

Provide a storage volume equal to 120 percent of the WQCV based on a 

40-hour drain time, above the lowest outlet (i.e., perforation) in the basin. 

The additional 20 percent of storage volume provides for sediment 

accumulation and the resultant loss in storage volume. 
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 Determine the WQCV tributary catchment’s percent 

imperviousness. Account for the effects of DCIAs, if any, on 

effective imperviousness. Using Figure 11.55 (Appendix), 

determine the reduction in impervious area to use with WQCV 

calculations. 
 

 Find the required storage volume (watershed inches of runoff). 

Determine the required WQCV (watershed inches of runoff) using 

Figure 11.48 (Appendix), based on the extended detention basin’s 

40-hour drain time. Calculate the design volume in acre-feet as 

follows: (Equation 11) 
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In which: 

Area = The watershed area tributary to the extended detention basin 

(acres) 

1.2 Factor = Multiplier of 1.2 to account for the additional 20 percent of 

required storage for sediment accumulation 
 
 

b. Step 2: Outlet Control 
 

The outlet controls are to be designed to release the WQCV (i.e., not the 

“design volume”) over a 40-hour period, with no more than 50 percent 

of the WQCV being released in 12 hours. Refer to the Appendix for 

schematics pertaining to structure geometry; grates, trash racks, and 

screens; outlet type (orifice plate or perforated riser pipe); cutoff collar 

size and location; and all other necessary components. 
 

For a perforated outlet, use Figure 11.52 (Appendix) to calculate the 

required area per row based on WQCV and the depth of perforations at 

the outlet. See Figures 11.53 and 11.54 (Appendix) to determine the 

appropriate perforation geometry and number of rows (the lowest 

perforations should be set at the water surface elevation of the outlet 

micropool). The total outlet area can then be calculated by multiplying 

the area per row by the number of rows. Figure 11.50c contains typical 

outlet structure notes applicable to the design of outlet structures. 
 

c. Step 3: Trash Rack 
 

Provide a trash rack of sufficient size to prevent clogging of the primary 

water quality outlet. Size the rack so as not to interfere with the hydraulic 

capacity of the outlet. Using the total outlet area and 
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the selected perforation diameter (or height), Figures 11.50a, 11.50b, 

11.56, or 11.57 (Appendix) will help to determine the minimum open area 

required for the trash rack. Use one half of the perforated plate’s total 

outlet area to calculate the trash rack’s size. This accounts for the variable 

inundation of the outlet orifices. 

Figures 11.50a, 11.50b, and 11.56 (Appendix) were developed as 

suggested standardized outlet designs for smaller sites. 
 

d. Step 4: Basin Shape 
 

Shape the pond whenever possible with a gradual expansion from the 

inflow area and a gradual contraction toward the outlet, thereby 

minimizing short circuiting. It is best to have a basin length to width ratio 

between 2:1 and 3:1. It may be necessary to modify the inflow and outlet 

points through the use of pipes, swales, or channels to accomplish this. 

Always maximize the distance between the inlet and the outlet. 
 

e. Step 5: Two-Stage Design 
 

A two-stage design with a pool that fills often with frequently occurring 

runoff minimizes standing water and sediment deposition in the 

remainder of the basin. The two stages are as follows: 
 

• Top Stage: The top stage should be 2 or more feet deep with its 

bottom sloped at 2 percent toward the low-flow channel. 
 

• Bottom Stage: The active surcharge storage basin of the bottom 

stage should be 1.0 to 2.0 feet deep below the bottom of the top 

stage and store no less than 3 percent of the WQCV. Provide a 

micropool below the bottom active storage volume of the lower 

stage at the outlet point. The pool should be one half the depth of 

the upper WQCV depth or 2.5 feet, whichever is larger. 
 

f. Step 6: Low-Flow Channel 
 

Conveys low flows from the forebay to the bottom stage. Erosion 

protection should be provided where the low-flow channel enters the 

bottom stage. Lining the low-flow channel with riprap is 

recommended. Make it at least 9 inches deep if buried riprap is used. 

At a minimum provide capacity equal to twice the release capacity at 

the upstream forebay outlet. 
 

g. Step 7: Basin Side Slopes 
 

Basin side slopes should be stable and gentle to facilitate maintenance and 

access. Side slopes shall be no steeper than 4:1. 
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h. Step 8: Dam Embankment 
 

The embankment should be designed not to fail during a 100-year or 

larger storm. Embankment slopes should be no steeper than 3:1, and 

planted with turf-forming grasses. Poorly compacted native soils should 

be excavated and replaced. Embankment soils should be compacted to at 

least 95 percent of their maximum density according to ASTM D 698-70 

(Modified Proctor). 
 

i. Step 9: Vegetation 
 

Bottom vegetation provides erosion control and sediment entrapment. 

Pond bottom, berms, and side sloping areas may be planted with native 

grasses or with irrigated turf, depending on the local setting. 
 

j. Step 10: Maintenance Access 
 

All weather stable access to the bottom, forebay, and outlet controls area 

shall be provided for maintenance vehicles. Maximum grades should not 

exceed 10 percent, and a stable driving surface capable for use by 

maintenance equipment. If conditions warrant, a gravel or hard surface 

shall be provided. 
 

k. Step 11: Inflow Point 
 

Dissipate flow energy at the pond’s inflow point(s) to limit erosion and 

promote particle sedimentation. 
 

l. Step 12: Forebay Design 
 

Provide the opportunity for larger particles to settle out in the inflow area, 
the area that has a solid surface bottom, to facilitate mechanical sediment 

removal. A rock berm should be constructed between the forebay and the 
main extended detention basin. The forebay volume of the permanent 

pool should be about 5 percent of the design water quality capture 
volume. A pipe throughout the berm to convey water to the main body of 

the extended detention basin should be offset from the inflow streamline 

to prevent short circuiting and should be sized to drain the forebay volume 
in  
15 minutes. Presedimentation forebays shall only be utilized when the 

extended detention basin water quality capture volume exceeds 4,000 

cubic feet. 
 

m. Step 13: Flood Storage 
 

Combining the water quality facility with a flood control facility is 

recommended. The 100-year or other floods may be detained above 

the WQCV. See Section 11.8.5, Incorporating WQCV into Storm 

Water Quantity Detention Basins, for further guidance. 
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n. Step 14: Multiple Uses 
 

Whenever desirable and feasible, incorporate the extended detention 

basin within a larger flood control basin. Also, whenever possible, try to 

provide for other urban uses such as active or passive recreation and 

wildlife habitat. If multiple uses are being contemplated, use the 

multiple-stage detention basin to limit inundation of passive recreational 

areas to one or two occurrences a year. Generally, the area within the 

WQCV is not well suited for active recreation facilities such as ballparks, 

playing fields, and picnic areas. These are best located above the WQCV 

level. 
 

5. Design Example 
 

Design forms that document the design procedure are included in the 

Appendix. A completed form is shown in Figure 11.58 (Appendix) as a design 

example. 
 

11.8.7  Sand Filter Extended Detention Basin 
 

1. Description 
 

A sand filter extended detention basin is a storm water filter consisting of a 

runoff storage zone underlain by a sand bed with an underdrain system. 

During a storm, accumulated runoff ponds in the surcharge zone and 

gradually infiltrates into the underlying sand bed, filling the void spaces of 

the sand. The underdrain gradually dewaters the sand bed and discharges the 

runoff to a nearby channel, swale, or storm sewer. 
 

2. General Application 
 

A sand filter extended detention basin is generally suited to off-line, onsite 

configurations where there is no base flow and the sediment load is 

relatively low. 
 

3. General Properties 
 

a. General 
 

Primary advantages of sand filter extended detention basins include 

effective water quality enhancement through settling and filtering. The 

primary drawback is a potential for clogging if a moderate to high level of 

silts and clays is allowed to flow into the facility. For this reason, it should 

not be put into operation while construction activities are taking place in 

the tributary catchment. Also, this BMP should not be located close to 

building foundations or other areas where expansive soils are a concern, 

although an underdrain and impermeable liner can reduce some of this 

concern. 
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b. Physical Site Suitability 
 

Since an underdrain system is incorporated into this BMP, a sand filter 

extended detention basin is suited for about any site; the presence of 

sandy subsoils is not a requirement. This BMP has a relatively flat 

surface area, so it may be more challenging to incorporate it into steeply 

sloping terrain. 
 

c. Pollutant Removal 
 

Although not fully tested to date in the Sioux Falls area, the tests on filter 

vaults throughout the United States show that the amount of pollutant 

removed by this BMP should be significant and should at least equal the 

removal rates by sand filters tested elsewhere. See Table 11.4 (Appendix) 

for estimated ranges in pollutant removals. 
 

d. Maintenance Needs 
 

Before selecting this BMP, be sure that the maintenance specified in 

Table 11.9 (Appendix) will be provided by the owner with 

responsibilities negotiated with the City. This BMP's performance is 

dependent on having regular maintenance provided. 
 

4. Design Procedure and Criteria 
 

The layout of a sand filter extended detention basin is shown in Figure 

11.59 (Appendix). The following steps outline the design procedure and 

criteria for a sand filter extended detention basin. 
 

a. Step 1: Basin Storage Volume 
 

Provide a storage volume equal to 100 percent of the WQCV based on a 

40-hour drain time, above the sand bed of the basin. 
 

 Determine the WQCV tributary catchment’s percent 

imperviousness. Account for the effects of DCIA, if any, on 

effective imperviousness. Using Figure 11.55 (Appendix), 

determine the reduction in impervious area to use with WQCV 

calculations. 
 

 Find the required storage volume (watershed inches of runoff). 
 

 Determine the required WQCV (watershed inches of runoff) 

using Figure 11.48 (Appendix), based on the sand filter extended 

detention basin’s 40-hour drain time. 
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 Calculate the design volume in acre-feet as follows: (Equation 12) 
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In which: 
 

Area = The watershed area tributary to the sand filter 

extended detention basin (acres) 
 

b. Step 2: Basin Depth 
 

Maximum design volume depth shall be 3 feet. 
 

c. Step 3: Filter’s Surface Area  

Calculate the minimum sand filter area (As) at the basin’s bottom with 

the following equation:  

(Equation 13) 
 

As = Design Volume / 3 *43,560 (square feet) 
 

d. Step 4: Outlet Controls 
 

An 18-inch layer of sand (ASTM C-33) over an 8-inch gravel layer 

(AASHTO No. 8) shall line the entire sand filter extended detention 

basin for purposes of draining the WQCV. 
 

If expansive soils are a concern or if the tributary catchment has 

chemical or petroleum products handled or stored, install a 15-mil-thick 

impermeable membrane below the gravel layer. 
 

In addition, an overflow shall be provided to convey flows in excess of 

the WQCV out of the basin. 
 

5. Design Example 
 

Design forms that document the design procedure are included in the 

Appendix. A completed form is shown in Figure 11.60 (Appendix) as a design 

example. 
 

11.8.8 Constructed Wetlands Basin 
 

1. Description 
 

A constructed wetlands basin is a shallow retention pond that requires a 

perennial base flow to permit the growth of rushes, willows, cattails, and reeds 

to slow down runoff and allow time for sedimentation, filtering, and biological 

uptake. 
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Constructed wetlands basins differ from “natural” wetlands as they are 

totally human artifacts that are built to enhance storm water quality. 

Sometimes small wetlands that exist along ephemeral drainageways could be 

enlarged and incorporated into the constructed wetland system. Such action, 

however, requires the approval of federal and state regulators. 
 

2. General Application 
 

A constructed wetlands basin can be used as a follow-up structural BMP in a 

watershed, or as a stand-alone onsite facility if the owner provides sufficient 

water to sustain the wetland. Flood control storage can be provided above the 

constructed wetlands basin’s WQCV pool to act as a multiuse facility. 
 

A constructed wetlands basin requires a net influx of water to maintain its 

vegetation and microorganisms. A complete water budget analysis is necessary 

to assure the adequacy of the base flow. 
 

The basic formula for the water budget is as follows: 
 

(Equation 14)   ∆�
∆� = �+ − �- 

Where: ∆.
∆/ = the change in storage volume per change in time Qi = the 

flow rate of water entering the wetland, vol/time QO = the flow 

rate of water leaving the wetland, vol/time 
 

Equation 15 translates into the following equations where all values are given 

in consistent units of volume per unit time unless otherwise specified: 
 

(Equation 15) 
 

For water entering a wetland, the formula is: 

Qi = P + Ri + Bi + GI 

Where: 

P = Direct precipitation on impoundment area 

RI = Storm water runoff from contributing drainage area BI 

= Base flow entering the wetlands  
GI = Seepage and springs from ground water sources 

 

For water leaving, the formula is: 
 

(Equation 16) 

QO = E + T + RO + BO + GO 

Where: 

E = Evaporation from surface 

T = Transpiration from plants 

RO = Storm water outflow 
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BO = Base flow leaving the wetlands  
GO = Deep percolation below the root zone of the substrate 

 

To ensure adequate base flow using the water budget analysis, the value of all 

variables should be determined and the net influx of water (QI – QO) must be 

greater than the change in storage volume divided by change in storage time. 
 

3. General Properties 
 

a. General 
 

A constructed wetlands basin offers several potential advantages, such as 

natural aesthetic qualities, wildlife habitat, erosion control, and pollutant 

removal. It can also provide an effective follow-up treatment to onsite 

and source control BMPs that rely upon settling of larger sediment 

particles. In other words, it offers yet another effective structural BMP 

for larger tributary catchments. 
 

The primary drawback of the constructed wetlands basin is the need for a 

continuous base flow to assure viable wetland growth. In addition, silt and 

scum can accumulate, and unless properly designed and built, can be 

flushed out during larger storms. In addition, in order to maintain a 

healthy wetland growth, the surcharge depth for WQCV above the 

permanent water surface cannot exceed 2 feet. 
 

Along with routine good housekeeping maintenance, occasional cleaning 

will be required when sediment accumulations become too large and 

affect performance. Periodic sediment removal is also needed for proper 

distribution of growth zones and of water movement within the wetland. 
 

b. Physical Site Suitability 
 

A perennial base flow is needed to sustain a wetland, and should be 

determined using a water budget analysis. Loamy soils are needed in a 

wetland bottom to allow plants to take root. Exfiltration through a 

wetland bottom cannot be relied upon because the bottom is either 

covered by soils of low permeability or because the groundwater is higher 

than the wetland's bottom. Also, wetland basins require a near-zero 

longitudinal slope, which can be provided using embankments. 
 

c. Pollutant Removal 
 

See Table 11.4 (Appendix) for estimated ranges in pollutant removals. 

Reported removal efficiencies of constructed wetlands vary significantly. 

Primary variables influencing removal efficiencies include design, 

influent concentrations, hydrology, soils, climate, and maintenance. With 

periodic sediment removal and routine 
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maintenance, removal efficiencies for sediments, organic matter, and 

metals can be moderate to high; for phosphorous, low to high; and for 

nitrogen, zero to moderate. Pollutants are removed primarily through 

sedimentation and entrapment, with some of the removal occurring 

through biological uptake by vegetation and microorganisms. Without a 

continuous dry weather base flow, salts and algae can concentrate in the 

water column and can be released into the receiving water in higher levels 

at the beginning of a storm event as they are washed out. 
 

d. Design Considerations 
 

Figure 11.61 (Appendix) illustrates an idealized constructed wetlands 

basin. An analysis of the water budget is needed to show the net inflow 

of water is sufficient to meet all the projected losses (such as 

evaporation, evapotranspiration, and seepage for each season of 

operation). Insufficient inflow can cause the wetland to become saline or 

to die off. Typical maintenance requirements for wetland BMPs include 

the items listed in Table 11.11 (Appendix). 
 

4. Design Procedure and Criteria 
 

The following steps outline the design procedure for a constructed 

wetlands basin. 
 

a. Step 1: Basin Surcharge Storage Volume 
 

Provide a surcharge storage volume equal to the WQCV based on a 24-

hour drain time, above the lowest outlet (i.e., perforation) in the basin. 
 

• Determine the WQCV using the tributary catchments percent 

imperviousness. Account for the effects of DCIA, if any, on 

effective imperviousness. Using Figure 11.55 (Appendix), 

determine the reduction in impervious area to use with WQCV 

calculations. 
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• Find the required storage surcharge volume (watershed inches of 
runoff) above the permanent pool level. Determine the required 
storage (watershed inches of runoff) using  

Figure 11.48 (Appendix), based on the constructed wetland basin 

24-hour drain time. Calculate the surcharge volume in acre-feet as 

follows: (Equation 17) 
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In which: 
 

Area = The drainage area tributary to the constructed 

wetlands basin (acres). 
 

b. Step 2: Wetland Pond Depth and Volume 
 

The volume of the permanent wetland pool shall be no less than 75 

percent of the WQCV found in Step 1. 
 

Proper distribution of wetland habitat is needed to establish a 

diverse ecology. Distribute pond area in accordance with Table 

11.10 (Appendix). 
 

c. Step 3: Depth of Surcharge 
 

The surcharge depth of the WQCV above the permanent pool’s 

WQCV water surface shall not exceed 2.0 feet. 
 

d. Step 4: Outlet Control 
 

Provide outlet controls that limit WQCV depth to 2 feet or less. Use a 

water quality outlet that is capable of releasing the WQCV in no less than 

a 24-hour period. Refer to Figures 11.62, 11.63, 11.64, and 11.65 

(Appendix) for schematics pertaining to structure geometry; grates, trash 

racks, and screens; outlet type (orifice plate or perforated riser pipe); 

cutoff collar size and location; and all other necessary components. 
 

Use Figure 11.66 (Appendix) to calculate the required area per row based 

on WQCV and the depth of perforations at the outlet. See Figures 11.53 

and 11.54 (Appendix) for the appropriate perforation geometry and 

number of rows (the lowest perforations should be set at the water surface 

elevation of the outlet pool). The total outlet area can then be calculated by 

multiplying the area per row by the number of rows. Minimize the number 

of columns and maximize the perforation hole diameter when designing 

the outlet to reduce chances of clogging. Figure 11.50c contains typical 

outlet structure notes applicable to the design of outlet structures. 
 
 
 

 



56 | P a g e   Revised on: March 6th, 2023 

e. Step 5: Trash Rack 
 

Provide a trash rack of sufficient size to prevent clogging of the primary 

water quality outlet. Size the rack so as not to interfere with the hydraulic 

capacity of the outlet. Using the total outlet area and the selected 

perforation diameter (or height), Figures 11.50a, 11.50b, 11.56, or 11.57 

(Appendix) will help to determine the minimum open area required for 

the trash rack. If a perforated vertical plate or riser is used, use one half of 

the total outlet area to calculate the trash rack’s size. This accounts for the 

variable inundation of the outlet orifices. Figures 11.50a, 11.50b, and 

11.56 (Appendix) were developed as suggested standardized outlet 

designs for smaller sites. 
 

f. Step 6: Basin Use 
 

Determine if flood storage or other uses will be provided for above the 

wetland surcharge storage or in a separate facility. Design for combined 

uses when they are to be provided. 
 

g. Step 7: Basin Shape 
 

Shape the pond with a gradual expansion from the inflow and a gradual 

contraction to the outlet, thereby limiting short circuiting. The basin 

length to width ratio between the inflow area and outlet should be 2:1 to 

4:1, with 3:1 recommended. It may be necessary to modify the inflow 

area and outlet point through the use of pipes, swales, or channels to 

accomplish this. Always maximize the distance between the inlet and 

outlet. 
 

h. Step 8: Basin Side Slopes 
 

Basin side slopes are to be stable and gentle to facilitate maintenance and 

access needs. Side slopes should be no steeper than 4:1. 
 

i. Step 9: Base Flow 
 

A net influx of water that exceeds all of the losses must be available throughout 

the year. The following equation and parameters can be used to estimate the 

net quantity of base flow available at a site: (Equation 18)
 �12/ = �3145-6 − �7%$8 − �.228$92 − �7.:. 
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Where:   

QNet = Net quantity of base flow (acre-feet/year) 

QInflow = Estimated base flow (acre-feet/year) 

  (estimate by seasonal measurements and/or 

  comparison to similar watersheds) 

QEvap = Loss attributed to evaporation less the 

  precipitation (acre-feet/year) (computed for 

  average water surface) 

QSeepage = Loss (or gain) attributed to seepage to 

  groundwater (acre-feet/year) 

QE.T. = Loss attributed to plant evapotranspiration 

  (computed for average plant area above 

water surface, not including the water surface) 
 

j. Step 10: Inflow Area and Outlet Protection 
 

Provide a means to dissipate flow energy entering the basin to limit 

sediment resuspension. Outlets should be placed in an outlet bay that is at 

least 3 feet deep. The outlet should be protected from clogging by a 

skimmer shield that starts at the bottom of the permanent pool and 

extends above the maximum capture volume depth. Also provide for a 

trash rack. 
 

k. Step 11: Forebay Design 
 

Provide the opportunity for larger particles to settle out in an area that 

has a solid driving surface bottom for vehicles to facilitate sediment 

removal. The forebay volume of the permanent pool should be 5 to 10 

percent of the design water quality capture volume. 
 

l. Step 12: Vegetation 
 

Cattails, sedges, reeds, and wetland grasses should be planted in the 

wetland bottom. Berms and side-sloping areas should be planted with 

native or irrigated turf-forming grasses. Initial establishment of the 

wetlands requires control of the water depth. After planting wetland 

species, the permanent pool should be kept at 3 to 4 inches to allow 

growth and to help establish the plants, after which the pool should be 

raised to its final operating level. 
 

m. Step 13: Maintenance Access 
 

Vehicle access to the forebay and outlet area must be provided for 

maintenance and removal of bottom sediments. Maximum grades should 

not exceed 10 percent, and a stabilized, all-weather driving 
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surface capable for use by maintenance equipment shall be provided.  

If conditions warrant, a gravel or hard surface shall be provided. 
 

5. Design Example 
 

Design forms that document the design procedure are included in the 

Appendix. A completed form is shown in Figure 11.67 (Appendix) as a design 

example. 
 

11.8.9 Retention Pond 
 

1. Description 
 

A retention pond is a sedimentation facility that has a permanent pool of water 

that is replaced with storm water, in part or in total, during storm water runoff 

events. In addition, a temporary detention volume is provided above this 

permanent pool to capture storm water runoff and enhance sedimentation. 

Retention ponds are similar to extended detention basins because they are 

designed to capture in total, as a surcharge to the pond, runoff from frequently 

occurring storms. However, retention ponds differ from extended detention 

basins because the influent water mixes with the permanent pool water as it 

rises above the permanent pool level. The surcharge captured volume above 

the permanent pool is then released over 12 hours. 
 

Retention ponds require a dry-weather base flow to maintain the permanent 

pool. They can be very effective in removing pollutants, and, under the proper 

conditions, can satisfy multiple objectives. 
 

2. General Application 
 

A retention pond can be used to improve the quality of urban runoff from 

roads, parking lots, residential neighborhoods, commercial areas, and industrial 

sites and is generally used as regional or follow-up treatment because of the 

base flow requirements. It can be used as an onsite BMP if the owner provides 

sufficient water to keep the pond full between storms. A retention pond works 

well in conjunction with other BMPs, such as upstream onsite source controls 

and downstream filter basins or wetland channels. 
 

3. General Properties 
 

a. General 
 

A retention pond provides the following benefits: 
 

 Moderate to high removal rates of many urban pollutants. 
 

 Wildlife habitat opportunities. 
 

 Recreation, aesthetics, and open space opportunities. 
 

 Part of a larger flood control basin. 
 
 
 

 



59 | P a g e   Revised on: March 6th, 2023 

Their primary drawbacks include safety concerns; more difficult 

maintenance and sediment removal than for extended detention basins; 

floating litter, scum, and algal blooms; possible nuisance odors; and 

possible mosquito problems. Aquatic plant growth can be a factor in 

clogging outlet controls. The permanent pool can attract water fowl, 

which can add to the nutrient load entering and leaving the pond. 
 

b. Physical Site Suitability 
 

Although site suitability concerns are similar to those stated for an 

extended detention basin, a retention pond has one primary difference—

it requires sufficient continuous base flow to maintain the pool. A 

complete water budget under the projected urbanized watershed 

conditions should be performed to assure that the base flow will exceed 

evaporation, evapotranspiration, and seepage losses. 
 

c. Pollutant Removal 
 

See Table 11.4 (Appendix) for pollutant removal ranges. A retention pond 

achieves moderate to high removal rates for particulate matter through 

sedimentation during and shortly after the runoff event. During a storm event, 

part or all of the permanent pool water is displaced and the pool becomes a 

mixture of the former pool water and new runoff. The period between storms 

allows biological uptake of soluble nutrients and metals from the water 

column in the permanent pool while also providing time for quiescent settling 

of fine sediment particles that remain in the pool after a storm. Some of the 

sediment can resuspend and soluble compounds can remobilize if a large 

storm event causes intense mixing or when unfavorable chemical conditions 

exist in the pool (such as low dissolved oxygen [DO] or pH). Also, algal 

growth and other biological activity can produce suspended solids and 

increased concentrations of certain forms of phosphates and nitrogen 

compounds in dry-weather base flow discharges from the pond. 
 

Without a sufficient continuous base flow, a wet pond can concentrate 

levels of salts and algae between storm events through evaporation. 

Besides contributing to nuisance problems, the water quality of the pool is 

very important. A storm event will displace any concentrated pond water, 

and in some instances, can result in discharges of water with pollutant 

concentrations exceeding the inflow—exactly the opposite of the intent 

for providing this BMP. 
 

d. Aesthetics and Multiple Uses 
 

A retention pond offers improved aesthetics and multiple uses beyond those 

typically found at an extended detention basin. The bulk of the 
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capture volume occurs as a surcharge above the permanent pool, with 

some of it occurring above the dry-weather bank areas. As a result, most of 

the sediment deposits are left behind within the permanent pool zone, 

where they are not seen by the public. Also, the permanent pool offers 

some aquatic habitat and is a habitat for water fowl. However, water fowl 

can be a nuisance because of the fecal matter they deposit on the banks and 

in the pool. Maintenance requirements for the retention pond are similar to 

those for the extended detention basin found in Table 11.8 (Appendix). 
 

4. Design Considerations 
 

The required total basin design volume of a retention pond facility includes the 

volume needed for a permanent pool (greater than or equal to water quality 

capture volume) plus a water quality capture volume as a surcharge above the 

permanent pool. If desired, a flood routing detention volume can be provided 

above the water quality capture volume. 
 

Whenever desirable and feasible, incorporate the retention pond within a 

larger flood control basin. Also, whenever possible, try to provide for other 

urban uses such as active or passive recreation and wildlife habitat. Try to 

locate recreational areas to limit the frequency of inundation to one or two 

occurrences a year. Generally, the area within the water quality capture 

volume is not well suited for active recreation facilities such as ballparks, 

playing fields, and picnic areas. These should be located above this pool 

level. 
 

Land requirements are typically 0.5 to 2 percent of the tributary watershed's 

area. High exfiltration rates can initially make it difficult to maintain a 

permanent pool in a new retention pond, but the bottom can eventually seal 

with fine sediment and become relatively impermeable over time. It is best, 

however, to seal the bottom and the sides of a permanent pool if it is located 

on permeable soils and to leave the areas above the permanent pool unsealed 

to promote exfiltration of the storm water detained in the surcharge water 

quality capture volume. 
 

There are two primary differences in design between a retention pond and 

an extended detention basin: 
 

o The retention pond requires a base flow to maintain and to flush a permanent 

pool. 
 

o A retention pond is designed to empty the surcharge water quality capture 
volume over a 12-hour period, instead of the longer  

• 40 hours needed for an extended detention basin because the 

sediment removal process is more efficient when the outflow 

occurs above the bottom of the basin. Sediments become trapped 

below the outlet and sedimentation continues in the pool after the 

captured surcharge volume is emptied. 

• Figure 11.68 (Appendix) shows a representative layout for a 

retention pond. Although flood storage has not been addressed in 

these recommendations for the same reasons mentioned under 
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extended detention basins, it can be easily provided for above the 

surcharge water quality capture volume. Embankment and safety 

design considerations for a retention pond are identical to those 

discussed for an extended detention basin, except more attention 

should be given to cutoff collars on the outlet pipe to safeguard 

against piping along the outlet. 
 

The amount of construction activity within a basin, the erosion control 

measures implemented, and the size of the basin will influence the frequency of 

sediment removal from the pond. It is estimated that accumulated sediment will 

need to be removed at 5- to 20-year intervals if there are no construction 

activities within the tributary catchment. 
 

5. Design Procedure and Criteria 
 

The following steps outline the design procedure and criteria for a 

retention pond. 
 

a. Step 1: Basin Surcharge Storage Volume 
 

Provide a storage volume equal to the WQCV based on a 12-hour drain 

time, above the lowest outlet (i.e., perforation) in the basin. 
 

• Determine the WQCV using the tributary catchment’s percent 

imperviousness. Account for the effects of DCIA, if any, on 

effective imperviousness. Using Figure 11.55 (Appendix), 

determine the reduction in impervious area to use with WQCV 

calculations. 
 

• Find the required storage surcharge volume (watershed inches of 

runoff). Determine the required water quality capture volume in 

watershed inches of runoff using Figure 11.48 (Appendix), based 

on the retention pond 12-hour drain time. The water quality 

capture volume is the surcharge volume above the permanent 

pool. Calculate the design surcharge volume in acre-feet as 

follows: 
 

(Equation 19) 
 

������ ����ℎ���� �	
��� =  '����� ���
��� ������� �	
���312 ( ∗ ���� 

 

In which: 
 

Water Quality Capture Volume = Water quality 

capture volume from Figure 11.48 in 

watershed inches  
Area = The tributary catchment drainage area (acres). 
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b. Step 2: Permanent Pool 
 

The permanent pool provides storm water quality enhancement between 

storm water runoff events through biochemical processes and continuing 

sedimentation. 
 

• Volume of the permanent pool: 
 

Permanent Pool 1.0 to 1.5 (WaterQualityCaptureVolume) 

 

c. Step 3: Depth Zones 
 

The permanent pool shall have two depth zones: 
 

o A littoral zone 6 to 12 inches deep that is between 25 to 

o 40 percent of the permanent pool surface area for aquatic plant growth 

along the perimeter of the permanent pool. 
 

o A deeper zone of 4 to 8 feet average depth in the remaining pond area 

to promote sedimentation and nutrient uptake by phytoplankton. The 

maximum depth in the pond shall not exceed 12 feet. 
 

d. Step 4: Base Flow 
 

A net influx of water must be available through a perennial base flow 

and must exceed the losses. The following equation and parameters can 

be used to estimate the net quantity of base flow available at a site: 
 

  (Equation 20) 
 

QNet = QInflow – QEvap – QSeepage – QE.T. 
 

In which:   
 

Q
net = Net quantity of base flow (acre-feet/year) 

 

Qinflow = Estimated base flow (acre-feet/year) (estimate 
 

  by seasonal measurements and/or comparison 
 

Q
evap 

 to similar watersheds) 
 

= Loss because of evaporation less the 
 

  precipitation (acre-feet/year) (computed for 
 

  average water surface) 
 

QSeepage = Loss (or gain) because of seepage to 
 

  groundwater (acre-feet/year) 
 

QE.T. = Loss because of plant evapotranspiration 
 

  (additional loss through plant area above water 
 

surface not including the water surface) 
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e. Step 5: Outlet Control 
 

Provide outlet controls that limit WQCV depth to depths identified in 

Cahpter 11 Appendix. . Use a water quality outlet that is capable of 

releasing the WQCV in no less than a 12-hour period. Refer to Figures 

11.62, 11.63, 11.64, and 11.65 (Appendix) for schematics pertaining to 

structure geometry; grates, trash racks, and screens; outlet type; orifice 

plate or perforated riser pipe; cutoff collar size and location; and all other 

necessary components. 
 

Use Figure 11.69 (Appendix) to calculate the required area per row based on 

WQCV and the depth of perforations at the outlet. See Figures 11.53 and 

11.54 (Appendix) to determine the appropriate perforation geometry and 

number of rows (the lowest perforations should be set at the water surface 

elevation of the outlet pool). The total outlet area can then be calculated by 

multiplying the area per row by the number of rows. Minimize the number 

of columns of perforations and maximize the diameter of perforation holes 

to reduce clogging potential. Figure 11.50c contains typical outlet structure 

notes applicable to the design of outlet structures. 
 

f. Step 6: Trash Rack 
 

Provide a trash rack of sufficient size to prevent clogging of the primary 

water quality outlet. Size the rack so as not to interfere with the hydraulic 

capacity of the outlet. Using the total outlet area and the selected 

perforation diameter (or height), Figures 11.50a, 11.50b, 11.56, or 11.57 

(Appendix) will help to determine the minimum open area required for 

the trash rack. Use one half of the total perforated plate outlet area to 

calculate the trash rack’s size. This accounts for the variable inundation of 

the outlet orifices. Figures 11.50a, 11.50b, and 11.56 (Appendix) were 

developed as suggested standardized outlet designs for smaller sites. 
 

g. Step 7: Basin Shape 
 

Shape the pond with a gradual expansion from the inflow area and a 

gradual contraction toward the outlet, thereby limiting short circuiting. 

The basin length to width ratio between the inflow area and outlet should 

be between 2:1 and 3:1. It may be necessary to modify the inflow area 

and outlet point through the use of pipes, swales, or channels to 

accomplish this. Always maximize the distance between the inlet and the 

outlet. 
 

h. Step 8: Basin Side Slopes 
 

Side slopes should be stable and sufficiently gentle to limit channel 

erosion and to facilitate maintenance. Side slopes above the permanent 

pool should be no steeper than 4:1. The littoral zone should be very flat 

(that is, 40:1 or flatter) with the depth ranging from 6 inches near the 

shore and extending to no more than 12 inches at the furthest point from 

the shore. The side slope below the littoral zone shall be 3:1 or flatter. 
 

i. Step 9: Dam Embankment 
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The embankment should be designed not to fail during a 100-year or 
larger storm. Embankment slopes should be no steeper than 3:1, but 

preferably 4:1 or flatter, and covered with turf-forming grasses to limit 
erosion. Poorly compacted native soils should be removed and replaced. 

Embankment soils should be compacted to  
95 percent of their maximum density according to ASTM D 698-70 

(modified proctor). 
 

j. Step 10: Vegetation 
 

Vegetation provides erosion control and enhances site stability. Berms 

and side-sloping areas should be planted with native turf-forming grasses 

or irrigated turf, depending on the local setting and proposed uses for the 

pond area. The shallow littoral bench should have a 4- to 6-inch organic 

topsoil layer and be vegetated with aquatic species. 
 

k. Step 11: Maintenance Access 
 

Vehicle access to the basin bottom, forebay, and outlet area must be 

provided for maintenance and removal of bottom sediments. Maximum 

grades should not exceed 10 percent, and a stabilized, all-weather driving 

surface capable for use by maintenance equipment shall be provided. If 

conditions warrant, a gravel or hard surface shall be provided. 
 

l. Step 12: Inflow Area 
 

Dissipate flow energy at the inflow area to limit erosion and to 

diffuse the inflow plume where it enters the pond. 
 

m. Step 13: Forebay Design 
 

To provide an opportunity for larger particles to settle out, install an area 

that has a solid driving surface bottom to facilitate sediment removal. A 

berm consisting of a rock and topsoil mixture should be part of the littoral 

bench to create the forebay and have a minimum top width of 8 feet and 

side slopes no steeper than 4:1. The forebay volume of the permanent pool 

should be 5 to 10 percent of the design water quality capture volume. 
 

n. Step 14: Underdrains 
 

Provide underdrain trenches near the edge of the pond. The trenches 

should be no less than 12 inches wide and filled with ASTM C-33 sand 

to within 2 feet of the pond’s permanent pool 
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water surface, and with an underdrain pipe connected through a valve to 

the outlet. These underdrains will permit the pond to be dried out when 

it has to be cleaned out to restore volume lost due to sediment 

deposition. 
 

6. Design Example 
 

Design forms that document the design procedure are included in the 

Appendix. A completed form is shown in Figure 11.70 (Appendix) as a design 

example. 
 

11.8.10 Constructed Wetlands Channel 
 

1. Description 
 

Constructed wetland-bottomed channels take advantage of dense natural 

vegetation (rushes, willows, cattails, and reeds) to slow down runoff and allow 

time for settling out sediment and biological uptake. 
 

Constructed wetlands differ from “natural” wetlands as they are artificial and 

are built to enhance storm water quality. Sometimes small wetlands that exist 

along ephemeral drainageways may be enlarged and incorporated into the 

constructed wetland system. Such action, however, requires the approval of 

federal and state regulators. 
 

2. General Application 
 

Wetland bottom channels can be used in the following two ways: 
 

 A wetland can be established in a totally man-made channel and can 

act as a conveyance system and water quality enhancement facility. 

This design can be used along wide and gently sloping channels. 
 

 A wetland bottom channel can be located downstream of a storm water 

detention facility (water quality and/or flood control) where a large 

portion of the sediment load can be removed. The wetland channel then 

receives storm water and base flows as they drain from the detention 

facility, provides water quality enhancement, and at the same time 

conveys it downstream. The application of a wetland channel is 

recommended upstream of receiving waters and within lesser (i.e., 

ephemeral) receiving waters, thereby delivering better quality water to the 

more significant receiving water system. 
 

A constructed wetland channel requires a net influx of water to maintain its 

vegetation and microorganisms. A complete water budget analysis is necessary 

to assure the adequacy of the base flow. 
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3. General Properties 
 

a. General 
 

Constructed wetlands offer several potential advantages, such as natural 

aesthetic qualities, wildlife habitat, erosion control, and pollutant removal. 

Constructed wetlands provide an effective follow-up treatment to onsite 

and source control BMPs that rely upon settling of larger sediment 

particles. 
 

The primary drawback to wetlands is the need for a continuous base flow 

to assure their presence. In addition, salts and scum can accumulate, and 

unless properly designed and built, can be flushed out during larger 

storms. 
 

Other drawbacks include the need for regular maintenance to provide nutrient 

removal. Regular harvesting and removal of aquatic plants, cattails, and 

willows are required if the removal of nutrients in significant amounts has to 

be assured. Even with that, recent data puts into question the net effectiveness 

of wetlands in removing nitrogen compounds and some form of phosphates. 

Periodic sediment removal is also necessary to maintain the proper distribution 

of growth zones and of water movement within the wetland. 
 

b. Physical Site Suitability 
 

A perennial base flow is needed to sustain a wetland, and should be 

determined using a water budget analysis. Loamy soils are needed in 

wetland bottoms to allow plants to take root. Infiltration through a 

wetland bottom cannot be relied upon because the bottom is either 

covered by soils of low permeability or because the groundwater is higher 

than the wetland’s bottom. Wetland bottom channels also require a near-

zero longitudinal slope; drop structures are used to create and maintain a 

flat grade. 
 

c. Pollutant Removal 
 

Removal efficiencies of constructed wetlands vary significantly. Primary 

variables influencing removal efficiencies include design, influent 

concentrations, hydrology, soils, climate, and maintenance. With periodic 

sediment removal and plant harvesting, expected removal efficiencies for 

sediments, organic matter, and metals can be moderate to high; for 

phosphorous, low to moderate; and for nitrogen, zero to low. Pollutants 

are removed primarily through sedimentation and entrapment, with some 

of the removal occurring through biological uptake by vegetation and 

microorganisms. Without a continuous dry-weather base flow, salts and 

algae can concentrate in the water column and can be released into the 

receiving water in higher levels at the beginning of a storm event as they 

are washed out. 
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4. Design Considerations 
 

Wetlands can be set into a drainageway to form a wetland bottom channel as 

shown in Figure 11.71 (Appendix). An analysis of the water budget is needed 

so that the inflow of water throughout the year is sufficient to meet all the 

projected losses (such as evaporation, evapotranspiration, and seepage) for 

satisfactory functioning of the wetland. An insufficient base flow could cause 

the wetland bottom channel to dry out and die. Maintenance requirements for 

wetland BMPs are shown in Table 11.11 (Appendix). 
 

5. Design Procedure and Criteria 
 

The following steps outline the constructed wetlands channel design 

procedure. Refer to Figure 11.71 (Appendix) for its design components. 
 

a. Step 1: Design Discharge 
 

Determine the two-year peak flow rate in the wetland channel without 

reducing it for any upstream ponding or flood routing effects. The channel 

shall also meet the conveyance requirements of Section 11.5. 
 

b. Step 2: Channel Geometry 
 

Define the newly-built channel’s geometry to pass the design two-

year flow rate at 2.0 feet per second with a channel depth between 2.0 

and 4.0 feet. The channel cross section should be trapezoidal with 

side slopes of 4:1 (horizontal/vertical) or flatter. Bottom width shall 

be no less than 8.0 feet. 
 

c. Step 3: Longitudinal Slope 
 

Set the longitudinal slope using Manning’s equation and a Manning’s 

roughness coefficient of n=0.03, for the two-year flow rate. If the desired 

longitudinal slope cannot be satisfied with existing terrain, grade control 

checks or small drop structures must be incorporated to provide desired 

slope. 
 

d. Step 4: Final Channel Capacity 
 

Calculate the final (or mature) channel capacity during a two-year flood 

using a Manning’s roughness coefficient of n = 0.08 and the same 

geometry and slope used when initially designing the channel with n = 

0.03. The channel shall also provide enough capacity to contain the flow 

during a 100-year flood while maintaining 1 foot of free-board. 

Adjustment of the channel capacity may be done by increasing the bottom 

width of the channel. Minimum bottom width shall be 8 feet. 
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e. Step 5: Drop Structures 
 

Drop structures should be designed considering low and high flow 

hydraulic conditions using standard engineering practices. 
 

f. Step 6: Vegetation 
 

Vegetate the channel bottom and side slopes to provide solid entrapment 

and biological nutrient uptake. Cover the channel bottom with loamy 

soils, upon which cattails, sedges, and reeds should be established. Side 

slopes should be planted with native or irrigated turf grasses. 
 

g. Step 7: Maintenance Access 
 

Vehicle access along the channel length must be provided for 

maintenance. Maximum grades should not exceed 10 percent, and a 

stabilized, all-weather driving surface capable for use by maintenance 

equipment shall be provided. 
 

6. Design Example 
 

Design forms that provide a means of documenting the design procedure are 

included in the Appendix. A completed form is shown in Figure 11.72 

(Appendix) as a design example. 
 

11.8.11 Water Quality Catch Basins and Water Quality Catch Basin Inserts 
 

1. Description 
 

A catch basin is an inlet to the storm drain system that typically includes a 

grate or curb inlet and a sump to capture sediment, debris, and associated 

pollutants. Catch basins act as pretreatment for other treatment practices by 

capturing large sediments. The performance of catch basins at removing 

sediment and other pollutants depends on the design of the catch basin (e.g., 

the size of the sump) and maintenance procedures to retain the storage 

available in the sump to capture sediment. Catch basin efficiency can be 

improved using inserts, which can be designed to remove oil and grease, trash, 

debris, and sediment. There are various manufacturers of water quality catch 

basins and the efficiency may vary with the manufacturer. 
 

2. Applicability 
 

Catch basins are used in drainage systems throughout the United States. 

Ideal application of catch basins is as pretreatment to another storm water 

management practice. Catch basin inserts for both new development and 

retrofits at existing sites may be preferred when available land is limited, as 

in urbanized areas. 
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3. Siting and Design Considerations 
 

The performance of catch basins is related to the volume in the sump (i.e., the 

storage in the catch basin below the outlet). Lager et al. (1997) described an 

“optimal” catch basin sizing criterion, which relates all catch basin dimensions 

to the diameter of the outlet pipe (D): 
 

o The diameter of the catch basin should be equal to 4D. 
 

o The sump depth should be at least 4D. This depth should be increased if 

cleaning is infrequent or if the area draining to the catch basin has high 

sediment loads. 
 

o The top of the outlet pipe should be 1.5D from the bottom of the inlet to the 

catch basin. 
 

Catch basins can also be sized to accommodate the volume of sediment that 

enters the system. Pitt et al. (1997) proposed a sizing criterion based on the 

concentration of sediment in storm water runoff. The catch basin is sized, with 

a factor of safety, to accommodate the annual sediment load in the catch basin 

sump. This method is preferable where high sediment loads are anticipated, 

and where the optimal design described above is suspected to provide little 

treatment. 
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11.8.12 Bioretention 
 

1. Definition 
 

A typical bioretention area is shown in Figure 11.73 (Appendix). Two general 

types of bioretention facilities exist: off-line and on-line areas. Off-line 

bioretention areas consist of sand and soil mixtures planted with native plants, 

which receive runoff from overland flow or from a diversion structure in a 

traditional drainage system. On-line bioretention areas have the same 

composition as off-line areas, but are located in grass swales or other 

conveyance systems that have been modified to enhance pollutant removal by 

quiescent settling and biofiltration. 
 

2. Purpose 
 

Bioretention is an efficient method for removing a wide variety of pollutants, 

such as suspended solids and nutrients. It can also be an effective means of 

reducing peak runoff rates and recharging groundwater by infiltrating runoff. 

However, not all bioretention facilities will necessarily be optimized for all of 

these functions. 
 

3. Application 
 

Bioretention areas consisting of sand and soil mixtures planted with native 

plants, which filter urban runoff, can be used in residential and nonresidential 

developments. Sources of runoff can be overland flow from impervious areas 

or discharge diverted from a drainage pipe. Also, on-line bioretention facilities 

use check dams or other barriers to retain flow in grass swales. 
 

Bioretention facilities are most effective if they receive runoff as close as 

possible to the source. A site designer needs to look for opportunities to 

incorporate bioretention facilities throughout the site and minimize the use of 

inlets, pipes, and downstream controls. 
 

Bioretention should not be used in areas with the following 

characteristics: 
 

o The water table is within 6 feet of the land surface (the use of collector 

pipes may reduce this limitation). 
 

o Mature trees would be removed for constructing the bioretention area. 
 

o Slopes are 20 percent or greater. 
 

o An unstable soil stratum is in the area. 
 

a. Off-Line 
 

Off-line bioretention facilities can be applied to most development 

situations. They are particularly applicable in urban areas where the 
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opportunities and the land available for controlling storm water reliably 

are scarce. Bioretention facilities may be installed in median strips, 

parking lot islands, or lawn areas of commercial developments. They also 

can be used in residential subdivisions with open drainage systems or in 

easements located around lots. Figure 11.74 (Appendix) shows a 

bioretention area receiving runoff diverted from a storm sewer. 
 

b. On-Line 
 

On-line bioretention facilities use check dams to “collect” the water in the 

bioretention area, as shown in Figure 11.75 (Appendix). Adding a 

bioretention area, as shown in Figure 11.75 (Appendix). Add a 

bioretention area behind the check dam allows filtering and sedimentation 

to occur. Check dams should only be used in small open channels or in 

filter strips that drain five acres or less. Runoff from storms larger than 

water quality design storm should safely flow over or bypass the 

bioretention area.  
 

4. Recommended Design Criteria 
 

a. Performance-Based Guidelines 
 

Bioretention facilities should be optimized to treat the runoff generated 

by the water quality design storm. The peak discharge from larger 

storms should be bypassed, if possible. 
 

A homogenous soil mix of 50 percent construction sand; 20 to 

30 percent topsoil with less than 5 percent clay content, and 20 to 30 

percent organic compost containing no animal waste provides a planting 

medium with adequate infiltration capacity. Soil amendments can be 

added according to the plant species selected. This soil guidance is taken 

from the North Carolina BMP manual. 
 

In areas where clay contents are higher and the soil is not conducive to 

infiltration, the bioretention facility can be modified with a collector 

pipe system installed beneath the basin to form a bioretention filter. The 

city of Alexandria, Virginia, has developed design guidelines for 

bioretention filters (city of Alexandria, 1995) and collector pipes for 

areas of clay soil. As a standard practice, a collector pipe system is now 

used on all bioretention applications. 
 

Bioretention areas can be used successfully in a wide range of drainage 

areas. Median strips, ramp loops, and parking lot islands are examples of 

small drainage areas (less than one acre). In large drainage areas (less 

than ten acres), diversion structures and energy dissipation devices need 

to be incorporated into the design to preserve the integrity of the 

bioretention area. 
 

It is recommended that the size of the bioretention area be 5 to 

7 percent of the drainage area multiplied by the c coefficient of the 

Rational Formula (Prince George’s County, 1993). However, both smaller 

and larger ranges are allowed. Ongoing monitoring data will provide 

better guidance on the design of these facilities. The land required for 
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bioretention facilities can be reduced by partially substituting vertical-

extended detention storage for horizontal storage. 
 

Check dams, as shown in Figure 11.75 (Appendix), reduce the velocity 

of concentrated storm water flows, promoting sedimentation behind the 

dam. If properly anchored, railroad ties, gabions, or rock filter berms 

may be used as check dams. The use of railroad ties is shown in Figure 

11.76 (Appendix). The use of gabions as a drop structure is shown in 

Figure 11.77 (Appendix). These types of structures can be used in swales 

with moderate slopes. 
 

Check dams must be sized and constructed correctly and maintained 

properly, or they will be either washed out or contribute to flooding. The 

relationship between ponding depth and discharge rate can be computed by 

using the critical-depth formula, which accounts for a generalized weir 

profile. The relevant equation is: 
 

(Equation 21) 

Q = ( (A
3
 x g) /T) 

½
 

 

Where: 
 

Q =discharge rate 

A =area subtended by top of check dam and 

ponding elevation 

T =width of check dam 

g =gravitational constant 
 

Check dams can be constructed of either rock or logs. The use of other 

natural materials available on the site that can withstand the storm water 

flow velocities is acceptable. Check dams should not be constructed 

from straw bales or silt fences because concentrated flows quickly wash 

out these materials. 
 

Maximum velocity reduction is achieved if the toe of the upstream check 

dam is at the same elevation as the top of the downstream dam. The 

center section of the dam should be lower than the edge sections to 

minimize the potential for erosion of the abutments during frequently 

occurring storm events. 
 

b. Operation and Maintenance 
 

Monthly inspections are recommended until the plants are 

established. Annual inspections should then be performed. 
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Accumulated sediment behind check dams should be removed when 

it reaches one half of the sump depth. 
 

c. Considerations 
 

If used, collector pipe systems in bioretention areas can become clogged 

by underlying clay soil. Pipe cleanouts are recommended to facilitate 

unclogging of the pipes without disturbing the bioretention areas. 
 

5. Specifications and Methodology 
 

a. Planting Plan 
 

Using plants in bioretention areas is intended to replicate a terrestrial 

forest community ecosystem. The components of this community include 

trees, a shrub layer, and a herbaceous layer. Native plants should be able 

to tolerate typical storm water pollutant loads, variable soil moisture, and 

ponding fluctuations (Prince George’s County, 1993). Designers are 

encouraged to check other sources, such as The Agronomy Guide, the 

Field Office Technical Guide, and local nurseries, to identify plants that 

can adapt to specific site conditions. 
 

The plant material layout should resemble a random and natural 

placement of plants rather than a standard landscaped approach with trees 

and shrubs in rows or other orderly fashion. The location of the plant 

material should provide optimal conditions for plant establishment and 

growth (Prince George’s County, 1993). 
 

b. Off-Line Bioretention Areas 
 

There are six major components to the bioretention area: 
 

 Grass buffer strip or energy dissipation area 
 

 Ponding or treatment area 
 

 Planting soil 
 

 Sand bed (optional) 
 

 Organic layer 
 

 Plant material 
 

The grass buffer strip or energy-dissipation area filters particles from the 

runoff and reduces its velocity. The sand bed further slows the velocity of 

the runoff, spreads the runoff over the basin, filters part of the water, 

provides positive drainage to prevent anaerobic conditions in the planting 

soil, and enhances exfiltration from the basin. 
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The ponding area functions as storage area for runoff awaiting 

treatment and as presettling basin for particulates that have not been 

filtered out by the grass buffer. The organic or mulch layer acts as a 

filter for pollutants, protects the soil from eroding, and is an 

environment for microorganisms to degrade petroleum-based 

compounds and other pollutants. 
 

The planting soil layer nurtures the plants with stored water and 

nutrients. Clay particles in the soil adsorb heavy metals, nutrients, 

hydrocarbons, and other pollutants. The plant species are selected on the 

basis of their documented ability to cycle and assimilate nutrients, 

pollutants, and metals through the interaction among plants, soil, and 

organic layers (Bitter and Bowers, 1994). The minimum depth of the 

planting soil layer should be 3 to 4 feet. 
 

The number of tree and shrub plantings may vary, especially in areas 

where aesthetics and visibility are vital to site development, and the 

density should be determined on an individual site basis. The minimum 

and maximum number of individual plants and spacing recommended 

are shown in Table 11.12 (Appendix). A minimum of three species of 

trees and three species of shrubs should be selected to assure diversity. 
 

As with any BMP, sizing rules are continually changing. Although the site 

requirements will determine the actual dimensions, the following 

dimensions are recommended for bioretention areas: 
 

• Minimum width is 10 to 15 feet. 
 

• Minimum length is 30 to 40 feet. 
 

• The ponded area should have a maximum depth of 6 inches. If 

collector pipes are used, the maximum pond depth can be 

increased to 12 inches. 
 

• The planting soil should have a minimum depth of 4 feet. 
 

Figures 11.78 and 11.79 (Appendix) show a profile and plan of a 

typical bioretention area. A curb diversion structure that can be 

installed to divert gutter flow to a bioretention area is shown in Figure 

11.80 (Appendix). 
 

c. On-Line Bioretention Areas 
 

A bioretention area upstream of a check dam is constructed with similar 

specifications as the off-line bioretention areas. The depth of the planting 

soil zone can be reduced (1 to 2 feet) if the drainage area is small (less 

than two acres). 
 

Rock check dams usually are constructed of approximately 8- to 

12-inch rock. The rock is placed either by hand or mechanically, but 



75 | P a g e   Revised on: March 6th, 2023 

never just dumped into the swale. The dam must completely span the ditch 

or swale to prevent being washed out. The rock used must be large enough 

to stay in place, given the expected design flow through the channel. 
 

Railroad tie check dams are illustrated in Figure 11.76 (Appendix). The 

railroad ties should be embedded into the soil at least 18 inches. Gabion 

applications are illustrated in Figures 11.75 and 11.77 (Appendix). 
 

6. Design Methodology for Controlling Runoff Volume 
 

The runoff capture volume is the minimum volume of rainfall that must be 

retained and completely infiltrated onsite during every storm. It is also equal 

to the rainfall quantity associated with the runoff capture design storm. 
 

The runoff capture volume is conveniently stated as a rainfall depth, in inches, 

over the area of the site. To achieve a suitable level of groundwater recharge, a 

minimum of 0.73 inch of rainfall from every storm should be detained and 

infiltrated. All rainfall events with less than 0.73 inch of rainfall should be 

completely infiltrated. 
 

Analysis of the site will establish the total runoff capture storage that must be 

provided by infiltration BMPs at a particular site. In general, the retention 

volume of appropriately located bioretention areas can be applied to satisfy the 

runoff capture storage requirement for the site. 
 

Bioretention facilities are effective measures for increasing the runoff 

capture capability of the site. Other methods that can be used to improve 

runoff capture and infiltration include: 
 

 Installing permeable pavement. 
 

 Installing infiltration trenches or dry wells. 
 

 Modifying the site design to decrease imperviousness. 
 

7. Design Methodology for Runoff Peak Attenuation 
 

Only bioretention facilities with large retention storage capacities will be 

effective in controlling runoff peak discharge rates. To predict a change in peak 

runoff, the Natural Resources (formerly Soil) Conservation Service’s (NRCS) 

methodology can be used. This methodology includes the so-called soil cover 

complex and nondimensionalized unit hydrograph techniques and is 

implemented in a variety of computer simulation packages. Alternative 

methodologies, including kinematic wave runoff routing and synthetic unit 

hydrograph generation, also are available in various computer software 

packages. 
 

By retaining runoff during the initial stages of a storm, bioretention facilities 

can significantly reduce peak runoff rates. With these measures implemented, 

runoff from the site will be delayed until the storage capacity of the facilities is 

exceeded. When using the NRCS methodology, this effect can be accounted for 
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as an increase in the initial abstraction, Ia, for the drainage subarea in which the 

facility is located. The relationship can be expressed as follows: 

 

R = 
 (V - Ia)2

  
(Equation 22) 

 

(V - Ia ) + S 
 

  
 

S =  
1,000

- 10 (Equation 23)  

 
 

  C N  
 

Where:      
 

V   =  Rainfall volume (inches, over the drainage area) 
  

R =   Runoff volume (inches, over the drainage area) 
 

Ia = Initial abstraction (inches, over the drainage area) 
 

S = Potential maximum retention after runoff begins 

(inches, over the drainage area)  
CN = NRCS runoff curve number 

 

Ia can be approximated as the combined runoff capture storage divided by the 

surface area of the drainage subarea. The effect will be more important for 

small runoff peak attenuation design storms. 
 

Some bioretention facilities may also include peak attenuation storage. The 

impacts of large flows and velocities on the plant material need to be 

carefully evaluated before using bioretention facilities as peak attenuation 

facilities. Bioretention facilities with small drainage areas (i.e., less than 0.25 

acre) may be effective for peak attenuation if they are installed throughout a 

subdivision or nonresidential development. 
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11.8.13 Other BMPs 

 

Use of BMPs other than those listed in this manual may be allowed when 

approved by the City Engineer on a case by case basis. 
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