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revisions to the document. The County submitted a revised SWMP on March 18, 2016.
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revised Monitoring and Implementation Plan on March 18, 2016 with the revised
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Part 1. Introduction

This document constitutes Fulton County’s Stormwater Management Plan (SWMP), and
is intended to address the County’s obligations under the 2014 — 2019 NPDES MS4
Phase | Permit.

Fulton County SWMP Organization

Fulton County has several organizational units that provide stormwater services to the
citizens of Fulton County. The primary functions performed by this structure include
administration, maintenance, operations, regulation and enforcement. These services are
provided for areas in unincorporated Fulton County only.

The Division of Water Resources, Public Works (DWR) seeks to protect the health,
safety, and welfare of Fulton County’s citizens through sound management of the
County’s infrastructure by providing high-quality and cost-efficient services and by
complying with federal, state, and county regulatory requirements. The overall
coordination of the SWMP, which includes the NPDES MS4 Phase | Permit
requirements, is the responsibility of DWR’s Environmental Compliance Unit. The
Public Education unit addresses public education regarding water quality issues and the
protection of water resources.

The Transportation Division of Public Works / General Services has the responsibility for
operation and maintenance of the stormwater infrastructure systems within the right-of-
way in unincorporated Fulton County.

Planning and Community Services (P&CS) reviews land disturbance plans, issues land
disturbance and building permits, and is responsible for building and land development
construction inspections associated with permitted construction projects.

Code Enforcement of the Fulton County Police Department enforces erosion control
ordinances in unincorporated Fulton County, and works in partnership with the citizens in
unincorporated Fulton County to promote and maintain a safe and desirable living and
working environment.

Part 2. SWMP Document

This Fulton County SWMP document was prepared in accordance with the “Phase | MS4
Medium and Large Storm Water Management Program Guidance Georgia” document as
published by the Georgia Environmental Protection Division (EPD)

The general organization follows the format of Fulton County’s 2014 - 2019 Phase | MS4
Permit, and includes Appendix A — Definitions from the Permit.
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Part 3. Stormwater Management Program

3.1

Structural and Source Controls

The SWMP implements a program which incorporates structural and source control
measures to reduce pollutants from runoff from commercial and residential areas that are
discharged from the MS4. The structural and source controls include the following
elements:

3.1.1 MS4 Control Structure Inventory and Map

a)

b)

An inventory of MS4 control structures (catch basins, detention/retention ponds, and
storm drain lines) is maintained by the County. A map showing those structures is
included in Appendix B — Stormwater Inventory Map, and a list of structures is
included as Appendix C — Stormwater Inventory (Tabular Format).

Fulton County will add storm drain lines, county maintained detention ponds and
ditches to the inventory, and provide the results with the annual report submitted on
June 15, 2016.

The inventory and map will be updated as necessary during each reporting period,
and the number or structures added, and the total number of structures will be
provided in each annual report.

Planning and Community Services (P&CS) will inventory new MS4 control
structures and provide information to DWR.

3.1.2 MS4 Inspection and Maintenance Program

a)

The Transportation Division is responsible for the inspection and maintenance of
MS4 structures (catch basins, ponds, ditches and pipes) in unincorporated Fulton
County. The Transportation Division’s goal is to inspect 100% of the structures
within a 5-year period. This will be accomplished by inspecting 20% of the structures
annually. The structures will be maintained in accordance with the table below.
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ITE CONDITIONS WHEN MAINTENANCE IS NEEDED

Catch Basin Trash or debris which is located immediately in front
of the catch basin opening or is blocking inletting
capacity of the basin by more than 20%

Sediment(in the basin) that exceeds 60 percent of
the sump depth as measured from the bottom of
basin to invert of the lowest pipe into or out of the
basin

Detention Pond Accumulated sediment is 20% of designed basin depth
or affects inletting or outletting condition of the facility

Trash or debris is plugging openings in the outlet structure

Ditches Accumulated sediment that exceeds 20% of the design ditch
depth. Excessive vegetation that reduces free
movement of water through the ditches

Pipes Accumulated sediment exceeds 20% of the diameter
of the pipe

There are 33 detention ponds located in unincorporated South Fulton County that the
Transportation Division is responsible for maintaining. Those detention ponds are
inspected for proper vegetation maintenance and operation. Grass mowing is
accomplished May through October. The County will provide the number and
percentage of the total structures inspected during the reporting period in each annual
report.

b) As inspection proceeds during each reporting period the maintenance that the
inspections indicate is needed will be performed, and the number and percentage of
the total structures maintained during the reporting period will be provided in each
annual report.

3|Page




3.1.3 Planning Procedures
The 2030 Fulton County Comprehensive Plan was adopted on December 7, 2011.

The next scheduled update is October 31, 2016. The plan is a management tool to guide
the decision making process for land use, housing, environment, and public facilities.
The Resource Conservation Section encourages co-location of infrastructure and
Development to limit the disturbance of land, preserve environmentally sensitive areas,
including steep slopes, wetlands, rock outcropping and other unique topographical
features.

The 2016 update will include encouraging LID and Gl practices including, bio-retention,
infiltration designs, permeable pavement, stormwater planters, rainwater harvesting and
improving the pollutant discharge of the existing outfalls.

A copy of the 2016 update to the Fulton County Comprehensive Plan will be included in
the 2016 — 2017 annual report, and an inventory of any new Gl / LID infrastructure added
to County facilities will be included in succeeding reports.

3.1.4 Street Maintenance

The street sweeping program is pending the approval of funding for the purchase of a
street sweeper. The street sweeper that was used previously to sweep streets has been
surplused. Typically the Transportation Division performs street sweeping in late Fall and
Mid-Spring. The streets are prioritized by traffic volume, litter frequency, overhead
vegetation and citizen complaints. The priority streets are swept twice a year. The
secondary streets are swept on an as needed basis. The goal is to sweep a minimum of
125 miles annually. Debris is disposed in a private landfill.

Inspections of drainage structures are prioritized by the structure being on a major arterial
or collector road. Inspected structures are cleaned when the structure is 20% full of
sediment or debris has built up in front of the inlet.

During grass cutting season (May- October), crew members will perform litter removal
prior to mowing. Litter removal is scheduled according to the established mowing
schedule. A goal of mowing a minimum of 55 miles of right-of-way three times annually
has been established. There are three grass cutting crews with two crew members for
each crew assigned to litter removal.

Litter is removed from County roads by Community Service Workers. The program
utilizes Community Service Workers to pick up litter from the County right-of-way. The
litter is picked up on a daily basis. The number of workers varies from 4-5 workers on a
daily basis removing litter. All litter is disposed of in a private landfill.
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Crews patch roadway potholes, deep base repair, alligator sections on roads annually.
Additional practices include resurfacing and edge rut maintenance. Inlets are protected
during these activities.

Documentation on activities conducted during the reporting period, such as litter
removal, street sweeping, deicing material removal, road repair, etc., will be submitted in
each annual report, and will include details such as the amount of litter removed, miles of
street swept, etc., in each annual report.

3.1.5 Flood Management Projects

a) P&CS will develop a checklist for evaluating the existing detention facilities and
begin implementing it by the start of the 2016 reporting period. The checklist will
include evaluating the current discharge, determining if a design change is needed for
improvement, the urgency of the need, and establishment of a time frame for the
needed action.

b) All new development and redevelopment requiring a Land Disturbance Permit per the
EPD and GSWCC will follow the County ES & PC Ordinance. This Ordinance
requires flood management practices per the Georgia Stormwater Management
Manual including detention, overbank protection, non-erosive discharge, more
stringent water quality and Gl & LID systems as appropriate. The details of any
assessments conducted, such as the number of construction plans reviewed that
contain flood management projects (e.g. detention ponds), will be provided in each
annual report.

c) Water Resources perform a site visit on the 42 County owned HVPS sites to
determine if there is a stormwater management facility onsite on any of those sites.
The inventory of County owned HVPS sites is attached as Appendix D — Preliminary
Existing Flood Management Projects Inventory. Any stormwater management
facility found during these inspections will

e Be evaluated for potential to improve hydrologic attenuation and / or improving
the quality of the storm water discharged.

e A conceptual design will be performed on any stormwater management facility
found to have potential for retrofit.

e Detailed design will be performed based on the conceptual designs to confirm
potential for retrofit.

e Construction to retrofit the stormwater facilities found to be suitable for detailed
design will be performed.

It is anticipated that not all stormwater management facilities will be suitable for
retrofit, based on the conceptual and detailed design processes.

5|Page



The schedule for site visits, evaluation, conceptual design, detailed design and
construction is as follows:

e 2015 - 2016: site visits all county owned HVPS sites and determine if a
stormwater management facility is present. Any stormwater management facility
found will be evaluated for retrofit potential.

e 2016 —2017: evaluate all stormwater facilities found in 2015 — 2016 for retrofit
potential. An inventory of the sites visited, stormwater management facilities
found and a copy of the evaluation(s) will be included in the 2016 — 2017 annual
report.

e 2017 - 2018: conceptual design on all stormwater facilities found to have retrofit
potential in 2016 — 2017, and detailed design based on conceptual design. The
number and status of the conceptual and detailed designs will be included in the
2017 — 2018 annual report.

e 2018 - 2019: retrofit construction based on completed detailed design(s). Fulton
County will provide include the status of construction in the 2018 — 2019 annual
report.

The detailed designs will be performed in accordance with the requirements of the
Georgia Stormwater Management Manual, and the retrofits will be selected from the
structural stormwater controls provided in that manual.

3.1.6  Municipal Waste Facilities

Fulton County does not have any open municipal or hazardous waste treatment, disposal,
and recovery facilities. However, the County does operate a solid waste transfer station
on the site of the closed Merk Miles facility. The transfer is listed on the Municipal
Waste Facilities inventory provided below, and will be inspected as part of the HVPS
program.

[Name Address
IMerk Miles Transfer Facility [3225 Merk Road, Atlanta GA 30331

3.1.7 Municipal Facilities with Potential to Cause Pollution

Fulton County has developed an inventory of municipal facilities with the potential to

cause pollution. That inventory is included as “Appendix E - Municipal Facilities with
Potential to Cause Pollution.” Fulton County will inspect a minimum of 20% of these

facilities each reporting period, and provide the inspection results with the annual MS4
reports. The County will provide an updated inventory in each annual report.

6|Page



3.1.8 Pesticide, Fertilizer and Herbicide (PFH) Application

a. Fulton County will add the following links to its Stormwater Management page
(http://www.fultoncountyga.gov/fcwr-stormwater/7195-stormwater-education-for-
pollution-prevention)

e http://www.caes.uga.edu/extension/fulton/
e http://www.caes.uga.edu/departments/ent/upmp/index.html
e http://www.caes.uga.edu/departments/ent/upmp/webinars.html

before the end of the 2014 — 2015 reporting period, and report the location in the
2014 - 2015 Annual MS4 Report.

b. The Transportation Division only uses small amounts of “Round Up” herbicide
during the grass cutting season of May-October. Round-Up is applied an average of
3-4 times during this period. Only the amount of herbicide needed for the day is
purchased to prevent storing of the herbicide.

3.1.9 Municipal Employee Training

P&CS will have staff trained in NPDES land disturbance inspections (GWSCC
certifications), and provide a summary of training conducted during the reporting period.

Employees of the Transportation Division are trained on the proper application and
handling of chemicals and how to reduce pollution on a quarterly basis. The training is
given by each crew supervisor during mandatory safety meetings. Employees also attend
yearly training courses given by Cooperative Extension on the proper handling and usage
of herbicides and ways to reduce pollution.

DWR stormwater program management staff will view one of the U.S. Environmental
Protection Agency’s webcasts (EPA) on EPA’s NPDES Training Courses and
Workshops website (http://water.epa.gov/polwaste/npdes/NPDES-Training-Courses-and-
Workshops.cfm#sw) on an annual basis.

A summary of training conducted during the reporting period will be included with every
annual report.
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3.2 lllicit Discharge Detection and Elimination Program

3.2.1 Legal Authority

Fulton County will re-evaluate and modify the existing IDDE ordinance when necessary
for compliance with this permit, and ensure that the ordinance provides the authority to
conduct inspections and monitoring, control illicit discharges and connections, and
control illegal dumping and spills into the MS4. The ordinance will include the
permittee’s authority to take legal action to eliminate illicit discharges or connections. If
the ordinance is revised during the reporting period, Fulton County will provide a copy of
the revised ordinance with the annual report as it is adopted by the Fulton County Board
of Commissioners.

Fulton County adopted the “Prohibitions and Illicit Connections” ordinance on February
2, 2008. The ordinance is included in Appendix F - Fulton County Ordinances.

Generally, the Prohibitions and Illicit Connections ordinance makes it unlawful for
anyone or entity to throw, drain, run, or otherwise discharge to the county's stormwater
system, including streets, highways, rights-of-way any organic or inorganic matter that
causes pollution. In addition the ordinance makes it unlawful to connect anything to the
County’s stormwater system except conveyance carrying uncontaminated storm water
runoff, unless that discharge is identified as part of the County’s stormwater management
plan. Improper connections must be disconnected and redirected, if necessary, to the
county sanitary system or other acceptable outfall upon approval by the director of public
works. The ordinance also mandates cooperation with the County in order for the county
to comply with the conditions of its NPDES permit, and requires access to records and
information for the purpose of examination for compliance with the ordinance. Failure to
comply can be subject to penalties including stop work orders and gives the County
magistrate and state court jurisdiction to try offenses, and if necessary impose fines of
$1,000 per violation or 60 days imprisonment for each violation.

Water line flushing, unpolluted pumped groundwater, discharges from potable water
sources, foundation drains, air conditioning condensation, irrigation water, springs, water
from crawl space pumps, footing drains, lawn watering, individual residential car
washing, flows from riparian habitats and wetlands, and water from street washing and
discharges or flows from firefighting are exempted.

3.2.2 OQutfall Inventory and Map

a) An inventory and a map, based on Fulton County’s GIS stormwater inventory,
showing the location of all outfalls from the MS4 and the names and location of all
waters of the State that receive discharges from those outfalls is provided in
Appendix G — MS4 Inventory Outfall Map, and a tabular inventory is provided in
Appendix H — MS4 Outfall Inventory (Tabular Format).
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b) P&CS will provide DWR with the number and locations of new outfalls during the
reporting periods. DWR will update the inventory and provide revised tabular
inventory, including the total number of structures in the inventory in each annual
report.

Ilicit Discharge Detection and Elimination Plan

c) Fulton County’s Illicit Discharge Detection and Elimination (IDDE) plan is attached
as Appendix | — Fulton County Illicit Discharge Detection and Elimination Plan.

d) The County will provide the number and percentage of inspections conducted during
the reporting period, completed inspection reports, information on any illicit
discharge detection activities and any enforcement actions taken for illicit discharges.

e) Fulton County’s investigative and follow-up procedures include:

i) Requiring the County’s water quality monitoring contractor to remain on site
when dry weather flows indicate a possible illicit discharge until County
employees arrive on site to begin investigation.

i) Utilizing the County’s GIS stormwater inventory and personnel to track potential
sources of pollution.

f) Fulton County will develop an Enforcement Response Plan and submit it for EPD’s
review and comment with the 2014 — 2015 Annual MS4 Report.

3.2.3 Spill Response Procedures

In the event that a sanitary sewer spill occurs, the DWR System Maintenance staff
responds to the spill. Once at the location the staff takes appropriate measures to contain
the spill or remedy the situation, in accordance with the County’s standard operating
procedures. Spill reporting protocol procedures are in place and available to Fulton
County and contract employees that may respond to a spill. The spill occurrences are
tracked via GIS and the information contained in a database.

Fulton County Fire and Rescue responds to spills of hazardous or toxic materials in
Fulton County. The six member team remains on alert 24 hours a day for emergency
response. The primary duty of the team is to stabilize the spill location until action can
be taken to remedy the situation. Each crew member has undergone EPA Emergency
Response to Hazardous Materials Incidents, 40 hour, OSHA training. The Fire
Department holds routine in-house training programs that exceed the eight hour annual
continuing education requirement for hazardous material response.

The Fulton County Airport — Brown Field Airport Manager’s staff conducts and annual

SWPPP implementation for a pollution prevention team members. These members then
train their own staffs. The training covers such items as prohibited discharges,
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inspection, spill response, good housekeeping, implementation of BMP’s and reporting
and record keeping procedures.

Fulton County will include documentation on all spills in each reporting period in the
annual MS4 reports.

3.2.4 Public Reporting Procedures

The public can report illicit discharges on the County website under “Customer Service”.
Information obtained from the hotline and website is forwarded to the appropriate
department for resolution. In addition the public can report complaints that pertain to
code enforcement, erosion control, water bans, water quality, scrap tire and other
environmental issues in unincorporated Fulton County on the County’s Tell Line, 404-
612-TELL (8355).

Code Enforcement’s inspectors can generate an illicit discharge investigation if they see
evidence of an illicit discharge while investigating other code enforcement violations.

All complaints are tracked in an electronic database, and are assigned a case number as
they are added to the system. Complainants may track the status of a complaint using the
case number.

The first inspection will occur between the day after the initial report and three days after
the initial report, depending on the research required to support the inspection. Follow up
investigations are performed between three and ten days after the first investigation.

When a Code Enforcement officer determines that a violation has occurred the notice of
violation may either by hand delivered at the end of the inspection, or may be mailed at
the end of the day the inspection occurs. In all cases the violator has three days to correct
the violation before the citation is turned over to the court liaison, who assigns permitted
cases to Magistrate Court and non-permitted cases to the Code Enforcement Board

If the magistrate judge or code enforcement board finds that County ordinance has been
violated a fine of up to $1,000 per day, per violation can be assessed.

When a major sewer spill occurs, the County

e Provides spill information to the Fulton County Daily Report, the County’s official
legal organ.

e Posts signs at the point of the spill and points of public access.

e Information is placed on file with the County’s Office of Communications in the
County Manager’s office.

e Forwards a letter providing a brief description of the amount of Sanitary Sewage
spilled and actions taken to prevent further spills to EPD.

When a minor sewer spill occurs, the County
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e Posts signs at the point of the spill and points of public access.
e Information is forwarded to the Deputy County Manager.
e Notifies EPD in a monthly report

3.2.5 Proper Management and Disposal of Used Oil and Toxic Materials

Transportation utilizes a private contractor for the disposal of used oil and toxic
materials.

Public Education maintains a continuous effort to educate the public about pollution and
prevention, including such the reduction, reuse and recycling of common household
hazardous wastes as paints, solvents, fuels, cleaners, and pesticides. This information is
made available on the County’s website at http://www.fultoncountyga.gov/fcwr-
education/5589-pollution-prevention.

The County will include details of any activities regarding proper management and
disposal of used oil and toxic materials performed during the reporting period in the
annual reports.

3.2.6 Sanitary Sewer Infiltration Controls

The Fulton County DWR has a robust inflow / infiltration program managed by Systems
Maintenance. Systems Maintenance visually inspects 20%, or 2 million feet, of the
wastewater system annually. When defects are noted, repairs are scheduled according the
severity of the defect. Additionally, Systems Maintenance treats 650,000 feet of the
wastewater system for root control annually. There also is an ongoing Capital
Improvement Program that has prioritized the repairs to the sewer system based on the
findings from the sewer inspections program. The County continues to conduct pipe
lining and manhole restoration each year.

The County will include details of any activities regarding sanitary sewer infiltration
controls performed during the reporting period in the annual reports.

3.2.7 Municipal Employee Training

a) Employees of the Transportation Division receive basic training from crew
supervisors on how to detect and report illicit discharges. The training is given on an
annual basis during staff’s safety meeting.

DWR stormwater program management staff attend a quarterly webinar meeting,
where materials primarily from EPA’s NPDES Training Courses and Workshops
website (http://water.epa.gov/polwaste/npdes/NPDES-Training-Courses-and-
Workshops.cfm#sw) are presented. In addition DWR stormwater program
management staff personnel routinely attend the Georgia Water Professional
Association’s GAWRA/Stormwater Committee monthly meetings in order to remain
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abreast of the latest developments in the stormwater field in Georgia and EPA Region
V.

b) A summary of the training conducted during each reporting period will be provided in
each annual report.
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3.3 Industrial Facility Storm Water Discharge Control

3.3.1. Industrial Facility Inventory

a) Fulton County has developed an inventory of county owned municipal waste
facilities, provided in the table below.

Facility Name Street City State | Zip Type

Camp Creek College

WRE 7520 Cochran Road Park GA 30349 | WRF

Charlie Brown 3952 Aviation Circle, .

Airport Room 200 Atlanta GA 30336 | Airport

Little Bear WRF | 405 Rippling Brook Trace | Palmetto GA 30213 | WRF

Transportation

College Fleet

Stonewall Tell 5601 Stonewall Tell RD Park g GA 30349 | maintenance

and storage
yard

b) Fulton County will update the privately owned industrial facility inventory on an

annual basis, adding industrial facilities:

i) Listed on EPD’s Industrial Storm Water General Permit (IGP) Notice of Intent
(NOI) and No Exposure Exclusion (NEE) online listings,
i) Any new industrial facilities as they are approved for land disturbance permits by
Planning and Community Services, and
iii) Any new industrial facilities found during the Highly Visible Pollutant Sources
inventory update.

A copy of the privately owned industrial facilities inventory is included as Appendix
J — Industrial Facilities Inventory.

c) Inorder to control runoff from county owned industrial facilities Fulton County will

i) Review the inventory of county owned industrial facilities, and provide an
updated inventory in the annual report if any changes occur to the inventory.

i) Ensure that each facility in the inventory has filed a Notice of Intent to discharge
storm water in accordance with EPD’s General Permit No. GAR GAR050000.

iii) Ensure that each facility in the inventory has developed a stormwater pollution
prevention plan in accordance with the requirements of EPD’s General Permit No.
GAR GAR050000.

iv) Inspect each at least 20% of the facilities in the inventory annually to ensure
compliance with EPD’s General Permit No. GAR GARO050000 and the facility’s
respective SWPPP.
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d) The updated industrial inventory will be provided with each annual report, beginning
with the 2014 — 2015 annual report, which will be submitted no later than June 15th,
2015.

3.3.2. Inspection Program

a) At least 20% of the industrial facilities on the County’s inventory will be inspected
annually, and the results of those inspections reported in the annual MS4 reports,
along with a copy of the revised industrial facilities inventory. A copy of the MS4
Facility Inspection Form used for industrial and HVPS inspections is included in
Appendix K — Inspection Forms. A copy of forms completed during each reporting
period will be included in the annual reports.

b) All industrial facilities on the County’s inventory will be required to implement a
stormwater monitoring program as provided in Part 6, Monitoring of the
Authorization to discharge Under the National Pollutant Discharge Elimination
System, Stormwater Discharges Associated with Industrial Activity, General Permit
No. GAR 050000.

3.3.3. Enforcement Procedures

Fulton County will follow this protocol when minor problems are noted during industrial
facility inspections:

On-site personnel will be informed of the problem.

The problem will be described on the inspection form.

A re-inspection will be scheduled.

Upon return to the office the inspector will perform research to determine the name
and address of the property owner, and write a letter notifying the property owner,
describing the problem(s), and inform the property owner the site will be re-inspected
to ensure compliance. The notification letter will be sent no later than 5 working days
after the inspection, and re-inspection will occur no later than 21 working days after
the original inspection.

If the re-inspection does not indicate substantial progress to remediate the problem(s)
originally identified, or there is indication that site conditions have deteriorated a site visit
will be coordinated with a Code Enforcement officer so that enforcement action can be
taken under the County’s illicit discharge ordinance.

If Fulton County has reason to believe that any of the site’s NPDES permit conditions are
being violated Fulton County will copy Georgia EPD with any correspondence sent to the
owner.

All enforcement actions will be reported in the County’s annual MS4 report.
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3.3.4. Educational Activities

Fulton County will develop an Industrial Stormwater education program by the end of the
2014 — 2015 reporting period that will include:

e A web page that will
o0 Provide with information about the program and requirements.
0 Provide a link to EPD’s NPDES Industrial Storm Water General Permit and
related information
e Develop or obtain brochures for distribution during industrial stormwater inspections.
e Fulton County will include details of any educational activities in each annual report.

3.3.5. Municipal Employee Training

a) Fulton County will conduct regular training of employees on proper stormwater
pollution prevention practices and protocols, as well as proper safety methods to
reduce the potential that materials or equipment will be mishandled or misused. The
training will be focused on the reduction of injury, loss of materials, release of
contaminants, and the impact that pollutants have on receiving waters. The training
sessions will be based on Volume 3, Pollution Prevention Guidebook of the Georgia
Stormwater Management Manual. Aside from a general stormwater awareness theme
the training sessions will focus on:

e Pollution prevention/good housekeeping measures

e Spill Response and Prevention

e Information about the operation and maintenance of structural best management
practices (BMPs)

e Stormwater pollution prevention plans (SWPPPs) for municipal facilities

e BMPs recommended for use in the field to prevent contaminated discharges

e Training to recognize, track, and report illicit discharges.

In addition the County will:

e Integrate information sessions on stormwater pollution prevention into other
employee training programs.

e Discuss stormwater pollution prevention at employee meetings.

e Promote stormwater pollution prevention concepts through posters, brochures,
newsletters, etc.

e Post bulletin boards with updated stormwater pollution prevention procedures,
tips and reminders.
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b) Fulton County will report the dates, locations and number of employees trained in
each annual MS4 report.
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3.4 Construction Site Management

Planning and Community Services (P&CS), along with Code Enforcement are primarily
responsible for construction site management and enforcement in Fulton County.

3.4.1. Legal Authority

Fulton County has been certified by the Director of EPD as a Local Issuing Authority for
the purposes of the Erosion and Sedimentation Act of 1975 as amended. A Memo of
Agreement was adopted by the Fulton County Commission and the State Soil and Water
Commission on January 20, 2014. The County Board of Commissioners adopted the
Fulton County Soil Erosion, Sediment and Pollution Control Ordinance of 2010 On June
2, 2010. This ordinance gives the County Authority to issue Land Disturbance Permits:
require BMPs to prevent and minimize erosion and sediment discharge, ES & PC Plan
Submission and review prior to commencing construction, conduct inspections and
enforcement, including Stop Work Orders, bond forfeiture, and monetary penalties, and
require education and certification for persons involved in Land Development, per the
Georgia EPD Model Ordinance. If the E&S ordinance is revised during the reporting
period, the County will submit a copy of the adopted ordinance in the annual report

3.4.2. Site Plan Review Procedures

P&CS will review the Land Disturbance Plans per the Georgia Stormwater Manual(Blue
Book), The Manual for Erosion and Sediment Control in Georgia(Green Book) and the
ES & PC checklist of requirements under the State Permit GAR 100001- 3 authorizing
discharge under the NPDES associated construction activity. P&CS will provide the
number of a list of the site plans received and the number of site plans reviewed,
approved, or denied, and the number of Land Disturbance Activity permits issued during
the reporting period in each annual report.

3.4.3. Inspection Procedures

a) P&CS will continue to make site inspections to insure that structural and non-
structural BMP’s are designed and maintained as required by GASWCC.

b) Certified County Erosion inspectors shall ensure that structural and nonstructural
BMPs at construction sites are properly designed and maintained as specified in the
CGPs. Certified County erosion inspectors shall inspect each land disturbance activity
a minimum of following installation of initial BMPs, during active construction, and
after the final site stabilization, and shall include inspections once every seven days,
and within 24 hours (except weekends) of every storm that is 0.5 Inches of rainfall or

17|Page



larger. Certified County erosion inspectors will inspect each site a minimum of once
per Month until final stabilization is achieved and an NOT has been received by EPD.

c) P&CS will provide the number of active sites and the number of inspections
conducted during the previous calendar year in each report.

3.4.4. Enforcement Procedures

Currently Code Enforcement provides construction site inspection for compliance with
erosion control and sedimentation code and ordinance, and uses the following procedure
and protocol:

a) Sites are inspected based on zone coverage, and deficiencies, if any noted.

b) If a notice of violation is justified the notice is posted on site, and a letter is sent to the
responsible party by mail. The violator has 3 days to correct the deficiencies.

¢) If the deficiencies are not corrected within 3 days a stop work order is issued, and no
further work is allowed on site until the deficiencies are corrected.

Detailed procedures will be provided in the Enforcement Response Plan (ERP) when it is
submitted to EPD for review with the 2014-2015 annual report, due June 15, 2015. The
ERP will be implemented within six (6) months of EPD approval of the ERP. Fulton
County will provide documentation of any enforcement actions taken during the
reporting period in each annual report, including the number and type of enforcement.

3.4.5. Educational / Training Activities

a) P&CS inspectors will check that all personnel and entities involved in construction
activities comply with the certification requirements of the Georgia Erosion and
Sedimentation Act. They will insure that all staff involved in construction subject to
Construction General Permits (CGP) are trained and certified by GSWCC.

b) PCS will provide a summary of the training conducted during the reporting period,
provide the number and type of current certifications held by County inspection
personnel and a summary of all training classes related to erosion control, MS4, and
soil and water conservation, in each annual report.
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3.5 Highly Visible Pollutant Sources

3.5.1. HVPS Facility Inventory

Fulton County established a Highly Visible Pollutant Sources (HVPS) inventory for the
2009 - 2014 MS Permit, and has updated the inventory annually, and provided an updated
inventory based on the County’s business license data. Fulton County will continue
updating the current HVPS inventory based on an annual review of County business
license data and provide the updated inventory with each annual report for the 2014 —
2019 MS4 Permit, beginning with the 2014 — 2015 annual report, due on June 15, 2015.
A copy of the 14 — 15 HVPS inventory is included as Appendix L — HVPS Inventory.

3.5.2. Inspection Program

a) Fulton County implemented a HVPS facility inspection program during the 2009 —
2014 MS4 Permit. The current program will be maintained for the 2014 — 2019 MS4
Permit, and includes:

1) Prioritizing inspections based on conditions in each basin and information from
the Georgia Environmental Protection Division, primarily the 305(b)/303(d) list
as it is updated biannually

i) Using the MS4 Facility Inspection form (included in Appendix K — Inspection
Forms) to ensure consistent inspection procedures

iil) Maintaining a database of inspections completed, based on the updated inventory
as the inventory is updated each year

iv) Reporting the HVPS inspections performed in each annual report

b) The procedure for HVPS inspections will be performed in the sequence provided
below.

Office Preparation & Research

1) Determine if commercial facility is in Fulton County’s jurisdiction by:

a) Locating the facility’s street address in the most current Aero Atlas map and

b) Obtaining property tax parcel data as provided in the County’s geographical
information system (GIS). Only sites within County’s MS4 jurisdictional area
will be inspected for stormwater issues by County personnel.

2) Review aerial photos of the specific commercial facility for general information
such as the size and location of buildings, storage areas and topography using the
web link https://www.gis.fc. Determine the overall drainage pattern in the site
area, evidence of pollutant discharge, such as oil streaking in paved areas, areas of
impacted or dead vegetation, etc. and/or improper disposal of debris or materials.

3) Print or photocopy all appropriate maps such as topographic map, property tax
maps, as-builts, site construction plans and aerial photographs. The map(s)
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4)
5)
6)
7)

8)

9)

should be scaled so as to show the area(s) of interest on the site, but generally

should be no more than 11” x 177, (The County’s geographic information system

(GIS) should be used to the maximum extent practicable.)

Using all of the information found from the above steps, estimate where

stormwater discharges from the site.

Review Georgia’s current 305(b)/303(d) list to see if the site discharges to an

impaired segment and if so what the pollutants of concern are.

Based on research of the commercial facility’s principal activity and what

chemicals and/or materials may be present.

Determine the appropriate Standard Industrial Classification (SIC) and North

American Industry Classification System (NAICS) codes.

Check weather forecast for day of anticipated site visit/inspection. If the forecast

indicates that there will be less than 0.1” of rainfall in the 72 hours prior to the site

visit, plan to perform a dry weather screen on all outfalls from the site.

MS4 Facility Inspection forms:

a) Create an electronic copy of MS4 Facility Inspection forms.

b) Fill out the “Facility/Site Information” section of the MS4 Facility Inspection
form.

c) Save the form(s) on the County’s network in the location as designated by the
Environmental Compliance Manager to and/or his/her designee(s).

10) Map directions to commercial facility and estimate the travel time along with a

fifteen minute early arrival time.

11) Using best available commercial facility contact information, schedule site

visit/inspection with appropriate onsite personnel, if possible.

Site Visit

1) Complete a vehicle inspection checklist.

2) Upon arrival at the site, notify appropriate commercial facility official that Fulton
County personnel are onsite to perform commercial facility stormwater
inspection.

3) Before inspecting the site, verify that the Commercial facility has:

4) Previous HVPS inspection data,

5) Spill Prevention Control Countermeasure (SPCC) Plan,

6) Current Business License.

7) Conduct visual out door inspection of the business if a potential pollutant
exposure impacts on the MS4 system.

8) Collect water samples for field or laboratory analyses, when deemed necessary,
by using nitrile sampling gloves, an amber 500ml glass sample bottle for light
sensitive samples, Polyethylene (P) bottle for grab sample, Polypropylene (PP)
bottle 100ml for Fecal grab sample, ice and a cooler to help preserve the water
sample. If water samples are taken to an accredited laboratory, arrangements must
be made for the relinquishing and receiving of the samples by incorporating a
proper chain of custody  and sample bottle labels provided by the laboratory
designated for analyses.

9) If a stormwater violation is identified, inform onsite commercial facility officials

of findings and detail and record any violations.
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10) Offer any appropriate educational literature to assist industry to apply best
management practices.

11) Leave a copy of site visit findings or obtain Commercial facility’s contact’s e-
mail address to forward inspection results.

12) Schedule a re-inspection if violations were observed and establish a schedule for
rectifying violations with responsible personnel.

Post Site Visit

1) Upon completion of MS4 Facility Inspection and return to the office, the
inspector will update the inventory and forward the findings in electronic format
and submit completed electronic form(s) and findings to Environmental
Compliance Manager or his/her designee within forty-eight hours of inspection.

2) If a re-inspection is scheduled, perform the re-inspection and resubmit a revised
MS4 Facility Inspection Form to Environmental Compliance Manager or his/her
designee within forty-eight of re-inspection,

3) If the site has not been brought into compliance within the agreed upon time,
begin appropriate enforcement action including but not limited to issuing Notices
of Violations or informing the Georgia Environmental Protection Division and the
U.S. Environmental Protection Agency (EPA) of the problems on the site.

Fulton County will perform inspections on a minimum of 20% of the businesses in the
HVPS inventory annually. Copies of the completed inspection forms will be included
with each annual report, starting with the 2014 — 2015 annual report due on June 15,
2015, along with a total of the number of inspections performed and a percentage
comparing the number of inspections performed to the number of HVPS sites in the
inventory.

3.5.3. Enforcement Procedures

a) Fulton County will follow this protocol when problems are noted during HVPS
inspections:
1) On-site personnel will be informed of the problem.
i) The problem will be described on the inspection form.
iii) Upon return to the office the inspector will schedule a re-inspection, to occur

within 10 working days of the original inspection, and write a letter to the
property owner. The letter will include:

(1) A description of the problem

(2) inform the property owner that a re-inspection is scheduled

(3) offer appropriate educational materials to help the property owner understand
the problem and how to rectify it

If upon re-inspection no progress is being made the inspector will schedule a third site
visit, to occur within 10 working days of the first re-inspection, and will coordinate this
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visit with a Code Enforcement officer so that enforcement action can be taken, if
necessary.

Step-by-step procedures will be included in the Enforcement Response Plan, and
documentation of any enforcement actions taken at HVPS facilities will be included with
the annual reports.

3.5.4. Educational Activities

a) Fulton County will develop a HVPS green partner program by the end of the 2014 —
2015 reporting period that will include:

e Developing a checklist of things that a business must do to stay in compliance
with all the requirements and extra points for going above and beyond. They
would get a sticker to put in their window each year saying they are a Fulton
Green Partner.

e Provide a web page on the County’s web site with information about the program
and requirements.
e Develop or obtain brochures for distribution during HVPS inspections.

The County will provide details on any educational activities (targeting HVPS facilities)
performed during the reporting period in each annual report, beginning with the 2014 —
2015 annual report due on June 15, 2015.

3.5.5. Municipal Employee Training

a) Fulton County will conduct regular training of employees on proper stormwater
pollution prevention practices and protocols, as well as proper safety methods to
reduce the potential that materials or equipment will be mishandled or misused. The
training will be focused on the reduction of injury, loss of materials, release of
contaminants, and the impact that pollutants have on receiving waters. The training
sessions will be based on Volume 3, Pollution Prevention Guidebook of the Georgia
Stormwater Management Manual. Aside from a general stormwater awareness theme
the training sessions will focus on:

e Pollution prevention/good housekeeping measures

e Spill Response and Prevention

e Information about the operation and maintenance of structural best management
practices (BMPs)

e Stormwater pollution prevention plans (SWPPPs) for municipal facilities

e BMPs recommended for use in the field to prevent contaminated discharges

e Training to recognize, track, and report illicit discharges.
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In addition the County will:

e Integrate information sessions on stormwater pollution prevention into other
employee training programs.

e Discuss stormwater pollution prevention at employee meetings.

e Promote stormwater pollution prevention concepts through posters, brochures,
newsletters, etc.

e Post bulletin boards with updated stormwater pollution prevention procedures,
tips and reminders.

b) Fulton County will provide a summary of the training conducted during the reporting
period in each annual report.

23|Page



3.6 Enforcement Response Plan

Fulton County will develop an Enforcement Response Plan (ERP) in accordance with the
guidance offered in Attachment B, Phase | Medium and Large Storm Water Management
Program Guidance, as published by EPD, and will submit the ERP for EPD’s approval
with the 2014 — 2015 annual report for EPD’s review. Fulton County will implement the
ERP within six months of EPD’s approval, and the ERP will become an addendum to
Fulton County’s SWMP.
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3.7 Monitoring for Discharges to Impaired Waterbodies

In order to meet the monitoring and implementation requirements Fulton County is
extending its’ existing Watershed Protection Plan and Sampling Quality Assurance Plan
to address the impaired waterbodies in the County’s MS4 jurisdictional area, including
identifying the pollutant(s) of concern, conducting monitoring and implementing best
management practices. A complete discussion is included in Appendix M — Monitoring
and Implementation Plan.
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3.8 Public Education

Fulton County uses a variety of outreach tools to reach our citizens including, but not
limited to, websites, literature, school presentations, community events, and presentations
to civic organizations. The main focus of these programs is to encourage individual and
community stewardship. Our target audience is first and foremost our customers (both
residential and commercial), and then the general public. The County reaches our
audiences through many avenues, including school groups, library programs, a speakers’
bureau for adult groups, senior citizen groups, and many more.

Fulton County’s Education and Outreach Program includes Water Quality, Water
Conservation, and Pollution Prevention education. These program areas include
components that are ongoing throughout the year. Each activity will occur at least
quarterly, but in most cases much more frequently. For example, school programs occur
on a weekly basis during the school year.

The Water Conservation Program includes:

Composting

Rain Barrel Workshops

Fix-a-Leak Week

Smart Irrigation Month

Water Efficient Landscaping education
Water Use Restrictions

Rain Gardens

These components of the Water Conservation Program are aimed at protecting water
quality through proper landscape maintenance. Composting workshops provide citizens
with an efficient and convenient method of disposing of yard debris and lawn clippings
while at the same time producing a natural source of nutrients for their landscapes,
thereby reducing the use of commercial fertilizers.

Several integrated pest management workshops have been held to educate residents about
the proper use of pesticides to protect water quality. A demonstration Rain Garden was
installed at a county facility and workshops were conducted to help homeowners learn
how to install this type of landscape feature which retains stormwater runoff on site to
allow for infiltration into the ground.

Rain barrel make-and-take workshops are held periodically along with fix-a-leak and
smart irrigation demonstrations.

The Pollution Prevention program includes a Fats, Roots, Rags, Oils and Grease
(FROG) element.
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The FROG Program is designed to provide citizens with the tools and knowledge they
need to help prevent sewer clogs and backups in homes, businesses, and communities
through the proper disposal and cleanup of fats, oils, and grease. Emphasis is also placed
on keeping landscaping away from sewer lines to avoid root intrusion. Staff has also
developed displays and educational tools to remind our customers not to use their toilets
as a trash can. We encourage citizens to not flush disposable cleaning cloths or
personal/baby wipes down the toilet.

Public Education also includes

e General watershed education, including special events (Earth Day, Clean Water
Week, etc.), children’s presentations (school programs, summer camps, after school
programs, etc.), and several unique outreach tools (Enviroscape, traveling water
library, etc.)

e Fulton County’s (http://www.fultoncountyga.gov/fcwr-education) website is kept
current with useful information for our customers about special events and
opportunities. Social media is utilized by our Communications Department through
Twitter and Facebook for breaking news and updates. In addition the Fulton
Government Television (FGTV) cable station airs reports and public service
announcements about current issues.

The program activities will be documented in the Annual Report with entries for each
element, including the number of workshops held, number of attendees at each workshop
and an estimate of the number of brochures distributed.
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3.9 Public Involvement

Fulton County will conduct a public involvement program that will create opportunities
for citizens to participate in the SWMP. The activities include:

e Adopt-A-Stream

e Storm Drain Marking

e Community/Stream Cleanups

e Household Hazardous Waste

e Pharmaceutical Drop-off Program

The Adopt-A-Stream Program is a citizen’s volunteer stream monitoring program that
assesses the health of local waterways through routine chemical and macroinvertebrate
monitoring, and through visual and watershed assessments. VVolunteers are trained and
certified to monitor waterways for several parameters, including pH, dissolved oxygen,
temperature, and macroinvertebrate surveys. Emphasis is placed on nonpoint source
education and the collection of quality baseline data for Fulton County’s streams. The
observations section of the data form corresponds to the basics of IDDE monitoring,
including odor, color, clarity, foam, oily sheen, and water flow.

Storm Drain Marking provides a method for informing the public that everything that
enters a storm drain flows untreated into a nearby water body. By gluing colorful disks
with the message “Keep It Clean — Drains To River” onto the storm drain inlets we can
remind neighborhood residents that storm drains are not the place to dispose of trash,
yard clippings, motor oil, or any other debris. We conduct stream and river cleanups year
round, helping citizens with organization and providing the supplies and support needed
to make the events successful.

The Household Hazardous Waste program promotes the reduction, reuse, and recycling
of common household products and provides Fulton County residents with advice about
environmentally safe, convenient ways to dispose of unwanted household products, such
as paint, solvents, fuels, cleaners, and pesticides. The county holds periodic amnesty
drop-off days, usually 2 to 4 times per year.

The Fulton County Sherriff’s Department has partnered with a non-profit organization to
offer free pharmaceutical disposal through 10 drop-off locations around the County.
These drop boxes help keep unused medications from falling into the wrong hands or
from being flushed down the toilet.

The program activities will be documented in the Annual Report.
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3.10 Post-Construction

3.10.1 Legal Authority

a)

The County has the authority to require water quality management controls under the
Georgia Stormwater Manual, the County Stormwater Design Manual, and the Fulton
County Erosion, Sedimentation and Pollution Control Ordinance. The County will
address GI/LID practices in revisions to the County ordinances based on evaluations
using The Center for Watershed Protection's Code and Ordinance Worksheet. The
ordinances will be reviewed during the 2015-2016 reporting period and the status will
be included in the report submitted June 15, 2016.

b) The Fulton County Stormwater Management Storm Drainage Design and Criteria

c)

Manual, the Center for Watershed's worksheet and the Fulton County Erosion,
Sedimentation and Pollution Control Ordinance are located in Appendix N - Fulton
County Stormwater Management Manual, CWP Worksheet and ES & P Control of
the CD.

Fulton County’s current stormwater ordinances were evaluated using the Codes &
Ordinances Worksheet as published by the Center for Watershed Protection. The
completed worksheet resulted in a score of 83 out of 100. The ordinances:

e Fulton County Comprehensive Storm Water Ordinance

e Amendment No. 1 to the Fulton County Stormwater Management Storm Drainage
and Criteria Manual

Zoning Resolutions of Fulton County, Section 4.24 — Floodplain Management
Article VI — Conservation Subdivision Ordinance

Comprehensive Storm Water Ordinance, Division 6, Chapter 26

Fulton County Codes of Law, Article XVI — Litter Control, and

Codes & Ordinances Worksheet as published by the Center for Watershed
Protection

are included as part of Appendix N - Fulton County Stormwater Management
Manual, CWP Worksheet and ES & P Control.

3.10.2 GI/LID Program

a)

P&CS will implement a GI/LID feasibility evaluation and program and submit it with
the 2016-2017 annual report.

3.10.3 GI/LID Structure Inventory

a)

The County will develop an inventory of both privately owned an public owned water
quality related GI/LiD structures constructed after June 11, 2014 that are located
within the jurisdiction. The inventory will include the total number of each type of
structure (e.g., bio-swales, pervious pavement. Rain gardens, cisterns, and green
roofs). The inventory will be submitted with the annual report on June 15, 2017.

29|Page



b) The County will track the addition of new water quality-related GI/LID Structures
through the plan review process and insure that the structures are added to the
inventory. The County will provide an updated inventory in each annual report,
beginning with the June 15, 2017 annual report.

3.10.4 Inspection program

a) DWR will perform inspections on 20% of the water quality GI/LID structures in the
inventory as provided by P&CS annually, and will provide the number of the total
structures inspected beginning with the 2017 - 2018 annual report.

b) DWR will conduct maintenance on publicly owned GI/LID structures as needed,
beginning in June 2017, and will provide the total number of structures maintained in
during each reporting period in each annual report, beginning with the 2017 — 2018
annual report.

c) DWR, in conjunction with P&CS will develop procedures for ensuring privately
owned non-residential GI/LID structures are maintained as needed, and will submit
the procedures for EPD’s review with the 2016 — 2017 annual report. Upon approval
by EPD the procedures will be implemented and documentation of inspection and
maintenance of privately owned non-residential GI/LID structures will be provided in
each annual report, beginning with the 2017 — 2018 annual report.
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1 Introduction and Purpose

The purpose of the Enforcement Response plan is to protect, maintain and enhance the public
health, safety, environment and general welfare by establishing minimum requirements and
procedures to control the adverse effects of nonpoint source pollutants in stormwater.

Fulton County’s stormwater enforcement response program is divided into three sections:

e lllicit Discharge Detection and Elimination (IDDE)

e Industrial Facility Stormwater Discharge Control and Highly Visible Pollutant Sources
(HVPS)

e Construction, and Associated Soil Erosion and Sediment Control

The IDDE, Industrial Facility Stormwater Discharge Control and HVPS programs are managed
by the Fulton County Stormwater unit. The Construction, and Associated Soil Erosion and
Sediment Control program is managed by the Fulton County Planning & Community Services
Department.

The Fulton County Stormwater unit utilizes Code Enforcement, a unit of the Fulton County
Police Department, for serious and / or repetitive violations. Through the issuance of Notices of
Violations (NOV) Code Enforcement can, when necessary route serious and / or repetitive
violations of County ordinance to the County’s Environmental Court. Environmental Court is
held every third and fourth Tuesday in the Fulton County Courthouse. The assigned Court
Officer reviews the criminal history records with the Judge to assist in determining fine amounts
and or other court ordered requirements.

The ordinances quoted in this document are not included in the printed version, but are included
in the electronic copy, available on compact disk.
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2 Illicit Discharge Detection and Elimination

2.1 Violations and Enforcement Mechanisms

According to Division 6, Prohibitions and Illicit Connections, Section 26-316 of Fulton County
Code of Ordinances “it is unlawful for any person, company, corporation, etc., to throw, drain,
run, or otherwise discharge to any component of the county's stormwater system, including
streets, highways, rights-of-way; or to cause, permit, or suffer to be thrown, drain, run, or allow
to seep or otherwise discharge into such system, any organic or inorganic matter that shall cause
or tend to cause pollution to such waters, as provided for in this article.”

When poor housekeeping, accumulation of litter or other minor issues that don’t rise to the level
of a violation of Division 6, Section 26-316 are discovered or reported the County will issue a
verbal warning, and track and report verbal warnings along with violations in the Annual MS4
Report.

Violations of Division 6, Section 26-316 will result in an issuance of a NOV, and / or trial by the
County magistrate or state court.

Each day of violation is considered a separate offense, and is punishable by $1,000 per violation
or imprisonment in the county jail for not more than 60 days, or both fine and imprisonment for
each offense.

In addition the county attorney on behalf of the county may institute injunctive, or other
appropriate action or proceedings at law or equity for the enforcement of this article or to correct
violations of this article, and any court of competent jurisdiction shall have the right to issue
restraining orders, temporary or permanent injunctions, mandamus, or other appropriate forms of
remedy or relief.

Enforcement will follow the procedure on the following page.
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2.2 Tracking

Tracking is initiated when the County finds a dry weather flow at a municipal separate storm
sewer system (MS4) outfall, when a potential illicit discharge is reported, or poor housekeeping
or other minor issues are discovered. A log will be maintained that includes:

e Dates
o0 Dry weather flow, violation or minor issue discovered

0 Inspections and re-inspections
o0 Notice of violation issued, if applicable
e Property address and owner(s)
e Type of enforcement action (notice of violation, verbal warning or other action taken by the
County)
e Required timeframe to correct violation, if a violation has been determined to have occurred
e Final resolution, including date and verification

The log will be maintained in an Excel spreadsheet, and the results reported in the Annual MS4
Report.

2.3 Summary of Enforcement Measures and Time Frames

Enforcement of the County’s Prohibitions and Illicit Connections ordinance will occur in
accordance with the table below.

Violation Enforcement Measure Time Frame

Verbal Warning - inform
offender that discharge of
pollutants is a violation of
County ordinance, provide Same day as discovery
educational materials, log the
incident for reporting and
future reference.

Poor housekeeping or
other minor issue

A schedule for rectifying the illicit connection
will be developed upon discovery. Failure to
conform to the schedule will result in
enforcement action, issuance of a Notice of
Violation and / or initiation of legal
proceedings, as appropriate.

Inform offender that
discharge of pollutants is a
Illegal connection or | violation of County

violation (one time or | ordinance, establish schedule
repetitive dumping) to rectify the problem, cite the
offender under County illicit
discharge ordinance if the

schedule is not adhered to. Generally 10 business days will be allowed to

rectify an illicit connection.
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3 Industrial Facility Stormwater Discharge Control and Highly Visible
Pollutant Sources

3.1 Introduction, Violations and Enforcement Mechanisms

Fulton County, in accordance with the County (Municipal Separate Storm Sewer System) MS4
Permit and Stormwater Management Plan (SWMP) conducts stormwater related inspections of
industrial facilities and highly visible pollutant sources (HVPS) within the County’s MS4
jurisdictional areas. Those program activities are fully described in the County’s 2014 — 2019
Stormwater Management Plan.

Discharge of pollutants from an industrial or HVPS site, whether discovered as part of the
County’s inspection program, or due to complaints and / or stream walks is a violation of the
County’s Prohibitions and Illicit Connections ordinance. Minor violations will result in informal
warning and / or education. Major violations and persistent minor violations may result in
issuance of a Notice to Comply, reporting to Fulton County Code Enforcement and / or referral
to State and or Federal agencies.

Minor violations include, but are not limited to:

e Failure to effectively apply Best Management Practices to minimize potential exposure, poor
housekeeping and / or material handling, etc.

e Evidence of discharges (stains, sludge, eroded concrete)

e Observed discharge of wash waters to the storm drain system that have not reached a creek,
river or stream

e lllicit connection to storm drainage system, such as a floor drain

Major violations include, but are not limited to:

e Discharge of pollutants that have reached a creek, river or stream

e Visible pollutants present in stormwater runoff (during wet weather) such as oil sheen or
litter

e Failure to correct previous violations

Enforcement actions can consist of, but are not limited to:

Informal warning and / or education
Issuance of a Notice to Comply

Report to Fulton County Code Enforcement
Referral to State and / or Federal Agencies

Enforcement will follow the procedure shown below.
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Section 3

Inspection
or Report
i
ltem 1-3
ltem 4-7
ltem 8-9
1-3 Item 8-9
Informal Warning .Item 47 | Report to Code
And/or Notice to Comply Enforcement
Education

Environmental
Court

\

Item 10
Report to State and/or
Federal Authorities
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3.2 Tracking

Tracking is initiated when a potential illicit discharge is reported or found during routine
inspections. A log will be maintained that includes:

e Dates
o Discharge of pollutants, or other potential violation is discovered
0 Inspections and re-inspections
0 Notice of violation issued, if applicable
e Property address and owner(s)
e Type of enforcement action (notice of violation or other action taken by the County)
e Required timeframe to correct violation, if a violation has been determined to have occurred
e Final resolution, including date and verification

The log will be maintained in an Excel spreadsheet, and the results reported in the Annual MS4
Report.
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3.3 Time Frame for Enforcement Measures

Minimum enforcement procedures will occur in accordance with the table below.

Violation

I: Informal
warning and
/ or
education

I1: Notice to
Comply

I11: Report
to Fulton
County Code
Enforcement

1V: Referral

to State and /
or Federal
Agencies

Failure to effectively
apply Best Management
Practices to minimize
potential exposure, poor
housekeeping and / or
material handling, etc

Evidence of discharges
(stains, sludge, eroded
concrete)

Observed discharge of
wash waters to the storm
drain system

Illicit connection to
storm drainage system,
such as a floor drain

Failure to correct
violation

Discharge of small
quantities of pollutants
that have reached a
creek, river or stream

Visible pollutants
present in stormwater
runoff (during wet
weather) such as oil
sheen or litter

Discharge of large
quantities of pollutants
that have reached a
creek, river or stream

Third failure to correct
violations 1 -7

10.

Failure to correct
violations 8 - 9

X

All actions in the above table will occur upon discovery, except Item 5, which will be upon re-
inspection.
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4 Construction, Associated Soil Erosion and Sediment Control and

Stream Buffers

4.1 Preventative Measures

1.

2.

Fulton County provides education and materials regarding Best Management Practices and/or
prohibitions to educate the Development Community/Contractor.

Fulton County recommends a preconstruction site visit on all construction projects to inspect
and insure that BMPs are properly installed and functioning and to identify any potential
onsite problems, or hazards.

All Fulton County Construction and Erosion Inspectors and Storm Water Plan Reviewers are
GSWCC certified.

Fulton County Construction and Erosion Inspectors perform daily and / or as needed
construction site inspections to ensure and promote enforcement.

4.2 Violations and Enforcement Mechanisms

Any construction related activity found to be in violation of any regulation or guideline
set forth in the Fulton County Storm Water Management Program shall be subjectto
a response as outlined in this Construction Enforcement Response Plan (CERP).
Fulton County’s response to a violation of the Plan may include, but is not limited to the
following:

1.

2.

Site violations may be issued a Verbal Warning requiring a 24-hour compliance timeline
with subsequent reinvestigation.

Failure to comply with the Verbal Warning in the 24-hour period results in a written Notice
to Comply (NTC). The NTC will identify the source(s) of violation, corrective action(s) to
restore the site to an acceptable and lawful condition and a required compliance date.

In an emergency situation or failure to comply with the NTC, the Issuance of Stop Work
Order (SWO) is utilized. The SWO is a cease and desist order posted onsite until all
noncompliant items and corrective measures have been taken. Violations where a Stop Work
Order is required immediately, without warning:

a. Land disturbance without a permit

b. Excessive sediment leaving the site

c. Violation of the Stream Buffer Ordinance

d. Land disturbance with no GSWCC certified personnel on site.

Failure to remedy a SWO will result in the Citation to Environmental Court (CTEC));
corrective measures and timeline are specified in the CTEC, no work is allowed onsite unless
it is corrective in nature.

Judicial enforcement action including injunctive relief and criminal prosecution is to be
utilized to achieve compliance should all other efforts fail to address violations. Working
with the Environmental Court Solicitor, Fulton County Inspectors, Lead Engineer and
Director will formulate a recommendation for fines and mitigation measures.

Ordinances and regulation for this part of the Enforcement Response Plan are provided in:
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e Chapter 26, Article 11, Erosion, Sedimentation and Pollution Control of 2010.
e Atrticle VII, Fulton County Unified Stream Buffer Protection Ordinance

4.3 Time Frame for Enforcement Measures

1. Enforcement responses to initial construction related storm water violations will be initiated
within 5 days of discovery, or at the discretion of Fulton County. In cases where a NTC is
issued, immediate action is required.

2. If necessary, follow-up inspections or site visits will occur within 1 day of the compliance
date specified in the NTC.

3. Follow-up action for repeat or recurring offenses will occur within 5 days of discovery of the
offense, and may include additional enforcement actions including Administrative Orders,
Fines, and Judicial Enforcement.

4. In the event of an emergency situation caused by storm water violations and presenting
imminent danger to the public health or safety, or danger to County personnel, or the
environment, the County may initiate enforcement responses including:

i.  Issuance of Stop Work Order (SWO); or
ii. A freeze on the issuance all of Land Disturbance Permits to the entity in violation.

4.4 Administrative Fine Schedule

As a result of significant non-compliance, an owner may be assessed an administrative fine with
a maximum penalty of $2,500, per day, per violation. Each day during which violation or failure
or refusal to comply continues shall be a considered a separate violation.

Minimum administrative penalties shall be as follows:

1. Conducting land disturbance activities without a land disturbance permit or building permit
(first offense) - $250.00 for each violation and/or each day on which a violation exists.

2. Conducting land disturbance activities without a land disturbance permit or building permit
(second or subsequent offense) - $1,000.00 per violation and/or each day on which a
violation exists.

3. Lack of proper installation or maintenance of best management practices - $250.00 per
violation.

4. Working under a Stop Work Order (first offense) - $500.00 per violation and/or each day on
which a violation exists.

5. Working under a Stop Work Order (second or subsequent offense) - $1,500.00 per violation
and/or each day on which a violation exists.

4.5 Reconsideration of Penalties, Administrative Appeal and Judicial Review

Reconsideration Appeal If a property owner wishes to dispute an assessed administrative
penalty, the owner must file a written appeal to the Director seeking reconsideration of the
County’s action. The appeal must clearly define the nature of the disagreement, the specific
reference to the code or ordinance referenced in the action and the appellant’s arguments
supporting their appeal.
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Administrative Appeal. The appeal shall entitle the person submitting the plan or holding the
permit to a hearing before the Fulton County Board of Commissioners, within 30 days after
receipt by the Director of written notice of appeal.

Judicial review. Any person aggrieved by a decision or order of Fulton County, after exhausting
his administrative remedies, shall have the right to appeal de novo to the Superior Court of
Fulton County.

4.6 Construction Related Stormwater Violation Enforcement Schedule

E & S Violation Enforcement VW [DTR | NTC | DTR | SWO [ DTR | CTEC
Failure to post permit / no permit issued X 1 X
Violation of stop work order X
Proper BMP’s not in place X 2 X 1 X 1 X
BMP’s not maintained (minor) X 3 X 1 X 1 X
BMP’s not maintained (major) X 1 X 0 X
Buffer violations X 0 X
Excessive sediment leaving site X 0 X
Failure to maintain stormwater ponds (minor) X 3 X 3 X 0 X
Failure to maintain stormwater ponds (major) X 2 X 0 X
Failure to have certified staff member on site

. . . L X 0 X
during land disturbing activity

VW: verbal warning

NTC: notice to comply

SWO: stop work order

CTEC: citation to Environmental Court
DTR: Days to remediate

The SWM Pond major violation would be if Public Safety or Water Quality is in danger.
The SWM Pond minor violation would be if BMP’s or permanent stabilization lack proper maintenance.

Fulton County keeps a log of all the Erosion, Sedimentation and Pollution Control and Stream Buffer
Protection Ordinance violations and gives a summary to the GSWCC District at each Bi-monthly
Meeting.

Enforcement will follow the procedure shown on the following page.
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Site Inspection

Minor Issues
w/BMP’s Not In
Place, Minor
SWM Pond

Major Issue w/
BMP's
Major SWM
Pond Issue

No LDP, Excess
Sediment, Stream
Buffer Violation,
No GSWCC
Personnel

Section 4

Verbal
Warning

2-3 Days to
Remediate

Notice to
Comply

1-3 Days to
Remediate

Stop Work
Order

0-1 Day to Remediate

Violation of
Stop Work
Order

Citation to
Environmental
Court
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PREL UDE

The STORMWATER MANAGEMENT DESIGN AND CRITERIA MANUAL (MANUAL)
incorporates a new Chapter 15 titled “WATER QUALITY BEST MANAGEMENT
PRACTICES (BMP's)” as an addition to Fulton County’s 1983 Manud on Drainage Desgn.
The addition of practices to address water qudity is required for Fulton County to comply with
the provisons of Metro Atlanta Area-Wide, Phase One Municipa Separate Storm Sewer System
(M$4) Nationd Pollutant Discharge Elimination Sysem (NPDES) permit.

The MANUAL encourages the use of the most current applicable stormwater qudity and
quantity modds and hydrographvhydrology methodologies for the design of post-development
BMPs and dorage facilities  Culvert desgn usng the Federd Highway Adminigtration
(FHWA) Design series No. 5 and No. 10 and other applicable hydraulics programs is aso
encouraged. The Manuad for Eroson and Sediment Control in Georgia is recommended for
guidance in the preparation of land development sediment and eroson control plans for use in
obtaining a land disturbance permit (LDP) and for establishing eroson and sediment control
practices pertaining to NPDES permits for congtruction sites.

Requests for waivers of specific requirements of this manud may be made in accordance with
the Fulton County Comprehensive Stormwater Management Ordinance.
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FORWARD

The Fulton County drainage practice and procedure contained in this manud is intended to assst
compliance with the drainage regulations and ordinances gpproved by the Fulton County Board
of Commissoners. This manua was prepared by a thorough revison of the 1976 manua and
supercedes al other previous manuds incuding the 1976 manud.

The purpose of this thorough revison is to assst engineers who are engaged in desgn of
dranage fadilities by including more recent and sound enginegring methods for  runoff
computations and detention basn desgn, desgn of culvets and road inlets, sable open
channds, and energy disspators. A method for computing soil eroson is dso included. The
chapter on methods for Eroson and Sediment Control described in the 1976 manud is retained
initsoriginal form in thismanud.

Excess sorm runoff resulting from land developments must be controlled by providing detention
basins which regulate the rate of runoff after development. Severd methods and examples are
included for computing the rate and volume of runoff, and design of detention basin depending
on the size of watersheds.

Procedures for the design of pipes, culverts and road inlets are given with examples. Design of
open channds of eroson control and edtimation of soil eroson ae explaned with severd
examples.

An engineer’s specification of steps to control eroson and sedimentation from a project will vary
in number and type. Topography, Sze and nature of the project, soil characterigtics, amount and
kinds of vegetation, land use of adjoining property, dimate, and time of year will influence the
designer’s choice of methods. Included in Chapter 14 are specifications and standards suggested
by the U.S. Department of Agriculture, Soil Conservation Service, reproduced as published, and
some additiona techniques from other sources.

Resources available to the engineer are not limited to the contents of this manud. Any adequate
detention basn design based on sound engineering principles and any properly scheduled and
thorough scheme of erosion and sediment control will be consdered for approvd.

We would like to express our specia thanks to Dr. Srinivas G. Rao, Assstant Professor of Civil
Engineering, Georgia Tech for undertaking the revison of the dranage manud. Mr. James R.
Rigby, Civil Engineer, Fulton County Panning and Community Deveopment Department
provided excellent adminigtrative help and technical suggestions.

This report was funded by the Fulton County Planning and Community Development
Department under Contract AGMT/81 E-20-636 with the Georgia Indtitute of Technology.



CHAPTER 1-DESIGN CRITERIA AND POLICIES

1.1 PEAK RUNOFF AND HYDROGRAPHS

(Chapters 2, 3, and 4)

1.

The Rationa Formula may be used for drainage areas up to 25 acres. The weighted
runoff coefficient before development shall not exceed 0.3.

Soil Conservation Service (SCS) methods may be used for watersheds up to 2000 acres.
For watersheds larger than 2000 acres, flood frequency method, or Corps of Engineers
method may be used. The weighted curve number before development shall not exceed
the equivaent of 0.3 runoff coefficient.

TheBurkli — Ziegler Formula or Tabot Formula shal not be used for any watershed size.

Hydrographs shall be computed for al drainage areas. Hydrographs can be computed by
any of the folowing methods Rationd method, SCS Tabular method, SCS unit
hydrograph method, Colorado unit hydrograph method or Espey unit hydrograph method.
Agan Rationa Method should be limited to smal drainage aress. It is suggested to use
Espey method or SCS method in preference to Colorado method as the latter involves
many parameters. It is dso suggested to use two different methods to compute
hydrographs to provide a check on the computation.

Other methods of runoff determination may be used with the gpprova of Fulton County.
For large watersheds, methods such as TR-20 or HEC-1 may be used.

1.2 PIPES, CULVERT AND ROAD INLETS

(Chapters 5, 6, 7)

1.

Pipe Sysems and road inlets for public roads shdl be designed for the 10-year storm.
Inlets shdl be spaced so that the spread in the road for the design flow shal not exceed 6
8 feet. (Maximum spacing 600 feet.)

Culverts shdl be desgned for a 100 year frequency. Minimum culvert Sze shdl be 18’
and maximum velocity in culvert shall be 15 ft/sec.

Energy disspators shal be provided for the 50-year frequency a the outlet end of pipes
and culverts.



4,

Storm sewers, caich basins and culverts shal be designed for 25 year frequency in
resdentiad and commercia areas, and for 50 year frequency in high vaue didricts.

1.3DETENTION FACILITIES
(Chapter 8)

1.

Dranage facility should be provided to limit the rate of flow and veocities after
development to the rate and velocities that existed before development. No increase in
the rate and velocity of runoff, as a result of the development, will be permitted greater
than one cubic foot per second (cfs) for drainage basins with areas equa to or less than
10 acres in sze, 0.1 cfs for each acre greater than 10 acres and less than or equa to 100
acres, and no greater than 10 cfsfor areas of any Sze.

For development areas greater than 5 acres, runoff hydrographs should be computed for
the flow after devdopment and routed through the detention facility such tha the outflow
rate and velocity from the facility shal not exceed the raie(s) and velocities mentioned
above. For areas greater than 5 acres, use of Bowstring method or any other method
without verification by routing is not acceptable.

The storage volume of detention basin and the outflow device should be adequate so as
not to change the discharge the rate of runoff as mention in (1) for the 2 year, 10 year and
25 year frequency storm and for al storm durations.

The detention facility shadl be provided with an overflow device or emergency spillway
to accommodate the 100 year frequency storm. In cases where emergency spillway is not
provided, the outflow device shdl be designed for the 100 year frequency.

The detention fadlity, including basin, oveflow and outflow device, shdl be dealy
depicted in plan and cross-section and thoroughly dimensoned on the condruction
drawings.

1.4 EROSION AND SEDIMENTATION

(Chapter 13, 14)

All grading andlor soil eroson and sediment control associated with land-disurbing activity
plans shdl comply with the Fulton County Eroson and Sedimentation ordinance. Erosion of soil
from gtes should be estimated and control of eroded soil from deposition downstream should be
identified.



1.5 ORGANIZATION OF THE MANUAL

Computation of peak rate of runoff by the Rationa formulais discussed in Chapter 2.

Chapter 3 includes other methods of pesk rate computation, such as the SCS TR-55, USGS and
Corps of Engineers methods. Hydrographs can be obtained by various methods (Modified
Rationd method, SCS Tabular method, Colorado unit hydrograph method, SCS unit hydrograph
method, SCS unit hydrograph method and Espey unit hydrograph method) given in Chapter 4.

Sizing of pipes, culverts and road inlets are discussed in Chepters 5, 6, and 7. Design of
detention facilitiesis included in Chapter 8.

Design of open channds, stable channds, and energy disspators is included in Chapters 9, 10,
and 12. Some aspects of energy losses in drainage design are given in Chapter 11.

Computation of soil loss, and various eroson and sediment control practices can be found in
Chapter 13 and 14. Chapter 15 describes the various post-development Best Management
Prectices (BMP s) that can be utilized to mitigate surface water qudity.



CHAPTER !
CHAPTER 2 - PEAK RATE OF RUNOFF BY RATIONAL METHOD

The Rationa Formula can be written as

Qr=CIA (2.1
Where Qp = maximum peek rate of runoff from a given drainage
area, in cubic feet per second, i.e., cfs.

C =runoff coefficient that represents the ratio of runoff
to ranfdl.

| =theintengty of rainfal in inches per hour for aduration
equd to the time of concentration and for a Stated recurrence
interval.

A =thedrainage areain acres.

The rationde for the method lies in the concept that agpplication of a steady, uniform ranfal
intengty will cause runoff to reach its maximum rate when dal pats of the watershed ae
contributing to the outflow at the point of design. That condition is met after the eapsed time,
Tc, the time of concentration, which is usudly taken as the time for water to flow from the most
remote pat of the watershed to the point of desgn. The rationd method seems to give
satisfactory results when applied to smdl drainage areas and when correct values of time of
concentration and runoff coefficient are used.

Runoff Coeffident (C)

The sdection of the appropriate runoff coefficient is the most difficult problem and requires
consderable engineering judgment in addition to any measurable facts. The runoff coefficent is
rlated to many factors including antecedent moisture, non-uniform ranfal, soil type and land
use pattern, watershed dope and percent imperviousness.  Runoff coefficients may vary during
the storm and between storms as well & with the return period of recurrence interva. However,
as recommended in ASCE Manua No. 37, the use of average coefficients produces generdly
satisfactory results for smaler frequencies such as 2-10 years but the designer should be aware
of these factors affecting the runoff coefficient especiadly for larger frequencies.

Typicd vaues of runoff coefficients (c) for the Fulton County area are given in Table 21. The
runoff coefficient is affected by the frequency of ranfdl. Table 2.2 presents the muitiplying
factor of C for several frequencies. For example, the C vaue for a 50-year sorm will be 1.2
times the average C vdue given in Table 2.1. It should be noted that the overall C should not
exceed 1.0 C vaues should be sdlected only after ingpecting the area in the fidd and noting the
topographic maps and soils information avalable for the area, and determining the percent



imperviousness in the area and different land uses. Compodte or weighted runoff coefficients
should be computed for various types of land uses by the formula

C= (OC;LA]_)/ OAl (2.2)
where  C =the composte runoff coefficient.
Ci =the runoff coefficient for the it landuse (from Table 2.1)
A; =theareaof thei" landuse (acres)

Rainfdl Intensity

The ranfdl intengty (1) in Equation 2.1 is a function of both frequency and duraion of ranfal.
The rainfdl intengty-frequency-duration curves to be used for the Fulton County are shown in
Chat 2.1. | vaues can be obtained by entering Chart 2.1 with proper vaues of frequency and
duration. The recommended design frequencies for various drainage facilities in Fulton County
are specified in Table 2.3

The storm durétion is usudly the time of concentration of the weatershed, i.e, the time required
for water to flow, from the most remote point of the area to the design point. This time of
concentration is then the sum of the inlet time (or overland flow time) plus the trave time. Inlet
time is the time required for water to flow overland to the nearest pipe, channd or stream. It
depends on the length of overland flow, the dope and ground cover. Overland flow veocities
can first be computed using Chart 2.2 and then theinlet time is calculated using
L

t 50V (2.3)
where t = overland flow timein min.

L = overland flow length in ft.

V = vdocity infps

ASCE has reported that most commonly used vaues for the overland flow vary 5 to 30 minutes
whilein flat resdentia areas with widely spaced inlets a 20-30 minute time is customary.
Alternately the overland flow time can be computed using any of the following formulae.

|zzard Formula

41C I 1/3
C, = retardance coefficient
S= average ground dope of overland flow
C = runoff coefficient
L = average overland flow disance in ft.
t = oveland flow timein min
| = intendty of rainfdl in inches’hour for a duration equd to t

10



Typica vaues of C for IL<500 are given in Table 24. Equation 2.4 is to e solved by trid and
aror snce | is dso a function of t. A vaue of | must be assumed from Chart 21 and t is
cdculated usng Equation 24. Tc is then computed by adding travel time (discussed below) to
the cdculated t. The assumed ranfdl intensty must then be checked agang rainfdl intensty
read from Chart 2.1 for a duration equal to the caculated T.. The trid-error procedure should be
continued until the two rainfall intengties match.

Kerby Formula
t= 0827800467
eV Sg

N vaues for L < 1200 ft. are given in Table 25. All other quantities in Equation 2.5 have the
same meaning asin Equation 2.4.

Federd Aviation Agency Method

Federd Aviaion Agency has developed the following equation to compute the overland flow
time for urban basns.

t =1.8(1.1-C)L %0 &>33 (2.6)
where t = overland flow time in minutes

C = runoff coefficient
L = length of overland flow inft.
S=surface dopein %

Chart 2.3 can be used to determinet, instead of using Equation 2.6.
Travd Time

Travel time is the flow time in pipes, gutters, channels or streams. It is computed by knowing
the length of channd, dope, Manning's coefficient, discharge and size (or diameter) of the
channd. Chart 2.4 can be used for circular channds to first determine the velocity, and the travel
time is then computed usng Equation 23. Table 26 gives typicd vdues of Manning's
coefficient for flow in closed conduits and open channds. Vaues of n for specid sStuaions not
listed in Table 2.6 can be obtained from Chow (1959) and GDOT (1975).
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For noncircular channds such as rectangular or trgpezoidd channds, the velocity of flow is
computed usng Manning’s Equation.

V — 1489 R2/3 Sl/2
n
where V = vdocity infps

n= Manning's coefficient
s= dopein ft/ft
R = hydraulic radiusin ft.

= water area
wetted perimeter

The detalls of these cdculations can be found in Chow (1959). Typica veocities for naturd
waterways are given in Table 2.7 and can be used as a guide to check the actual calculation.

For amdl drainage basins with few drainage improvements, Chart 25 can be used to check the
time of concentration computed by using any of the formulas mentioned above. Chart 2.5 should
not be used to soldy determine the time of concentration. The time of concentration is computed
by entering Chart 25 with heght (ft) and maximum length of trave (ft). Height is the difference
in devation of the mogt remote point in the drainage area and the inlet. Maximum length of
travel is the grestest distance the water will travel from the most remote point of the drainage
area to the inlet.  These two items of information can be determined in the fidd or from contour
maps.

The minimum time of concentration may be used for any drainage shdl be 5 minutes since the
shortest duration for which rainfal vauesis avalladleis five minutes (see Chart 2.1).

Drainage Area

The drainage area can be accuratdly determined from atopographic map and field survey. The
ridge lines are determined to delineste the watershed and the drainage areais determined using a
planimeter.

EXAMPLE 2.1

Using the Rational Formula, compute the peek rate of runoff expected from a 25-year frequency
gorm from a drainage basin with the following information.

12



Drainage area = 50 acres

Slope = 10 ft/1000 ft = 1%

Length of overland flow = 200 ft

Slope of overland flow = 10 ft/100 ft = 10%
Ground cover of overland flow = woodland
Length of channd = 2000 ft

Slope of Channd = 3%

Predominant soil type: Clay

Land Uses
Woodland 15 acres
Farmland and pasture 10 acres
Single Family Resdentid 15 acres
(/2 acrelots)
Commercid 10 acres

1. Compute Composite (or weighted) “C” Vaue Using Table 2.1)

Land use Area (Al) Ci Ci A
Acres
Woodland 15 0.2 3.0
Farmland and
pasture 10 0.25 25
Single Family
Res. (/2 acre
lots) 15 0.5 7.5
Commercia 10 0.85 8.5
50 215
2. Duration

Time of concentration = inlet time + trave time
Inlet Time

Length of travel = 200 ft

Velocity = 0.8ft/sec (from Chart 2.2)

13



Inlet time = LOft = 250sec = 4.2min
0.8ft/sec

Travd Time

Length of Channd = 2000 ft
Velocity = 2.05 ft/sec (from Chart 2.2)
2000

Travd Time = ——— = 12.3min
2.05x 60

Time of Concentration=4.2 + 12.3=16.5min
Check with Chart 2.5

Height of most remote point above outlet = 2000 x 0/3 + 200 x 0.1

=80ft
Maximum length of travel = 2200 ft
Tc=11min
11 minutesis close enough to 16.5 min to indicate that the 16.5 minutes was
reasonable to use.

Rainfall Intensity
lo5 = 5.9 invhr (from Chart 2.1)

Peak Rate of Runoff

Q- =CIA =0.43x 5.9x 50 = 126.85~ 127 cfs
EXAMPLE 2.2

Given the following data, determine the pesk discharge resulting from a 25-year sorm.
Area = 126 acres

Slope = 10 ft/1000 ft

Time of concentration = 18 min

Length of Area= 4500 ft

Land use: 30% gpartments, 70% single family resdentia

14



SOLUTION

Composite C

Land use Area, A Ci C A

Apartments 67.8 0.7 47.5

Residential _58.2 0.5 29.1
126.0 76.6

. 76.6
Composite C 126 0.60
Intengty of rainfdl

| =5.4in/hr (from Chart 2.1)
Peak rate of runoff = CIA = 0.60 x 5.4 x 126 = 408.24 cfs

EXAMPLE 2.3

Determine the overland flow time using |zzard' s equetion with the following deta.

Retardance coefficient (c) = 0.4
Overland flow length (L) = 1450 ft
Average ground dope (s) = 0.049
Runoff coefficient (C) = 0.438

41CLY"3
41(0.04) (1450)"® _ 88
(0.438)*2 1*®  (0.049)'"® 123
Thisequation is solved by trid — and — error using, say 25-year frequency
curve of Chart 2.1
I 123 t (from equation)
3.4 2.26 39
3.6 2.35 37
3.8 2.47 36

Of these vdues of t, t = 37 min gives an | vaue of 3.6 infhr from Chart 2.1 which agrees with
the assumed vaue of | in column 1 of the above cdculation. Other vaues of t will not reproduce
the | value assumed in column 1. Thusthe overland flow timeis 37 min.

15



TABLE 2.1 AVERAGE RUNOFF COEFFICIENTS

Landuse Cvdue

Commercial

Downtown 0.7t00.95

Neighborhood 0.5t00.70
Residentia

Single-Family 0.3t0 0.50

Multi- units, detached 0.4t00.60

Multi- units, attached 0.6t00.75
Residential (Suburban) 0.25t00.70
Apartment 0.5t00.70
Indugtria

Light 0.51t00.80

Heavy 0.6t00.90
Park, Cemeteries 0.1t00.25
Playgrounds 0.2t00.35
Railroad yard 0.2t00.35
Unimproved* 0.1t00.30
Pavement

Asphdtic and concrete 0.7t00.95

Brick 0.7t00.85
Roofs 0.7 10 0.95
Lawns, Sandy soil

Flat, 0 to 2% dope 0.05t00.10

Average, 210 7% 0.10t00.15

Steep, greater than 7% 0.15t00.20
Lawns, heavy soil

Flat, 0 to 2% 0.13t00.17

Average, 2to 7% 0.18t00.22

Steep, greater than 7% 0.25t00.35

* Fulton County ordinance requires that the C value for underdevel oped area not to exceed 0.3.

**The C vaues are for flat dopes (0 to 2% dope). C vaues should be increased by 0.05 for
average dopes (2 to 7%) and by 0.10 for steep dopes (greater than 7%). Clay soils will have a
greater C value than Sandy soils. The difference can be taken to be 0.05 to 0.10.
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TABLE 22 FREQUENCY FACTORS FOR RUNOFF COEFFICIENTS

Freqguency (years) Multiplesfor C
2-10 1.0

50 1.1

50 1.2

100 1.25

TABLE 23 AVERAGE RAINFALL FREQUENCY

Storm Sewers in Residentid and

Commercial Areas 10-25 year frequency
High VVdue Didricts

(Commercid and Residentid)

and flood protection works 50 year frequency

TABLE 24 VALUESOF RETARDANCE COEFFICIENT FOR IZZARD'SFORMULA

Surface C* Vvdue
Smooth asphalt 0.007
Concrete pavement 0.012
Tar and gravel pavement 0.017
Closely dlipped soil 0.046
Dense Turf 0.060

* Average vaue of C = 0.04 should be used.
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TABLE 25 VALUESOFN FOR KERBY'SFORMULA
Surface

Sooth impervious surface

Smooth bare packed soil

Poor grass, row crops or moderately
Rough bare soil

Pasture or average grass

Dense grass, forest

18

0.02
0.10

0.20
0.40
0.80



TABLE 26 MANNING COEFFICIENTS

Closed Conduits

Concrete Pipe
Corrugated Metal Pipe
Fan

Paved Invert

Fully Paved

Vitrified Clay Pipe
Cast Iron Pipe

Sted Pipe

Brick
Asbestos-Cement Pipe

Monolithic Concrete

Smooth forms
Rough forms

Plagtic Pipes

Open Channels
Lined Channds

Asphdt
Brick
Concrete
Bubble or Riprap
Vegeta

Excavated or dredged

Earth, graight and uniform

0.013

19

0.017

Good

0.013

0.021
0.019
0.012
0.012
0.013
0.009
0.014

0.011

0.012
0.015

0.011

0.012
0.011
0.020
0.030

0.020

Poor

0.015

0.023

0.014

0.011

0.017

0.015

0.014
0.017

0.015

0.018
0.020
0.035
0.040

0.040



Earth, winding, fairly uniform
Rock

Unmaintained

Ditches and Swales*

Good stand any grass
Fair sland any grass

Naturd Channels (minor streams,
Top width at flood stage < 100 ft)

Fairly regular section
Irregular section with pools

Large streams

Hood Plains

Streets

Pasture, no brush

Cultivated areas

Heavy weeds, scattered brush
Light brush and trees

medium to dense brush

Concrete gutter

Asphdtic pavement

Concrete pavement

Concrete gutter with asphaltic

0.025
0.030
0.050

0.09
0.06

0.03
0.04

0.028

0.030
0.03
0.05
0.05
0.07

0.012
0.013
0.014
0.013

*Refer to Chow (1959), GDOT (1975) for additional information.
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0.040
0.045
0.14

0.30
0.25

0.07
0.10

0.033

0.05
0.05
0.07
0.08
0.16

0.016
0.016
0.015



TABLE 27 TYPICAL VELOCITIESIN NATURAL WATERWAYS

Average Slope
of waterway (%)

1-2
2-4
4-6
6-10

Natural Channd
(not well defined)

1.5fps
3.0fps
4.0fps
5.0fps

Shdlow Channd

21

2-3fps
3-51fps
4-7 fps
6-8 fps

Main Drainage
Channd

3-6fps
5-91fps
7-10fps
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CHAPTER 3- PEAK FLOW COMPUTATIONSBY OTHER METHODS

3.1SCS TR-55 METHOD

Like the Rationad Method discussed in Chapter 2, the Soil Conservation Service (SCS)

Method for computing the pesk rate of runoff from watersheds has been widdy used for a
vaiety of applications including drainage sysems. The SCS method is more sophisticated than
the Rationd Method conddering the losses (depresson and interception storage, infiltration)
which affect the pesk rate of surface runoff. However, there are more computations involved in
the SCS Method than in the Rationd Formula. It is intended that the designer should be aware
of dternate methods of peak flow computation such as the SCS Method and check the results of
Rationd Method with those by the SCS Method. The details of the SCS Method are contained in
the SCS National Engineering Handbook, Section 4 and SCS Technical Release No. 55, Urban
Hydrology for smdl watershed. The SCS Method is dso cdled the Curve Number Method
wherein the curve number represents the Soil-Cover Complex that affects the runoff.

Runoff Equation

The net rain or runoff is computed using

_ (P- 0297

Q= pioss

where Q = surface runoff (in)

P =ranfal for a selected frequency and duration (in)
S = potentid maximum retention (in)

The 24-hourgross rainfdl vaues P for various frequencies are given in Table 3.1. These vdues
are obtained for the State of Georgia prepared by the SCS from U.S. Weather Bureau (TP-40).
The potentia maximum retention, S, is computed by usng

s = 200 4, (32)
CN
where CN = Curve Number

The solution of Equation 3.1 is shown in Chat 3.1. By entering with values of P and CN, one
can determine the vaue of runoff in inches.
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Curve Numbers

Curve Numbers represent the runoff potentiad of an area The higher the CN, the higher is the
runoff potentiad. Both soil type and land use determine the CN vaue. The SCS has classfied
soilsinto four hydrologic soil groups based on infiltration rates (SCS TR-55)

Group A -(Low runoff potentid) soils having high infiltration rates and condsting
primarily of deep wdll to excessvely drained sand and gravds
Group B -Soils having moderate infiltration rates and congdering primarily of moderatey
deep to deep, moderatdly wel to wedl-draned soils with moderady fine to
moderately coarse structure.
Group C -Soils having low infiltration rates and congsting chiefly of soilswith a
layer that impeded the downward movement of water or soils with moderately
fine to fine Sructure.
Group D -Soils having very dow infiltration rates and high runoff potentid. These
s0ils conss primarily of days with ahigh sweling potentia, soilswith a
permanent high water table or soils with a clay pan or clay layer a or near the
surface.

Runoff Curve Numbers of various land-uses and soil-groups are presented in Table 3.2. A
composite CN should be computed when the watershed is composed of different land uses by
weighting each curve number according to its area.  If, for example, 80% of watershed has CN of
75 and the remaining 20% is impervious (CN = 100), the composite or weighted CN = 0.80 x 75
+0.20 x 100 = 80.

The antecedent moigture condition is an indication of the rainfdl which has recently falen on the
basn. The CN vaues given in Table 32 ae applicable to average antecedent moisture
conditions (AMC I1). Antecedent moisture conditions (AMC) are classfied as:

AMCI -a condition when the soils are dry but not to the wilting point and when
satisfactory plowing or cultivation takes place.
AMCII -an average of the conditions that have preceded the occurrence of the
maximum annud flood.
AMC I -the condition corresponding to heavy rainfal or light rainfal and low

temperatures have occurred during the 5 days previous to the given storm
and the soil is nearly saturated.

Table 3.3 ligs the criteria used by the SCS in the sdection of an AMC condition. Curve

Numbers of condition | and 11l can be obtaned from CN for condition Il usng the multiplying
factorsgivenin Table 3.4.
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SCS Peak Discharge Graph

The SCS report on Urban Hydrology for smal watersheds provides a smple method for
determining the pesk flow rate from homogeneous watersheds resulting from the 24-hour net
ran depth (Q) and the time of concentration (T¢). The SCS peak discharge graph (Chart 3.2) is
limited to applications where only the pesk flow rate is desred for 24 hr. type Il storm
digributions. A type Il gorm digribution is typica of the 24-hr. thunderstorm experience in dl
states except the Pacific Coast States. To apply Chart 3.2 one needs to enter the graph with the
time of concentration in hours ad read off the peak discharge rate in CSM/in of watershed per
inch of net rain during the 24-hr. period. CSM represents cubic feet per second per square mile.
The 24-hr. net rain is edimated from the 24-hr. gross rain usng the SCS Curve Number
approach discussed earlier (Equation 3.1)

The time of concentration (T¢) can be computed as discussed earlier in Chapter 2 or using the
SCS procedure as follows. Firg the time lag (T.), the time between the centroid of rainfdl to
peak discharge is computed using

0.8 0.7
T, = L G+) (3.3)

(1900,)°°
where L = length of watershed from divide to the point of desgnin ft.
S = potentid maximum retention as given in Equation 3.2
y =averagewatershed slopein %
T, =lagtimein hours.

Instead of Equation 3.3, Chart 3.3 can be used to compute T, . Further T_ has to be adjusted for

changes in channd modification and/or imperviousness. Charts 34 and 35 provide the lag
factors for these two effects and the adjusted time lag is then computed as

T = LT (34)

where Lc and L, are lag factors corresponding to channel modification and imperviousness.
Thetime of concentration is related to the time lag by

T. = 06T,
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Table3.1 24-hour GrossRainfall for Fulton County

Storm Frequency Ranfal in Inches
2 3.7
5 4.8
10 5.7
25 6.6
50 7.6
100 7.9
TABLE 3.2

RUNOFF CURVE NUMBERS FOR VARIOUS COVER AND SOIL TYPES

HYDROLIC SOIL GROUP
A B C D

LAND USE DESCRIPTION

Cultivated Land: without conservation treatment 72 81 88 91
: with conservation trestment 62 7 78 81
Feature or rangeland :  poor condition 68 79 86 89
:good condition 79 61 74 80
Meadow: good condition 30 58 71 78
Word or Forest Land: thin stand, poor cove, 45 66 77 83
no mulch
good cover

25 55 70 77

Open Spaces, lawns, parks, golf courses,
Cemeteries, etc.

good condition: grass cover on 75%

more of the area 39 61 74 80

fair condition: grass cover on 50%

of the area 49 69 79 84
Commercid and business areas (85% impervious) 89 92 9 95
Indugtrid digtricts (72% impervious) 81 88 91 93
Land Use Description — cont’d SOIL GROUP: A B C D
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Resdentid:

Average lot size Average % impervious?

1/8 acre or less 65 77 8 90 92

1/4 acre 38 61 75 83 87

1/3 acre 30 57 72 81 86

1/2 acre 25 54 70 80 85

1 acre 20 51 68 79 84
Paved parking lots, roof, driveways, €etc. 98 98 98 98
Streets and roads

Paved with curbs and storm sewers 98 98 98 98

Gavd 76 85 89 91

Dirt 72 82 87 89
Urban areas

Low density (15 to 18% impervious) 69-71 7578 82-84 86

Medium dengity (21 to 27%) 71-73 77-80 84-86 88

High Density (50 to 75%) 73-75 79-82 86-88 90

1. Curve numbers are computed assuming the runoff from the house and driveway is directed
towards the street with a minimum of roof water directed to lawns where additiona
infiltration could occur.

2. Theremaining pervious areas (Lawn) are consdered to be in good pasture condition for these
curve numbers.

Source: Soil Conservation Service (NEH-4)
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Table3.3 AMC Condition Criteria

AMC Condition

5-day Antecedent Rainfall (inches)

Dormant Season Growing Season
I <0.5 <14
I 05-11 14-21
[l >1.1 >2.1
Table3.4 Factorsfor Converting CN’'sto AMC | and 111
CN for Condition 1 Factors for
Condition | Condition 11
10 0.40 2.22
20 0.45 1.85
30 0.50 1.67
40 0.55 1.50
50 0.62 1.40
60 0.67 1.30
70 0.73 121
80 0.79 114
90 0.87 1.07
100 1.00 1.00
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CHART 3.3
Time Lag Computation SCS
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CHART 34
Lag Factor for Channel M odification

CHART 35
Lag Factor for Imperviousness
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Example 3.1

Using the SCS TR-55 peak flow graph, compute the peak rate of runoff expected from a 25-year
frequency sorm. The following information is obtained.
Drainage area = 500 acres, homogeneous watershed
Average dope of watershed = 5%
Greatest flow length = 8000 ft.
Soil type = Gwinnett series
Exiging land-uses

Woodland 200 acres

Resdentid 200 acres

(1 acrelots)

Industrial 100 acres

% imperviousness of watershed = 40%

% Hydraulic length modification = 30%

Solution
Hydrologic soil groupisB

200 x 55+ 200 x 68 + 100 x 88
500

= 66.8 = 67

Composite CN =

Ranfdl (P)

for 25 year frequency, 24 hour rainfdl = 6.6 in (from Table 3.1)
Rainfdl Excess (Q)

For P=6.6, CN = 67, Q = 3.0 inches (from Chart 3.1)

Time of Concentration

Greatest flow length = 8000 ft.
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Average dope of watershed = 5%

CN =67

TL = 1.1 hours (from Chart 3.3)
Adjustment to T,

Lag factor for % imperviousness = 0.72 (from Chart 3.5)
Lag factor for hydraulic length modification = 0.79 (from Chart 3.4)
Adjusted Lag = 1.1 x 0.72x 0.79 = 0.63 hrs.

Time of concentration T, = % = 1.05hours (Equation 3.5)

Pesk Rate of Runoff
For Tc = 1.05 hours, g = 310 cf/mi%/in of runoff (from Chart 3.2)

Peak rate of runoff = 310x % X 3.0=726.6cfs
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3.2SCS INCREMENTAL PEAK METHOD

A smpler method for computing pesk rate of runoff using SCS procedure and proportiona

peak rates of severd incrementa effective storm is available for drainage areas up to 2000 acres
and watersheds whose average dopes are less than 30 percent. In this method the peek rate is
computed without the development of an entire hydrograph. A relationship between incremental
gtorm duration (DD ) and time to peak (Tp) is assumed and summation of only a single ordinate
from each incrementd triangular hydrograph with the effective runoff period enables the
caculation of pesk flow rate is generaly taken as 1/5, 1/3, or 1/6 of Tp provided DD islessthan
0.5 hour. Theusud choiceisto make DD equd to one-third of Tp for which case the effective
peak-producing runoff periodis7 DD with fifth increment, DD 5, being the most intense runoff
increment. The pesak discharge for each increment (D ;) can be computed using

_ 484A (0Q) 36
q; Tp .

whee Tp = — + T, (3.7)

and A =dranage areain square miles
Q= incrementd rainfall excessin inches.
D D = incrementa period in hours
Tp =timeto pesk in hours
T, =Timelagin hours=0.6 T¢

The composite peak rate (gp) is obtained by weighting each incrementa pesk and summing as
follows.

a, = aa iDQ; (3.8)
whee a, = 02a, = 04a,= 06,a, = 08a, = 1l0a, = %, a7:%
Example 3.2

Given a 100-acre watershed with a CN vaue of 80, average dope of 1%, determine the peak rate
for a10-inch rainin 24-hours.
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Solution
Hydraulic length — use the following equetion if hydraulic length is not known

L =209A %
= 209(100) %6 = 3300 ft.

Watershed Lag.

T, =0.83 hour (from Chart 3.3)
Compute DDasuming DD =Tp/3inequation 3.7
DD=04T,

=0.4(0.83)

To

=033hour DD = 3 ISO.K.snce DD <05 hr.
Effective peak-producing runoff period for 7D D.

7DD =7(0.33) = 2.31 hours
3DD=Tp=0.99 hrs.

Prepare atabulation based on Type Il distribution given in Chart 3.6 or Table 3.5. P24 =10.0
inches and runoff (Q) for CN = 80 isfrom Chart 3.1.

Time (hrs) Plp24 Mass P Mass Q
(inches) (inches)
10.0 0.181 1.81 0.44
10.5 0.204 204 0.59
11.0 0.235 2.35 0.78
115 0.283 2.83 1.12
11.75 0.387 3.87 1.94
12.0 0.663 6.63 4.36
12.5 0.735 7.35 5.02
Time (hre) Plp24 Mass P Mass Q
(inches) (inches)
13.0 0.772 7.72 5.36

Prepare aworking curve. Plot mass Q versustime. Sdected midpoint of maximum increment of
runoff (=11.88 hours). Thiswill be the same for most Type |l digtribution. Mark the curve with
7D D beginning a (mid point —4.5D D), i.e,, 11.83-4.5 (0.33) = 10.39 hours. The working curve
is shown on page 47.

Prepare computations for instantaneous peak discharge as shown below. Theincrement in Cal. 1
and thetime in Cal. 2 correspond with the beginning and end of each incrementd period D D in
the plot.
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Table3.5 Typell Rainfall Distribution

24- Hour Digribution

fraction fraction
Time of total time of total
precip. precip.

0.0 0.0 125 735
0.5 .006 13.0 A72
1.0 011 135 .799
15 017 14.0 .820
2.0 .022 14.5 .835
2.5 .029 15.0 .850
3.0 .035 155 .865
35 .042 16.0 .880
4.0 .048 16.5 .889
45 .056 17.0 .898
50 .065 175 .907
55 072 18.0 916
6.0 .080 18.5 925
6.5 .090 19.0 934
7.0 .100 195 943
7.5 110 20.0 .952
8.0 120 20.5 .958
85 134 21.0 .964
9.0 147 215 .970
9.5 163 22.0 976
10.0 181 225 .982
10.5 204 23.0 .988
11.0 235 235 994
115 .283 24.0 1.000
12.0 .663
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@ @ (4) ® (© ()

Increments Time Runoff(Q) DQ q  Factors &q
(hours) (inches) (inches) (cfs) &

10.38 0.55

DD, 0.12 92 02 1.8
10.72 .67

D D> 13 99 4 4.0
11.05 .80

D D3 18 137 6 8.2
11.38 0.98

D Dy A7 58.8 .8 47.0
12.71 1.75

D Ds 2.78 2114 10 211.4
12.04 4.53

D Dg 42 320 213 21.3
12.37 4.95

D Dy 22 168 13 5.6
12.70 5.17 PEAKFLOW 299.3 cfs

The runoff (Q) in column 3isread from plot. Column 4 isthe incrementa runoff (D Q) for
eachD D. Pesk discharge for each D Q iscomputed by Eq. 3.6 and are tabulated in column 5.

484 A
q, = ET (DQ)

— 28 pQ = 76.4(D
0.99 Q (0Q)
Column 6 lists the proportion of incremental pesk discharges are given by equation 3.8. Column
7 isthe proportion parts of incremental peak and is equa to column 5 x column 6. Thus the pesk

dischargeis 299 cfs.

Sometimesit may be necessary to choose D D equa to 1/6 Tp instead of 1/3 Tp in order to keep
D D lessthan 0.5 hour. Inthiscase D D will be equa to 0.182 T, and the effective incrementa
storm periods will be 15D D.

In generd the relationship between D D and T, isgiven by equation 3.7. While the effective
incrementa storm periods are computed by using 2.6 Tp.

Where the relationship betweend D and Tp isassumed. The following specid cases are useful.
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Weights
1

DD = 3 Tp; 7DD's 0.2,04,0.6,0.8,1.0, 2/3,1/3
DD = % Tp; 15DD's 0.1,0.2,0.3,0.4,05, 0.6, 0.7,
0.8, 0.9, 1.0, 5/6, 4/6, 3/6, 2/6, 1/6
DD = %Tp ; 13pD's 0.04, 0.16, 0.28, 0.40, 0.52, 0.64, 0.76,

.88, 1.00, 0.80, 0.60, 0.40, 0.20

3.3ELOOD FREQUENCY METHOD

In the USGS paper “Prdiminary Flood-Frequency Rdations for Urban Streams Metropolitan
Atlanta, Georgid by H. G. Golden, a flood frequency rdationship for Metro Atlanta urban
streams is presented (USGS, 1977). It estimates the 2, 5, 10, 25, 50, and 100 year peak flows for
drainage basins 0.1 to 100 square milesin sze. Itsgenerd formis

Qx(U) = C A% (RL' D o+ Cer(7 - RL)
where: x isthe recurrence interva
Qx(V) isthe urban peak flow
C; and C, are congtants that vary with x
A isthe drainage areain square miles
R. isan urban devel opment factor
eisan exponent that varies with x
R, the urban development factor, reflects the amount of imperviousness and the extent of the

gtorm sewer system in adrainage basin. It ranges from 1 to completely naturd basinsto 7 for
completely urbanized basins.
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Chart 3.7 givesvaues of R_

Specific expressons of the flood frequency relationship for the various recurrence intervas are

Qz V) = 195A%%° (RL)

Q. (U) = 298A°° (R,-1) +56A°®(7-R,)
Qp (U) = 34IA°® (R -1) + 74A°® (7-R))
Q, (U) = 391A°°(R_-1) +100A°% (7-R))
Q, (U) = 441A°°(R.-1) +121A°®(7-R))
Quo (U) = 482A°% (R - 1) +144A° (7-R,) (3.10)

These equations were developed by the Sauer method, which modifies the flood frequency
relationships of naturd drainage basins to fit urban drainage basins. Ranfdl data from Atlanta
and flood frequency equations for natural streams in the Georgia Piedmont, developed by Golden

and Price, were usad in producing in equations. This method is for esimating the magnitude and
frequency of floods on streamsin urban aress.

Example 3.

Determine the 25 year frequency peak runoff rate from a watershed in Fulton County which has
the following data.

Drainage area (A) = 0.5 mi?
Imperviousness = 30%
Area served by Storm sewers = 20%

Solution

R. = 1.85from Chart 3.7
Q,, = 391A°°(R,-1) +100A°*®(7-R,) (From EQ.3.10)

Q, = 564ds
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CHART 3.7
Urban Adjussment Ratio R, for Mean Annual Flood
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3.4 CORPS OF ENGINEERS METHOD

Base on stream flow data from Metro Atlanta area and regiond frequency andysisthe
Corps of engineers have developed a smple method for computing the peak discharges. The
following equation is used.

Qr =Kr Q
(3.11)
where Qr = Pegk dischargein cfsfor stated frequency of T years.

‘Q = Meanannud flood in cfs for the watershed
= 430 AO.495 (312)
where A = drainage areain square miles

Kt = frequency factor

Thefollowing Kt values are recommended

Ks= 1.6 Kos = 2.8
KlO =21 K5o = 34 KlOO =42
Example 3.4

Compute the peak discharge for 25 years frequency from 768 acre watershed.

Solution:

Area(A) = 1.2 9. mi.
Mean annud flood (Q) = 470 cfs (from Eq. 3.12)
Qs = 2.8 (470) = 1316 cfs
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CHAPTER 4 - HYDROGRAPH COMPUTATION

4.1 MODIFIED RATIONAL METHOD

The Rationd Method produces only a peek rate of runoff and not a complete hydrograph. An
goproximate method is presented here for obtaining a flood hydrograph using parameters
determined by the Rationa Formula.  With the vaues of pesk vaue runoff Qp and time of
concentration Tc, we can congruct an hydrogreph for any rainfal duration D according to one of
the figures shown below.

& Cp
' I | |
! l

n L) | |

(S (> .

U ' | 0 | |
I | 1 I
‘ ! : i
' ] ’

etk ar Sl H— D ——t
Figure (a) Figure (b)

The raionde for the second method (figure b) is that the recesson portion is longer than the
risng portion which was practicd judification. Soil Conservation Service recommends the use

of 1.67 Tc for the recesson portion and this can be accepted for drainage designs in many
metropolitan Sites.

42 SCSTABULAR METHOD

The tabular method can be used to develop composite hydrographs a any point within a
non-homogeneous watershed by dividing the watershed into severd homogeneous sub-areas and
computing the time of concentration for each sub-area and the travel time for each reach. It is
epecidly applicable for measuring the effects of changed land use and channd or sructurd
modifications in a pat of a watershed. In this method hydrographs are obtained for each sub-
area usng the drainage area, time of concentration of the sub-area and the travel time to the
desred study point. These hydrogrephs are then added to yield the flood hydrograph at the
outlet. The pesk rate of runoff is of course the pesk of the total hydrograph.

Table 4.1 shows the tabular discharge vaues for the type Il rainfal digribution. Discharges, in
terms CSM (cubic feet per second per square mile) per inch of runoff, are given for a range of
Tc's from 0.1 to 2 hours and T;’s from O to 4 hours. The discharges for other vaues of Tc and T;
and for other rainfdl digtributions can be obtained from the SCS. The computed vaues of Tc
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and T; can be rounded to the nearest value used in Table 4.1 or proper interpolation can be made.
The information needed to calculate the peak discharge a apoint is.

The drainage area of each sub-area

Tc for each sub-area

T; for each reach

The runoff curve number for each sub-area
The 24-hr. rainfal for a selected frequency
The runoff in inches for eech sub-area

ouhhwbdpE

The hydrograph ordinates under time-hours for each sub-area are obtained using the
appropriate sheets of Table 4.1 and the following equation.

Q =qgAQ
4.1)
where @ = hydrograph ordinate dischargein cfs
g = hydrograph ordinatesin CSM/in, from Table 4.1
A = drainage areain square miles
Q =runoff ininches, from Chart 3.1

51



52



53






55



56



The sub-area hydrographs are then added to get the desired flood hydrograph a the study point.
The peek discharge is then obtained as the maximum vaue of Q; in the hydrograph.

Exanple4.1
Determine the pesk discharge for the watershed described in Example 3.1 from a

25-year frequency flood using Tabular method.

Dataavalable

Drainage area = 500 acres

Composite CN = 67

Time of concentration = T = 1.05 hrs

Rainfdl excessfrom 25-year sorm = Q = 3.0 (from Example 3.1)

Trave time T; = 0 Since watershed is considered as one homogeneous unit.

The hydrograph is computed by multiplying the g values given in Table 4.1 corresponding to T
=1.05 hrsand T; = 0 with the congtant (A Q = 2.34) asin Equation 4.1.

t q Qazs (cf9) t q Q25
10.0* 0 0

11.0 13 30 12.9 217 508
11.7 45 105 13.2 146 342
11.9 107 250 14.0 64 150
12.1 211 494 15.0 36 84
12.3 258 604 18.0 19 44
125 313 732 20.0 15 35
12.7 301 704

*Actudly the hydrograph starts a t=0 but the flow is zero or negligible until t = 11 hr. for a type
I digtribution.
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Pesk vdue = 732 cfs

Note that the entire hydrograph was computed in this example but if only the pesk vaue is
required one needs to find the maximum q vaue from the Table 4.1 and multiply it with the
congtant. Also note that the pesk flow rate for the same example problem was 727 cfs by the
SCS TR-55 peak flow graph procedure as worked out in Example 3.1. A pot of Qs agang t
will give the corresponding hydrograph.

807
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Example 4.2

Given a 2000 acre watershed containing Gwinnett Series type soil and composed of 700 acres of
woods, 400 acres of industrid area, and 900 acres of residential area (600 acres of 1 acre lots and
300 acres of Y4 acre lots), compute the 100 year peak flow and hydrograph using the SCS
Tabular method.

Divide the watershed into sub-areas, each having a common land use and soil type and a definite
drainage pattern.
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Determine the runoff curve number, CN, for each sub-area. According to SCS soils information,
Gwinnett Seriestype soil isin Hydrologic Soil Group B.

sub-area landuse CN
1 resdentia (600 ac-1 ac lots (68x67% = 46 71
(300 ac-1/4 ac lots 75x33% = 25
2 woods 55
3 industria 88
Define the drainage system.

N= 0:015
Sz o5%

Determine the time of concentration (Tc) of each sub-area and the trave time (T;) of each reach.

sub-areal (CN=71 and avg dope = 5%)

lag time, L = 0.65 hrs (Chart 3.3)

lag factor (assume 25% drainage modifications) = 0.83 (Chart 3.4)
lag factor (assume 25% imperviousness) = 0.83 (chart 3.5)
adjusted lag = 0.65 x 0.83 = 0.45 hrs.
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0.45

T, = T = 0.75hrs.
0.6 0.6

R = A = 124

V — Q R2/3 Sl/2 — & (124) 67 (0005) 5
n 0.015

T, = % = 0.2hrs.use 0.25 hrs.

sub-area 2 (CN =55 and avg dope = 6%)
lag time = 0.7 hrs (Chart 3.3)

T = ﬂ = 1.24hrs
0.6

c

useTe = 1.25 hrs
T, = 0.25 hrs (same asfor sub-area 1)

sub-area 3 (CN =88 and avg dope = 2%)
lag time = 0.45 hrs (Chart 3.3)
lag factor (assume 50% imperviousness) = 0.79 (Chart 3.4)

lag factor (assume 40% drainage modifications) = 0.83 (Chart 3.5)

adjusted lag = 0.83 x 0.79x0.45 =0.30
T, = 030 = 0.5hrs

C

tho
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Sub- 1 2 3 Tota
areas basn
Tc=.75T=.25 Tc=1.25T=.25 Tc=05T=0
DA=14, Q=45 DA=1.1, Q=2.7 DA=0.6, Q=6.5

t q Q100 q Q100 q Q100 Q100
10.0 0 0 0 0 0 0 0
11.0 12 76 9 27 18 70 173
11.5 21 132 15 45 36 140 317
11.7 29 183 21 62 80 288 533
11.8 39 246 27 80 166 647 973
11.9 61 384 36 107 301 1174 1665
12.0 100 630 53 157 433 1689 2476
12.1 158 995 74 220 496 1934 3149
12.2 227 1430 103 306 474 1849 3585
12.3 291 1833 137 407 395 1541 3781
12.4 336 2117 172 511 309 1205 3833
12.5 355 2237 205 609 242 944 3790
12.6 348 2192 231 686 194 757 3635
12.7 321 2022 249 740 158 616 3378
12.8 285 1796 259 769 130 507 3072
12.9 247 1556 259 769 109 425 2750
13.0 212 1336 253 751 94 367 2454
13.2 156 983 223 662 75 293 1938
13.5 103 649 167 496 57 222 1367
14.0 62 391 102 303 43 168 862
145 44 277 67 199 36 140 616
15.0 36 227 48 143 31 121 491
16.0 27 170 31 92 25 98 360
18.0 19 120 21 62 18 70 252
20.0 15 95 16 48 15 59 202
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Determine the runoff from each sub-area.  The 24-hour rainfdl for the 100-year frequency storm
is7.9inches.

sub-areal (CN=71)

Q, the precipitation excess=4.5in

sub-area 2 (CN =55)

Q, the precipitation excess= 2.7 in

sub-area 3 (CN =88)

Q, the precipitation excess=6.5in

Determine discharges of each sub-area.

Q100, = 100-year discharge = g (DA) Q

Q100, = discharge (cfs)

DA =dranagearea(sg. mi.)

Q = runoff (in)

g = cfg'sq. mi./in. runoff (from Table 4.1)

t=time (hrs)
Determine the total hydrograph by adding the sub-area hydrographs and plot the tota
hydrograph.

UNIT HYDROGRAPH PROCEDURE

Unit Hydrograph procedure has been extensvely used for determining runoff hydrographs
resulting from storms of specified duration. The procedure involves:

Computetion of unit hydrograph of a duration equa to the time interva over which ranfall is
congtant. The usud duration of unit hydrographs for urban areas are 5 to 10 minutes.

Determination of rainfall excess pattern in time increments equa to the unit hydrograph duration.
Determination of runoff hydrogrgoh by multiplying the unit hydrograph ordinates each rainfall
excess vaues and properly lagging and summing the resulting hydrographs.

To introduce briefly the concept of unit hydrographs, a Dhour unit hydrograph is defined as the
direct runoff hydrogrgphs resulting from a sorm having a congant intensity over D-hour period
and having 1 inch of ranfal excess (= gross ranfdl — losses) over the entire drainage area.  In
other words the area under the unit hydrograph is equa to 1 inch. The area can be computed
usng

AREA = SUM x DT x 12 (4.13)
43560 A

Where AREA = areaunder the unit hydrograph in inches.

SUM = sum of dl unit hydrograph ordinatesin Cfs.

DT time interva between the ordinates in seconds.

A = drainage areain acres.
The other factors in the above equation are converson factors to give the area in inches. The
direct runoff hydrogrgph for a sorm of condant rainfal intengty over D-hour period and any
vadue of ranfal excess can be computed by multiplying the D-hour unit hydrogreph ordinates
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with the rainfal excess vaue. In the following we will present three unit hydrogragph methods
(1) Colorado method, (2) SCS method and (3) Espey method.

4.3 COLORADO UNIT HYDROGRAPH PROCEDURE

The following steps are used to obtain the design hydrograph in the Colorado hydrograph
procedure adopted by Denver Regiond Council of Government (Wright — MclLaughlin
Engineers, 1969).

Determine the synthetic unit hydrograph using hydrograph parameters

Determine the rainfal excess pattern for the storm of dSated frequency using depth-duration
frequency curve.

Determine the desgn hydrograph by multiplying the unit hydrogreph ordinaies by the ranfdl
€XCess amounts.

Unit hydrograph

1 Compute thetime lag, T, in hours
T = C (LL,)” (4.2)

where: L = hydraulic length of the basinin miles
Lca = distance between centroid of the basin to the study point in miles
C: = coefficient depending on the percent imperviousness.
C; can be computed using Equation 4.3
C, = 781/(P,)°" 4.3

where: P. = percent imperviousness.

For many badns L., can be taken to be 0.5L. Vaues of T, from Equation 4.2 should be
increased by 10 percent for sparsaly sewered or very flat basins, and decreased by 10 percent for
fully sewered or for steep basins.

2. Compute the time to pesk.

The duration (D) of ranfdl excess that is generdly associated with the unit hydrograph should
be 20 to 25 percent of the time to pesk or 5 to 10 min whichever is less. The time to pesk T, in
hoursis given by

T, = T, .

D
> (4.4)



3. Compute the peek discharge

The unit hydrograph pesk, g, in cfsisgiven by

_ B40C,A s
qp - -I-L -
where: A = aeain mi®

Cp = coefficient depending on percent imperviousness
T, = lagtimein hours
Cp can be computed using Equation 4.6

Cp=0.89 (Cy)%“® (4.6)
Cp should be increased or decreased by 10 percent as in the case of G discussed
ealier.

4, Take the time base of the unit hydrograph as five times the time to peak.

With the vadues of gp and Tp determined as above, the shape of the unit hydrograph can be
sketched using Chart 4.1 developed by the Corps of Engineers. The Chart 4.1 gives the width of
the unit hydrograph at flow rates equa to 0.75 gp and 0.50 gp.

These widths are proportioned so that 1/3 of the width occurs prior to the peak discharge.
Alternatdy W75 and W5 can be computed using

440 A%
Wos = 108
ge
770 A%
W50 = W (47)
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Rainfal excess pattern

The ranfdl excess petern is deveoped by (1) edimating ranfal from intengty-duration
frequency curve (Chat 2.1), (2) rearranging the increments in a pyramiding fashion with the
highes intengty near the center, and (3) deducting initid surface storage and congant infiltrating
from the ranfdl. Alternady the ranfdl excess pattern developed in the SCS hydrograph
procedure discussed later can also be used.

EXAMPLE 4.3
Determine the 25-year design runoff hydrograph from a basin with the following deta
Area (A) = 544 acres = 0.85mi?
L = 121 miles
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Lea = 0.85miles
Impervious area = P, = 40%
Duration of rainfdl excess = D = 10 min = 0.17 hr.

Unit Hydrograph Computation
781 7.81 ,
1. C = 5.0 = W (from Equation 4.3)
2. T, = C(L L )?®=044 (121 x 0.85°% (from Equation 4.2)

T. = 0.44 bhoursor 27 mn
3. C, = 089 (C)* = 089 (044°* = 061 (from Equation 4.6)

4, g, = 640C,A = 640 (0.61)(0.85) (from Equation 4.5)
T, 0.44
qp = 754 dS
5 T, = T, + % = 27+ % (from Equetion 4.4)
Tp = 32minor0.53hr.
1.08
6. W, = 440A%Qp*® = % (from Equation 4.7)
(754)"
or Chart 4.1
Wz = 0.354 hr (= 20.7min)
1.08 1.08
w, - [OAZ _ 770 (08 (from Equation 4.7 or
Qr (754)"
Chart 4.1)

Wso = 0.605hr (= 36.3min)
7. Plot on rectangular coordinates. the pesk flow of 754 cfs a time of 32 minutes after the

dart of the rainfadl: a 75% of the pesk or at 565.5 cfs plot points at 232- %(20.7)3 or 23.7
e u
minutes and 232+§(20.7)g or 444 minutes, a 50% of the peak or 375 cfs plot points at
e u

¢32- 1(36.9)" or 175 minutes and $32+ % (36.9" or 538 minutes
e u e u

Assume hydrogrgph will terminate a five times Tp: the dapsed time from the beginning of
excess rain to the peak, or 5 x 32 = 160 minutes.

8. Sketch the unit hydrograph as shown on page 72. The unit hydrograph ordinate at 10-
minute intervals can be read as 0, 150, 528, 748, 676, 450, 253, 155, 95, 58, 35, 21, 11, 7, 4, 1, O.
The area under the unit hydrograph should be 1.0 inch and this is checked using Eq. 4.1a with
DT =10 min = 600 sec, A =544 acresand SUM = 3192 cfs. Theareais
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3192 x 600 X 12
43560 (544)

= 0.97 inchwhichiscloseto 1.0 inch and therefore OK.

Rainfall Excess Pattern Computation

1. From the intendty-duration-frequency curve for Fulton County, obtain the rainfdl vaues in
inches for the 25-year frequency for the 10-, 20-, 30-minute efc. duraions and enter in
Column 2 of Example 4.3.
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In column 3, enter the incrementd rainfal for each 10-min period.
Rearrange the 10-min rainfdl in a pyramidd shape as shown in Cal. 4.
For the pervious areg, enter the infiltration with a maximum of %% in/hr which is 0.08 for 10-
min. Whenever rainfdl vaue isless than his meximum, s&t the infiltration equd to rainfall.
Enter depresson storage in col. 6 for the pervious area and Column 9 for the impervious
aea. Assume total depresson storage 0.25 in for pervious aea and 0.1 inch for the
impervious area.  The difference between rainfdl (Col. 4) and infiltration (Col. 5) is entered
as depression storage until the total depression storage is reached.
Enter the rainfal excess in Cols. 7 and 10. The ranfal excess is computed as rainfal —
infiltration — depression storage.
60% of rainfall excess and 40% of rainfall excess are entered in Cols. 8 and 11.
The total rainfal excess of each time increment is then the sum of Col. 8 and 11 is entered in
Col. 12.
Check on rainfall excess by the SCS method.

(P- 0.25)°

= — Equation 3.1
P+ 0.8S (Eq )

For perviousarea*S = 3.38—2.17 = 1.21x0.60 = 0.73in.
For imperviousarea*S = 3.38—3.28 = 0.10x 0.40 = 0.040in.

Tota S = 0.77in.
Q - (3.38- 0.2x0.77)*
(3.38+ 0.8x 0.77)

= 2.6in. which agreeswith 2.61 in. in Col 12
*Recdl that Sis defined as potentia maximum retention, inches.
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Design Hydrograph Computation

The above Table gives the computation involved in developing the hydrograph. In Column 1,
place the 10-minute rainfal excess vaues from previous table. Across the top in rows 1 and 2,
place the timeintervals and corresponding unit hydrograph ordinates.

Multiplying each 10-min unit hydrograph amount by each rainfal vaue and record the products
| Columns 218, darting each row in the next column. Sum the entries in each column to get the
desired hydrograph at 10-minute intervas. The hydrograph can now be plotted.

4.4 SCS UNIT HYDROGRAPH PROCEDURE
In this method the design hydrograph for a stated frequency is determined by using the
following steps

Determine the SCS unit hydrograph using the hydrograph parameters and the dimensionless unit
hydrograph.

Determine the rainfal excess paiter for the daed frequency for sdlected time increments using
the type I 24-hour rainfdl digtribution curve.

Determine the composite design hydrograph by multiplying the effective rainfdl pattern with the

unit hydrograph.

Unit Hydrograph

Determine the composite curve number
Determine the adjusted time lag, T, in hours using Charts 3.3, 3.4, and 3.5.
Find time to peak, Tp in hours

D

To= 53— + T, (4.8)

where: D = duraton of ranfdl incrementsin hours

The duration D is generdly taken to be 0.2 to 0.25 of Tp, or 0.50 T,
Note that the time of concentration, T¢ is related to the time lag by

T, = 06 T, 4.9
Find the peak discharge of the unit hydrograph, gp in dfs
484A
= 4.9
e T (4.9)
where A = drainage areain mi?

Tp = timeto pesk in hours
5. Usingthevauesof gp and Tp , and the dimensionless unit hydrograph given in Chart
4.2 or Table 4.2 determine the unit hydrograph.
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Rainfall Excess Pattern

The effective rainfdl is determined in increments of D minutes using the SCS Type curve
in Chat 36. For each time increment the incrementd curve vaue, rainfal depth, cumulative
ranfal depth, cumulative ranfal excess and findly the incrementa rainfal excess are obtained.
Ingdead of working with the entire 24-hour duration, one usudly consders the most intense
portion of the curve in Chart 3.6 resulting in a smdler time duration and less computation.

Design Hydrograph

The design hydrograph is obtained by multiplying the unit hydrograph ordinates in step
(@ by each of the vadues of incrementa ranfdl excess determined in step (b) and properly
lagging for each rainfdl excess increment.

EXAMPLE 44

Compute the design hydrograph for a 25-year frequency from a basin in Fulton County with the
following data using the SCS hydrograph procedure.

Area (A) = 890 acres

Curve number (CN) = 90

Percent imperviousness = 32.3%
Averageland dope = 6%
Hydraulic length = 10,500 ft.
Hydraulic length modification = 75%
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Dimensionless unit hydrograph and mass curve
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Table4.2 Ratiosfor dimensionless unit hydrograph and mass curve

Time Ratios Discharge Retios Mass Curve Retios
(UTp) (9/ap) (Q4Q)
0 .000 .000
A .030 .001
2 .100 .006
3 190 012
A4 310 .035
5 470 .065
6 .660 107
7 .820 163
8 .930 228
9 .990 .300
1.0 1.000 375
11 .990 450
12 .930 522
13 .860 .589
14 .780 .650
15 .680 .700
1.6 .560 751
17 460 .790
18 .390 822
19 .330 .849
2.0 .280 871
2.2 207 .908
24 147 934
2.6 107 953
2.8 077 967
3.0 .05 977
3.2 .040 .984
34 .029 .989
3.6 021 993
3.8 .015 .995
4.0 011 997
4.5 .005 .999
5.0 .000 1.000
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Solution

a SCSunit hydrograph
100
LS - 10- 120

= - - 10 (Equation 3.2)
CN 90
= 111 inches
0.8 0.7 0.8 0.7
2. TL = % = (10500) (2051 2 (Equation 3.3)
1900y™ 1900(6)™
= 0.60 hours
3T, = L.LTC (Equation 3.4)
L. = 0.70 (Chart 3.4)
L, = 087 (Chart 3.5)
T, = 070x087x060 = 0.36hours = 22min
4. Use D of 5 minutes, then
T, = % + T, (Equation 4.8)
5 .
= > + 22 =245 o0r 25 mn.
50, = 4?|_4A (Equation 4.10)
P

6. With the values of T and ¢ and using the non-dimension unit hydrograph in Chart 4.2
the unit hydrograph as shown below.
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Unit Hydrograph Coordinates
1) @) (3 @)

[~

t tte oop q
0 0 0 0
5 .2 .10 162
10 4 31 498
15 6 66 1059
20 .8 .93 1492
25 1.0 1.00 1615
30 1.2 .93 1492
35 1.4 .78 1252
40 1.6 .56 899
45 18 39 626
50 2.0 .28 449
55 2.2 21 337
60 2.4 .15 241
65 2.6 A1 177
70 2.8 .08 128
75 3.0 .06 96
80 3.2 .04 64
85 3.4 .03 48
90 36 .02 32
95 3.8 .02 32
100 4.0 .01 16
105 4.2 .01 16
110 4.4 .01 16
115 4.6 .00 0
120 4.8 .00 0
125 5.0 .00 0

(1) timein 5-minute increments (3) from Chart 4.2

(2) column 1 divided by tp of 25 minutes (4) column 3 times gp of 1615 efs

Rainfal Excess Pattern

Theranfal excessis determined in 5-minutes increments using the SCS Type |1 curve of

Chart 3.6 and is shown below. In this table the most intense 2hour period of Type Il dorm was
sdected as going from 11 to 13 hours. This period was broken into 5-minute increments as
shown in Co. 1, and the ordinates recorded in Column 2. Col. 3 ae the incrementd curve
ordinates from Column 2. Column 4 is Column 3 times 6.50 giving he rainfdl depth in eech 5
minute period. 6.50 inches correspond to the 25 year 24-hour rainfdl as given in Table 3.1
Column 5 is the accumulated rainfal obtaned by summing Column 4. Column 6 results from
reading Chat 3.1 for a CN of 90 and rainfall depths from Column 5. Column 7 is the
incrementa vaues from Column 6 and represents the rainfall excessin each 5-minute period.
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@) (2 [©) 4 (%) (6) )

Time Curve Incr Rain Accum Acc Rain
Ordinate  Curve Depth Rainfall Runoff Excess
Vaue
11.00 0.235 0.00 0.00 0.00 0.00
11.08 0.240 .005 0.03 0.03 0.00 0.00
11.17 0.246 .006 0.04 0.07 0.00 0.00
11.25 0.252 .006 0.04 0.11 0.00 0.00
11.33 0.260 .0080 40.05 0.16 0.00 0.00
11.42 0.275 .015 0.10 0.26 0.00 0.00
11.50 0.294 .019 0.12 0.38 0.02 0.02
11.58 .0312 .018 0.12 0.50 0.08 0.06
11.67 0.340 .028 0.18 0.68 0.15 0.07
11.75 .0410 .070 0.46 1.14 0.42 0.27
11.83 0.490 .080 0.32 1.66 0.82 0.40
11.92 0.610 .120 0.78 2.44 1.48 0.66
12.00 0.660 .50 0.33 2.77 1.77 0.29
12.08 0.679 .019 0.12 2.89 1.89 0.12
12.17 0.690 .011 0.07 2.96 1.96 0.07
12.25 0.708 .018 0.12 3.08 2.07 0.11
12.33 0.720 .012 0.08 3.16 2.15 0.08
12.42 0.728 .008 0.05 3.21 2.19 0.04
12.50 0.735 .007 0.05 3.26 2.24 0.05
12.58 0.743 .008 0.05 3.31 2.28 0.04
12.67 0.750 .007 0.05 3.36 2.33 0.05
12.75 0.755 .005 0.03 3.39 2.35 0.02
12.83 0.762 .007 0.05 3.44 2.40 0.05
12.92 0.767 0.005 0.03 3.47 2.42 0.02
13.00 0.772 0.005 0.03 3.50 2.45 0.03
TOTALS 3.50 inches 2.45
nches

Design Hydrograph

With the unit hydrograph and rainfall excess patterns, the design hydrograph is computed

as in Sep C of Example 4.3. The hydrograph can now be plotted from the last row of the table
shown on the next page.
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45 ESPEY UNIT HYDROGRAPH METHOD

Espey et d (1977) have developed a method for computing a 10-minute unit hydrograph. The
procedure involves computation of five parameters and sketching the hydrograph as shown
below. These parameters are related to the basin parameters as given by the equation

DisCharge

B
Time

in Table 4.2. Note that a unit hydrograph for 5minute duration can be obtained, if necessary by
the S-curves method described in Lindey et d, (1974) once the unit hydrograph is congtructed it
can be multiplied with the rainfdl excess pattern to obtain the desgn hydrograph. The rainfal
excess can be developed from the SCS Type Il didribution curve or the rainfal-intensty-
duration curve as discussed earlier in this Chapter.  The following example illudrates the
computation of hydrograph usng Espey Method. This example dso illudrates the S-curve

method for converting a unit hydrogrgoh of one duration to a unit hydrogrgph of another
duration.
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EXAMPLE 4.5

Determine the sorm hydrograph for a basn conssing of two symmetricd sub-basins each
draining into an outlet. Congder a 50-year, 60-minute sorm. The sub-basins are identical with
the following data.

Length of watershed = 11600 ft
Imperviousness = 75%
Perviousness = 25%
Watershed area = 4.25 acres
Sope of watershed = 0.5%
Time of concentration = 5min

SOLUTION

Determine the unit hydrograph.

The basc 10-minute unit hydrograph is fird computed usng eguations given in Table 4.0 and
from the vaue of F chat 43. In this case the vdue of F = 0.60. The 10-minute unit
hydrograph is shown on page 88. Since the drainage area is smal and time of concentration is 5
minutes, the duration of ranfdl increments will be assumed to be 5-minutes ingead of 10-
minutes. Therefore, we need a 5-minute unit hydrograph for this problem. The 5-minute unit
hydrograph can be computed using the Scurve method applied to the 10-minute unit hydrograph
as indicated in Table on page 89. The 10-minute S-curve is obtained by summing severd 10-
minute unit hydrographs each offset by 10-minutes  This if the time of the 10-minute unit

hydrographs is 10-minutesm 10 88: 1%)9 unit hydrographs each offset by 10-minutes need to be
e

2
added to get the Scurve. The 10-minute S-curve is given in column 3 of this Table. In column
4 the same Scurve is lagged by 5 minutes and the difference between the 10-minute Scurve and
lagged S-curve is entered in column 5. The 5min unit hydrogrgph is then obtained in column 6
o @& 10mn o
multiplying column5by 2 ¢= i.
by muitiplying by & Smin
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TEN-MINUTE UNIT HYDROGRAPH EQUATIONS

Tk
Q
Ty
Wi,
W

75

—

Tr

Ts
Wsg

W75

Tota
Equations Explained Vaiation
31 LO.ZSSO.ZSI - O.18F 157 0802
31.62x10° A%°Tg 7 0.936
125.98x10°A Q °* 0.844
16.22x10°A°%3Q 0.943
3.42x10°A°%°Q °7™® 0.834

is the totd digance (in feet) dong the man channed from the point being
considered to the
upstream watershed boundary.

isthe main channd dope (in feet per foot) as defined by H/(0.8L), where L isthe
main channel length as described above and H is the difference in eevation
between two points, A and B. A isapoint on the channel bottom at a distance of
0.2L downstream from the upstream watershed boundary. B isapoint on the
channd bottom at the downstream point being considered.

isthe impervious areawithin the watershed (as a percentage).

is the dimens onless watershed conveyance factor given in Chart 4.3.
isthe watershed drainage area (in square miles).

isthe time of rise of the unit hydrograph (in minutes).

is the peek flow of the unit hydrograph (in cfs).

isthe time base of the unit hydrograph (in minutes).

is the width of the unit hydrograph a 50% of Q (in minutes).

isthe width of the unit hydrograph of 75% of Q (in minutes).

TABLE 4.2
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Compute the rainfd| pattern

To deveop the storm hydrograph, it is necessary to determine the rainfal excess a 5-minute
intervals and then multiply the unit hydrograph ordinates by the rainfdl excess. These seps ae
the same as in Colorado Method or SCS Method discussed earlier. Table on page 90 computes
the ranfdl excess for a 50-year 60-minute ranfdl. The intendty-duration-frequency curve is
used to caculate the ranfdl for various duraions and the maximum infiltration rate of 1 in/hour
and depression storage of 0.25 in on the pervious areas and 0.10 in on the impervious areas are
assumed.

Compute the storm hydrograph

The unit hydrograph ordinates are multiplied by the ranfdl excess vadues for each time
increment and the resulting storm hydrograph is computed as shown in Table on page 91. Note
thaa column 16 in this Table gives the totd hydrograph from the two symmetricd sub-
watersheds. The hydrograph can now be plotted.

4.6 NON-HOMOGENEOUS WATERSHEDS

For a non-homogeneous watershed, the watershed should be subdivided into sub-basins and
runoff hydrogrgphs are computed for each sub-basin.  The totd design hydrograph is then
obtained by properly adding and/or routing these sub-basin hydrographs. For example for the
watershed composed of three sub-basins A, B, C shown below one obtains runoff hydrographs
for A, B, B sparatdy. Hydrographs A and B are added and then routed through the channel in
aea B. This routed hydrograph is findly added to the hydrogragph C to obtain the totd
hydrograph a the outlet of the entire watershed. An example of this type of computation can be
found in Haan (1976), and Lindey, Kohler and Paulhus (1979).
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CHAPTER )
CHAPTER 5 - PIPE SIZE SELECTION

Sdection of pipe sSze shdl be based on the pesk discharge computed by using the Rationd
Method. If the pipe has a head of from O to 2 pipe diameters, the pipe Sze can be cadculated
using Manning's equation (or Chart 2.4).

Manning formulais the most widdy used and us recommended here.

Q - 188 pResgr (5.2)
in which Q = dischageincfs

A = cross-sectiond areaof flow in ft?

R = hydraulic radius = — o of section

wetted perimeter in ft

S = dopeof theinvert in ft/ft
n = coefficient of roughness of pipe

The desgner should keep in mind that it is important to maintan sufficent velocity within the
pipes to prevent deposition of suspended matter washed into the pipes. Past experience has
shown that a mean veocity of 2.5-3 fps will normaly prevent the depositing of suspended meatter

in the pipes.

If the head is more than 2 pipe diameters, pipe Szes are to be determined using procedures
outlined in Chapter under Culvert desgn. We will consder three cases of pipe sSze sdection (1)
when the velocity of flow is less than the dlowable velocity of 18 ft/sec, (2) when the velocity is
greater than 18 ft/sec, and (3) when the head loss is gppreciable. Each of these cases is given in
the following example.

EXAMPLE 5.1

Determine the pipe Sze to carry the twenty-five year runoff of 684 cfs. The head on pipeis
about 2 ft, and the dopeis 0.01 ft/ft. Assume Manning's n = 0.013.

SOLUTION

To find pipe diameter, enter Chart 2.4 with the dope (S) = 0.01 ft/ft, the Manning
coefficient (n) = 0.013 and the peak runoff rate (Q) = 684 cfs. Connect the valuesfor
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the dope and Manning coefficient. Make amark where thisline crossesthe pivot line.

Then connect this point on the pivot line with the runoff value. The pipe diameter will be given
on line C and the velocity of flow inthe pipeonlinef. ThusV = 17ft/sec, D =

84 inches.

If the velodity is greater than the dlowable velocity of 18 ft/sec, pipe Sze shdl be determined as
in the following example.

EXAMPLE 5.2
Determine the pipe Sze with the following data
S = 0.05 ft/ft
n = 0.013
Q = 200 cfs
SOLUTION

Using Chart 2.4 we get a diameter of 42 inches and the velocity is greater than 18
ft/sec. Inthiscase pipe Szeisobtained asfollows.

Q = V.,A (5.2
where A = Area
V.» = maximun dlowable velocity assumed to bel8ft/sec
A = gmax _ 20 11.1ft?
\ 18
pD?
and A = (5.3)
4
D = Jﬂ = 48 in
p

Thiswe require a greeter diameter pipe but the velocity is within the alowable vaue.

Pipe Size Sdection When Head Loss is Appreciable

Appreciable head loss may occur when there are sharp bends or many smooth bends in the pipe
system. In such case the pipe size (D) shdl be determined using the following equation.
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This equation can be solved by trid-error procedure. \When the correct pipe diameter is inserted
into this equation, it will baance out roughly to zero. Since pipe szes vary by 3 or 6 inches, the
equation will rarely be satisfied *when a D, vaue is insarted into this equation. If the result
upon subdtituting a sdected vaue of D is negative and the pipe Sze is smdl, then the D vaue is
increased in available sandard sizes until one gets the postive result for the firg time. Use of
this equation should be limited to pipe lengths up to 400 feet. The quantities appearing in the
above equation are:

Q = runoff rate in cfs computed by the Rationd Method

n = Manning coefficient (from Table 2.6)

D Z = differencein eevation between the entrance and the exit of the pipe (in ft)

L1 = length of the pipe from the point where the head loss occurs to the point

where the water |eaves the pipe system.

L, = length of the pipe from the point where the head loss occurs to the point

where the water |eaves the pipe system.
* or “the left-hand member will rardly equa zero’

L = Equivdent length of the pipe which gives a head loss equd to the head loss

caused by various valves, bends and fittings, (from (Chart 5.1)

D; = diameter of pipelength Ly

D, = diameter of pipelength L, which isto be determined

D. = diameter of pipe length L¢ (from Chart 5.1)
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EXAMPLE 5.3

Find the diameter of the pipe (D.) considering the head loss using the following data.

Elevation Difference (A) =2 ft

Length of Pipe (L) = 200 ft. (Ly = 100 : L, = 100)

Manning Coefficient (n) = 0.013

Flow (Q) = 100 cfs.

Pipe --- concrete, good condition

Cause of Head Loss — A right angle bend a the min-length point of the pipe (square
elbow)

Cause of Head Loss -- A right angle bend at the mid-length point
of the pipe (square elbow)

"'_‘—Ll—"—*+
- Q- d 11 _L )
[
L’ T Az\
5, __I; T
T
Plan | Progile

SOLUTION

By the method presented earlier, a pipe diameter of 42 in. would have carried this flow if there
had not been a bend in the pipe. Therefore, the length of pipe downsream from the bend must
be made larger due to the head loss created by the bend.

Enter Chat 5.1 with the upstream pipe diameter (DL = 42") and the type of bend (square
elbow). Thus,

Equivadent length of pipe (L) = 240ft.
Therefore, firs try D, = 4.0

2/ N
40 DpZ D24-Q21+n§eh+i+£§3 -0
é eD1 D2 Dcé‘ﬁ
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2100 100 2400 0
35 4 35,
(SRl g

402 (4 - (100)° S1+0.013
é

20,480-10,000 [1+0.013(122.0)] = 0
20,480-10,000 [1+15873] = O

20,480 —-25,873=0

-4,393 isless than zero, therefore D, istoo smdl

try D, = 45

40(2) (45" - (100)* [1+0.013119.3)] = O
32,800-10,000 [2.5509] = O

7,291 is greater than zero, thereit is OK to use.

Use a54 inch pipefor the last 100 ft.
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"Ordinary Exif—-—“"’"‘"

For sudden enlargements or

o HEAD LOSS VALUES sudden contractions, use the
,E_:__:_x smaller diameter,d, on the pipe
— = size scale.

Example
“The dotted line shows that
the resistance of a 6-inch
Standard Elbow is equiva-
lent. to approximately 16
feet of 6-inch Standard Pipe.
120
(110
Globe Valve, Open \ Gate Valve 3000 (100
3 Closed - ~ 90
15 Closed - 2000 - 80
———14 Closed - - 70
Fully O e
¢ uily Open :1000 sg
e o a8
e d i - 500 a2
Angle Valve, Open Standard Tee o 36—1
F 300 30—1-30
200 |
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/ U 20—~ 20
: / g === - 100 18—
Swing Check Valve, S z 16—
11 [ 9 J—
Fully Open Borda Entrance |50 "E_ = 14
J A g 12—
- &
N 10 —~——t—
————— ViR=X: 30 = b £ 10 2
o L 9—F ]
Close Return Bend’ / | ¥ [ sodden Entis -20 ¢ T s—+F £
__1 |{Sudden Enlargetent: ~|~ __ & S I
d/p~- 1% "6‘_“3‘ == 2
P — /d/D" L% 10 £ < L s
”———d/D-%‘ - S T 55 a
Standard Tee M L Esp—1 3
Through Side Outlet ) E::—‘- s & S 4— 3
: P - '§ 3 m—t
\ Ordinary Entrance |3 5‘ E 3—1-3
[ z
Standard Elbow or run of Y -2 2% —T
Tee reduced 12 {% L s
-T2
Sudden Contraction -1
G T
d/p=-14 o 114 —
Medium Sweep Elbow or ) ¢l/1')—}4 0.5
eun of Tee reduced 14 - 1
| 5 W
NG R S e S i
30° Elbow s " o
" Long Sweep Elbow or ———vn’
run of Standard Tee ot os

CHART 5.1

95



CHAPTER 6 - DESIGN OF CULVERTS

6.1 SELECTION OF PIPE AND BOX CULVERTS

This section deds with the desgn procedure for the mgority of pipe and box culverts by any
dructure size not covered by this procedure can be desgned by the use of inlet and outlet control
nomographsin Sec. 6.2. The following data must be available.

Desgn discharge (Q) in cfs

Allowable head water depth (AHW) in ft

Approximate length of culvert (L) inft

Sope of culvert barrd (S) in ft/ft

Shape and kind of culvert, and entrance type

a & W DN PRE

Sharp of culverts my be circular, rectangular, ova, arched; kind of culvert includes concrete,
CMP, etc; and entrance may be of groove-edged, square edged, projecting, headwall type. Depth
depends on the devation of the culvert outlet rdlative to the inlet or, on the vaue of

L

100S,

The culvert bard will be flowing full when the headwater is subgtantidly above the crown
elevetion at the entrance. The procedurein using Chart 6.1 are

1. Compute the vaue of

100S

(]

2. Sdect the appropriate chart depending on type of barrd and entrance. Go up on the chart
from the given Q vaue to AHW, move down from this point to the desired solid curve or the

next lower solid line depending on whether the actud

iS grester than the next lower
100S

solid line vaue or not. Interpolations are often necessary. Read the corresponding size of
barrd and actual headwater. If this intersection point is aove the AHW, sdect the next
larger sze. An exampleisshown on Chart 6.1

Georgia DOT Manua gives the design chart for various shapes, kinds and entrance conditions.
We will only demondrate the use of one such chat here as given in Chart 6.1. Georgia DOT
Manud should be consulted for the gpplicable design chart. In these charts the solid line curve
gives the maximum discharge for a specified culvert sze and headwater depth. For any vaue of
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(L/100S,) less than indicated on the solid curve no decrease in headwater can be obtained for a
given dischage. At any point on the solid line, the culvert will be in entrance contral, i.e, the
headwater depth will depend solely on the entrance, and the barrel will not flow full. The dotted
(or dashed) curve indicates the headwater discharge relation with outlet control, i.e, the
headwater.

6.2 HYDRAULIC DESIGN OF CULVERTS

Hydraulic desgn of culverts involves the determination of barrd gze, type of control and
required headwater depth. The sze of barrd should be large enough to convey the design pesk
flow dischage. In trangmitting this discharge the culvert mugt function within the dlowable
headwater and tail water elevations, length, dope and type of materid, types of culvert shapes.

The depth of headwater directly reflects the amount of energy required to overcome various
losses and to push the water through the culvert.

Flow condition may be inlet control or outlet control. In inlet control, the capacity of culvert is
controlled at the entrance by such factors as depth of headwater, inlet geometry, barredl geometry
but not affected by length, dope, roughness of the barrd or by the tallwater depth. In outlet
control the flow is affected by al of the above factors including the factors governing the inlet
control. It is possble to determine the type of control by hydraulic computation.

The design of culvert can be a trail-and-error procedure in which a size and type of culvert (box
or pipe, etc) is sdected firg, and followed by flow propety anayss and headwater depth
computation.  If the cdculated headwater depth is greater than the maximum dlowable depth
based on other requirements such as topography, laws or regulations, a new culvert sdection
would be made until the dlowable condition is met. How through culverts in inlet control often
results in patidly full but improved inlets (beveled-edge, side-taper, dope-taper) which can be
employed to increase the flow to e nearly full by reducing the entrance losses in an inlet control.
Usudly in the design of culverts the headwater depth is computed for both inlet and outlet
controls and the larger depth and the corresponding control is used further in hydraulic
computations.  Culvert outlet velocity is commonly greater than the flow veocity in the channd
downstream of culvert and energy dissipators should often be provided to reduce erosion.

The following factors are important in the design of culverts.

1. Exiding or possble tailwater condition (e.g. depth)
2. Accurate determination of alowable headwater depth
3. Outlet velocity.

Culverts are normally sized to pass the pesk flow for the sdected design sorm. It is to be noted
that the desgn pesk flow rate should be computed by usng the Rationd Method or other
methods as outlined in Chapter 2. If a detention facility is planned upstream of the culvert, the
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inflow hydrograph from the watershed must be routed through the detention facility to determine
the flow rate for the design of alvert. Additiond detalls on culvert design can be obtained from
Georgia DOT Manud and Federa Highway Adminigration circulars NO. 5 and 13 and 14. In
the following procedure for sdection o culvet sze and the use of inlet and outlet control
nomographs are given. The design tabulation sheets that may be used in the design of culverts
are ds0 included with example problems.
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Procedurefor Selection of Culvert Size
Step 1. List design data. ( See suggested tabulation form)

a. Dedgndischarge Q, in cfs.,, with average return period. (i.e. Q25 or . Qsp €tc.)

b. Approximate length L of culvert, in feet.

c. Sopeof culvert. (If gradeisgiven in percent, convert to dopein ft. per ft.)

d. Allowable headwater depth, the feet, which is the verticd digance from the culvert invert
(flow line) & the entrance to the water surface devation permissible in the headwater pool or
gpproach channd upstream from the culvert.

e. Mean and maximum flood velodities in natural steam.

f.  Typeof cuvert for firg trid sdection, including barrd materid, barrel cross-sectiona shape
and entrance type.

Since the procedure given isone of trid and error, the initid trid Sze can be determined in
severd ways.

Step2: Determinethefirs trial size culvert.

a. By arbitrary sdlection.

b. By using an gpproximating equation such as % = A from which thetrid culvert dimensions

are determined.

c. By usnginlet control nomographs (Charts 6.2-6.8) for the culvert type sdlected. If this

method isused an % must be assumed, say % =15, and usng the given Q atrid sze

is determined.
If any trid Szeistoo largein dimengon because of limited height of embankment of availability
0 size, multiple culverts may be used by dividing the discharge equaly between the number of
barrels used. Raising the embankment height or the use of pipe arch and box culverts with width
greater than height should be consdered. Find sdection should be based on an economic
andyss.
Step 3 Find headwater depth of trial sze culvert.

a. Assuming INLET CONTROL
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(1) Using thetrid size from step 2, find the headwater depth HW by use of the
appropriate inlet control nomograph (Charts 6.2-6.8). Tallwater condition are

neglected, in this determination. % obtained from the nomographs by the
height of culvert D.

(2) If HW is greater or less than alowable, try another trid sze until HW is
acceptable for inlet control before computing HW for outlet control.

Assuming OUTLET CONTROL

(1) Approximate the depth of tailwater TW, in feet, above theinvert at the outlet for
the design flood condition in the outlet channd.

(2) For tailwater TW eevation equa or grester than the top of the culvert at the outlet
set hy equd to TW and find HW by the following equation.

HW = H + h, - LS,
where

HW

verticd distance in feet from culvert invert (flow line) at
entrance to the pool surface.

H = headlossin feet as determined from the appropriate
nomograph (Charts 6.9-6.15).

verticd distance in feet from culvert invert a outlet to the
hydraulic grade line (In this case h, equals TW, measured
in feet above the culvert invert.)

s
I

Sy = dopeof bard inft/ft.

L

culvert length in ft.

(3) For tallwater TW eevations |ess than the top of the culvert at the outlet, find
headwater HW by equation 3 asin b(2) above except that

h = d°+D or TW, whichever is the grester

o

where:

. = critica depthin ft. (Charts 6.16-6.21)
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Note: d . = cannot exceed D
D = height of culvert openingin ft.

Note: Headwater depth determined in b(3) becomes
increesingly
less accurate as the headwater computed by this
method
fals beow the vdue

2
D + (1 + ke);—, where ke = entrance loss coefficient
¢}
c. Compare the headwaters found in Step 3a and Step 3b (Inlet Control and Outlet Cortrol).
The higher headwater governs and indicates the flow control exising under the given
conditionsfor the trid Sze sdlected.

d. If outlet control governs and the HW is higher than is acceptable, select a larger trid sze and
find HW as indructed under Step 3b. (Inlet control need not be checked, since the smdler
Sze was satisfactory for this control as determined under Step 3a)

Step 4 Try aculvert of another type or shape and determine size and HW by the
above procedure.
Step 5: Compute outlet velocitiesfor size and typesto be considered in selection and

determine need for channd protection.

a. If outlet control governsin Step 3c above, outlet velocity equals A?

, Where A | isthe cross-

[o]

sectiond area of flow in the culvert barrdl at the outlet. If d. or TW islessthan the height of
the culvert barrel use A, corresponding to d, or TW depth, whichever gives the grester area
of flow. A, should not exceed the total cross-sectiond area A of the culvert barrdl.

b. If inlet control governs in sep 3c, outlet velocity can be assumed to equa mean veocity in
open-channd flow in the bard as computed by Manning's equation for the rate of flow,
barrd sze, roughness and dope of culvert selected.

Note: Chartsand tables are helpful in computing outlet velocities.

Step 6: Record final selection of culvert with size, type, required headwater, outlet
velocity, and economic justification.
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For full flow in outlet control the head H required to pass a given quantity of water through a
culvert can be computed using

29n°Lu y?
t o SEmu 5
e )

u ]

(6.1)

where H =head in feet
Ke = entranceloss coefficient
n = Manning's roughness
L =length of barrd in ft

waterarea
wetted perimeter

R

hydraulic radiusin ft =

\Y,

Although the above procedure pertains to sdection of culvert Sze to pass a given discharge a a
given headwater, a better understanding of culvert operation is gained by plotting performance
curves through some range of discharge and for different dzes and types of culverts.
Performance curves are plots of Headwater depth versus discharge. Also effects of improved
inlets (shape, edge, geometry and skew of entrance) in inlet control can be investigated for
economic sdection of culvert sze. Hydraulic design of improved inlets can be found in Federd
Highway Adminigration circular No. 13.

mean velocity of flow in barrd in ft/sec
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b)

b)

INLET-CONTROL NOMOGRAPHS
Charts 6.2 through 6.8

Instructions For Use

To determine headwater (HW) given Q, and size and type of culvert.

Connect with straightedge the given culvert diameter or height (D) and the discharge Q, or
g for box culverts, mark intersection of straightedge on % scaled marked (1).

If % scale market (1) represents entrance type used, read % onscae(1). If another of

the three entrance types listed on the nomograph is used, extend the point of intersection in

(8 horizontally to scale (2) or (3) and read %.

Compute HW by multiplying % by D.
To determine discharge (Q) per barrel, given HW, and size and type of culvert.

Compute % for given conditions.

Locate % on scale for gppropriate entrance type. If scale (2) or (3) is used, extend %

point horizontaly to scale (1).
Connect point on % scae (1) asfound in (b) above and the Size of culvert on the left

scade. Read Q or % on the discharge scae.

If % isread in (c) multiply by B (span of box culvert) to find Q.
To determine culvert Size, given Q, dlowable HW and type of culvert.

Using atrid sze, compute %

Locate % on scale for appropriate entrance type. If scale (2) or (3) is used, extend %

point horizontaly to scale (1).
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¢) Connect point on % scde (1) asfound in (b) above to given discharge and read diameter,

height or sze of culvert required for % vaue.
d) If Disnot that originaly assumed, repeat procedure with anew D.
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OUTLET-CONTROL NOMOGRAPHS
Charts 6.9 through 6.15
I nstructions For Use

Outlet control nomographs solve equation 6.1 for head H when the culvert bard flows full for
its entire length. They are dso used to determine head H for some part-full flow conditions with
outlet control. The nomographs do not give a complete solution for finding headwater, HW,
snce they only give H in equation 3, HW = H+h,-L S,.

1. Todetermine head H for a given culvert and discharge Q.

a) Locate appropriate nomograph for type of culvert sdected. Find ke for entrance type in
Table6.1

b) Begin nomograph solution by locating sarting point on length scde.  To locate the proper
garting point on the length scaes follow ingructions below:

1) If the n vaue of the nomograph corresponds to that of the culvert being used, sdect
the length curve for the proper ke and locate the starting point a the given culvert
length. If ak curve is not shown for the sdected k,, see (2) below. If the n vdue for
the culvert selected differs from that of the nomograph, see (3) below.

2) For the n of the nomograph and a k intermediate between the scales given, connect
the given length on adjacent scdes by a draight line and sdect a point on this line
spaced between the two chart scales in proportion to the ke values.

3) For a different roughness coefficient iy than that of the chart n use the length scales
shown with an adjusted length L; calculated by the formula

L, = L&k

32 Seeingruction 2 for n values.
ny

DD

c) Usng draightedge, connect point on length scde to sze of culvert barrd and mark the point
of crossng on the “turning ling’. See indruction 3 below for Sze consderations for rectangular
box culvert.

d) Pivot the draightedge on this point on the turning line and connect given discharge rate.

Read head in feet on the head (H) scde. For vaues beyond the limit of the chart scales, find H
by solving equetion 6.1
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2. Vduesof nfor commonly used culvert materias.

Pipe
0.012

Smadll
Corrugations
(22/3" x )
Unpaved 0.024
25% paved 0.021

Fully paved 0.012

Concrete
Boxes
0.012

Corrugated Metal

Medium Large

Corrugetions Corrugetions
(3" x1") (6" x2")
0.027 Variest
0.023 0.026
0.012 0.012

*  Vaidion in n with diameter shown on charts. The various n vaues have been  incorporated
into the nomographs and no adjustment for culvert length is required as ingtructed in 1b(3).

3. To usethe box culvert nomograph, Chart 6.9, for full-flow for other than square boxes.

a) compute cross-sectional area of rectangular box.

b) Connect proper point (seeinstruction 1) on length scale of barrel ares?

c) Pivot the draightedge on this point on the turning line and connect given discharge rate.
Read head in feet on the head (H) scale.

3 The areascae on the nomograph is caculated for barrel cross sections with span B twice the
height D; its close correspondence with area of square boxes assures it may be used for all
sections intermediate between square and B = 2D or B = %2D. For other box proportions use

equation 6.1 for more accurate results.

108



TABLE 6.1 - ENTRANCE LOSS COEFFICIENTS

Ouitlet Control, Full or Partly Full

2

Entrance head loss He = ke %

Type of Structure and Design of Entrance Cosfficient ke
Pipe, Concrete
Projecting from fill, socket end (groove end). . . . . .. 0.2
Projecting fromfill, sg.cutend .. ............... 05
Headwall or headwall and wing walls
Socket end of pipe (grooveend). . ... ... 0.2
Square-edge. ............ ... ... 0.5
Round (radius=1/12D) .............. 0.2
Mitered to conformtofill dope................. 0.7
*End-Section conforming tofill dope. . .......... 0.5
Beveled edges, 33.7°7 or45° bevels. .. ............ 0.2
Sde-or dope-taperedinlet . ............. .. .. .... 0.2
Pipe, or Pipe-Arch, Corrugated Metal
Projecting from fill (noheadwall) . ............... 0.9
Headwall to headwall and wingwalls square edge . . . 0.5
Mitered to conform to fill dope, paved or unpaved
dope ... 0.7
*End-Section conforming tofill dlope. .. .......... 0.5
Beveled edges, 33.77 or45° bevels. .. ............. 0.2
Sde-or dope-taperedinlet . .. ................... 0.2

Box, Reinforced Concrete
Headwall paralel to embankment (no wingwalls)

Square-edgedon 3edges. . ............ 0.5
Rounded on 3 edges to radius of 1/12 barrel
dimension, or beveled edges on 3 sides 0.2
Wingwalls at 30° or 75° to barrel
Square-edged atcrown . ............... 04
Crown edge rounded to radius of 1/12 barrel
dimension, or beveled top edge.. . . . 0.2
Wingwall at 10° or 25°
Square-edgeatcrown. . . ............... 0.5

Wingwalls parallel (extension of sides)
Square-edge at crown
Sde-or dope-taperedinlet .. ...................... 0.2

*Note: “End Section conforming to fill dope,” made of either metal or concrete, are the sections
commonly available from manufacturers. From limited hydraulic tests they are equivaent in
operation to aheadwall in both inletand outlet control. Some end sections, incorporating a
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closed taper in their design have a superior hydraulic performance. These latter sections can be
designed using the information given for the beveled inlet.

Table 6.2 — Manning'sn for Natural Stream Channels®
(Surface Width &t flood stage less than 100 ft.)

Fairly regular section:
a. Somegrass and weeds, littleornobrush........... 0.030--0.035
b. Dense growth of weeds, depth of flow

materialy greater thanweed height . . .......... 0.035--0.05
c. Someweeds, light brushonbanks............... 0.035--0.05
d. Someweeds, heavy brushonbanks.............. 0.05--0.07
e. Someweeds, densewillowsonbanks............ 0.06--0.08

f. For treeswithin channd, with branches
submerged at high stage, increase dll

abovevaueshby ....................... 0.01—0.02
Irregular sections, with pools, dight channel meander;
increase values given aboveabout . . ............... 0.01—0.02

Mountain streams, no vegetation in channd, banks
usualy steep, trees and brush dong banks

submerged a high dage:
a. Bottom of gravel, cobbles, and few boulders. . .. . .. 0.04--0.05
b. Bottom of cobbles, with largeboulders. .......... 0.05--0.07

4 From “Design Charts for Open Channel Flow”, (see p. 5-14).
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CHART 6.1
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CHART 6.2
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CHAPTER 7 - DESIGN OF ROAD INLETS

Inlets can be classfied into three mgor groups. (1) Curb inlets, (2) Grate inlets, (3) Combination
inegs. A curb and a grated inlet acting as a unit are known as a combination inlet. A multiple
inlet is made up of cosdy-spaced inlets acting as a unit. Various types of inlets are shown in
figure below.

Inlets shall be designed to carry peek rate of runoff from a 10 year frequency storm as caculated
usng the ratiiond formula The hydraulic efficdency of dormwater inlets varies with gutter flow,
dreet grade and crown, and with the geometry of the inlet depresson. Freedom from clogging or
from interference with traffic are dso important consderations. The guiddines for the desgn of
inlets established by ASCE are the following.

For dl inlets.

a) Useas steep acrown dope astraffic safety and comfort will permit.

b) Design and space inlets so that 5 to 10 percent of the gutter flow reaching each inlet will
pass on to the next inlet downstream, provided that this carry-over is not objectionable to
pedestrian or vehicular traffic and theinlet is not in a sump.
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For inletswhere traffic is not expected to travel close to the curb:

a) If dogging is not a problem, use a depressed gutter inlet or a combination inlet with curb
and gutter openings contiguous and with a grate having longitude bars.

b) If dogging is a problem and the desgn flow is smdl, use adepressed curb inlet. If the
desgn flow is large, use a depressed combination inlet.  The combination inlet will be the
leest subject to clogging and will have the greatest capecity if the curb opening is
upstream from the gutter opening and the grate hes longitudina bars.

For inlets in thoroughfares where traffic moves close to the curb:

a) If the Street dope is grester than five percent use a deflector inlet if road dirt will not pack
in the notches.

b) If the street dope is less than five percent and n al dreets in which dogging of the dots
between the deflectors may cause difficulty, use an undepressed gutter or combination
inlet having a grate with longitudina bars only.
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For inletsin streets having little or no dope for inlets in sumps:

a)
b)
c)
d)

On flat dreets pitch the gutter dightly from both directions toward the inlets.  They will
then behave like inletsin sumps.

In sumps, use curb, or combination inlets, in order to reduce the flooding which occurs if
grates clog.

In sumps a the foot of doping dreets, dlow ample capacity to admit water that flows
past upstream inlets which are flooded or clogged.

Inlets in sumps have a tendency to clog; therefore, their design capacities should be
reduced accordingly. It is suggested that the design capacities of inlets in sumps should
be reduced by the following amounts. 10 percent for curb inlets, 20 percent for
combination inlets, and 30 percent for gutter inlets.

The design of roadway inlets has been addressed in ASCE Manua, Georgia DOT Manua and
Federd Highway Adminigration’s report on Georgia of Urban Highway Drainage, FHWA-TS-
74-225.

7.1CURB INLETS

Design of curb openings for curb inlets shdl be based on the design discharge computed by the
Rational Method. The following steps are used.

1.

2.

Determine the runoff rate per linear foot of the road that can be expected from the area
into the curb from within the roadway.

Determine the depth of the curb and gutter capacity using Chart 7.1 and vaues of gutter
spread, cross dope and gutter grade.

Determine the spacing between curb inlets and number of inlets by dividing the gutter
capacity by the runoff rate per linear foot, and by dividing the length of roadway by the
spacing.

Determine the percent of design discharge intercepted by each inlet, by sdecting the
catch basn and entering the corresponding design Charts (Charts 7.2-7.6) with the known
vaues of gutter spread, gutter grade and cross dope. Then determine the percent of
discharge by passed by each inlet.

Determine the discharge in cubic feet per second intercepted by each inlet by adding the
runoff from the paved area and the runoff bypassed by the previous inlet. As before the
second inlet will intercept 80% of the runoff reaching it and will bypass 20% to the next
inlet.
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EXAMPLE 7.1

Find the curb inlet spacing and number of inlets needed with the following data

Drainage area (A) = 3 acres
Gutter grade = 30 ft/2000 ft
Cross dope = 0.024 ft/1.0 ft
Gutter spread = 8.0ft
Length of area = 3500 ft
Time of Concentration (T¢) = 16 min
and use = 90% street — agphdt
= 10% residentid — Sngle family
Rainfall frequency = 10 years
SOLUTION

Composite C = 0.85 (0.9) + 0.40(0.10) = 0.81
Rainfdl intensty = 5.0 invhr

1. Compute Runoff (Q1) per Linear foot

Q; = CIA (Raiond Formula)
= 0.81x5.0x3
= 1215 dfs

Qr

L

12.15

3500
= 0.0035 dfs/ft.

Q

2. Deerminethe depth of curb

Enter Chart 7.3 with the gutter spread and the cross dope to get the depth at the curb. A
check with the design curb depth is made to insure that water will not run over the curb into
yards aong the road.
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depth of curb = 0.38ft = 456in<6insitissafe

3. Determine the Gutter Capacity
Now enter the same chart with the gutter grade and the cross dopes. Where these two
vaues meet, go verticaly up to get the gutter capacity of the road.
max = 9cfs

4. Spacing between inlets and number of inlets
Eight County Standards File No. 4-A catch basinswith 36 in. cross drains have been

Qurax
Q
9
0.0035
= 2571ft
3500
2571
= 14 » 2
selected as the type to be used on this road.

Spacing between curb inlets =

O number of inlets required =

5. Determine the percent of the design Q intercepted by the first drain; Enter chart 7.6 wth
the gutter speed, the gutter grade, and the cross dope.  Thus each drain will intercept 80%
of the flow reaching it. It is desrable, for reasons of efficiency, to dlow some flow to
bypass an inlet and to be taken care of by the next inlet downstream. Thus 20% of the

flow will be bypassed by each inlet.

6. Cdculate the cfsreceived by eachinlet
The drainage area contributing to runoff to the second inlet is the sum of paved area and
the nearby area contributing to runoff. Assume that the runoff past the first inlet consst
of rain faling on the pavement and none from nearby area.
Thus Area A = 0.44 acres.
Compute total runoff to the second inlet as a sum of runoffs from the paved area and nearby area,
and runoff bypassed from the previousinlet
ThusQ = CIA +20% (12.15)
0.95x 5.0x 0.44 +0.20 (12.15) ; C = 0.95 from paved area
2.09 +2.43
=452 cfs
As before thisdrain will intercept 80% of the flow reaching it. This0.9 will bypassthisdrain
(=0.20 x 4.52)

EXAMPLE 7.2
Find the number of inlets and curb inlet spacing with the following deta
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Area(A) =
Gutter grade =
Cross dope =
Guitter spread =
Time of Concentration (T¢)
Land use and Runoff Coefficients (C)
8% street — asphalt
92% residentiad — angle family
Rainfall frequency
Rainfal Intensity (1) =
SOLUTION

25.3 acres

50 ft/1000 ft
0.024 ft/1.0 ft
80 ft
= 16 min
0.85 (from Table 2.1)
0.40
= 10 years
50in/hr (from Chart 2.1)

Composite C=0.85(0.8) + 0.40 (0.92) = 0.44
1. Compute Runoff (Q1) per Linear foot

Q; = CIA (Rational Formula)
= 044 x5.0x25.3
= 5566 = b56¢cfs (Say)
_ 9
Q, = ]
5.6

3500

2. Determine depth of curb

From Chart 7.1 with the given gutter spread and the cross dope, the depth at the curb = 0.38

ft = 456in< 6in

= 0.016 cfs/ft

O.K.

3. Determine the Gutter Capacity (Qmax)
On Chart 7.1 move up from the intersection of the given gutter grade and cross dope
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to read Qmax.
Qmax = 9cfs
1. Spacing between inlets and number of inlets

. Qe 9

a)a]n = =
9 Q 0.016
= 563ft

Number of inlets = 3500
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Eight County Standards File No. 4A caich basins with 36 in. cross drains have been sdected
as the type to be used on this road.

2. Percent design Q intercepted by the first drain can be determined using Chart 7.6 with the
gutter spread, gutter grade and cross dope.  Each drain will intercept 78% of the flow
reaching it. If it is dedred to know the number of cfs intercepted by each inlet, then proceed
asin Step 6 of Example 7.1.

7.2GRATE INLETS

For efficent grate inlet, dl rectangular bars should be pardld with the flow and the openings
should cover at least 50 percent of the width of the grate. The clear length of the opening should
be sufficient to alow the water to fal through the openings without driking the far end of the
grate. Therequired clear length of bar (L) can be computed by using

Where Ly = length of clear opening of gate, in feet
\% = mean gpproach veocity in the width of the grate opening in ft/sec
\Y

L, = - @rd)”
d = depth of flow at the curb, in feet

dp = depth of the bar, in feet

Chat 7.7 is a graphicd solution of the equation for pavement with roughness coefficient, n =
0.015 and depth of bar 3 %2 inches.

As the gutter grade varies so does the length of clear opening required for 100% interception of
the water approaching the inlet within the width of the grate. If the length is less than given by
Equation 7.1, some of the gutter flow will pass directly over the grate without being intercepted
and add to the flow bypassing the gate.

EXAMPLE 7.3
Find the length of clear opening required for an efficient grate with the following data.

Crossdope, S; = 0.021 ft/ft. Gutter grade, S, = 10%

2 ft concrete gutter, n = 0.015
dlowable spread on pavement = 6 ft
depth of grate bars = 3 %2inches
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SOLUTION
Totd width of gutter spread =2+ 6 = 8ft

Using Chart 7.7, on upper left diagram for T=8 ft move horizontdly to § = 0.021 curve, thence
downward to S; 0.021 curve in left center diagram. From this intersection move horizontaly to

right diagramto S = 0.10 curve and read L4 on bottom scale as 3.0 ft.

CAPACITY OF GRATE INLETSON A CONTINUOUS GRADE

The capacity of an undepressed efficient grate inlet can be determined by computing the flow in
the section occupied by the grate width. For draight line sections, the flow intercepted by an
undepressed efficient grate can be computed as explained in ingruction 3, chat 7.8. Example

74 illugrates the procedure. This problem is taken from Georgia DOT Manud.

EXAMPLE 7.4
Partia Interception by Undepressed Grate

Given: Q = 1.5 cfs, pavement cross dope, § = 3/8 inch per foot; Gutter Grade 3 percent;
gutter, concrete float finish; grate inlet, 30 inches wide by 24 inches long, depth of longituding

Z = % reciproca of crossdope;d = depth of gutter flow at the curb

bars 3 inches, no cross bracing, 60 percent clear opening.
Find: Spread on the pavement and the discharge intercepted by the grate inlet.

SOLUTION

1. Determine roughness coefficient; n = 0.014
2. FromTable7.2,Z = 32000, £ = 228
n

3. OnChart 7.8,lay astraightedge on % = 2, 286 and gutter grade = 0.03. Mark

intersection of sraightedge on the turning line.
4. Lay straightedge on point marked in step 3 and the discharge, 1.5 cfs. Read depth of flow

at the curb, 0.15 foot.
5. The spread on the pavement is Zd or 32(0.15) = 4.8 fest.
6. Depth of flow a outward edge of grate (X-distance from curb face = 2.5) isd -

X 00r0158222 = 0,07 foot.
éZg é32.0g
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7. From chart 7.8 (following steps 3 and 4) for d = 0.07 foat, % =2,286. And S = 0.03;

Qv =0.2cfs.
8. ThenQx = 1.5-0.2 = 1.3 cfsprovided the grateis eficient.

9. The grate has the necessary requirements for efficiency if the dear opening (Lp) is
aufficient.  The mean vedocity in the 25 foot section over the grate is 1.3 cfs (dep 8)
the area of the section (0.15 foot deep at curb and 0.07 foot deep at the other edge of the
grate) or 4.73 feet per second. The clear opening required by equation 7.1 is:

L, = %(d+db)1/2 = 4'—273 (15+.25)"2 = 1.5fest

The grate opening, 2.0 feet, exceeds that required. Thusthe grateis sufficient.

The 2.5 foot grate intercepts 87 percent of the total flow 281;39 in Example 7.4. To intercept
e

5g
100 percent of the flow would require a grate 4.8 feet wide (step 5) dmost twice the width
required for 87 percent interception.

Ordinarily, the width of grate remains congtant and the spacing of inlets is varied to limit the
goread on the pavement to the dedred quantity. The cadculaions for determining the
discharge for 100 percent interception by a given grate are shown in Example 7.5.

EXAMPLE 7.5

Totd interception by Undepressed Grate

Given:  Thesame conditions asin Example 7.4

Find: The gutter flow (Q) that would be totdly intercepted by an efficient grate inlet, 30
inches wide.

SOLUTION

1. The spread on the pavement (T = Zd) is limited to the grate width (2.5 feet) for 100
percent interception.

d = 25 0.08 foot.
32.0

2. From chart 7.8 (following steps 3 and 4 of Example 7.4), for d = 0.08,
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e 2286, and S = 003, Q = 0.25cfs.
Examples 7.4 and 7.5 show the advantage of designing grate inlets for partid interception. For
100 percent interception under the conditions of these examples, the grate width would have to
be doubled or about six separate 30-inch grate inlets, each intercepting 0.25 cfs, would be
required.

For composite draight-line gutter sections, the flow intercepted by an undepressed efficient grate
is computed as explained by ingtruction 4 on chart 7.8.

7.3COMBINATION INLETS

A grephical procedure described in ASCE Manual can be used to determine the capacity of
sngle or dosdy-spaced combination inlets.  The assumptions made in this procedure are that the
velocity throughout the cross section of the gutter flow is uniform, and the ratio of intercepted
width of flow () to the totd width or flow (by) determines the percent of capture. Another
assumption b that there is no carry over across the grate (s). Charts 7.9 A, B, C, D show flow
lines for gutter flows on dtreet grades of various crown dope. Chart 7.10 is a graph showing the
relationship between ratio of intercepted width and intercepted flow.

EXAMPLE 7.6

Find the capacity of an undepressed combination inlet with grate 3.67 ft x 1.67 ft in a street with
a4% grade, and 1:18 crown dope. Manning'sn = 0.013.

(a) Draw outline of inlet on the appropriate flow diagram (S = 0.04), Chart 7.9B.

(b) Determine by inspection the flow for which the outermost flow line intersects the outer
downstream corner of the inlet and note its origind distance from the curb. In this example,
a a flow of 0.8 cfs, the outer flow line intersects the outer downstream corner of the inlet.
The origind width of thisintercepted flow (b,) is 2.5ft.

(c) Also, from Chart 7.9B, determine by inspection flow widths, ky, for 1, 2, 4, and 6 cfs. These
areligedin Col. 2 of Table below.

(d) Compute interception width ratios bi/b,. In the example, bi/by = 2.5, vduesin Col 2.

() From Chat 7.10 determine interception flow rations, Qi/Qw, for corresponding bi/by ratios.
Thesevauesareliged in Col. 4.

() Determine intercepted flows, Q;, Col. 5 = Col. 1 x Cal. 4.

(g) Data from a rating curve derived by the empiricd equations are given in Col. 6. Comparison
with Col. 5 shows the smplified method yidds results wel within the usuad engineering
accuracy.
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This method may be used for closely spaced inlets and for inlets placed perpendicular to each

other provided that the downstream grate is not overtopped.

CAPACITY OF UNDEPRESSED COMBINATION INLET

| | | Intercepted Flow Q;

Gutter Flow | Flow Width | Interception | Interception | By Simplified | By Rating
Quw Bw Width Ratio, | Flow Ratio Method Curve
(cfs) (ft) bi/bw Qi/Qu (cfs) (cf9)
@ 2 ©) 4 ® (6)

1 2.8 0.89 0.98 0.98 0.99
2 35 0.72 0.92 1.84 1.8
4 4.6 0.54 0.79 3.16 3.4
6 53 0.47 0.72 4.32 45

145



Industrial Area Streets

Subdivision Streets

TABLE 7.1

Cross Slopes Gutter Spread
0.022":1 6.0- 8.0
0.024':1 6.0-8.0
TABLE 7.2
Z AND Z/N VALUES FOR CROSS SLOPES
Sk S z Z/0.015
1/8 .0104 96.00 6410
3/16 .0156 64.00 4273
Ya .0208 48.00 3205
.0300 33.33 2222
.0400 25.00 1667
.0500 20.00 1333
.0600 16.67 1111
.0700 14.28 952
.0800 12.50 833
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CHAPTER 8
CHAPTER 8- DESIGN OF DETENTION FACILITIES

Urban devdlopment activities generdly increase volume and rate of runoff from a watershed, and
decrease the time of concentration and time lag of the watershed because of increased
impervious area in the watershed. These aspects can be seen from typica runoff hydrographs for
predevelopment and post development conditions as shown in the figure below. Increased
volumes and rates of runoff often intendfy flooding problems. To prevent this Stuation from
happening, the developer should provide adequate detention faecility that will hold the runoff
from the developed area and release water a a rate not in excess of that which prevailed prior to
development. Detention facilities act as temporary storage for the excess runoff and release this
excess over aperiod of time after the storm has ceased.

FIGURE 8.1 Required Storage Volume

The dgze of detention facilities can be determined by measuring the area between the inflow and
outflow hydrographs where the inflow hydrograph is the hydrogreph for the developed
conditions, and the outflow hydrograph corresponds to that for the undeveloped conditions. The
area between the two hydrographs gives the required storage volume of the detention pond. In
other words, the required dorage is computed as the maximum difference between the
cumulative inflow and outflow volumes. Knowing the avaladle area of the pond a the dte, one
can determine the depth of the pond. Fird it is necessary to see that adequate storage volume is
avalable a the dte and this has to be checked with information from topographic maps and
actud profile of the pond ste. The area and depth for different contour evations should be
determined from this information and a ed extent of the pond is the then determined to provide
the calculated volume of storage. Second, it is necessary to provide an outlet control device to
release runoff a the rate for predevelopment conditions or any other approved alowable release
rate. Third, the adequacy of the design of detention facilities and outlet structure facilities should
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be checked by routing procedure so that the outflow rate shall not exceed the rate which existed
from the watershed before devel opment.

The gepsinvolved in the design of detention fadilities are:

1. Compute the inflow and outflow hydrographs for the developed and undeveloped conditions

for selected rainfdl duration and frequency.

Determine the storage volume and depth requirements of the facility from the hydrographs.

Check if the actua configuration of the detention facility provides the required storage.

Decide on the type of outlet controls, and determine their dimengons.

Compute depth vs. storage curve for the detention facility and depth vs. discharge curve for

the outlet structure.

Check the adequacy of the detention facility and the outlet sructure by routing the inflow

hydrograph. If this outflow hydrograph (or its pesk rate) agrees with the hydrograph or its

peak rate for the underdeveloped conditions, then the desgn is adequate. If not sdect

another type of detention facility and outlet control and repeat the routing procedure until the

design is adequate.

7. The complete desgn should be adequate for al sorm duraions and for dl ranfdl
frequencies of 2, 10 and 25 years, emergency spillways should be provided to carry runoff
from a 100 year storm.

arLON

o

Computation of hydrographs can be done usng methods given in chepter 4. Sdection of the
configuration of detention facilities and routing procedure will be given later in this chapter.
Some of the commonly used outlet control structures are discussed below.

8.10UTLET STRUCTURES

The usua outlet Sructures for detention facilities include a pipe or culvert, stand-pipes, welr
boxes and emergency spillways. Other types of outlet Structures will be acceptable if it can be
shown that they will adequately regulate the flow from detention facilities.

Pipes or Culverts

Outlet pipes or culverts should be designed as culverts with inlet control instead of
usng Manning's equation which assumes uniform flow. The detalls of the desgn of culverts in
let control can be found in Chapter 6. Pipes smdler than 12" may be andyzed as a submerged

orifice if % is greater than 1.5. HD and D are the headwater depth and diameter or pipe. For
suare-edged entrance condition.
Q = CAJ2H 8.1
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where: Q = dischargeincfs

C = discharge coefficient, usudly 0.6

A = aeaof cross section of pipein ft?.
= P D2
4
D = diameter of pipein ft
H = head on pipein feet from the center of pipe to water surface (= HW — 1/2D)

Erosion control practices may be necessary at the downstream and of the outlet pipe depending
on the outlet velocity and channel condition.

Standpipes

Perforated vertical pipes or standpipes are used to drain completedy a detention facility. The
pipes flow into an outflow pipe. The outflow pipe will be of correct Sze and dope to
accommodate the 100-year storm, and sufficient freeboard must be provided above the tope of
the standpipe to provide storage. Alternatively, the outflow may be sized to the 25-year sorm
and a spillway provided for the outflow from the 100-year storm. In any event, control up to the
25-year gorm is affected by the eevations and sizes of the holes in the sandpipe. FHow rates
through these openings can be cdculated usng Equation 81. Assuming C = 0.6, the flow rates
cdculated usng Equation 81 ae showing in chats 8.1-8.8 from szes from 6-36 inches in
diameter. The size, number, and spacing of holes in the standpipes may be determined by using
(Equation 8.1) and knowing the dlowable flow rates and basin geometry of the detention facility.

Thus the barrd and riser must be sized to insure that the discharge rate is controlled by the
orifices in the riser. Where stormwater storage is provided as freeboard storage above an
exiging lake or pond, the standpipe acts as an overflow. Depending on the depth of storage, the
discharge capacity may be determined by andyzing the dandpipe as an overflow wer or a
submerged orifice.  The discharge capacity of submerged orifices can be computed by usng
Equation 81 with h, the head taken as the difference between water surface eevations
immediately above and below the orifice.

Weir Flow
Waeir boxes (Figure 8.2) made up of concrete or masonry structures are placed at the upstream
end of an outlet pipe to control the flow rate. In such a case double protection may be provided

by overszing the outlet pipe to serve as a emergency overflow. The pipe must, however, be
designed asaculvert. The discharge capacity of atriangular weir can be cdculated using
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where

Q = 257 tan o H>?
Q = dischargeincfs

H =headinft

g = war hdf angle

FIGURE 82 WEIR BOX

(8.2)

Equation 8.2 can aso be used to caculate weir angle (g ), knowing the discharge and head on

the weir.
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Flow capacity over asharp crested weir can be calculated using
Q = CLR¥
(8.3
where Q = dischageincfs
C = discharge coefficient, usudly taken as 3.3
L = length of war inft
H = head dbovewer in ft
For example the flow over the top edge of the riser is assumed as flow over a sharp crested weir
with
L=I1ID
(8.4)
where D = diameter of riser inft
Tota flow through the riser isthen
Qr = Orificeflow + Sharp crested weir flow
Flow rate over a broad- crested weir can be calculated using

Q =3.09LH 32
where Q = dischargein cfs
L = length of wer

H = head above wair in ft

Emergency Overflow

An emergency overflow shal be provided on dl detention facilities to discharge water, should
the outlet control sructure become clogged or a flood of larger magnitude occur. Emergency
overflow can be an overflow channel, an overszed pipe, additiond standpipe or a broad-crested
weir desgned for 100-year sorm. Additiond details on the desgn of emergency spillways such
as the broad- crested weir are given in Federd Highway Administration’s Report FH WA-TS-79.

An emergency spillway can be a broad-crested weir cut through origind ground a on end of the
embankment with its bottom a an eevaion one to two feet above maximum desgn dorege
eevation. It is preferable to have a fregboard of 2 feet minimum, but for smal detention
fadlities, an absolute minimum frecboard of 1 foot should be provided. Assuming vertica
sgdewadls, the discharge through the spillway can be computed using

Q=CBH??”
where Q = dischargeincfs
C = discharge coefficient, usudly 3.0
B = width of the emergency spillway in feet
Hp = effective head on the spillway in fedt.

Critical velocity should be computed to check whether it is within the dlowable permissble
velocity for the materid of the spillway channd (turf or paved). Table 8.1 gives vadues of
discharge, critical velocity and critical dope for various heads.
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TABLE 8.la; EMERGENCY SPILLWAY DESIGN

Side slopes =z 2.|
Controt section n : 0.04 {(Manning's)

2 e Flow = = Exit channel Q = Dagchorge, cfs'
_— 0.0% Ve = Criticgl velocity, fps
200k 7 7 ™~ Sc = Critical siope, %
2\ e ‘9°‘ o' s‘ ~ Hp = Height of poo! above
= <t e® ! emerqgency spillway

control section

One foot is 0.3048m; One cubic foot is CJ.1’.)283m3

Hp, Spillway Bottom Width, b, feet
fe. 8 10 127 14 16| 18] 20{ 22| 24| 26| 28] 30
, Q P 18| 21] 24| 28] 321 35 - - - - -
0.8 VC 3.613.6(3.6(3.713.7(3.71|3.7| - - - - -
SC 3.213.213.213.213.71]3.11{3.1
o] 22( 26| 31t 36| 41| 46| 51] 56| 61| 66| 70 75
1.0 Vc Bovfborldaafh v soribon a2l 204.214.214.21(4.2
SC 3.013.0(3.0(3.0(2.9{2.9{2.92.9(2.9/|2.9{2.9|2.9
Q 31| 37} 44| so| 56| 63| 70| 76| 82| 88| 95101
1.2 Vc L.5|4.5\4.5/L.6|b.6|4.6{4.6|4.6(4.7IL.6[4.6]4.6
SC 2.8{2.8(2.8|2.8(2.7]2.7|2.7]2.712.7]|2.7]|2.712.6
Q -~ Lo| 4Bf 56| 65| 73| 81| 90| 98105/ 113}122113]
1.4 VC 4.9i4.9(4.9 L.9|/5.0|5.0]5.0]5.0 5.0/5.0(5.015.0
SC 2.712.7/2.6{2.6(2.6|2.6|2.6|2.6]2.6|2.6(2.612.6
Q 51| 62] 72] 82| 92]103|113]123|134{145]155]165
1.6 Vc 5.2/5.2/5.3/5.3/5.3(5.3]5.3|5.4|5.4]5.415.45c.4
SC 2.6{2.6|2.6]2.6{2.512.5{2.5/2.5/2.5/2.5/2.5/2.4
Q 6L4{ 76{ 89|102|115{1271150|{152|164|176|188 200
1.8 VC 5.515.515.6/5.6{5.6(5.7|5.7|5.7{5.7{5.7|5.7!5.7
Sc 2.5{12.512.512.8]2.4(2. 472.4 2. 4(2.4[2.3/2.3(2.3
Q 78| 911106{122]137[1521167|181]196|211]225 (240
2.0 VC 5.8/5.8/5.8|5.9|6.0(6.0/6.0{6.0|6.0 0{6.0]6.0
Sc 2.5(2.4)2.4)2.4)2.3(2.3]2.3/2.3]2.3]2.3]2.3(2.3

NOTE: For a given Hp, decreasing exit siope from S. decreoses spiitway discharge,
but increasing exit slope fram S, does not increase discharge.

f o slope (S,) steeper than S is used, velocity {V,) in the exit chaonnel will
increase according to the following reiationship: 0.3
Ve sV [—2)
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8.2 RESERVOIR ROUTING

As mentioned earlier the adequacy of the detention facility and outlet device should be checked
by routing the inflow hydrograph (i.e. for post development condition) through the detention
faclity and its outlet device and verifying whether the routed hydrograph meatches the dlowable
outflow hydrograph (i.e. hydrograph for the undeveloped conditions), particulally in term of
peek rate of runoff. The badc routing equation for a reservoir with an unchanging outflow
control deviceis

L+ 1, + B2 .00 . S, o (8.6)
e t [} t
where t = asdected increment of time, the routing interva

I1 = inflow a the beginning of t
O; = outflow & the beginning of t
S; = dorage a the beginning of t
I, = inflow a theend of t

O, = outflow a theend of t

S, = storage at the end of t.

This equation is solved for O a each vaue of t, knowing the inflow hydrograph (11 and I,) and an
additiond dorage reldionship to define S; and S;.  This storage relationship depends on the
outflow control device. And outflow device is selected and a plot of discharge (O) as a function
of depth is prepared. Also a configuration for the detention facility is chosen and a plot of
sorage (S) as a function of depth is made. From these plots for various depths, a plot is made for

ZTS + Ovs. O. Further ZTS - Oiscomputed usng

B 0-2,0. 2 (8.7)
t et o
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The following tabular computetion illusraies the computations involved in the routing of
hydrographs. The variables in a particular row of time (t) are taken as variables with subscript 1
and the variables in the previous are taken as variables with subscript 2. At the beginning of

computations, the outflow can be assumed to be equa to inflow (1), and ZTS + O isread from

25

the graph corresponding to this vaue of O. T3 0?2 is then computed from Equation 8.7.
e

%]
This finishes the computations for the first vdue of t. For any other vaue of t, (I + 1) is added

to ZTS - O from the previous row to get ZTS + O. Then O vdue is entered from

2 + O vs O curve. The vdue of ZTS - O is computed usng Equation 8.7 and entered,

thus finishing computation for this value of t. These cdculaions ae repeated until the maximum
vaue of O is obtaned from this O vaue and the corresponding ZTS + O, the maximum
storage (S) can be computed.

The following are the epsinvolved in reservoir routing:

1. Obtain the inflow hydrograph (1) for the developed conditions and select arouting interval (t)

. Sdect the configuration of detention facility and define storage vs. depth (Svs. h) graph
. Sdect the outflow control device and define the discharge vs. depth (O vs. h) graph

2
3
4. FromtheSvs. hand O vs. h graphs, define ZTS + O vs Ocurve
5. Perform routing calculation as described above.

8.2 MODIFIED RATIONAL METHOD

In this method the peak runoff is computed for the underdevel oped and developed

conditions usng the Rationd formular The storage is computed as the difference between the
volume of flow for the two conditions, namey the developed and undeveloped conditions. The
volumes of flow can be computed as the area under the corresponding hydrographs. In modified
Rationd Method approximate hydrographs can be sketched by knowing the pesk flow (Qp), time
of concentration (T) and storm duration (). Two possible cases are considered : (@)
The risng and recession portions of the hydrographs are both equa to time to peak (Tp) and (2)
the rising portion lasts for T, while the recesson portion lasts for 1.67 T,. The latter assumption
is more redigic and has been recommended by the Soil Conservation Service, but it gives larger
flow volumes and obvioudy requires alarger detention basin.

In both cases the time to pesk (Tp) is taken as the time of concentration whenever t > T, and
taken as t whenever t < T.. Agan, depending on the vaues of t and T, the hydrograph can be
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sketched as a triangle or trapezoid. If t £ T, the hydrographs an isosceles triangle with gpex
equa to the peak flow (Qp) and a time base equa to 2 T, and if t > T the hydrograph is a
trapezoid with bottom and top widths respectively ast + T, and t — Tp. For the case where the
recession period is taken as 1.67 T, the time base of triangular hydrograph will be 2.67 T, and
for the trapezoid it is teken as t + 1.67 T,. The top width of the trapezoid will be the same as in
case 1. With thisinformation the hydrographs can be constructed as shown below.

>
tTﬂ

-h-T';-ll : N

e )
.'T . | 0T,

=%
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CASE 2: ERECESEION FERIOD = 1,67 T:

In fact the volume of flow for case 1 will be the same as the flow volume computed in the
commonly used Bowstring Method of szing detention basins. But the Bowstring Method cannot

give hydrographs.
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Hydrographs ae required in dzing the detention basn and outlet devices, especidly for
watersheds larger than 25 acres in sze.  Although the Szes of detention basin and outlet devices
can be determined by smply computing the storage volume as the difference between the flow
volumes for developed and undeveloped conditions, the adequacy of the desgn has to be
examined, if necessary dtered, by routing the inflow hydrograph (i.e, hydrograph corresponding
to the developed conditions) through the detention facility to obtan the routed outflow
hydrograph until the routed hydrographs pesk is less than or equa to the pesk of the outflow
hydrograph (i.e.,, the hydrograph corresponding to the undeveloped conditions). Routing should
be performed for areas greater than 25 acres and the details of routing are given earlier in this
chepter.  But firg, we will give the method for dzing the detention facilities for smal aress
without the need to perform routing.

The inflow and outflow hydrographs can be congructed for the developed and undeveloped
conditions but it is common to use a condant outflow rate from the detention facility, not
exceeding the outflow rate for undeveloped conditions. This congtant outflow rate is cdled the
alowable maximum release rate (ARR). The procedure can be summarized asfollows.

1. Sdect gorm frequency for 25 year and compute pesk runoff for the developed and
undeve oped conditions using the Rationa formula for various sorm durations (t)

CqlA
Ci A

Qq
Qu

Where: subscripts d and u refer to developed and undevel oped conditions and

Q = pesk runoff (cfs)
Cq = runoff coefficient
| = intengty of rainfdl inin/hr for the sdected

frequency and storm duration (t) from Chart 2.1
A = aeainacres
2. Sketch the inflow and outflow hydrographs

3. Computeinflow volume

Cae 1: recesson portion = T,

Vin = Qqdt fordl t (8.10)

where Vi, = inflow valumein ft2
t = storm duration in seconds
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Case 2. recession portion =1.67 T, (8.11)

where T. = time of concentration in seconds.
4. Compute outflow volume

5. Determine the dorage as the difference between the inflow and outflow volume  Either
tabular or graphica method can be used.

6. Repeat steps 2 — 4 for various t vaues and sdect the maximum Storage.  Either tabular or
graphica method can be used.

7. Choose the detention facility at the Ste and determine its area.  Also determine the depth of
gtorage by dividing the maximum storage by the area of the detention facility.

8. Dedgn a suitable outlet (pipe, weir, vertica riser, etc.) to cary the dlowable release rate (Qy)
at ahead equal to the computed depth of storage.

EXAMPLE 81

Determine the Size of detention basin and outlet control device for awatershed of 200 acre area
for a25 year sorm. The following dataiis available

Length of watershed = 3000 ft. Differencein devation = 60 ft.

Land use before devel opment Land use after development

Woodland 175 acre Single family resdentid 180 acre
Cemetery 16 acre Apartments 10 acre
Derdlict buggy 6 acre Streets 10 acre
Whip factory

Abandoned 3 acre
Drive-in movie
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SOLUTION

Since the drainage area is greater than 25 acres, we need to use the routing procedure for the
desgn of detention basn. However for the purposes of illugration, we will use the Modified
Rationad Method without a routing procedure.

Average basin dope = % = 002 = 2%

Weighted C for undeveloped Conditions ¢, =

- (O.2)+16(0.25)2+Og(0.88)+3(0.90) _ om

180(0.4) + 10(0.6) + 10(0.95)

Weighted C for developed Conditions = 200

Cq = 0.438
From Chart 2.4, T. = 17 min

Alternatively, assuming a velocity of overland flow to be 2 ft/sec.

3000 ft

. 1500sec = 25min
2ft /sec

But will use the more conservetion 17 min.
From Chart 2.1, | =5.7 in/hr for T, = 17 min for 25 year sorm

Before development:
Qu=CiI A
= (0.233) (5.7) (200) = 265.62 cfs
After development
Qi =Cygl A

= (0.438) (5.7) (200) = 499.32 cfs

Tabulate the volumes of inflow and outflows for various time of concentration. The outflow rate
remains constant

Cyq = 0438
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T =+t T | 25 Q4 =Cqyl2s A | InflowVa. | Outflow Storage
(Min) (sec) @(inhr) | (cfs) =Qqt (ft3 | Vol =Qut | (ft3
(ft.3)

5 300 91  797.16 239148 79686 159462
10 600 71 62196 373176 159372 213804
15 900 6.0 5256 473040 239058 233982
17 1020 57  499.32 509306 270932 238374
20 1200 53  464.28 557136 318744 238393
30 1800 43  376.68 678024 478116 199908
40 2400 36  315.36 756864 637488 119376

From this table or from plot shown on page 179 the required maximum storage is 238892 ft* at

Tc =20 min.

A triangular weir box is selected to redtrict the outflow to 265.62 cfs for the 25 year storm.
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Qu = 257tan (q) H*?
Asuming g = 45° (haf angle of opening)
GivenH = 64ft

The configuration of the detention basn should be chosen to ensure tha a least the design
amount of storage will be achieved a a depth of 6.4 ft. Since the rate of runoff should not be
increased under any storm a least the 2year, 5year and 10-year storms should be checked. Only
the 10-year storm will be verified here to illustrate the procedure.

For the 10-year storm, | = 4.3 in/hr for T = 17 min

Qu=Cu | A = 0233 (4.3) (200) =200.38 cfs

Again tabulate as below:
Cq = 0.438
=t T Is Q4 =Cqylos A | Inflow Val. | Outflow Storage
(Min) (se0) (ivhr) | (cf9) =Qdt (ft3) | Vol =Qut | (ft>)
(ft.3)
5 300 6.7 586.92 17 076 60114 115962
10 600 53 464.28 278568 120228 158340
15 900 4.5 394.2 354780 180342 174438
17* 1020 4.3 376.68 384214 204388 179826*
20 1200 39 341.64 409968 240456 169512
30 1800 3.2 280.32 504576 360684 143892
60 3600 2.1 183.96 662256 721368 -

From this table or plot the required storage is 179826 ft* at T, = 17 min.
Again the head on the wer is

Qu = 200.38 =257tan (q) H*?
GivesH = 571t

Thus for 10-year storm the storage required is 179,826 ft° at adepth of 5.7 ft.

These cdculations should be repeated for 2- and 5-year storms and the largest storage and
corresponding depth should be sdected. Findly, the outflow pipe from the weir box should be

174




large enough to cary the developed runoff from the 100-year storm. For T = 17 min, hoo =
7.0in/hr, thus

Qd = CdIlOO A = 0438x7.0x200 = 613 cfs

If a concrete pipe with Manning’'sn = 0.013 a 2% is chosen it's diameter will be 72°. A plain
corrugated metd pipeat 2% and n = 0.021 should be 84" in diameter (from Chart 2.4).

Computation of Hydrograph

The adequacy of the detention basin and outlet Structures can be checked by routing inflow
hydrographs. This is particularly required if the drainage area is greater than 25 acres. Reservoir
routing procedure discussed in Sec. 8.2 isusually employed.

Case 1: Recession Portion is Equa to T,

The above anayss of detention basin design pertains to Case 1 as discussed earlier. The inflow
hydrograph can be condructed as an isosceles triangle with pesk equa to the peak flow for the
developed conditions computed using the Rationd formula and a time base equal to 2 T
whenever t < T and as a trapezoid with pesk flow as above and top and bottom widths as (t -
Tc) respectively whenever t > T.. For the above example, for t = 20 minutes, Tc = 17 min, Q
= 377 cfswe can get the inflow hydrograph as shown below.

317
E1s

Inflow volumes are computed using Equation 8.10.

The above inflow hydrograph is then routed through the detention facility to check whether the
peak of the routed hydrograph is less than or equd to the peak flow for undeveloped conditions.
Routing should be performed using hydrographs for various T values, t = 5t = 10, t =15, t
= 20, t =40, t = 60 min, etc. Exampleson routing areincluded later in this chapter.

Case 2. Recesson Portion is Equal to 1.67 T,
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EXAMPLE 8.2

Another way of condructing the inflow hydrogreph is to take the time base as 267 T. for
triangular (for T < Tg) and T = 1.67 T. trapezoidd (for t > Tc) hydrographs. Such hydrographs
assume a risgng portion of the hydrographs for T minutes and recession portion for 167 T, . For
the above example, fort = 20min, T = 17min, the inflow hydrograph is congtructed as below.

i ap >

1T - -
cis ]

& Ffrh wm

I . .
=T | 3017 | Iﬂ‘r;_-u-

The difference between this hydrograph and the previous hydrograph is that the recesson portion
isT¢ inthe previous hydrograph and 1.67 T in this hydrograph.

The volume of flow isthe area under the hydrograph and is computed using equations 8.12.

Applying this procedure for the above problem the storage required for the detention basin can
be cdculated asfollows.

t t Qq Vin Vout Storage
(Min) (sec) (cf9) (ft.3) (ft.3) (ft.3)

1 (2 (3) (4) 5) (6)

5 300 797.16 320458 79686 240772
10 600 621.96 499982 159372 340610
15 900 526.60 633874 239058 394816
17* 1020  499.32 682470 270932 411538*
20 1200  464.28 718148 318744 399404
30 1800  376.68 808657 478116 330541
40 2400  315.36 866231 637488 228743
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Columns 1, 2, 3, and 5 are the same as n the previous Table. Entries in column 4 are obtained
by using equations 8.11 or 8.12 depending on whether t < T. or t > T, . The required storage is
computed in column 6 and is 411538 ft* a t = 17 minutes. This volume is 73% greater than the
storage obtained by part (@) where the recession portion was assumed to be equa to time to peak.
As in Case 1, inflow hydrograph should be consructed for various t vaues and routed to
adequatdly design the detention facility.

8.4 LAG AND ROUTE METHOD

In this method (1zzard, 1946) the watershed is assumed to have separable lag and storage effects.
The lagging effect is conddered by usng Muskingum routing on the inflow hydrograph
determined by a verson of Raiond Method. The dorage effect is consdered by reservoir
routing the lagged hydrogragph obtained from Muskingum routing.  This method has been
adopted by the Denver Council of Governments. The detalls of Muskingum and reservoir
routing procedure can be found in Lindley, Kohler and Paulhus (1974). An example will be
given to illustrate the steps and computations involved in the lag and routing method.
EXAMPLE 83
Desgn adetention facility with outlet control device for aweatershed with the following deata.

Runoff Coefficient before development (¢)) = 0.233

Runoff Coefficient after development (cq) = 0.438

Average ground dope of overland flow (S) - 0.04

Average Overland flow distance (L) = 1450 ft
3000

200 acres

Length of main stream
Area of the watershed

a. Inflow Hydrograph

Compute the overland flow time (Te) using Izzard formula

41cL? ,
t, = ) e (Equetion 2.4)
41(0.04) (1450)"'° _ 8
(0438)2/ 3| 2/3 (004)1/ 3 I 2/3
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This equation is solved by trid and error, using the 25-year storm of Chart 2.1.

| | 23 t

3.4 2.6 39
36 2.35 37
3.8 2.47 36

Then!| = 3.6in/hr, t= = 37 ministhe correct value. Note the overland flow time can dso be
computed by using aternative methods given in Chapter 2.

Manning's formula applied to the stream cross-section and dope gives the vel ocity of
steam flow (V) as 3 ft/sec.
Since the length of the stream is 3000 ft., the travel time (t;) of the stream flow isthen

t, = &3(’)0 = 1000sec = 17 min

t

We will now congtruct a hydrograph as an isosceles triangle of base width & if § te or a trapezoid
of base t + t and top width t — t; whenever t < t.. The area under this hydrograph gives the
volume of flow.

The pesk flow is computed using Retiond formula. In this case

Q - 0438x36 % x 200 acres = acres = 316ds

Volume =316 cfsx 37 x 60 sec = 701520 ft°
The hydrograph is shown below

b. Lagged Inflow Hydrograph

The lagging effect of the watershed will be consdered by Muskingum Method routing
with K taken asthelag time and arouting interva (t) of 5minutes. ThusK = 17min,t = 5
min. Thelagged hydrograph can be found using
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02 = Col1 + Cilo + C,0q (8.14)

where C, = C, = 03t . 25 . 0.128
K + 0.5t 19.5
c, - K- 0.5t _ 17- 25 - Tm
K + 0.5t 17+ 25

l1 and bk are inflow hydrogrgph ordinates at the beginning and end of time interval t. The routed
hydrograph is computed as shown in the following Table. The \dues of inflow ordinates (I) are
obtained from the inflow hydrograph computed above in Step (@) for various time intervals
(Cal. 1) and are entered in Column 2.

For examplet=5min, | = % x5 = 93ds

The values of | and O on any current ine are taken as I, and O, while those on the previous line
are taken as | and O,. Thus for the second line (t =5), b =93, 11, = O, O, = 0.0, and G, is
computed using equation 814 as 12. These cdculations ae repeated until the outflow
hydrograph (O) reaches a maximum and darts decreasng. The last column is the lagged inflow

hydrograph.

1, min. Lds Colz Cili G204 (]

0 0 0 0 0 0

5 94 12 0 0 12
10 188 24 12 9 45
15 281 36 24 33 93
20 318 41 36 69 146
25 318 41 41 109 191
30 318 41 41 142 224
35 318 41 41 167 249
40 261 34 41 185 260
45 167 21 34 194 249
50 73 9 21 185 215
55 0 0 9 160 169
60 0 0 0 119 119
65 0 0 0 89 89
70 0 0 0 66 66

c. Allowablerdeaserate

Allowable outflow from the basin will be computed using the Rationa formulaand the same
intengty of rainfal aswas usad in computing the inflow hydrograph.
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O =0.233x3.6x200 = 167 cfs
A rough estimate of storage can be found using
S = 2(maximum Oy - maximum Q) X te (in SEC)
= 2(260 - 167) x 37 x 60 = 413,000 ft°

d. Configuration and Sze of detention facility and outlet sructure

If aV - notch weir box is chosen to control the flow, with the V-notch angle =2q = 30°, then

Q = 257tan q xH % = 0.688d%? = 167 cfs
\ d = 90ft

Average dimengons for arectangular retention basn may be found, taking the length, L astwice
the width, w:

L =2w
413,000 = 9x 2w X W
w =151

and our fird try will be abasn measuring 150 ft. by 300 ft. & midway of maximum depth, say at
d=4. Sdedopesof 2:1 will make the bottom dimensions 134 ft by 284 ft.

e. Find Outflow Hydrograph By Reservoir Routing
1. For the selected detention facility, obtain depth vs. storage curve.

Areg ft?  Av Ares, ft? S, ft? S ft3
d, ft. L ft. wft x10* x 10 x 10 x 10
0 284 134 381 0 0
1 288 138 3.97 3.89 3.89 3.89
2 292 142 451 4.06 4.06 7.95
3 296 146 4.32 4.24 4.24 12.19
4 300 150 450 441 441 16.60
5 304 154 4.68 459 459 21.19
6 308 158 4.87 4,78 4,78 25.97

Areg ft?  Av Ares, ft? S, ft? S ft3
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d, ft. L ft. w,ft. x107 x 1074 x 1074 x 1074

7 312 162 5.05 4.96 4.96 30.93
8 316 166 525 5.15 5.15 36.08
9 320 1/0 544 5.34 5.34 41.42
10 324 174 564 5.54 5.54 46.96

2. For the selected outlet control device, obtain depth vs. discharge curve.

For the V-notch welir, tabulate the flow Q, or O, for various vaues of d, depth, from the equation
O =.688d °"?

d, ft. d5/2 O, cfs
1 1 .69
2 5.66 3.89
3 15.60 10.72
4 32.00 22.00
5 56.00 38.50
6 88.20 60.00
7 129.60 89.00
8 181.00 124.20
9 243.00 167.00
10 316.00 217.00
S

Obtain ZT +Ovs. O curve.
O and S are plotted as function of d. From O vs. S curves, or from the tabuations, vaues of S
and O corresponding, in each case, to the same depth are found, and ZTS + O is then caculated,

using the selected routing interval, 300 sec. ZTS + O isplotted as afunction of O.

2S 2S

d, ft. S, ft3x 104 T s O, cfs T +0O,ds
1 3.89 259 1 260
2 7.95 530 4 534
3 12.19 813 11 824
4 16.60 1107 22 1129
5 21.19 1413 38 1451
6 25.97 1731 61 1792
7 30.93 2062 89 2151
8 36.08 2405 124 2529
9 41.42 2761 167 2928
10 46.96 3131 217 3348
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ZTS + Oisplotted as afunction of O

2. Peform reservoir routing
From thislast curve, the routing equation

I1+I2+g 2t51 O_ + % + O, issolved asfollows:
e 2
At the beginning, there is no inflow, outflow, or orage. Thus, a time zero, all
25 25,

columns are zero. For the second line |, = zero, I, = 12, ~ + O; =0, therefore —~ + O,

=12. From the curve, at % + O, =12, thevdue of O, iszero. Then 252 -0, = % + 0O, —

2(02) =12. Inadvancing aline, al the subscripts are reduced by 1. 11 isnow 1p, I is 45, % -
O;isl2.

, 2S, _ . 2S,
Adding these, ~ + Oy equas 12+45+12 = 69. Agan from the curve, for ~ + O, equals 69,

O is ill zero, and % - Oz eguas 69 minus ( 2 times zero) = 69. The process continues until

zero reaches a maximum and begins to decrease. Not that the firs column below is the firgt
column of the tabulation from the Muskingum routing operation for the inflow hydrograph and
that the second column is the find column of that tabulation, except that the outflow from the
drainage basin has become inflow to detention basin.

2S 2S5
t, min. I, cfs t -O,cfs "+ +O,cfs O, cfs
0 0 0 0 0
5 12 12 12 0
10 45 69 69 0
15 93 205 207 1
20 146 438 444 3
25 191 755 775 10
30 224 1122 1170 24
35 249 1501 1595 47
40 260 1856 2010 77
45 249 2149 2365 108
50 215 2349 2613 132
55 169 2445 2733 144
60 119 2445 2733 144
65 89 2653 135
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The maximum storage may b found a maximum outflow, 0 = 144:

= +0 = 2733anda|soz—S=O -5 + 144
t t 300
2S

00 + 144 = 2733, fromwhich S = 388,000 ft°

Since the dlowable outflow is 167 cfs, it would appear that a smdler basn might be sdected,
and thus greater economy might be obtained. However, firg the chosen basn and outflow
device will be tested for the S5year and 10-year frequency storms. The procedure is identicd to
the above, and will be followed without comment.

Firg, the 5-year storm:
te= ﬁ—,SS , & before, and fitting the possible solutions t the 5-year return period
curve of Chart 2.1, wefind

| = 24in/hr, ate =49 min.

Allowable outflow O = .233x 2.4 x 200 = 112 cfs
Peak rate and tota volume of developed flow

Peak: Q = .438x24x200 = 211cfs

Volume Q = 21lcfs* (49 x 60 sec) = 620340 ft°.

Co, C1, and ¢, remain the same; .128, .128, and .744

t L Gl Cili GO o
5 62 8 0 0 8
10 124 16 8 6 30
15 187 24 16 22 62
20 212 27 24 46 97
25 212 27 27 72 126
30 212 27 27 94 148
35 212 27 27 110 164
40 212 27 27 122 176
45 212 27 27 131 185
50 200 26 27 138 191
55 137 18 26 142 186
60 75 10 18 138 166
65 12 2 10 124 136
70 0 0 2 101 103
75 0 0 0 77 77
80 0 0 0 57 57
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Since the retention basin and its weir outflow device have not changed, the same curve of ZTS +

0 vs 0 may be used to route the developed runoff through the reservoir, and the tabulation
proceeds directly. Note again that the O which is the right-hand column of the routing to
establish the inflow hydrograph becomes | in the second column of the routing operation through

the retention basin. That is, the output of the runoff from the Site becomes the input to the basin,
as before.

25 25

t L t O, cfs "t +O,cfs O, cfs
0 0 0 0 0
5 8 8 8 0
10 30 46 46 0
15 62 136 138 1
20 97 201 295 2
25 126 506 514 4
30 148 760 780 10
35 164 1032 1072 30
40 176 1304 1372 34
45 185 1563 1665 51
50 191 1795 1939 72
55 186 1992 2172 90
60 166 2132 2344 106
65 136 2206 2434 114
70 103 2217 2445 114
75 77 2397

Storage S = 150 (2445 —114) = 350,000 cfs

If + 2% is consdered to be an acceptable limit for the outflow, the configuration may be
retained. However, the basin should certainly not be made smdler. It remainsto check the 10-
year flow.

For the 10-Y ear storm, the equationte = solved by tria on the 10-year return period curve

Il/2 !

leadsto valuesof | = 3.0in/hr andte =42 min

Allowable outflow 0 = .233x 3.0x 200 = 140cfs
Peek rate and total volume of develop flow

Peak: Q = .438x3.0x200 = 263 cfs

Volume: Q = .263 x (42 x 60 sec) = 662760 ft3.
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Referring once again to the ZTS + 0 curve, we perform the find routing operation.

25 25
t L t -O,cfs "+ +0O,cfs O, cfs

0 0 0 0 0
5 10 10 10 0
10 37 57 57 0
15 78 172 172

20 122 368 372 2
25 159 635 649 7
30 186 948 980 16
35 206 1276 1340 32
40 222 1596 1704 54
45 227 1885 2045 80
50 215 2119 2327 104
55 186 2276 2520 122
60 146 2346 2608 131
65 109 2341 2601 130
70 81 2217 2531

75 60
Storage S = 150 (2608 - 131) = 372,000

Thus, because the outflows determined to be alowable are not exceeded beyond permissible
amounts, the retention basin as selected is acceptable.

An dternative method of outflow control would be a group of pipes of proper sze, dope and
€levation above bottom grade of the detention basin to achieve the required outflow rate.

Still another, and smpler, method which will be discussed in some detall is a perforated vertica
pipe or sandpipe flowing into an outflow pipe. The outflow pipe will be of correct size and
dope to accommodate the 100-year sorm -- and sufficient free board must be provided above
the top of the standpipe to provide storage. Alternatively, the outflow may be szed for the 25
year dorm and a pillway provided for the outflow from the 100-year storm.

In any event, control up to the 25-year sorm is effected by the devations and szes of the holes
in the standpipe. If, the equation for discharge, O, from an orifice,

0 = CAXx420n

the coefficient C is taken to be 0.6, the resulting flows from orifices varying in Size from 6 inches
to 36 inches in diameter will be shown in the Chartsin 8.1 — 8.4,
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Then, in the example previoudy cited, a pipe arangement which will closdy agpproximate the
discharge from the V-notch weir box with 2q = 30°, may be sdlected as follows

Verticd standpipe 48” dia. (Note: the head required to pass the 100-year flow over awer p x
48’ long should be checked againgt available free board).

If y is the dimenson from bottom of standpipe to centerline of hole, and D is hole diameter, then
the hole arrangement may be tabulated:

NO. of HOLES D, INCHES Y, INCHES
1 6 3
4 12 24
2 18 51
2 24 78
1 24 84

If diswater depth, and O is discharge, then the flows may be tabulated:

A samplified sketch of the arrangement, not to scae, is shown on page 201, and a grgph of the
flow to a depth of 9 feet is shown on page 202, for comparison with that from the V-notch welr.

It should be noted that the above design caculations should be repested for various times of

concentration such as 5, 10, 20, 30,..., 60 minutes and for various frequencies. The find design
should be adequate for al frequencies and storm durations.
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8.5 COLORADO UNIT HYDROGRAPH METHOD

EXAMPLE 84

Given the following data, design a detention facility with outlet control device and an emergency
spillway so that they peek of the outflow hydrograph from a 10-year storm is 220 cfs.

Area(A) = 210 acres = 0.33mi?

Length of watershed (L) = 0.85 mile

Length from centroid of watershed to outlet (Lcs) =

Impervious area = 40%

Pervious area = 60%

Unit duration of hydrograph = 10 min (assumed)
SOLUTION

0.59 mile

Step 1: Using the Colorado Unit Hydrograph formulas given in Chapter 4, devel op the 10-minute

hydrograph
C, = 7.81/40" = 044
T, = 044(085x059)° = .36hour =

C. = 0.89x.44" = 061

q, = 640;(60.61 _ 358 ds

_|
1

22 + 10/2 = 27 mnutes =

22 min utes

0.45 hour

(Eqg. 4.1)
(Eq. 4.2)

(Eq. 4.6)

(Eq. 4.5)

(Eq. 4.4)

Step 2: With unit hydrograph ¢, assumes as 358 cfs and Ty, as 0.45 hour, the SCS  dimensionless
unit hydrogreph results in the inflow hydrogrgph with 10-minute ordinaes as given in
column 14 of Table 8.1. Note that the rainfadl excess vaues used for this example are the

same as those calculated in Example Problem 4.3.
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Step 3: Sdect an outlet pipe Sze and assuming a maximum outflow a 220 cfs with a maximum
water depth of 8 to 10 feet (and a culvert length of 70 feet), determine the head-discharge
relationship usng Charts 8.1 to 84. A 60-inch pipe under 8 feet totd head above its
invert would handle about 220 cfs, so it is decided to develop the head-discharge curve
for a 60-inch pipe. Figure 8.3 and column 2 of Table 8.2 give the curve and tabulation of

the data.

Step 4: Assume a detention basin with a depth-volume curve such as would result from a
rectangular basin with a bottom 170 feet by 340 feet and 2:1 sde dopes. Such a curve is
given by Fig. 83. The surface area of the pond Structure a 10-foot depth would be
79,800 square feet or 1.8 acres, at 8-foot depth 75,144 square feet or 1.7 acres, and
70,616 square feet (almost 1.6 acres) at 6foot depth. Table 82 column 3 gives the tota
storage below each foot of devation up to a depth of 10 feet. Note that Storage is given
in dfs-minutes which is the actua cubic feet of storage divided by 60.

Step 5: Complete Table 8.2 by computing the proper vaues to be inserted in columns 4, 5 and 6.
Then plot on Fig. 8.4 the curve [2)—? + 0 agang 0.

Step 6: Set up and complete storage routing, Table 8.3.
Column 1 — insart cumulative timein 10-minute intervals.
Column 2 — from inflow hydrograph ordinarily as developed in Step 2.

197



1994 21qn) JO pubsnoyy uj aboiosg
c09 00 002

T 008 | | R SR TR

TR L T

. RIS SN ST N S NS R S

H

T8 U] 448G e o e

SNOILVLNdINOD 9NILNOY 39VHOILS
JOHVHOSIA-AJV3IH 8 39VHO0L1S-AV3H
v'8 INdAWVX3

FIGURE 8.3
198




TABLE 8.2: STORAGE-INDICATION COMPILATION TABLE

EXAMPLE 84
Elevation Discharge Storage Dt = 10min
02 S % + 0,

Dt

(ft.) (cfs) (cfa-min) (cfs)

1) ) ©) (4)

0 0

1 14 981 210

2 32 1996 216

3 57 3047 666

4 94 4167 927

5 137 5269 1191

6 175 6422 1459

7 205 7622 1729

8 235 8863 2008

9 260 10144 2289

10 275 11467 2568
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Time

(ft)
(@)

10
20
30
40
50
60
70
80
90
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300

TABLE 8.3: STORAGE-ROUTING COMPUTATIONS

(cfs)
)

11

95

275
365
335
259
162

OCOONDMOEN WU ~©
5 oo o1 o0 ON L O

[EEN

EXAMPLE 84

2S

Dt
(cfa-min)

3

13
103
406
822
1172
1350
1353
1228
1066
917
795
691
603
523
451
389
335.5
286.3
248.8
217.1
189.1
165.1
145.1
127.5
1125
99.7
88.3
78.7

201

25
bt
(cfs)
4

0
2
15
119
478
1046
1522
1766
1771
1610
1394
1189
1007
859
733
627
535
457
391.5
336.3
286.8
249.1
217.2
189.1
165.1
1451
127.5
112.5
99.7
88.3
78.7

(cfs)
Q)

= OO

36
112
175
208
209
191
164
136
106

65
52
42

28
25
19
16
14
12
10
8.8
7.5
6.4
5.7
4.8
4.2



Column 3 - datwith Oinrouting interval No. 1. Each subsequent figurein this
column is computed usng Equation 8.7.

Column4 - (I1 + 1) plus gef—s - 02 from previous row; for row No. 1, it is set
e (%)
equal to zero.
Column5 - For row No. 1 set thisto zero. For subsequent Columns, read O from
the curve.
Step 7: From the discharge-storage and depth-discharge curves of Fig. 8.3 the maximum Storage
required for the pesk outflow rate of 209 cfs will be 466, 000 cubic feet which occurs a a
depth of 7.12 feet. This suggedts that the emergency overflow spillway could be st a 8
feet.

Step 8: Edimate the probably maximum emergency pillway rate.  Precipitation data are to be
obtained from the most recent National Weather Service publication (NOAA NWS
HYDRO-35, NOAA TP No. 40, NOAA TP No 49) applicable to the area under study.
The 1-hour 100-year rainfdl will often be the dedrable basis of design of the principa or
emergency pillway, dthough where lives or high property vaues would be endangered
by a breached detention basn, the probably maximum precipitation (PMP) (NOA
Hydrometeorologica Report No. 33) should be used. Runoff determination is based on
the Rationa Method.

For this example the 60-minute 100-year precipitation of 3.3 inches will be used. A rationd
method C of 0.95 will be assumed. The peak 100-year 60-minute runoff will then be 0.95 x 3.3
x 210 = 658 cfs.

Should it be desirable to assume the PMP, it would be 0.95 x 21.5 x 210 or 4300 cfs.

The former of these would be reduced somewhat (perhaps 30%) by the assumed storage but the
great Sze of the PMP assures complete flooding of the assumed storage with an outflow rate
equa to the inflow rate. Actudly, a specific design for so great an outflow would make it
essentid to carry out thorough detailed studies to have confidence that the spillway provided was
satisfactory.  The entire dam probably would become an overflow spillway and would need to be
congructed accordingly. Assuming the avallable storage would reduce the 100-year peak to
about 70% of 658 cfs. The emergency spillway could then be designed asfollows:

Using equetion 8.5 with the assumption of C of 3.0 and H, of 3.0, B is found to be 89 feet. If an
Hp of4.0 can be tolerated, the length of the weir could be shortened to 77 feet. Each foot of
height of the dam

increases its base width by 4 feet so it becomes a matter of the economic choice of broad-crested
welr depth as opposed to critica velocity of flow through the weir and cost of dam fill. The 3
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foot deep flow would have a critica velocity (assuming a turf n of 0.04) of 5.5 fps and a criticd
dope of 2.4%; the 4 foot deep flow would involve a criticd velocity of 5.8 fps and 2.3% criticd
dope.  While these velocities are a hit high for turf, the rare 1% frequency of ther likelihood
makes it feasble to decide upon a dam height of 12 feet assuming the sll of the overflow wer a
8-foot depth plus an overflow depth of 3 feet (and a related 89-foot length of weir dong the axis
of the dam or related thereto as topography best dictates) with a 1-foot freeboard.

NOTE: The engineer must perform similar caculaionsfor 2, 5, and 25-year sorms and then
decide the size and configuration of detention facility and outlet Sructure.
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CHAPTER 9 - OPEN CHANNEL FLOW

Open channd flow can be steady or ungteady, uniform or non-uniform, laminar or turbulent, sub-
critical or supercriticd depending on the shape, dope and roughness of the waterway and the
characteristics of incoming flows. Nortruniform flows may be gradudly varied or rgpidly varied.

Normaly, open channd flows can be assumed to be steady and uniform, and Manning's
equation can be used for flow andysis.

Flood flows are actudly unsteedy and nortuniform flows. The changing cross sections involved
in flood plan andydss render the flow to be nontuniform.  Ungteady and non-uniform flows are
difficult to andyze and usudly deady — gradudly varied flow andyss is used to caculate water
asurface profiles.  The cadculaions begin a a known water surface eéevation and proceed
upstream for sub-criticd flows and downdream for supercritica flows. Since the flow in most
naturd flood plans is sub-criticad, backwater computations proceed upstream from a bridge.
The design of bridges usudly requires the andysis of norntuniform flows.

The most frequently used shapes of channds are trapezoida, rectangular; the use of triangular
shaped channds is generdly limited to smdl cepacity. Whether or not a channd should be
provided with a nonerodible lining depends on the maximum permissble veocity and soil
dability. The desgn dso must evduate the hydraulic and economic aspects of freeboards,
bends, trangitions and junctions.

Channds shdl be adequate capacity and of dopes. Mowers cannot normaly be used on dopes
gregter than 2.5:1. But where the soil is noncohesve and vegetation is likely to be sparse, use
of 3to 1 maximum. Channd dimensions are obtained by using the Manning Formula

Q = AV (9.0
v = 2B Rueg (02)
S = dopeof the energy gradient in ft/ft, equa to the dope of the channed bed.

All other quantities are defined in Chapters 2 and 5. The vaue of Manning's n can be obtained
from Table 2.6.

Charts can be developed to solve for channd dimensions using the above equations for various
geometries of the channd and these can be found in Chow (1959), SCS (1960) and FHA (1970).
Channd dimensions can dso be obtained by using the above equations and geometric dements
of channels. The geometric dements can be computed using the following equations.

Rectangular Trapezoidal
Water Area (A) bd (b+2zd)d (9.3
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Wetted perimeter (P) b+ 2d b + 2dy1+ Z? (9.9)

Ab bd (b+ zd)d
Hydraulic Radius §R = =5, =R A 95
ydraulic |use 5 by 20 07 2d (9.9)

Where the quantities b, d and z are shown below.

___+T- \ % T /
] ‘ d i
& 2
f— b __f..l e— b —
Rectangular Trapezoidal

Equations for other configurations can be obtained from Chow (1959).

EXAMPLE 9.1
Given Q = 50 cfs and a trgpezoida channd with side dopes of 3 to 1 and bottom width of 10 ft,
find the bed dope required to maintain aveocity of 2.5 ft/sec/ Assumen = 04

SOLUTION
Q =50cfs,z =3, b = 10ft,V = 25fps,n = 04
Area(A) O . 0 201t?
\% 25
Depth (d) of flow = 1.41ft. (from Equation 9.3)
R = 1.06ft. (from Equation 9.5)
Slope = 0.004 ft/ft (from Equation 9.2)

Add afreeboard (of 15—-20% of d) = 0.3ft.
Depth of channe (D) = 1.45 + 0.3 = 1.85ft.

EXAMPLE 9.2
Given an exiging channd with sde dope of 3:1, bottom width 12 ft, channd depth 3.5 ft, bed
dope 0.0008 ft/ft. estimate the capacity of the channd. Assumen = 0.6

SOLUTION

Z =3, b=12ft, D = 35ft, S = 0.0008 ft/ft. n = 0.06

Depth of flow (d) = 35-0.5 = 3.0ft; Free board = 0.5 ft (assumed)
A = 63ft? (from Equation 9.3)

R = 205 ft (from Equation 9.5)

V = 1.15ft/sec (from Equation 9.2)
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Q = 61x1.15 = 7245cfs (from Equetion 9.1)

EXAMPLE 9.3
Given atrapezoida section with Q =300cfs, n = 0.02, S = 0.0009, bottom width = 15ft.,
sde dope 2:1, find the depth and velocity

SOLUTION
AR?S = g2 ys (from Equation 9.2)
1.486
By assuming vaues of d, compute AR?2 for avaue higher and lower than 1345
A = 15d+ 2d? (from Equation 9.3)
P =15+ 447d (from Equation 9.4)
R = (15d +2d%) /(15 + 4.47d) (from Equation 9.5)
Trial d A P R AR®
1 3.0 63.0 2842 221 107.0
2 35 770 3065 251 142.0
3 3.3 713 2976 2.39 1275

Plot d vs AR?® and from the plot determine d for AR?® = 134.5. We can aso determine d by
interpolation in the abovetable. Thisgivesd = 3.4 ft asdoesthe plot.

Now A = 15d+2d? = 15(3.4) +2(3.4)> = 74.07"2

v = Q- 30 4os5ft/sec
A~ 7407

Note that this procedure can aso be used to compute b if d is specified.

EXAMPLE 94
Given atrapezoidal sectionwithQ = 500cfs, ¢ = 40ft/sec,, n = 0.03, S = 0.005, sde
dopes 2:1 find the bottom width and depth of flow.

SOLUTION
R = 1 Vn g2lsr2

i = 1221t (from Equetion 9.2)
1 1.49

A -2 - 15 g
Y

The depth (d) is firs determined using Equation 9.3 and 9.5 with the dimination of bottom width
(b). For trapezoida section, this eimination gives
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2
where:
X = A
.
Subdtitutionof A = 125, Z =2 gives
X = 50.61
D = 1.250r 40.25
Sdectd = 1.25ft
\ b = % Z' = 975ft
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CHAPTER 10 - DESIGN OF STABLE CHANNELS

Open Channdl's can be classified as

a. Non-Erodible Channds
b. Erodible Channds
c. Grased Channds

10.1 NON ERODIBLE CHANNELS

Non erodible channds built of linings can withsgand eroson. The design of channds however, is
based on the criteria of minimum velocity to avoid depostion and to avoid growth of vegetation
that may reduce the channd capacity Lining include concrete, sone masonry, €fc. Minimum
velocity generdly varies from 23 feet per second. The design of norterodible channedls is based
on solving Manning eguaion for norma depth and checking for permissble veocities
Sufficient free board should be provided and generdly free boards vary from 5 to 30% of the
depth of flow. The determination of section dimensions for non-erodible Channes is illustrated
in the following example.

EXAMPLE 10.1

A trapezoida Channd carrying 400 cfsisto be built with non-erodible bed having adope (S) of
0.0016 and n=0.025. Find the channel dimensions.

SOLUTION
1. Compute A R % using

A R2/3 — nQ S
1.49 Vs
0.025 x 400
1.49 /0.0016

2. For thetrapezoidal section
Water area A = (b + Zd) d

167.7 (10.2)

(b + zd)d

(b+ 2+/1+7%d)

Where b, d and z are bottom width, depth of flow and side dope respectively. Substituting
for A and R in equation 12.1.

Hydraulic radius R =

(b + zd)d 5/3

yreri 167.7
(b+ 2~/1+72d)
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3. Assuming b = 20 ft and z=2, and smplifying
7680 + 1720d == [d (10 + d) ] %°
d = 3.36ft

4. Assume other values of b and z, and determine d. Select the one based on practica
congderations. Letb = 20ft, Z = 2andd = 3.36 ft. is sdected.

5. Assgnafreeboardin 2 ft. The depth of channd is3.36 + 2.0 = 5.36 ft and the top width of
the channd (not the width of the water surface) is41.4 ft.

: 400
VdOClty (V) = % = @

= 4.46 fps > minimum velocity of 2-3 fps, O.K.

(from Equation 8.3)

10.2 ERODIBLE CHANNELS

The design of erodible channds is usudly based on the maximum permissible veocity that will
not cause eroson of the channd. Table 10.1 give the recommended maximum permissble
veodties for various types of channd materid. Manning formula is used to determine the
dimensons of an erodible channd asilludrated in the following example.

EXAMPLE 10.2

Compute the bottom width (b) and depth (D) of a trapezoida channd of a dope (S) of 0.0016 to
cary a discharge (Q) of 400 cfs. The chand is to be excavated in eath containing non
colloidal coarse gravels and pebbles. Egtimated vaue of n is 0.025. Assume a side dope (Z) of
21

SOLUTION
1 Edtimated permissble velocity (V) = 4.5fps (from Table 10.1)
2. Using Manning formula, solve for R vV = 1—:9 R?352
45 = 149 R?’® (0.0016)"?
0.025
R = 26ft
3. A:Q:A'—OO:88.8ft2
\Y 4.5
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4, For trapezoidal sections,
A =({b+Zd) d=(b+2d)d = 88.8

P = b+2.1+2%° = b+2/5d = 34.2

Solving for b and d Smultaneoudy
b = 187ft
d = 3461t

5. Assume other vaues of Z and determineb and d. Select the one that is based on practical
congderations. Letb = 18.7ft, d = 346ft andZ = 2issdected.

6. Freeboard = 2.0ft
Depth of Channd (D) = 346+ 2.0 = 546 ft

10.3 GRASSED CHANNELS

Presence of Grass or vegetatiion in channels will result in consderable turbulence, which means
loss of energy and retardance of flow. But the grass will dso stabilize the channel and reduce
egoson an sediment trangport.  The Manning coefficient of roughness for grassed Channdls is
gpecificaly known as the retardance coefficient. Retardance varies from very high (A) to very
low (E) depending on cover ipe and condition (Table 10.2). Table 10.3 provides a guide in
the sdection of the vegetd retardance. The permissble velocity of flow in a grassed channd is
the velocity that will prevent eroson and these velocities for different covers, channe dopes and
soil conditions are given in Table 10.4. Since Manning's n for just one kind of grass varies over
a wide range depending on the depth of flow and the shape and dope of the channd, n versus VR
relationships are devdoped where V is the mean flow vedocity and R is the hydraulic radius
(Chat 10.1). This relationship is characterisic of the vegetation and practicaly independent of
channel dope and shape.

Design Procedure

The design of grassed channds includes (a) design for dability, i.e, to determine the channd
dimension under the condition of a lower degree of retardance, and (b) to review the design for
maximum capacity under the condition of a higher degree of retardance.

a. Dedgn for Sahility: Given the discharge, Channd dope, and kind of grass, the first stage of
design may proceed in the following steps.

1. Assumeavaue of n, and determine the corresponding value of VR fromthen — VR
curve (Chart 10.1, Tables 10.2 and 10.3)
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2. Sdect the permissible velocity from Table (10.4) and compute the value of R

3. Using the Manning formula, compute the va ue of

1.49R?%3g"?2

n
and check this vaue againg the value of VR obtained in step 1

VR =

4. Make other trids until the computed value of VR isequd to the VR vaue obtained from
the V-R curve

5. Computethewater area, or A = %
6. Oncethevaueof A and R are known, the Channd can be designed.
7

b. Dedgnfor Maximum Capacity

1. Assume the depth d, and compute the water area and the hydraulic radius R.
2. Computetheveocity Vby V = % and thevaue of VR

3. FromthenVR Curve of ahigher degree retardance, for the sdected lining, determine the
vaueof n.

4. Compute the velocity by the Manning formula, and check thisvalue of V againg the
value obtained in Step 2.

5. Maketrid computation until the computed V in Step 4 is equd to the computed V in Step
2.

6. Add proper free board to the computed depth.

EXAMPLE 10.3

Determine the section of a channd lined with grass mixture laid in eroson — resistant soil a a
dopeof 0.04, and Carrying adischarge of 50 cfs.

SOLUTION

a Dedgnfor Sahility

In designing for stability, the grass mixture that offers alow vegetd retardance (i.e.
during dormant season) is conddered. Thus the permissible velocity (V) is5fps
(from Chart 10.1)
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Trid # N VR R . VR 1.44

© VvV VR==—R"g"?
n
1 0.04 1.80 0.36 0.36
2 0.05 0.90 0.18 0.34
3 0.035 3.50 0.70 4.72
4 0.037 2.50 0.50 2.50
The correct vaues for the determination of sectionare R = 0.50 ft and
A - % - %0 - 10ft2

Select say trapezoidal section with sdedope (2) = 31
Solveforbanddusng A = (b+zd)d
(b+ zd)d

R =
(b+ 2+/1+22d)

b = 17.0ft, d = 053 ft
Top width = 20.18 ft (from Equation 8.6)
b. Desgn from Maximum Capecity

For this purpose the grass mixture of the growing season which offers a moderate vegetd
retardance is consdered. The nVR curve (Chart 10.1) for grass mixture in summer is therefore
used. Q=50cfs, S = 0.04

For the trapezoidal section with 3:1 sdedopeandb = 17.0ft, thetrid computation

isgiven below.
Trid #  d A R V. VR N v o149 cangre
n
1 070 134 063 373 235 0.051 4.22
2 060 113 054 442 239 0.050 3.96
3 065 123 058 4.07 236 0.051 4.07

The correct depth is0.65 ft. Adding afree board of 0.2 ft, the total depth is 0.85 ft.
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Table10.1: MAXIMUM PERMISSIBLE VELOCITIES

Materia

Fine sand, colloidal

Sand loam, non-collodia

Sit loam, non-collodia

Alluvid glts, non-collodia

Ordinary firm loam

Volcanic ash

Stff clay, very colloidd

Alluvid dlts, colloida

Shaes and hardpans

Fine grave

Graded |oam to cobbles when non-colloiddl
Graded silts to cobbles when colloidal
Coarse gravel, nortcolloidd

Cobbles and shingles

0.020
0.020
0.020
0.020
0.020
0.020
0.025
0.025
0.025
0.020
0.030
0.030
0.025
0.035
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Clear
Water

Fps
1.50

1.75
2.00
2.00
2.50
2.50
3.75
3.75
6.00
2.50
3.75
4.00
4.00
5.00

Water

transporting
colloidd glts

\Y,

fps
2.50

2.50
3.00
3.50
3.50
3.50
5.00
5.00
6.00
5.00
5.00
5.50
6.00
5.50




Table10.2

KINDS OF GRASS

CLASSIFICATION OF DEGREE OF RETARDANCE FOR VARIOUS

Retardance Cover Condition
Weeping love grass Excellent stand, tall (av. 30in)
A. Very high Y ellow bluestem ischaemum Excellent stand, tall (av. 36in)
Kudzu Very dense growth, uncut
Bermuda grass Good stand, tall (av. 12in.)
Native grass mixture (little
B. High bluestem, blue grama, and other
long and short Midwest grasses) | Good stand, unmowed
Good stand, tall (av. 24in.)
Weeping love grass Good stand, not woody; tall
L espedeza sericea (av.19in.)
Alfdfa Good stand, uncut (av. 111in)
Weeping love grass Good stand, mowed (av. 13in)
Kudzu Dense growth, uncut
Blue grama Good stand, uncut (av. 13in)
C. Moderate Crab grass Fair stand, uncut (10to 48in.)
Bermuda grass Good stand, mowed (av. 6 in)
Common lespedeza Good stand, uncut (av. 11in)
Grass-legume mixture — summer
(orchard grass, redtop, Italianrye
grass, and common lespedeza) Good stand, uncut (6to 8in.)
Centipede grass Very dense cover (av. 6in)
Kentucky bluegrass Good stand, headed (6 to12in.)
Bermuda grass Good stand, cut to 2.5 in height
Common lespedeza Excellent stand, uncut (av. 4.5
in.)
Bufalo grass Good stand, uncut (3to 6in.)
D. Low Grass-legume mixture—fall,
spring (orchard grass, redtop,
Italian rye grass, and common
|espedeza) Good stand, uncut (4to 5in.)
L espedza sericea After cutting to 2 in. height
very good stand before cutting
E. Verylow Bermuda grass Good stand, cut 1.5in height
Bermuda grass Burned stubble
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Table 10.3

Table10.4

GUIDE TO SELECTION OF VEGETAL RETADANCE

Stand Average length of grass, in. Degree of retardance
>30 A Very high
11-24 B High
Good 6-10 C Moderate
2-6 D Low
<2 E Vey low
>30 B High
11-24 C Moderate
Fair 6-10 D Low
2-6 D Low
<2 E Very low

PERMISSIBLE VELOCITIESFOR CHANNELSLINED WITH GRASS
Permissible velocity, fps
Cover Sloperange,
%
Erosion- Easily eroded
resistant soils
Sails
05 8 6
Bermudagrass 510 7 5
>10 6 4
05 7 5
Buffalo grass, Kentucky 510 6 4
bluegrass >10 5 3
Grass mixture 05 5 4
510 4 3
Do not use on slopes steeper than 10%
L espedeza sericea, weeping 05 35 25

love grass, ischaemum, yellow

bluestem, kudzu, afalfa,
crabgrass

Use on slopes steeper th

an 5% except for side

slopesin combination channel.

Annuals-used on mild slopes

or as temporary protection
until permanent coversare
established common
|lespedeza, Sudan grass

05 35

25

recommended.

Use on slopes steeper than 5% is not

REMARKS. The values apply to average, uniform stands of each type of cover. Use
Velocities exceeding 5 fps only where good covers and proper maintenance can be

obtained.
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CHART 10.1
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CHART 10.1 (continued)
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CHAPTER 1]
CHAPTER 11 - ENERGY LOSSES

Sorm dranage sysems commonly condst of road inlets, drop inletss manholes or junction
boxes, sorm drain pipes, headwadls and energy disspators. The sze, materia type and type of
drainage structure must be properly sdected to cary the design flow and energy losses from
these dements depends on this sdection. The sdection must ensure that the energy losses are
less than the avaldble “fdl” in the sysdem. The bads for adequate design is the computation of
hydraulic gradient. = Assumption of uniform and steedy flow condition, dthough this rardy
occurs, is commonly made in these caculaions which seem to give adequate results. Energy
loses include (1) friction losses in pipes and (2) dructure losses. The structura losses include
those losses that occur a trandtions, junctions, bends, vertica drops, entrance losses, exit losses,
etc.

Friction Losses

Friction losses in pipes can be computed using Manning's equatiion. Manning's coefficient
depends on the type of pipe materid and should be properly sdlected as the cdculations are
sengtive to the roughness coefficient. The hydraulic gradient is computed assuming that the
pipe is flowing full if the actua dope of the pipe (S) exceeds the friction dopes (&). The
energy gradient is then equd to the friction dope. This assumption places the hydraulic grade
line a the crown of the pipe and avoids the need to cdculate water surface profiles in the pipes.
But if S, < S, however, the pipe will be surcharged and the hydraulic grade line will be pardld
to the friction dope.

Structure Losses

Energy losses in dructures result from rapid changes in the direction or magnitude of the
velocity of flow and devetion of inlet outlet pipes. These losses can be minimized by providing
a fully developed invert (semi circular on the bottom and vertica sdes from on-hdf depth to the
top of the pipe) through the dructure. If the invert is not developed, the expanson loss will
approach one-hdf of velocity head where the velocity head is a function of both upstream and
downsiream velocities.

Trangtions connect pipes of different characteristics of flow area, shape, grade, dignment,
materid. Trangtions may be gradua or sudden. Trandtion head loss of primarily a function of
the velocity head. Even a amdl trangtion loss may be important in flat terrain. The loss in head
in bendsis dso afunction of the velocity head.

Trangtion loss in pipes can be expressed in terms of the areas before and after a trandtion, and
ether upstream or downgtream velocity. Energy loss due to expanson and contraction can be
cdculated usng equations given in ASCE Manud. In open channds the hydraulics of flow are
complicated by possble changes in depth but again the energy loss can be expressed as a
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function of change in velocity head. Additiond informetion for energy loss computetion in open
channels can be found in Chow (1959) and King and Brater (1963).

The desgn of a junction is in effect, the desgn of two or more trangtions, one for each flow
path. Allowances should be made for head loss due to curvature of the paths and impact at the
converging dreams. Consderable judgement is needed to evaduate junction losses. Verticd
pipe drops with vitrified clay or cast iron lining are used a junctions where pipe devetions are
high, the pipe drops often are condructed with an entrance angle of 30 degrees with the main

pipe.

Computation and consideration of energy losses are adequately addressed in ASCE Manudl,
FHA circular HEC 15, SCS Technica Release 25, and SCS Engineering Handbook, Section 5.
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CHAPTER 12 - ENERGY DISSIPATORS

An Energy disspating device is required to prevent eroson in a waeway (Channd, Swae,
Stream, etc.) resulting from excessve flow conditions at the outlet of drainage sructures such as
pipes, culverts, spillways, etc. Thus an energy disspator is a dructure designed to protect from
eroson by reducing the veocity of flow to adlowable velocities. Some of the commonly used
energy disspators are impact basins, drop dructures, gilling basins, and riprgp.  Under certain
conditions of flow a hydraulic jump is dso an effective energy disspaing device. The hydraulic
jump used for energy disspation is usudly confined partly or entirdly to a channd reach that is
known as dilling basn. Reduction of eroson is dso accomplished by the use of linings in
waterways. Lining may be rigid, such as Portland Cement or asphdtic concrete, or flexible, such
as vegetation or riprap. The desgn of an energy disspator depends on such factors as the
discharge, veocity, depth and turbulence of flow a the end of a hydraulic dement and the
dlowable veocity in the naturd waterway. The detals of the design of various types of energy
disspators with or without dable linings are avalable in Federd Highway Adminigraion’'s
circulars HEC 14 and HEC 15, SCS Technical Reease No. 25, SCS Engineering Handbook,
Section 5.

Energy dissipators can change culvert performance and channd protection requirements. The
gze of riprgp required for a stable channd increases as the exit velocity increases. The length of
riprap protection is based on the magnitude of the exit velocity compared with the naturd
channd velocity. The greater this difference, the longer will be the length of the riprgp. The
following criteria are to be implemented: (1) The surface of the rip rapped floor is congtructed
at an devation i below the culvert invert where h is the depth d the scour that would occur in a
ripragp & design discharge conditions. (2) The ration of hs to dso of the materia should be
gregter than 2 and less than 4. (3) The length of the energy disspating pool is 10(hy) or 3W,
whichever is larger. The ovedl length of the basn incduding the goron is 15(h) or 4W,
whichever is larger. Where W, is the width of the culvert outlet. The thickness of riprap can be
taken to be 3(dso) on the approach and 2(dso) for the remainder of basin.

The energy dissipator selection process can be summarized as follows:
1 The Input data:
culvert
standard outlet
channd
alowable scour estimate
2. Scour computation

3. Vdocity modification in culvert
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4, Energy disspator design (different typesincluding silling basins riprap)

5. Sdection of disspating device (based on right-of-way, badins, cog, efficiency,
anticipated scour)

Severd examples of such a complete desgn can be found in HEC No. 14. But we will illustrate
the desgn of riprgp for three different conditions in the following examples and addition
information for these example problems and other cases can be found in HEC No. 14.

EXAMPLE 12.1

Given:

Find:

(12.1)
8 ft by 6 ft box culvert Q=800 cfs, supercritica flow in culvert, norma flow depth
= brink depthy, = 4 ft. Tallwater depth TW=2.8 ft.
Riprap basin dimensons for these conditions:

SOLUTION Definitions of termsin steps 1 through 5 can be found in charts 12.1 and 12.2.

1.

2.

Yo = Ye for rectangular section, ye=4 ft.

Vo = Q/A = 800/(4) (8) = 25fps
FR = Vo/[(32.2) (Yo)] * = 25/[(32.2) (4)] * = 2.20
TW/Ye = 2.8/40 = 0.7 TW/ye<0.75 OK.

Try dsolye = 0.45, dso = (0.45) (4) = 1.80ft.

From Chart 12.2, h/y. = 1.6

he = (4) (1.6) = 6.4ft.

hddsop = 6.4/1.8 = 3.6ft 2<hddsp < 4 O.K.
Ls = (10) (64 = 64ft. Lsisthelength of energy disspating Pool
Lsmin = (3) (Wo) = (3) (8) = 24ft., usels = 64 ft.

Lg = (15) (6.4) = 96 ft. Lgistheoverdl length of the riprap basin
Lg min = (4) (Wo) = (4) (8) = 32ft.,uselg = 96ft.

Thickness of riprap: On the gpproach 3dsop = 5.4 ft
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Reminder 2dsp = 3.6t

Other basin dimensions designed in accordance with details shown in Chart 12.1

EXAMPLE 12.2

Given: 8 ft. by 6 ft. box culvert, Q = 800 cfs, supercritica flow in culvert, norma flow
depth = brink depth, y = 4 ft., water depth, TW = 4.2 ft, downstream
channd can tolerate 7 fps for design charge.

Find: Riprap basn dimensions for these conditions.

SOLUTION

Note-High tailwater depth, TW/y, = 1.05 0.75

1. Dedgn riprap basn (Example 12.1) use steps 1-7 dsp = 1.8ft, hh = 6.4 ft, Ls = 64ft,
Lg = 96ft.

2. Dedgn riprgp for downstream channel.  Utilize Chart 12.3 for edtimating average velocity
aong the channd. Compute equivaent circular diameter De for brink area from:

A =pDe? = (yo) Wo) = (4) (8) =32 ft?

De = (32(4)/ p*?

De = 64 ft.

Vo

25 fps (Example 12.1)

222



NISYE ADYINI LHIATIND G3ddVHIIY 40 suvi3a

NVY1d 4TVH

- ..,T\r- I

XVNpg L uo USpz
143AND

HOHV-134did 40 NVdS =
1HM3ATND X089 HO4

H1QIM 134HYE =
183IATIND 3414

4OJ ¥I1IWVIQ =

4vHdiy 1HOdANS 0L
G3YIND3Y SV WH38

,dVHdIY H1M IINIVE .
INITSIHL O 31VAVIX3 3-2'038
b

XVWp g 4o %Spz é
WUJIY 1HO4INS OL 9 310N
J3UIND3Y SV WY3I8

14
1
U31VdIJILNY S| NOILYUVHO3Q

TINNVHI WV IBLSNMOQT 31
12NHISNOI — TYNOI 140 301
ONIJOTS HO GINIIDIHL

dVHAIH H1IM THINIVE 8-8°338
‘INITSIHL O IAVAVIXI

4vHdIY 1HO4dNS OL
034IND3Y SV WY3e

z o TINNVHD
1f wo %pg IVHNLVYN 30 401

NOI1D3S 3
XVWp gy XvWp gy
05, uwo%p2 NIW.S L
xv wo%pz
Wpgi XVWp 7 yo 5P ¢
wo%pz
IVINOZ -
vl -ioH IW k3
< ~d vnl.
i _ % 2 > o
. 3, <3 v T ) .8
i
N z W_ n-
9 310N dvydiY 40 4Ol z5 a3
Wu38 40 401 £z-
v 310N s
NIV OM 4O *u s —= ‘NIW°M g HO "o 04 ————=1
NOHJV 1004 YOLV4ISSIO

‘w-¥ 23S 1Y WO1108 TINNVHD

/
é T
9 310N // AVHNLVYN NVH1 HIMO) HO NOIZVA3T13 IWVS JHL LY 38 QG INOHS NISVB 30 40013

A NI dVHdIH 40 dO1 "TINNVHI WV3IHLS TVHNLVYN OL WHOINOD O1 NISVE JuvM — 8 ILON

“A1I0713A 11%3 31419345 = V-V D3S 1V VIHV NOILIIS

223



DESIGN DISCHARGE - Q
CULVERT BRV Vave = WETTED AREA AT BRINK OF CULVERT

dgg = THE MEDIAN SIZE OF ROCK
BY WEIGHT. ROUNDED ROCK
OR ANGULAR ROCK.

Ye = EQUIVALENT BRINK DEPTH
= BRINK DEPTH FOR BOX CULVERT

3 _(A)”z FOR NON-RECTANGULAR
2 SECTIONS
7 s
NOTE: 2 <— <4
dso
Tw
:01 2 IF v: > 0.75

2 |- RIPRAP MAY BE REQUIRED
ON BANKS AND CHANNEL
BOTTOM DOWNSTREAM
FROM BASIN — SEE DESIGN
EXAMPLE IN TEXT,

L
o
Vi
.q;'
4

1 et

RELATIVE DEPTH OF SCOUR HOLE

FROUDE NUMBER =

ave
(32.21(Y)

CHART 12.2 RELATIVE DEPTH OF SCOUR HOLE VERSUS FRO
UDE NUMBER AT
BRINK OF CULVERT WITH RELATIVE SIZE OF RIPRAP ASTHIRD VARIABLE
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L/De L VL/VO Vi . Rock Size Dso

(Compute) (Chart 12.3) Chart 12.4
ft./sec. ft.
10 64 0.59 14.7 1.4
15 96 0.36 9.0 0.6
20 128 0.30 75 0.4
21 135 0.28 7.0 0.4

Riprap should be a least the sze shown. As a practicd consideration, the channd can be lined
with the same sze rock used for the basin. Protection must extend at least 135 feet downstream
from the culvert brink. Channd should be shaped and riprap should be ingaled in accordance
with details shown in HEC No. 11.
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EQUIVALENT SPHERICAL DIAMETER OF STONE, IN FEET

CHART 12.4 RIPRAP SIZE FOR USE DOWNSTREAM OF ENERGY
DISSIPATORS
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EXAMPLE 12.3

Given: 6 feet diameter cmp, Q = 135 cfs, § = 0.004, Manningsn = 0.024 norma
depth in pipe for Q = 135 cfsis 4.5 feet, norma veocity is 5.9 fps, flow is sub-
criticd, tallwater depth (TW) is 2.0 feet.

Find: Riprap basin dimensons for these conditions.

SOLUTION

1. Deerminey, and Vo:

Q/D %® = 135/(6) >® = 1.53
TW/D = 2.0/6 = .033
From Chart 12.5, yo/D = 0.45
Yo = (0.45) (6) = 2.7 ft.
TWHY, = 2.0/2.70 = 0.74 TWly, <0.75 OK.
Brink area (A) for yo/D = 0.45is
A = (0.343) (36) = 12.3 . ft.
(0.343isfrom Table 12.1)
Vo = Q/A =135/12.3 = 11.0fps
Ye = (A2)” = (12.3/2)Y2 = 2.48ft.

3. Fr = Vo/[(322) (yo]Y? = 11/[(32.2) (2.48)]Y? = 1.23

Try dsolye = 0.25,ds50 = (0.25) (2.48 = 0.62ft.

From Chart 12.2, hiye = 0.75, hs = (0.75) (2.48) = 1.86ft.
Check: hddsp = 1.86/0.62 = 3, 2<hddso <4  O.K.
Ls = (10) (h) = (10) (1.86) = 18.6ft.

orLs = (3) (Wo) = (3) (6) = 18ft.,usels = 186 ft.

Ls = (15) (h) = (15) (1.86) = 27.9ft. ft.

orlg = (4) (W) = (4) (6) = 24ft,uselg = 27.9ft.

dsp = 0.60ft. usedsp = 8in.

Other basin dimensions are designed in accordance with details shown on Chart 12.1

228



CHART 12.5 Dimensionless Rating Curvefor the Outlets
of Circular Culvertson Horizontal and Mild Slopes
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CHART 12.6 Dimensionless Rating Curvesfor the Outlets
of Rectangular Culvertson Horizontal and Mild Slopes
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d = depth of flow Q = dischargein cubic feet per second by Manning’'s formula

D = diameter of pipes n = Manning coefficient

A = areaof flow S = slope of channel bottom and of water surface

R = hydraulic radius

d A R _on _on_ d A R o _on_
D o7 D DR si2 d¥3sV2 D o7 D DR g2 d¥3si2
0.01 0.0013 0.0066 0.00007 15.04 0.51 0.4027 0.2531 0.239 1.442
0.02 0.0037 0.0132 0.00031 1057 0.52 0.4127 0.2562 0.247 1.415
0.03 0.0069 0.0197 0.00074 8.56 0.53 0.4227 0.2592 0.255 1.388
0.04 0.0105 0.0262 | 0.00138 7.38 0.54 0.4327 0.2621 0.263 1.362
0.05 0.0147 0.0325 | 0.00222 6.55 0.55 0.4426 0.2649 0.271 1.336
0.06 0.0192 0.0389 0.00328 5.95 0.56 0.4526 0.2676 0.279 1311
0.07 0.0242 0.0451 | 0.00455 5.47 0.57 0.4625 0.2703 0.287 1.286
0.08 0.0294 0.0513 | 0.00604 5.09 0.58 0.4724 0.2728 0.295 1.262
0.09 0.0350 0.0575 | 0.00775 4.76 0.59 0.4822 0.2753 0.303 1.238
0.10 0.0409 0.0635 | 0.00967 4.49 0.60 0.4920 0.2776 0311 1.215
0.11 0.0470 0.0695 0.1181 4.25 0.61 0.5018 0.2799 0.319 1.192
0.12 0.0534 0.0755 0.1417 4.04 0.62 0.5115 0.2821 0.327 1.170
0.13 0.0600 0.0813 0.01674 3.86 0.63 0.5212 0.2842 0.335 1.148
0.14 0.0668 0.0871 | 0.01952 3.69 0.64 0.5308 0.2862 0.343 1.126
0.15 0.0739 0.0929 0.0225 3.54 0.65 0.5404 0.2882 0.350 1.105
0.16 0.0811 0.0985 0.0257 341 0.66 0.5499 0.2900 0.358 1.084
0.17 0.0885 0.1042 0.0291 328 0.67 0.5594 0.2917 0.366 1.064
0.18 0.0961 0.1097 0.0327 317 0.68 0.5687 0.2933 0.373 1.044
0.19 0.1039 0.1152 0.0365 3.06 0.69 0.5780 0.2948 0.380 1.024
0.20 0.1118 0.1206 0.0406 2.96 0.70 0.5872 0.2962 0.388 1.004
0.21 0.1199 0.1259 0.0448 2.87 0.71 0.5964 0.2975 0.395 0.985
0.22 0.1281 0.1312 0.0492 279 0.72 0.6054 0.2987 0.402 0.965
0.23 0.1365 0.1364 0.0537 271 0.73 0.6143 0.2998 0.409 0.947
0.24 0.1449 0.1416 0.0585 253 0.74 0.6231 0.3008 0.416 0.928
0.25 0.1535 0.1466 0.0634 2.56 0.75 0.6319 0.3017 0.422 0.910
0.26 0.1623 0.1516 0.0686 249 0.76 0.6405 0.3024 0.429 0.891
0.27 0.1711 0.1566 0.0739 242 0.77 0.6489 0.3031 0.435 0.873
0.28 0.1800 0.1614 0.0793 2.36 0.78 0.6573 0.3036 0.441 0.856
0.29 0.1890 0.1662 0.0849 2.30 0.79 0.6655 0.3039 0.447 0.838
0.30 | 0.1982 0.1709 0.0907 2.25 0.80 0.6736 0.3042 0.453 0.821
0.31 0.2074 0.1756 0.0966 2.20 0.81 0.6815 0.3043 0.458 0.804
0.32 | 0.2167 0.1802 0.1027 214 0.82 0.6893 0.3043 0.463 0.787
0.33 | 0.2260 0.1847 0.1089 2.09 0.83 0.6969 0.3041 0.468 0.770
0.34 0.2355 0.1891 0.1153 2.05 0.84 0.7043 0.3038 0.473 0.753
0.35 0.2450 0.1935 0.1218 2.00 0.85 0.7115 0.3033 0.477 0.736
0.36 0.2546 0.1978 0.1284 1.958 0.86 0.7186 0.3026 0.481 0.720
0.37 0.2642 0.2020 0.1351 1.915 0.87 0.7254 0.3018 0.485 0.703
0.38 0.2739 0.2062 0.1420 1.875 0.88 0.7320 0.3007 0.488 0.687
0.39 0.2836 0.2102 0.1490 1.835 0.89 0.7384 0.2995 0.491 0.670
0.40 0.2934 0.2142 0.1561 1.797 0.90 0.7445 0.2980 0.494 0.654
0.41 0.3032 0.2182 0.1633 1.760 0.91 0.7504 0.2963 0.496 0.637
0.42 0.3130 0.2220 0.1705 1724 0.92 0.7560 0.2944 0.497 0.621
0.43 0.3229 0.2258 0.1779 1.689 0.93 0.7612 0.2921 0.498 0.604
0.44 0.3328 0.2295 0.1854 1.655 0.94 0.7662 0.2895 0.498 0.588
0.45 0.3428 0.2331 0.1929 1.622 0.95 0.7707 0.2865 0.498 0.571
0.46 0.3527 0.2366 0.201 1.590 0.96 0.7749 0.2829 0.496 0.553
0.47 0.3627 0.2401 0.208 1.559 0.97 0.7785 0.2787 0.494 0.535
0.48 0.3727 0.2435 0.216 1.530 0.98 0.7817 0.2735 0.489 0.517
0.49 0.3827 0.2468 0.224 1.500 0.99 0.7841 0.2666 0.483 0496
0.50 0.3927 0.2500 0.232 1.471 1.00 0.7854 0.2500 0.463 0.463
Uniform flow in circular sectionsflowing partly full TABLE 12.1
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CHAPTER 13- COMPUTATION OF SOIL EROSION

Eroson and sedimentation of soil condruction Stes and areas undergoing development can be
harmful in that they may pollute the recaiving waters, and greetly reduce the capacity of channds
and reservoirs in which they ultimately depost. It is therefore necessary to edimate how much
s0il may be eroded and deposited, and accordingly, provide control measures to prevent erosion
and transportation of soil from congtruction Stes.

The universal soil Loss Equation, developed by the Agriculturd Research Service in cooperation
with the SCS, estimates s0il loss caused by sheet and rill erosion. The equation is

E=RKLSCP (13.2)
where E = average soil lossin tongacrelyear

R = ranfdl factor

K = soil erodibility factor

L = length of dope factor

S = dopefactor

C

P = erosion control practice factor

cropping management factor

The rainfdl factor measures the ability of rainfal water to detach and transport soil. The average
annud rainfdl factor (R ) is shown in Chat 13.1. The corresponding vaues for gorms of
various frequencies for the Metro Atlanta area are given in Table 13.1. The soil erodibility (K)
depends on soil texture, organic matter content, structure and permesbility. Approximate vaue
of K can be obtained from Table 13.2. The length of dope factor (L) and the dope factor (S) are
usudly combined into one dope-length factor (LS). They ae given in Chat 13.2 in terms of
dope and dope length of the watershed. The cropping management factor (C ) reflects the
effects of plant cover and crops on soil eroson. Table 134 contain the C factors. Findly the
eroson practice factor (P) reflects the effect of management techniques such as contouring and
terracing on soil eroson. Table 13.3 gives these factors. Additiond details on the Universd Soll
Loss Equation can be found in SCS Technical Release No. 51

EXAMPLE 131

A five acre dte in Fulton County has been cleared and graded for the Congruction of a shopping
center. The dte contains Sandy Clay Loam, with 2% organic matter, is on a 7% dope, and has a
dope length of 600 ft. To help control erosion, the contractor has decided to terrace the site and
put seed, fertilizer, and draw on it. (@ how much will be the average annud soil loss be
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reduced by this action? (b) how much will the soil loss be reduced by this action for a 20 year
sorm?

SOLUTION
a) Average Annua Soil Loss
Before Eroson Control After Erosion Control
R = 300 (Chart13.1) R = 300
K = 025 (Table13.2) K = 0.25
LS = 20 (Chart 13.2) LS =20
C = 10 (Table13.4) C=03
P =10 (Table13.3) P = 0.40
E=RKLSCP E=RKLSCP
= 300(0.25) (2.0) (1.0) (1.0 = 300 (0.25) (2.0) (1.0) (1.0
(0.9
= 150 tons/acrelyear = 18 tons/acrelyear
Reduction in soil loss = (150-18) x 5 acres

= 660 tons/year.
b) Soil Lossfrom a 20 year Storm
The only factor that changesis R vaue. From Table 13.1, for 20 year Storm, R = 134
Soil loss before erosion control
E =134x025x20x1.0x10
E = 134(0.25)(2.0)(1.0)(1.0) = 67 tondacre
Soil |oss after erosion control
E = 134(0.25)(2.0)(1.0)(1.0) = 8tong/acre
after
Reduction in soil loss = (67-8) x 5acre = 295 tons

It should be noted that if the watershed or dte in study is nor-homogeneous in terms of soil
properties, the site should be divided into two or more homogeneous sub-acres, and soil loss is
computed by summing the soil loss from each sub-area.

To convert soil losses from a weight-bads to a volume basis, the weight is divided by the density
of sediment. Typica dendty of 60 Ibs. per cubic foot is usualy assumed.
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Various control practices to reduce eroson as described in Chapter 14. Sediment basins can be
condructed to limit the sediment yidd from aeass within dlowable limits  Usudly these
dlowable limits range from 5 to 15 tons per acre per year. The larger limit is usudly for short-
term grading operations while the lower limit is for long-term grading operations. The sediment
basin traps the sediment from the areain excess of dlowable limit.

The volume of sediment expected to be trapped is
Vs = (E-E) GA (13.2)
where E = Volume of sediment expected in tong/acrefyr (from Equation 13.1)
G, = dry intendity of sediment (=1.28 cu yd/ton)
A = drainage areain acres
Ea = maximum alowable sediment from the arealin tong/acrefyr
The volume of sediment basin (v) is computed using
V = VA + 0.5 Vs (13.3)
where Vp = sediment basn volume in cu yd/ac/yr and can be obtained from Chart 13.3. This
provides the trap efficiency to attain the required sediment remova from runoff from the Ste.

EXAMPLE 13.2

As seen in pat (a) of Example 13.1, the average annud sediment yield from the 5 acre area is
150 tondecrelyear. Ingtead of using terrace type control, the contractor plans to provide a
sediment basn to limit the sediment leaving the area to a maximum of 15 tongecrelyear.
Assuming adry dendty of 1.28 cubic yard/ton, determine the total basin volume.

SOLUTION
E = 150 tong/aclyr
E. = 15tondaclyr

G, = 128 cuyditon

A = 5acres
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using Equation 13.2.
volume of sediment expected to be trapped
Vs = (E-E) G, A
= (150-15) (1.28) (5) = 864 cuydiyr
Vp = 270 cu yd/aclyr
Thus the totdl basin volume is, from Equation 13.3
V = VLA + 05V,
270 x5 + 0.5 x 864
= 1782 cuyd
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TABLE 13.1 RAINFALL FACTORS(R) FOR VARIOUS FREQUENCIES

Freguency (years) R Vdue
2 67
5 92
10 112
20 134
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Average annual values of the rainfall factor R. (SOURCE: Predicting Rainfall — Erosion L osses from
Cropland East of the Rocky Mountains, Agricultural Handbook, No. 282 by Wischmeser and Smith
Ref. 53) Published by the Agricultural Research Service, U.S. Department of Agriculture

CHART 13.1 AVERAGE ANNUAL VALUESOF THE RAINFALL FACTOR,.R
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Soil Erodibility Factor, K

Organic matter content

Soil type <0.5% 2% 4%
Sand 0.05 0.03 0.02
Fine sand 0.16 0.14 0.10
Very fine sand 0.42 0.36 0.28
L oamy sand 0.12 0.10 0.08
Loamy fine sand 0.24 0.20 0.16
Loamy very fine sand 0.44 0.38 0.30
Sandy loam 0.27 0.24 0.19
Fine sandy loam 0.35 0.30 0.24
Very fine sandy loam 0.47 0.41 0.33
Loam 0.38 0.34 0.29
Silt loam 0.48 0.42 0.33
Silt 0.60 0.52 0.42
Sandy clay loam 0.27 0.25 0.21
Clay loam 0.28 0.25 0.21
Silty clay loam 0.37 0.32 0.26
Sandy clay

Silty clay 0.14 0.13 0.12
Clay 0.25 0.23 0.19

0.13-0.29

TABLE 13.2 SOIL ERODIBILITY FACTOR, K

SOURCE: Control of Water Pollution from Cropland (Rel 39) published by the Agricultural Research Service
U.S. Department of Agriculture.
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Slope -ength factor, L.S.. (SOURCE: Predicting Rainfall — Erosion Lossesfrom Cropland East of the Rocky Mountains,
Agricultural Handbook, No. 282 by Wischmeser and Smith Ref. 53) Published by the Agriculturd Research Service, U.S.
Department of Agriculture

CHART 13.2 SLOPE-LENGTH FACTOR, L.S.
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Erosion Control Practice Factors (P)

Practice Land Slope % P
None 1.00
Contouring 11-20 0.60
Contouring 2.1-7.0 0.50
Contouring 7.1-12.0 0.60
Contouring 12.1-18.0 0.80
Contouring 18.1-24.0 0.90
Contour stripcropping 1.1-20. 0.45
Contour stripcropping 21-70 0.40
Contour stripcropping 7.1-12.0 0.45
Contour stripcropping 12.1-18.0 0.60
Contour stripcropping 18.1-24.0 0.70
Terracing 11.1-2.0 0.45
Terracing 21.1-7.0 0.40
Terracing 7.1-12.0 0.45
Terracing 12.1-18.0 0.60
Terracing 18.1-24.0 0.70
Straight row farming 1.00

SOURCE. Producing Rainfall Erosion Losses from Cropland East of the Rocky Mountains,
Agricultural Handbook No. 282, by W.M. Wishemeser and D. D. Smith, (Ref 53) Published by the
Agricultural Research ServiceU.S. Department of Agriculture.

TABLE 133 EROSION CONTROL PRACTICE FACTORS, P
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Typica Cropping Factors (C)

Crop Notes C Reference
Bare ground 10 56
Grass and legume All-year average 0.004-0.01 61
(hay)

Clover All-year average 0.015-0.025 61

Lespedeza All-year average 0.01-0.02 61

Continuous Corn Rough fallow-residue 0.60-0.85 61
removal

Continuous Corn Seedbed residue 0.70-0.90 61
removal

Continuous Corn Growing crop residue 0.25-050 61
removal

Continuous Corn Residue or stubble 0.60-0.85 61
Residue removal

Continuous Corn Rough fallow-residue 0.20-0.70 61
left

Continuous Corn Seedbed residue | eft 0.45-0.75 61

Continuous Corn Growing cop residue 0.25-0.40 61
left

Continuous Corn Residue or stubble 0.15-0.65 61
residue left

Continuous Cotton Rough fallow 0.30-0.45 61

Continuous Cotton Seedbed 0.50-0.80 61

Continuous Cotton Growing crop 0.45-0.55 61

Continuous Cotton Residue or stubble 0.20-050 61

Grass cover 0.01 56

Land denuded by fire 1.00 56

Seed and fertilizer 18-20 month 0.60 56
construction period

Seed fertilizer, and 18-20 month 0.30 56

straw mulch

construction period

TABLE 134 TYPICAL CROPPING FACTORS, C
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CHART 13.3
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CHAPTER 14 - EROSION AND SEDIMENT CONTROL

The U.S. Department of Agriculture Soil Conservation Service, Athens, Georgia, has
Published a Manual of Standards and Specifications for Control of Soil Eroson and
Sediment in Areas Undergoing Urban Development. Chapter 1 and Chapter 2 of this
document, which has been made applicable to the climate, soils, and native vegetation
of Georgia, are incorporated into this manua. These are supplemented by additiona
procedures, from various sources, which may be adapted to the requirements of the
project.
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DEVELOPING AN EROSION AND SEDIMENT CONTROL PLAN
Importance of Coordination and Instalation of Control Measures

Posshly the most important facet of an eroson and sediment control plan is a comprehensive
condruction and abilization schedule for implementing changes in land use and topography,
and in ingdling the planned roads, utilities, and basic facilities.

This should be a criticd path schedule of congruction operations with a primary objective of
holding eroson and resulting sediment pollution to a minimum through detailled scheduling of dl
condruction work and efficient condruction operations.  The schedule should coordinate
dearing and grading activities, the inddlation of temporay and permanent vegddive and
dructurd erosion control measures, and the inddlation of roads, utilities, and facilities. The end
result of the plan should be to reduce the number of acre-days of unprotected earth surfaces to a
minimum, to provide for the ordely movement of runoff from the aea throughout the
condruction period, and to provide a means of capturing sediment escgping from the
congtruction area

Erosion and Sediment Control Measures

There are a number of eroson and sediment control measures that can be applied to both public
and private developments with effective results & moderate costs. A brief description of those
that are most frequently used follows. The number of them that would be needed on a specific
gte would be dependent on the severity of the eroson hazad. On some resdentid
developments, for example, temporary protective cover might be the only required measure. On
some commercial developments, a haf dozen or more measures might be required.

1. Non-criticd Area Sabilization - In areas of good soils on moderate dopes, the establishment
and mantenance of good vegedive cover utilizing dandard plants and  establishment
techniques recommended by local agencies or landscaping services.

2. Criticd Area Stabilization

a Generd - Cutting, filling, and grading soils with heavy equipment results in cuts with
exposed sub-soils or fills with mixtures of soil horizons. Conditions such & acidity, low
fertility, compaction, and dryness or wetness often prevall which are unfavorable to plant
growth. Excessvely long dopes and steep grades are often encountered or cregted.
Dranageways ae normdly subjected to hydraulic forces requiring both specid
establishment techniques and grasses which have high resstance to scouring.  However,
plants and techniques are available to provide both temporary and permanent protective
cover for al these conditions. Machines that blow a mixture of seed, fertilizer, mulch,
and asphdt on soil surfaces are available and are especidly suited to seeding Steep
dopes. Mulch netting is available for use on stes where the eroson hazard is severe.
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b. Temporary Protective Cover - Heavy grading or condruction of cuts and fills is often
caried out in severd sages interrupted by lengthy periods during which the land lies idle
and is subject to heavy eroson. Similarly, find grading or filling may be completed a a
season not favorable for the immediate establishment of permanent vegetative cover.
These dtes can be temporaily dabilized by seeding fast-growing annuds such as
ryegrass or millet which provide quick protection yet can be worked into the soil when
the dteis prepared for seeding of permanent species.

An dternative method is the application of mulch for immediate protection. Where find
grading is not completed, mulch can ether be removed or worked into the soil after it has
afforded protection while aress lie idle.  Areas brought to find grade during midsummer
or winter can be mulched immediatdy, and they may be succesfully overseeded a the
proper season with a number of permanent grass and legume species.

c. Permanent Vegetation - For both sodding and seeding, there is a farly wide choice of
grass, legumes, and other plants to use on criticdl aress. The finad choice of gpecies
should be deemined by weghing such factors as adgptability, use, aesthetic
requirements, degree of maintenance required, and other specia condderation Where a
“manicured” look is not required, plants with little subsequent management; however,
mog al plants require periodic mowing and fertilizing. Where a reasonably high levd of
management can be expected, the choice of plants is broader. Often techniques of
seedbed preparation and establishment are as important as the selection of the species.

The sdection of the maximum geepness of cut and fill dopes to be permanently
vegetated should be of particular concern for any developer. These dopes, when not
properly mantained, are generdly the largest sediment-producing aress in the completed
devdopment. They dso ae usudly the leest atractive. By utilizing dopes which will
support  conventional  equipment, maintenance costs for these areas can be greatly
reduced. Well-vegetated and maintained dopes will enhance the gppearance of any
completed project.

3. Structurd Measures

a Gengd - Where temporary and permanent protective cover will not suffice in providing
the adequate protection againgt eroson and sediment damages, other erosion control
measures must be carefully sdlected in the proper combinations to accomplish the most
effective job of erogon control. Mogt of the following measures require little effort to
properly ingall and present few problems for incorporation into the development.

b. Debris (Sediment) Basn - A debris basn is a barier or dam constructed across a
waterway or a another suitable location to retard runoff and trap sediment. These
dructures may be temporary or permanent. Provisons must be made to periodicaly
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C.

remove trgpped sediment if the capacity of the basin is inadequate. The spillways must
be desgned to safdy accommodate the normd flow and the maximum flood flow from a
sorm of sdlected frequency. If the Structure is to be permanent, it should be designed as
awater impoundment rather than a debris basin.

Diversons - A diverson condgsts of a graded channd with a supporting ridge on the
lower sde congtructed across a doping land surface.  Its purpose is to intercept and divert
runoff before it gains sufficient volume and velocity to creste harmful eroson. The
number of diversons and their sze and spacing are dependent upon the land dope, ol
type, and runoff rate. Runoff is collected and conveyed laerdly dong the diverson a a
non-erosive velocity and discharged into a protected area or stable outlet channdl.

Diverson Dike A diverson dike is a temporay measure condsting of a ridge of earth
congructed aong the top of a cut or fill dope. Its purpose is to divert runoff away from
steep cut or fill dopes until permanent protective measures can be ingtdled.

Stream Channd Improvement -  This measure condds of draightening or reloceting
exiding dsream channds to conform with locations sdected in the overdl development
plan. Desgn should include szing the channe to accommodate the runoff to be expected
from a sorm of sdected frequency and insuring the gability of the channd with the use
of needed vegetative and structural measures.

Streambank Protection - this measure condsts of Stabilizing and protecting banks of
sreams or excavated channels againgt erosion by vegetative or sructura means adone or
in combination. The intengty of the treatment is dependent on the velocity and the
turbulence of the flow and the eroson resistance of the soil comprising the streambank.

There are two genera types of bank protection. These are listed and explained below:

(1) Some form of bank cover that protects the bank from direct eroson.

Cover may condst of living vegetaion, brush matting, rock riprap, concrete dabs, or
gmilar materids.

(2) Some types of obgtruction that retards flow adjacent to the bank, thereby promoting
deposition of sediment.

RFiling, tree or brush mat revetments, and rock groins are examples of thistype.
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Sketches of two of these measure follow
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g Waeaways - These ae naturd drainage depressons or congtructed channds used to
convey runoff to a stable outlet. They are designed to accommodate e expected runoff
from a storm of sdected frequency without damage to the channd or its lining. Designs
include vegetative and dructurd measures necessary to control velocities within  non

erogvelimits.
4. Sructures
a Gengd - Structures are used for the following purposes in the control of eroson and
sediment pollution in urban devdopments grade control, surface water inlets, and
Sediment entrapment.

Three principal types of dructures used by the Soil Conservation Service for these
purposes are known as drop spillways, drop inlet spillways, and chute spillways. The
makeup and nomenclature of these structures are shown in the following drawings.
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STANDARDS AND SPECIFICATIONS FOR EROSION
AND SEDIMENT CONTROL MEASURES

Generd

The purpose of these sandards and specifications is to establish the minimum limit of technica
excelence permissble in the planning, desgn, and inddlation of these various messures. The
many vaiations in cimae, soils topography, physica features, and planned land use may
require that they be strengthened when adapted for ingtdlation on a specific site.

Vaidions of these standards have been in use for many years, having been developed by the
SCS in working with land owners through soil and water conservation didricts snce the late
1930's.  However, as progress is made through experience and research, they will require

updating periodicaly.

The condruction specifications contained herein are not intended to be complete.  Detailed
congruction specifications should be prepared for each job covering the materias to be
furnished, the work to be done, and the manner in which it is to be done or the end result that is
to be ataned. The gpecifications should require drict conformance with dl  goplicable
ordinances.

Emphasis should be given to the finished agppearance of the work, since the locde is urban.
Strict finish requirements should be included in the construction specifications.

Design references for dte conditions that are too complex to be designed by these standards are

avalable in the form of Soil Consarvation Service Nationd Engineering Handbooks and
Technica Releases.
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U.S. Dept. of Agriculture Urban Areas
Soil Conservation Service Georgia

INTERIM
Engineering Standard and Specification
for

LAND GRADING PLAN

Definition

A plan for grading the surface of urban areas to predetermined lines and grades in a manner that
will hold eroson and sediment damages to aminimum.

Purpose

The purpose of this standard is to provide ingtructions for preparing detailed plans for dtering
the ground surface for the following purposes in a manner that will control eroson during and
after congtruction:

1. Provide more suitable sites for buildings, facilities, and other land uses.

2. Improve surface drainage.

3. Control eroson.

Conditions Where Practice Applies

This standard is gpplicable where grading to planned lines and grades is practicd for the
purposes set forth above.

Dedgn Criteria
Grading Plan: The grading plan shal show present topogrephy dong with the devations, lines
and grades of the finished earth surfaces. It shdl include ingtructions for the use and compaction

of materids to be excavated. Cuts and fills shdl be badanced or information provided on
location of additiond fill materid or spoil disposa aress.

Access or haul road location, trestment and maintenance requirements shal be included.
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LAND GRADING (Urban Areas)

Surveys and Invedtigations The cuts and fills shdl be based on adequate surveys and surface
and subsurface investigations.

Condruction schedule: A condruction schedule shdl be an integrd pat of the plan. It shdl
edtablish a sequence of congruction operations that will facilitate the control of eroson. Among
the factors to be conddered aree (1) limiting initiation of work to minimum area necessary to
prosecute work, leaving soil cover on other areas undisturbed; (2) completing work on
individud areas as quickly as possble to permit inddlation of planned temporary and permanent
erosion control measures.

Finish Sopes Cut and fill dopes that are to be dabilized with vegetation shdl be no steeper
than 1 % horizontd to 1 vertica; and no deeper than 2 Y2 horizontd to 1 verticd where
maintenance is to be performed with vehicular equipment. Steeper dopes shdl be dabilized
with mechanicd measures such asriprap or retaining wals.

Sope Sability: Excavations and fills shal be planned so they will be stable againgt forces that
might result in dides or gully eroson that would endanger lands and inddlations a the tops and
bottoms of dopes.

Eroson Control: Vegetative and mechanicad eroson control measures shdl be included in the
plan. Temporary messures shal be planned to control eroson throughout the construction
period. Permanent measures shdl be planned for the finished land surfaces.

Surface Drainage:  Provisons shdl be made to convey surface runoff a non-erosve velocities to
dable outlets and to prevent surface runoff from damaging cut faces and fill dopes. Temporary
channds, flumes inclined pipe outlets and Smilar dructurd measures shdl be provided as
needed during al phases of condruction operations. Storm culverts planned to replace naturd
drainageways shdl be designed to accommodate 100-year frequency storms.

Sub-surface Drainage:  Sub-surface drainage shdl be provided in areas having a high water table
to intercept seepage that might affect dope dahility, building foundations or creste undesirable
Wetness.

Borrow and Fill Operations. Surfaces of borrow pits and fills should be kept in nearly leve
planes doping gently in directions selected to hold
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LAND GRADING (Urban Areas)

erodon from runoff to a minimum. Where soil and dte conditions are such that damaging
eroson can be expected to occur, diverson dikes shdl be maintained dong the edges of borrow
pit and fill surfaces, and flumes or inclined pipe outlets shal be provided to safely convey runoff

to stable outlets.
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U.S. Dept. of Agriculture Urban Areas
Soil Conservation Service Georgia

INTERIM
Engineering Standard and Specification
for

DIVERSION

Definition

A channd with supporting ridge on the lower sde constructed across the dope.

Purpose

The purpose of this practice is to divert excess water to sites where it can be used or disposed or
sofety.

Conditions Where Practice Applies

This practice applies to Steswhere:

1

2.

3.

4.

5.

Runoff from higher-lying areasis damaging lands, streams, roads, structures, buildings, etc.
Surface and shdlow sub-surface flow is damaging doping upland.

Length of dope should be reduced so that soil losswill not be excessve.

Runoff needs to be diverted from one area to another.

A temporary diverson dikeis not adequate.

Diversons are not gpplicable bdow high sediment-producing areas unless measures are insdled
with or before the diversons to prevent damaging accumulations of sediment in the channd.
They usudly are not inddled on land steegper than 20 percent. Also, they should be used with
caution on soils subject to spillage.
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DIVERSION (Urban Areas)

Dedgn Criteria

Capacity, Grade and Vdocity: Diversons must have the capacity to carry the pesk runoff from
storms of the following frequencies as a minimum, with fregboard as shown:

Diverdgon Land or Improvement | Storm
Type Protected Frequency Freeboard
Temporary Condtruction aess | 2years 0.3
Building Stes 5 years 0.3
Landscaped, recreation | 25 years 0.3
and Smilar aress.
Dwdlings, schoals, | 50 years 0.5
Permanent commercid bldgs, and
gmilar ingdlaions
Agriculturd Lands 10 years 0.3

Cross-Section  The cross-sectiond shape of the diverson shal be such that it can be maintained
with modern equipment.  The channd may be trapezoidd or parabolic. Side dopes shal be no
steeper than 2to 1, preferably 3to 1 or flatter.

Outlets  Diversons must have adequate outlets that will convey runoff without causng
damaging eroson. Outlets should be dabilized prior to congruction of diversons unless specid
measures (such as mulch pinned with netting) are taken to prevent excessive erosion.

Protection Againd Sediment: For temporary diversons no protection is required.  For
permanent diversons, a filter strip 25 feet wide shdl be maintained above the channd except
where the ste conditions preclude its use. In this event extra capacity shall be desgned into the
channd to compensate for excessive sedimentation

Condruction Specifications

1. The completed diverson shal conform to the ling, grade, and cross-section as required to
meet the criteria above. The top of the congtructed ridge shdl not be lower a any point than
the desgned devaion, including freeboard, plus the settlement factor. The constructed
channd shdl be generaly free draining, and low spots shal not exceed 0.2 foot in depth. All
portions of the diverson shal be finished and smoothed as needed for the establishment of
vegetative cover.

2. The completed diverson shdl be planted to vegetation cover in accordance with the
appropriate standard and specification.
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U.S. Dept. of Agriculture Urban Areas
Soil Conservation Service Georgia
INTERIM
Engineering Standard and Specification
for

DIVERSION DIKE

Definition

A ridge, with or without a channd on the upper side, constructed of earth at the top of a cut or
fill dope.

Purpose

The purpose of this practice is to divert runoff from steep constructed dopes to locations where it
can be disposed of safely.

Conditions Where Practice Applies

The practice applies to Stes where runoff from areas aove or at the top of cut or fill dopes will
flow down these dopes, causing damaging erosion.

Dedgn Criteria

The following standard criteria will be used for diverson dikes with drainage areas up to 10
acres of rdatively flat land and 5 acres of rolling or steep land. For those with larger drainage
aress, desgns will conform with al provisons of the standard for diversons.

Cross- Section:
Weght (min.): 1.0 ft. on flat land; 1.5 ft. on doping land. Top width (min.): 1.5 ft. on flat land;
2.0 ft. on doping land. Side Slopes. 2 to 1 for temporary dikes, 3 to 1 or flatter for others.

Grade: Dependent on topography, but must be postive toward outlet; may require dabilizing
MeasuUres.
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DIVERSION DIKE (Urban Areas)

Outlets Diverson dikes must have adequate outlets that will convey runoff without causing
damaging eroson. Outlets should be established prior to congruction of diverdon dikes unless
goecid measures (such as mulch pinned with netting) are taken to prevent excessve eroson.
Inclined pipe outlets and flumes will be used to convey runoff down sted construction dopes.

Condtruction Specifications

1. The completed diverson shdl conform to the line, grade, and cross-section as required to
meet the criteria above. The top of the condructed ridge shdl not be lower a any point than
the desgned devation, including freeboard, plus the settlement factor. The congtructed
channd $dl be generaly free draining, and low spots shal not exceed 0.2 foot in depth. All
portions of the diverson shal be finished and smoothed as needed for the establishment of
vegetative cover.

2. The completed diverson shdl be planted to vegetation cover in accordance with the
appropriate standard and specification.
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U.S. Dept. of Agriculture Urban Areas
Soil Conservation Service Georgia
INTERIM
Engineering Standard and Specification
for

GRASSED WATERWAY

Definition

A naturd or condructed waterway shaped or graded and established in vegetation suitable to
safdy dispose of runoff.

Purpose

The purpose of grassed waterways is to convey runoff from surrounding land and ingdlations to
dable outlets.

Conditions Where Practice Applies

This practice gpplies to stes where (1) a well-defined watercourse of adequate capacity exists or
can be condructed, (2) vegetation protection is required to control erosion, and (3) where such
control can be achieved by this practice done or in combination with others.

Dedgn Criteria

Capacity: The minimum capacity shdl be that required to carry the pesk runoff expected from a
storm of 10-year frequency.

Veocity: Design velocities shdl not exceed those shown in the following table:

MAXIMUM PERMISSIBLE VELOCITIES

Vegetative Cover Eroson Resgant Soils Eadly Eroded Soils
Bermudagrass 5 ft./sec. 4 ft./sec.

Fescue or bahiagrass 4 ft./sec. 3ft./sec.

L espedeza sericea 3.5 ft./sec. 2.5 ft./sec.
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GRASSED WATERWAY (Urban Areas)

A vdocity of five feet per second may be used in any case when good qudity vegetation is
dready established.

Cross-Section:  The cross-sectiond shape of waterways shdl be generdly parabolic with the
outer edges doping sharply inward. V-shaped cross-sections shall not be used.

Depth:  The minimum depth of a waterway shdl be the depth required to keep the design water
surface devaion in the waterway a or below the design water surface devation in a diverson or
other tributary channd a ther junction when both are flowing a design depth. Design depth
shal not be less than one foot.

Dranage.  Tile or other suitable sub-surface drainage measures shal be provided for Sites having
high water table or seepage problems, except where water-tolerant vegetation can be used. Tile
drains established as a part of the practice shdl conform to al the provisons of the standard for
drains.

Condgruction Specifications

The waterway shdl be shgped, when needed, to the specified dimensons and shdl be free of
overfdls gullies or other irregularities.

All earth removed and not needed in shaping of the waterway shal be spread or disposed of so it
will not interfere with the functioning of the waterway.

Fills shal be compacted as needed to prevent unequa settlement that would cause damage in the
completed waterway.

Protective cover shal be ingalled in accordance with the appropriate standard as soon as
possible after earthwork is complete.
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DEBRIS (SEDIMENT) BASIN

Definition

A barier or dam congtructed across a waterway or a another suitable location to form a st or
sediment basin.

Purpose

To trap sediment eroding from condruction dtes in order to protect streams, lakes, and
improvements from excessve sedimentation.

Scope
This standard applies only to temporary debris basins on sStes where:

1. Falure of the sructure would not result in loss of life or interruption of use or service of
public utilities (failure hazard Class a).

2. The storage capacity below the crest of the emergency spillway does not exceed 13,400 cubic
yards.

3. The drainage area does not exceed 200 acres. Permanent structures built wholly or in part as
debris basins shal be desgned as water impoundment dructures. Design criteria shdl be
commensurate with the complexity of dte conditions, incuding condderation of damages
that would be caused by breaching of the embankment by overtopping.

Conditions Where Practice Applies

This practice applies to congruction Stes where plans to control eroson cannot reasonably be
expected to prevent adamaging amount of sediment from leaving the sites,
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DEBRIS (SEDIMENT) BASIN (Urban Areas)

Desgn Criteria
Gengd:
Structure Classfication. Limits, and Requirements
Max. W/S Max Dam 1/ Desgn Storm 2/ Freeboard 3/
Type Size (ac) Ht. (ft.) Frequency (ft.)
14/ 20 7 10yr. 24 hr. 05
2 20 10 10yr. 24 hr. 0.5
3 200 15 25yr. 24 hr. 1.0

Footnotes:
1/ Height is measures from low point on origind cross-section to top of dam.

Soil and cover conditions used should be based on those expected during the congtruction
period.

3/ Vetica distance between basin water surface at maximum design stage and top
of dam.

4/ Type 1 badns ae to be used only where dte conditions prevent the congruction of an
emergency spillway on resdua earth.

Storage:  Dedrably, the storage capacity of the basn should equd the volume of sediment
expected to be trapped in the structure during the development period.

The minimum capecity of a sediment basn shdl be 05 inch per acre of contributing drainage

aea Badn cleanout shdl be required when the storage capacity is reduced by 60 percent.
(Note: 0.5 acreinch equals 67 cubic yards per acre.)

Principa (Pipe) Spillway Design

Layout: The principd spillway shdl consst of a verticd inlet joined a its bottom to a conduit
(barrd) which extends through the embankment to a point beyond the downstream top of the
embankment. Connections shal be watertight.

Capacity: Capacity of the pipe spillway shal be 0.25 cfs per acre of dranage area.  The
minimum diameter of the barrd dhdl be 8 inches. The diameter of the inlet should be 1.5 times
greater than that of the barrd to insure full barre flow.
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DEBRIS (SEDIMENT) BASIN (Urban Areas)
Inlet Datar The verticd inlet shal be on of the following:
1. A hdf round pipe fitted for flashboards.

2. A full round pipe peforated with 1-inch drain holes spaced 8’ to 10" verticaly and 10" to
12’ horizontaly.

3. A box-type riser ported or fitted with flashboards.
The crest of theinlet shall be set at least 1 foot below the crest of the emergency spillway.

The inlet shal have a base of sufficient weight to provide a 15 to 1 sdfety factor agang
flotetion.

An approved trash rack shdl be inddled a the crest of the inlet if the pipe spillway is desgned
to convey 25 percent or more of the peak discharge from the design storm.

Anti-seep Collars:  Anti-seep collars shdl be ingtdled around the barrd to increase the line of
seepage by 10 percent when any of the following conditions exist:

1. Padtic earthfill is not avallable to encompass the barrd ondl sdesthree feet thick.

2. Barrd diameter is more than 12 inches.

Outlet: Protection of outlet againgt scour shal be provided where needed to prevent damaging
sediment yidd. Measures such as excavated plunge pool and rock riprap are suitable for this

purpose.

Emergency Spillways,

Layout: Earth emergency spillways for Type 2 and 2 basns shdl be located on undisturbed
eath. For Type 1, they shdl be located on compacted earth fill selected for eroson resstance
qudities. Each dhdl have a longitudind level section at least 25 feet long a its crest and a
draight outlet section.

Capcity and Design:  Spillways shdl be trapezoidd in cross-section with minimum  bottom
widths of 8 feet and Side dopes of 3 to 1. The capacity of emergency spillways shdl be adequate
to pass peak discharges of design storms, less capacities of principa spillways.

Spillways for Type 2 and 3 basins shdl be designed to pass designed discharges at non-erosive
velocities for the types of protection used.
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DEBRIS (SEDIMENT) BASIN (Urban Areas)

Spillways for type 1 basins shal be constructed to dopes of 10 to 1 or flatter, and dikes shal be
indaled dong its Sdes as needed to contain flow on exit dopes. Design veocity should not
exceed 10 feet per second. (For 10 percent dopes and 0.5 foot flow depth, velocity may be
assumed to be 10 feet per second.)

Embankment: The minimum top width shdl be eight feet. Side dopes shdl be no steeper than 2
% to 1. Where no dowly permesble materid is avalable for a minimum width core, the
downstream side dope shall beincreased 4 to 1.

Keyway: A keyway shal be congructed dong the centerline of the dam. It shdl be at least 8
feet wide and shall extend &t least 2 feet below the normal ground surface.

Constr uction Specifications

Site Preparation:  Embankment, impoundment, and borrow areas shdl be cleared of al woody
growth and debris. Embankment and borrow areas shall be cleared of vegetative growth and
grubbed of trees, sumps, and roots over 2 inches in diameter. Debris shal be disposed of in
conformance with al applicable ordinances, rules, and regulations.

Borrow areas. Borrow areas will be confined to emergency spillway and impoundment arees
where suitable materia of adequate quantity is available.

Embankment:  FlIl materid shdl be free of woody materid, overszed rocks and other
objectionable materid.  Soil moisture must not be too wet or too dry to achieve good
compaction. Excavations shdl be dewatered before filling. Earthfill shal be congtructed in 6”
to 8’ horizontd lifts.

Compaction shdl be achieved by traversng the entire surface of each lift with one track of earth
hauling equipment or with the use of a roller or compactor. Heights of eathfill shdl be
increased by 10 percent to alow for settlement.

Spillway Inddlaion: The principd and emergency pillways shdl be indtdled as desgned.
Cae shdl be taken to surround principd spillway bareds with sdect plastic materid and to
carefully hand tamp this materid.

Protective Cover: Stabilize embankment, emergency spillway, and downstream borrow aress as
gpecified in the gppropriate standard.

266
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INTERIM
Engineering Standard and Specification
for

INCLINED PIPE OR FLUME OUTLET

Definition
A pipe or flume ingdled generdly pardld to a steep cut, fill, or natura dope.

Purpose

A convey runoff from a rdatively levd surface or a very smdl aea down a stegp dope to a
stable outlet.

Conditions Where Practice Applies

This sandard applies to dl seeply congtructed dopes that are subject to damage from runoff
from rdaivey level areas and very smdl doping aress.

Desgn Criteria

The capacity of the pipe or flume shdl be adequate to carry the following runoff pesks:

Runoff From Bare Soil Good Cover Paved Areas
Relatively flat surfaces 0.8 cfdac. 0.4 cfdac. 2.0 cfdac.
Steep surfaces 2.0 cfdec. 1.0 cfgac. X

Peaks may be determined accurately by methods contained in Appendix B.

Top of pipe or flume will be maintained a least 12 inches below the top of the diverdon dike
ridge.
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INCLINED PIPE OR FLUME OUTLET (Urban Areas)

The pipe or flume inlet surface shal be bowl-shaped and shal be constructed of metal, concrete,
asphdlt, or rock riprap.

Pipe and flumes, and their connections shdl be watertight. They shdl be embedded in the dope
or securely anchored throughout their lengths.

The gructure shdl outlet into a stable outlet.

Condgruction Specifications

The pipe or flume shall be ingaled to meet the above design requirements.
Earthfill shall be compacted around the entrance to prevent failure by piping.
When required by job plans, the pipe or flume shdl be shortened or lengthened periodicaly as

necessary to maintain the inlet & the proper rdative podgtion with respect to the cut or fill
surface.
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GRADE STABILIZATION STRUCTURE

Definition
A dructure to gtabilize the grade or to control head cutting in naturd or artificia channds.

Purpose

Grade dabilization dructures are indaled to dabilize the grade in naturd or atificid channds,
prevent the formation or advance of gullies, and reduce erosion and sediment pollution.

Conditions Where Practice Applies

This standard agpplies to stes where structures are needed to stabilize channd grades but does not
apply to steswhere water isto be impounded.

Dedgn Criteria

Structures.  Structures of materids such as concrete, rock, masonry, sted, auminum and trested
wood shall be designed in accordance with sound engineering practice.

Capacity: Structure cgpacity shdl be designed to meet the following requirements.

Overback Flow Damage to Hood Frequency
Residences, 100-year,
Commercid buildings, recregtion buildings, etc. 24-hour storm
Recreation and landscapes areas 25-year,
24-hour gorm 1/
Agriculturd land 10-year,
24-hour sorm 1/
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GRADE STABILIZATION STRUCTURE (Urban Areas)
30 percent of pesk flood flow may be carried around idand-type structures provided overbank
flow damage from erosion and flooding can be tolerated.

Embankments.  Earthfill embankments shdl have minimum top widths of feat and dide dopes of
3to 1 or flatter.

Eathfill maerid shdl be moderaidy to dowly permesble with the most plasic materid beng
used in the center of the embankment and adjacent to dructures. Materid shall be compacted to
adengty approaching 95 percent of standard.

The embankment shdl be overbuilt to dlow for settlement.

Keyway: A keyway not less than 8 feet wide and 2 feet degp shdl be condtructed aong the
centerline of the structure and embankment.

Outlet: All structures except those with cantilevered outlets shall discharge into stable outlets.

Condruction Specifications

Eathfill shdl be congructed in 6” to 8" thick horizontd lifts Earthfill moisure shdl be such
that satisfactory compaction can be obtained.

Excavations shdl be dewatered prior to filling.
Structures shdl be placed on compacted earthfill.
Embankment surfaces shall be completed to the required lines and grades.

Protective cover shal be applied immediately after completion of the structure.
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OPEN CHANNEL

Definition
Congtructing or improving a channel in which water flows with a free surface.

Scope

This standard gpplies to channels with drainage aress less than one square mile.  Dedgns for
channdls with larger drainage areas shdl be based on detalled invedtigations of dte conditions
and shdl result in channds that are dable under bank full flow conditions immediately after
construction has been completed.

Purpose

Open channes are congdructed or improved to convey excess surface and subsurface ware
without causing damages to adjacent aress from flooding, to the channd from eroson, and to
appurtenant structures.

Conditions Where Practice Applies

This standard is gpplicable to al open channe improvements in urban areas except as noted
under “ Scope”’ above. An adequate outlet must be available for he improved channd reach.

The improvement must not cause ggnificant eroson upsream or flooding and/or  sediment
deposition downstream.

Dedgn Criteria

Open Area Panning: Through open aress the location of the channel shall be sdected so as to
enhance the naturd beauty of the area and fish and wildlife habitat resources.  Alignment, if
changed, should be continuous, similar to that of a naturad channd. As many trees should be left
aong the channd asis practicd.
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OPEN CHANNEL (Urban Areas)

Capacity: The capacities are channels shal be adequate to carry the pesk runoff rate from the

following storm frequencies.

Where Hooding will Affect Minimum Sorm
Frequency

Buildings,

Parking areas, highways and important streets 100-year

Y ards, landscaped

Areas, recreation areas, secondary streets 25-year I/

Agricultura lands 5-year 1/

1/ The flood crest of a 100-year storm shdl be contained below improvements that would be
damaged sgnificantly by flood water.

Channd Stability and Dedgn Veodties Channds will be desgned to the dable immediatdy

after condruction has been completed and to have adequate capecity after they have aged,

assuming good maintenance.

Veocities will be computed usng Manning's equation.

both conditions. The “as-built” “n” vaue shal not exceed 0.025.

Maximum “as built” velocities shal not exceed the values given below:

Soil Description ol Maximum*
Class Velocity Remarks
For each of the following
Sty or sandy clay CL 4.0 factors, the
Maximum velocity may be
Clayey sands SC 3.5 increased by
Alluvid dlts, MH or 0.5 ft/sec/
Sandy or clayey slts ML 35
1. Strong effort to be made to
Sty sands SM 3.0 vegetate channd banks.
SP  or 2. Maximum channd bottom
Clean sands SW 2.5 grade not in excess of .0015
ft/ft.

* As-huilt velocities shdl be computed for bank full flow.
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OPEN CHANNEL (Urban Areas)

Appurtenant Structuress  The design of channds shdl indude the desgn of al dructures
required for the functioning of the channd including (1) grade dabilization dructures, (2)
culverts or bridges, and (3) tributary, surface runoff, and subsurface flow dructures. The effects
of the improvement on exigting structures will be evaluated.

Condtruction Specifications

1. The channd shal be congtructed to the required lines, grades, and cross-sections as required
to meet the criteria above.

2. Deébris resulting from clearing operations and spoil resulting from excavetion operations shal
be digposed of in amanner which will:

a. Beincompliance with dl loca applicable ordinances.
b. Providefor the proper functioning of the improvement.
c. Leavetheareain the best feasible condition for the planned use of the owner.

d. Reault in the best aesthetic gppearance of the Stethat is practicd.
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RIPRAP ON CHANNEL SIDE SLOPES

Definition

A revetment of loose rock or smilar materid ingtdled on a channd sde dope to protect the
dope from erosion.

Purpose

The purpose of the riprap is to provide a non-erosive cover for a channe side dope to protect the
dope from eroson.

Scope
This standard applies to channels where vel ocities do not exceed 10 feet per second.

Conditions Where Practice Applies

This practice gpplies to any channd sde dope where soil conditions and water turbulence and
velocity are such that it cannot be expected to be stable for bank full flows.

Desgn Criteria

The toe of the revetment shdl be entrenched in stable channel bottoms for a depth of 11/2 to 3
feet, depending on the size of the riprep. If the channd bottom is not stable, the design shadl
incorporate other requirements needed to stabilize the revetment toe.

The channdl side dope shall be no steeper than 1 ¥2to 1.

A blanket of filter maerid shdl be placed undernesth the riprgp except under the following
conditions.
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RIPRAP ON CHANNEL SIDE SLOPES (Urban Areas)

1. Soil materid in the bank hasa Pl of at least 10 or is a sand-gravel mixture.

2. Stream transports full load of sediment a flood dtate as evidenced by sand deposits on
channd banks.

Riprap shdl extend up the bank to an eevation where vegetation will provide adequate
protection.

Riprgp shal be reasonably well graded within the following limits:

Velocity Maximum-Minimum Stone Sizes
Up to 6 ft. per sec. 10-50 lbs.
6 to 8 ft. per sec. 20-100 Ibs.
8 to 10 ft per sec. 25-250 |bs.

Materid shdl be hard, durable rock, rubble concrete, or amilar materid weighing at least 150
Ibs. per cubic foot.

Flter materid shdl be a mixture of hard, durable sand and grave. Maximum gravel sze shdl
be1%7", 3", and 4 ¥7" respectively for each of the aboveriprap Sizes.

Condruction Specifications

The channdl side dope and the toe embedment shall be prepared to the required lines and grades.

Filter materid and riprap shdl be placed in successon to the required thickness and eevations.
Riprap shall be hand placed around structures to prevent damage to them.
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U.S. Dept. of Agriculture All Resource Areas
Soil Conservation Service Georgia

CRITICAL AREA PLANTING
(Permanent Seedlings)

Definition: ~ Planting vegetation such as trees, shrubs, vines, grases or legumes on criticd
aress.

Purposes.

1. To dabilize an area S0 as to reduce damages from sediment and runoff to downstream aress.

2. Toimprove and areasuch as cut and fill dopesfor safety and beauty.

Where Applicablee On highly erodible or severdy eroded areas where vegetation is difficult to

edablish with norma seeding or planting methods such as  cut and fill dopes, sillways, borrow
aress, channd banks, barns and spoil aress.

Specificaions
Grading and Shaping

A. Grading and shgping is not required when hydraulic seeding and fertilizing equipment is
used.

B. When conventiond seeding and fertilizing is done, grade and shgpe where feasible and
practicd so equipment can be used safdy and effidently in prepaing the land for
edablishing and maintaining vegetation. All loose rock, roots and other obgruction that will
interfere with establishment and maintenance must be removed from the surface.

Seedbed Preparation

A. When hydradlic seeding and fetilizing equipment is used, no seedbed preparation is
required.

B. When conventiond seeding and fertilizing is done, seedbed preparation will be done as
follows
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1. Broadcast Plantings:

a On naturd field conditions or dopes that are 31 and flatter, a seedbed will be
prepared to minimum depth of 4 inches, excluding rock. The soil will be thoroughly
broken, wal pulverized, smoothed and firmed as may be accomplished usng proper
equipment, good methods and workmanship before planting.

b. On dopes ranging from 2:1—3:1, a seedbed will be prepared by scarifying to a depth
of 1 to 4 inches as determined on Ste. Scarification may be done by use of a chain
harrow, grader blade with chisds weded on, or any other suitable equipment
induding hand tools.

c. On dopes steeper than 2:1, the surface will be pitted, pock marked or trenched across
the dope. Use appropriate hand or machine tools to provide a place 6 to 8 inches
gpart for seed to lodge and germinate.

2. Panting or Seting Plants A plating bed will be prepared by one of the three following
methods:

a. Excavating holes (al dopes). For kudzu and honeysuckle, open holes 14" to 16”
deep and 8’ in diameter. For day lilies, periwinkle (vinca), Bermuda grass sprigs or
sod plugs and the like, open holes 8" to 10" deep and 6" in diameter. For nursery
sock (trees or shrubs), open holes large enough to accommodate roots without
crowding.

b. Opening furrows (on dopes where feasble), open a furrow 6" to 8’ deep for seeding
trees, smal shrubs, kudzu, honeysuckle, periwinkle, multiflora rose, daylilies, and
Bermuda grass sprigs or sod plugs and the like.

Lime and Fatilizer - Ratesand Andyss

A. The lime to be used shdl be within the specifications of the Georgia Depatment of
Agriculture. It shal be applied a the rate of from 1 to 2 tons per acre or the amount
indicated by soil tests.

B. The kinds and amounts of fertilizer to be used for various plants or combination of plants is
set forth in Tables 1 or 2.

Lime and Fertilizer - Application

A. When hydraulic seeding and fertilizing equipment is used:
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1. The fetilizer, seed, and wood cdlulose or cane fiber mulch will be mixed with water and

goplied in a durry.  The mixture must be spread uniformly over the area to be trested and
within one hour after the mixture is made.

2. The lime will be mixed with water and goplied in a durry. This will be soray goplied
immediaidy after mulching is completed or a combination with the top dressng when
grass plants have grown about 2 to 4 inchestall.

B. Seeds and Plants

The kinds of plants or seeds that may be used for criticd area dabilization are liged in the
attached Tables 1 or 2.

Seading and Planting

A. Theattached Tables 1 or 2 gives the permissible seeding dates and rates.
B. Methods of Seeding:

1. Hydraulic seeding — Mix the fertilizer, seed, and wood cdllulose or cane fiber mulch with
water and apply in a durry. The mixture must be spread uniformly over the area to be
treated and within one hour &fter the mixture is made.

2. Conventiond seeding — For broadcast planting, use a cultipacker seeder, drill, rotary
seeder, or other mechanica seeder or hand seeding. The seeds or plant materids must be
digtributed uniformly over the area to be treated and covered lightly with a cultipacker or

other suitable equipment. Seeding will be done on a freshly prepared and firmed
seedbed.

3. Planting—

a. Where holes are dug, st plants two inches above fetilizer and finish filling hole with
soil without fertilizer.  For kudzu, honeysuckle, smal shrubs, multiflora rose,
periwinkle (vinca) and Bermuda grass, the upper portion of the plant must be a or
dightly above the ground surface. For nursery stock (trees or shrubs), set a or
dightly deeper than they grew in the nursery.

b. Where plow furrows are used for kudzu, honeysuckle, smal shrubs, multiflora rose,
periwinkle (vinca) and Bermuda grass, place plants againg the lower wdl of the first
furrow with the bud or top portion a or just above ground level. Plow at least two
return furrows againg the first. Day llies will be placed againg the lower wall of the
firgt furrow and covered with about 2 inches of solil.
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c. For mechanicd planters, use any approved mechanicd method that will result in the
setting of tree seedlings, shrub lespedza, and multiflora rose dightly deeper than they
grew in the nursary, or that will result in the setting of kudzu, honeysuckle,
periwinkle (vinca) and Bermuda grass s0 that the bud or top portion of the plant is a
or dightly above the ground surface.

d. Dibble planting (dl dopes). For dl tree seedlings, smal shrubs, sprigs, an the like,
open holes deep enough to set plants dightly deeper than they grew in the nursery.

Mulching

A. Use mulch on dl aress to ad in the establishment of vegetation. The mulching materid will
consig of:
1. Dry straw or hay of good qudity free of seeds of competing plants, and at the rate of two

tons per acre; or

Wood cdlulose of cane fiber mulch a a rate of 1,000 pounds per acre when the lose is 3
/4.1 and steeper; or

A combination of good qudity, dry straw or hay free of seeds of competing plants a a
rate of 2 tons per acre, and wood cdllulose or cane fiber mulch a a rate of 500 pounds per
acre. Thiscombination will be used when the dope isflaiter than 3/4 :1; or

Sericea lespedeza seed-bearing hay a a rate of three tons per acre. This mulch may be
applied green or air-dried, but must contain mature seed.

Manufactured mulch materids such as soil retention blankets, eroson control netting or
others may be required on specid areas of high waer concentration if ungable soils.
When these materids ae used, follow the manufacturer’'s recommendation for
ingtdlation.

Applying and Anchoring Mulch

A. Straw or hay mulch will be goplied uniformly over the area, leaving about 25 percent of the
ground surface exposed. It must be spread within 24 hours after seeding and/or planting is
done, by:

1.

Blower-type mulch-spreading equipment and anchored to the soil by emulsfied asphdt
orayed uniformly onto the mulch as it is gected from the machine The emulson shdl
condst of a homogeneous mixture stisfactory for spraying. The mixture shdl consst of
100 gdlons of grade AE-5 asphdt emulsion and 100 gdlons of water per ton of mulch.
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2. Blower-type or other mulch preading equipment or by hand, and anchored:

a By pressng the mulch into the soil.  Anchoring must be done immediatdly after the
mulch is spread. A disk harrow with the disk set draight or a specid “packer disk”
may be used. The disk may be smooth or serrated and should be 20 inches or more in
diameter and 812 inches gpart. The edges of he disk should be dull enough not to cut
the mulch but to pressit into the sail, leaving much of it in an erect position.

b. Fdl and winter plantings may include 1 /2 bushel of re or wheat per are to Sabilize
the mulch.

B. Wood cdlulose fiber or cane fiber mulch will be applied with hydraulic seeding and
fetilizing equipment.  All durry ingredients shdl be mixed to foom a homogeneous durry
and spray-gpplied within one hour after the mixture is made.

When wood cellulose fiber or cane fiber mulch is used at the 500 pound per acre rate, straw
or hay mulch with asphdt emulsion is gpplied over thisto complete the mulch.

Wood cellulose or cane fiber mulch a the 1,000 pound per acre rate is used done where
other mulch materia will not gick.

Wood cdlulose or cane fiber mulch is sdf-anchoring
Irriga_t. ion
Whereirrigation is used, the rate of application will be such that no soil movement will occur.

Fertilizer Maintenance Application

The fird and second year fertility requirements for establishment of plants are lisged in Tables 1
or 2. Thereafter annua maintenance ratesin pounds per acre are recommended as follows:

H P205 K20

Grasses and sericea? 40 40 40
Grasses alone? 70 40 40
Daylilies? 40 40 40

Sericea, Crown Vetch or Kudze 0 40 40

1/ Double this amount may be gpplied every other year.
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2/ Apply annudly until complete cove is established.

Line Maintenance Application

Apply one ton of limestone every 4-6 years or as need isindicated by soil tests.

Use and Management

Mow sericea or sericea and grass mixture only after fros. Bermuda grass, bahia grass, and
fescue may be mowed as desred. Maintan a least sx inches of top growth under any use or
managemen.
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U.S. Dept. of Agriculture All Resource Aress
Soil Conservation Service Georgia

CRITICAL AREA PLANTING
(Temporary Seedlings)

Definition: Planting vegetation such as trees, shrubs, vines, grasses, or legumes on critica aress.
Purpose:

1. To dtahilize an area 0 asto reduce damages from sediment and runoff to downstream aress.

2. Toimprove an areasuch as cut and fill dopesfor safety and beauty.

Where Applicable: On any bare or denuded area which may be subjected to erosion for up to 12

months, and where a temporary seeing is needed to control eroson and water pollution by
sediment prior to the establishment of finished grade or permanent vegetation.

The temporary measures should be coordinated with the permanent eroson control measures
planned to assure economica and effective control.

Specifications

Grading and Shaping

A. Excessve waer runoff must be controlled by planned and ingtalled needed erosion control
practices such as closed drains, ditches, dikes, diversons, contour ripping sediment basins or
other erosion control methods.

B. No shaping or grading is required if dopes can be dabilized by vegetation and hand seeding
or hydraulic seeding equipment is to be used.

Seedbed Preparation

A. When hydraulic seeder isto be used, no seedbed preparation is required.

B. When conventional or hand seeding is to be done, no preparaion is required if the soil
materid isloose and has not been sedled by rainfall.

C. When soil has been seded by rainfdl or is smooth undisturbed cut dopes, the soil shdl be
pitted, trenched, or otherwise scarified to provide a place for seed to lodge and germinate.
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Lime and Fertilizer

A. No limeisrequired.

B. On reasonably fertile soils or soil materid, no fertilizer is required.

C. On soils of very low fertility, use 500 to 700 pounds of 10-10-10 fertilizer or the equivadent

per acre (12-16 |bs/1,000 . ft.). If the dte will permit, apply before land preparation and

disk, rip, or chisdl to incorporate.

Seeding

A. Sdect agrass or grass-legume suitable to the area and season of the year.

B. Apply seed uniformly by hand, cyclone seeder, drill, cultipacker seeder, or hydraulic seder

(durry including seed and fertilizer). Drill or cultipacker seeder normadly should place seed

1/2to 1 inch deep.

C. Tablel. Seedsto Usefor Temporary Seedlings

Rate per Rate Panting Dates

Species 1,000 sq. ft. | Per Acre* | Mts-L’stone Piedmont | Coastal
8/1-12/1 91/-1/1 10/1-3/1

Rye 3lbs. 2-3 bu. 31-4/1 3/1-4/1

Ryegrass 1lb. 40-501bs. | 8/1-12/1 8/15-1/1 8/15-3/1

Wheat 3lbs. 2-3 bu. 10/1-12/1 10/15-1/1 11/1-1/15

Rye and Annua |1 %lb. 1-1%bu. 31-4/1 3/1-4/1 2/1-3/1

Lespedeza Y 1b. 20-251bs 31-4/1 3/1-4/1 2/1-3/1

Weeping Love grass | .21b. 4-6 Ibs. 3/15-8/1 3/1-8/15 2/15-8/15

Sudan grass 1lb. 35-451bs. | 4/1-7/1 4/1-7/15 4/1-7/15

Browntop Millet 11lb. 30-401bs. | 4/1-7/1 4/1-7/15 4/1-7/15

* Unusud sSite conditions may require heavier seeding rates.
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Mulching

A. Temporary vegetaion can in most cases be established without the use of mulch.

B. Mulch without seeding should be considered for short term protection.  See Mulching (Code
484) Specifications.

Irrigation

If water is agpplied, it must be a a rate that will not cause runoff and eroson. Thoroughly wet the

s0il to a depth that will insure germination of the seed. A second gpplication should be made
when needed.
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U.S. Dept. of Agriculture All Resource Areas
Soil Conservation Service Georgia

CRITICAL AREA PLANTING
(Surface Mine Spail)

Definition: Planting vegetation such as trees, shrubs, vines, grasses or legumes on critica aress.
Purpose:

1. To dabilize an area s0 asto reduce damages from sediment and runoff to downstream aress.
2. Toimprove an areasuch as cut and fill dopesfor safety and beauty.

Where Applicable: On spail resulting from surface mining operations.

Specificaions

Grading and Shaping

A. Grade, where practicable and feasble, to permit the use of conventiona equipment for
seedbed preparation, seeding and mulching.

B. Grading and sheping is dedrable but not required when seeding is done with hydraulic
seeding equipment.

C. Construct roads, to provide access for hydraulic seeding equipment, with grades that do not
cause high surface water concentrations.

Lime and Fetilizer

A. The lime used shdl be within the specifications of the Georgia Depatment of Agriculture. It
shdl be applied a the rate of one ton per acre. Apply uniformly, immediately before land
preparation when dte is prepared with conventiona equipment.  Apply in a durry in
combination with the top dressing when hydraulic seeding equipment is used.

B. Use 1500 pounds per acre of 6-12-12 fertilizer. Apply uniformly, immediately before land
preparation when dte is prepared with conventiond equipment.  Apply in a durry in
combination with seed and wood cdlulose or cane fiber mulch when hydraulic seeding
equipment is used.
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Seading and Planting

A. Seed or plants.

Rates/Acre Time of

Species or Spacing. Seeding
Weeping Love grass and 34 1bs. Spring
Sericea Lespedeza Scarified 40-60 Ibs. Spring
Sercea L espedeza Seed Hay and 2 Tons Fdl
Overseeded with Weeping Love grass 341bs Spring
Hulled Common Bermuda grass and 56 Ibs. Spring
Sericea Lespedeza Scarified 40-60 Ibs. Spring
Unhuled Common Bermuda grass and 810 Ibs. Fdl
Sericea L espedeza Seed Hay 3tons Fdl
Rye and Clean Combine-run 1 bu. Fdl
Sericea Lespedeza 50-75 Ibs.. Fdl
Lobldly or Virginia Pine 6x6 Winter
Sycamore

Cottonwood

1/ Ondte determination will be made for speciesin use,

B. Conventional seeding = Use a cultipacker seeder, drill or broadcast uniformly with a rotary
seeder; cover lightly and firm soil, using a cultipacker or roller.

C. Hydraulic seeding — Apply in a durry in combinations with fertilizer and wood cdlulose or
cane fiber mulch. The mixture must e soread uniformly over the area to be trested within on
hour after the mixture is made.

D. Trees — Plant in winter after a suitable ground cover is edtablished. Keep roots moist until

st. Sa a depth, or dightly deeper than they grew in the nursery. Avoid wading or
crumpling roots. Plant seeding with roots straight down and firm the soil around roots.
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Mulching

When using conventiond seeding equipment, use dry straw or hay of good qudity, free of seeds
of competing plants and at a rate of 2 1 /2 tons per acre. Apply within 24 hours after seeding.
Anchor the mulch by pressing it into the soil or with 250 gds. Per acre of Grade AE-5 or SS-1
agphalt emulsion sprayed onto the mulch asiit is gected from the mulch spreading equipment.

When using hydraulic seeing equipment, use 500 pounds per acre of wood cellulose or cane fiber
mulch and gpply in the durry in combination with fertilizer and seed. Within 24 hours &fter
seeding is complete gpply 2 Y% tons per acre of dry straw or hay that is free of seeds of competing
plants. Anchor 250 gds. Per acre of Grade AE-5 or SS-1 asphat emulson sprayed onto the
mulch asit is gected from the mulch spreading equipment.

Top Dressing

Use 50 pounds of avalable nitrogen. For spring plantings, apply when grass plants are about 2
to 4 inchestadl. For fal planting, apply the following March or April.

Second Y ear Fertilizer

In March or April of sericea's second growing season, apply broadcast 700 pounds per acre of O
14-14 fertilizer.
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U.S. Dept. of Agriculture All Resource Areas
Soil Conservation Service Georgia

LAND AND RECREATION AREA IMPROVEMENT

Definition: Establishing grasses to improve an areafor lawn or recreation use.

Purposes  To increase the atractiveness and usefulness of lawns and recregtion areas and to
protect the soil and plant resources.

Where Applicable: On any area planned for lawn or recrestion use.

Specifications-Grassing

Grading and Shaping

Remove objectionable rocks, stumps and other obstructions and do necessary grading and
shaping to form the desired contour of the lands. When grading work is completed, the drainage
isto be channeled into protected outlets and generdly away form buildings.

Lime and Fatilizer

The lime used must be within the specifications of the Georgia Depatment of Agriculture.
Apply at arate of 1 ton per acre (45 pounds per 1,000 sg. ft.) for sandy soils or 2 tons per acre
(90 pounds per 1,000 sg. ft.) for clayey soils, or use amount indicated by soil tests.

Note: Usudly no lime is needed for centipede grass as its optimum pH range is 5.0 to
6.0. Use 1,000 to 1,500 pounds per acre (25 to 40 pounds per 1,000 sg. ft.) of 6
12-12 fertilizer. (For centipede use 400#/A—10#/100 sq. ft. of 12-4-4 fertilizer.)
Apply both lime and fertilizer uniformly immediady before land preparation so it
can be mixed with the soil.

Land Preparation

If no topsoil exidts or is available, 1 to 2 inches of old sawdust or other organic materid Spread
over the surface will be hepful. Thoroughly bresk the soil 4 to 6 inches deep. It must be wel
pulverized, smoothed and firmed. Use a ripper, chisd, rotator, or other gppropriate tool that will
not invert but incorporate applied materials.
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A. To Egablish by Seeding

Shade Panting | Ratein Pounds
Seed Adaptation Tolerance | Date 1000 sg. ft. | Acre
Common Bermuda | All Georgia Poor 31-771 |1 40
Centipede Centrd & South | Far 31-7/11 | Ya 8
Carpet Central & South | Good 31-771 |3 110
Kentucky Bluegrass | North Georgia Good 9/1-11/1 | 3 110
Tal Fescus North Georgia Good 91-111 | 4 150

"Use a cultipacker seed, drill, rotary seeder, or appropriate seeder to distribute seeds uniformly.
Cover seed lightly. Seeding must be done on afreshly prepared and firmed seedbed.

Mulching

Use 2 tons per acre (90 pounds per 1,000 sq. ft.) of good qudity straw or hay free of seeds of
competing plants. Spread uniformly by hand or with mulch spreader immediately after seeding.
Anchor ether with emulsfied asphdt, by pressing into the soil with disk st in draight postion,
commercid netting, or frequent wetting with weter.

[rrigation

Immediady following mulching, goply water until soil is thoroughly wet (1 to 1% inches). The
rate of gpplication must e such that no soil movement will occur. Repeat gpplications as needed
to keep the soil thoroughly moist until a satisfactory stand of grass has been established.

B. To Egablish by Sprigs or Sod Plugs

Use cetified plant materid (anywhere in Georgia — a hybrid Bermuda grass or one of the
zoysas in centrd and south Georgia — St. Augustine or centipede grass). Plant fresh, live, wel-
rooted single sprigs or 1 % to 2-inch sod plugs. Space in 12-inch rows, 3 to 6 inches apart.
Cover well but leave the tip end or portion with leaves exposed. Firm soil around plant with a
roller or by walking on them.

293



Mulching

Use 1 to 1 % tons per acre (45 to 65 pounds per ,000 sq. ft.) of good quality straw or hay free of
seeds of competing plants.  Spread uniformly by hand or with mulch spreader as planting
progresses.

[rrigation

As planting progresses, apply water until the soil is thoroughly wet. Keep soil moist until plants
are wedl| established.

C. To Edablish by Sodding

Use sod of uniform thickness containing at least a 1-inch layer of soil (excduding top growth).
Use only sod that has been lifted within a 36-hour period and kept moist.

Lay sod in drips across the dope darting a the bottom and working up (during periods of high
temperature, lightly irrigate the soil immediately prior to laying the sod). Stagger the joints, dl
joints must be butted tight to prevent voids which could cause drying of the roots or invite
eroson.

Rall sod immediately following placement to insure solid contact of root mat and soil surface.

On steep dopes, secure sod to soil surface by covering with heavy jute or plagtic netting. Use
wire stapes or “T'S’ to anchor.

[rrigation

Immediately following anchoring sod, water until moisture penetrates the soil layer benesth sod.
Keep soil moist for at least two weeks.

Eroson control matting or netting — such as excedor, jute, textile and plastic matting and
netting.

Cutback asphat dow curing applied at 1200 gallons per acre (or Y2 gdlons per 9. yd.).

Polyethylene film may be secured over banks or dockpiled soil materid for temporary
protection.

Applying and Anchoring Mulch:
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A. Apply sraw or hay mulch uniformly by hand or mechanicdly. Anchor as gppropriate and
feasble. It may be pressed into the soil with a disk harrow with the disk set straight or with a
specid “packer disk.” The dsk may be smooth or serrated and should be 20 inches or more
in diameter and 8 to 12 inches gpart. The edges of the disk should be dull enough not to cut
the mulch but to pressit into the soil leaving much of it in an erect pogtion.

Mulch spread with specid blower-type equipment may be anchored with emulsfied asphat
(Grade AE-5 or SS-1). The agphdt emulson must be sorayed onto the mulch as it is gected
from the machine. Use 100 gdlons of the emulson and mix with 100 gdlons of weater per
ton of mulch.

B. Spread wood waste uniformly on dopesthat are 3:1 and flatter. No anchoring is needed.

C. Commercid matting and netting.  Follow manufacturer’s specification included with the
meaterid.

D. Apply asphdt so area has uniform appearance. (Note: Use in aress of pededtrian traffic
could cause problems of “tracking in” or damage to shoes, clothing, etc.)
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U.S. Dept. of Agriculture All Resource Aress
Soil Conservation Service Georgia

MULCHING

Definition:  Applying plant resdues or other suitable materids not produced on the gSte to the
soil surface.

Purposes  To conserve moisture, prevent surface compaction or crusting, reduce runoff and
eroson control undesirable vegetation, modify soil temperature, increase biologica activity in
the soil.

Where Applicable. On any bare or denuded area which may be subjected to erosion for up to 12
months, and where a mulch is needed to control eroson and water pollution by sediment prior to
the establishment of finished grade or permanent vegetation.

The temporary measures should be coordinated with the permanent eroson control measures
planned to assure economica and effective control.

Specifications

For temporary protection of critica areas without seeding:

Graded a cleared areas which may be subjected to eroson for 6 months or less, where seedlings
may not have a suitable growing season to produce an erosion retardant cover, but which can be
established with a mulch cover.

Site Preparation:

A. Grade, as needed and feasble, to permit the use of equipment for applying and anchoring
mulch.

B. Indall needed eroson control measures as required such as interceptor ditches, berms and
terraces, ripping and desilting basins.

C. Asneeded and feasible, loosen compact soil to a minimum depth of 3 inches.

Mulching Materids

A. Dry straw or hay spread at arate of 2 ¥2tons per acre.
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B. Wood waste — chips, sawdust or bark spread 2 to 3 inches degp (about 6 to 9 tons per acre).
The foregoing measures have been developed by the Soil Conservation Service from

long experience with rurd problems of eroson and, more recently, with Stuaions arisng from
urban and suburban devel opment.

Some additiond stratagems follow, which have been used successfully in practicd Stuations.
. HAY BALES

Bded Hay, draw, or pine sraw furnishes a temporary dlt filtering device of great smplicity
and reasonabl e effectiveness, in severa gpplications.

1. Peripherd gt barrier.
Usee To trap sediment where runoff flows overland on mild dopes toward project
boundaries, or a points of concentration at boundaries.

The standard developed for use in Fulton County appears on page 94.

2. Cofferdamsfor Drainage structures.
Use'To surround and project drainage structures, such as catch basins and drop inlets,
until sedimentation ceases.

‘u - o e op oub ok arle o e o
—]- | Dravd  IncsT :
|
RL '
1 || STaveTwRe | Cone
7, Gurren
\/ 0
.-1,/4. . 3 ’
g'gg% B ) L

Stake baleswhere possible. On paved surfaces, tie adjoining balestogether
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(NOTE: Where grated drop inlets are located in paving,
until paving is-done, the surrounding area
can be used to. trap silt.)

keep free of Silt

LLJ_LJ.JJ.J.J_IT.{_.S.
"

3. Ditch Checks.
Use: 1In roadside or diversion ditches, to trap sediment
at intervals, along their own courses.
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Il. EARTH BERMS

Use: Asaperipherd st barrier, to prevent travel of sediment before it leaves property.

Construct in 6" to 8 in lifts. Compact by traversng with earthmoving equipment or use
rollers or other compacting equipment. (NOTE: Without proper compaction, an earth berm
is, asarule, smple erodible materid concentrated at a convenient place for erosion.)

I1l. RETENTION BASINS

Where a permanent retention basis is to be used as a sediment basn during congruction, the
outlet invert must be undercut so tha it shal be above the basn bottom by an amount

varying from 6-inches to 24-inches.
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CHAPTER 13

CHAPTER 15- WATER QUALITY BEST MANAGEMENT PRACTICES

15.0 GENERAL INTRODUCTION

Traditiondly, sormwater management design efforts focused on the prevention of property
damage from flooding (quantity and peek discharge rate); runoff collection sysems such as
curbs and gutters, and pipe conveyance systems, which discharged directly into recelving water
bodies. It is now becoming increesngly recognized that the higtoricdly surface waeter
management approach used for pesk discharge rate control is insufficient to address runoff
problems effectively. Therefore, dl devdopments that require a Land Disturbance Permit
(L.D.P) and Exemption Pat, shdl include provisons to mitigate the dte post-development
surface water runoff qudity and quantity to mimic the undeveloped naturd runoff conditions or
closdy approximate the conditions before development (i.e. time of concentration, travel
timettiming, discharge rate and velocity) on gdte, a the dte outlet(s) and downsream of the
proposed development. Therefore, the god is lower the probability of downstream flooding,
water quaity protection, streambank erosion, sedimentation and provide water for other
beneficia uses.

The basc surface water qudity runoff messures utilized in ormwater quaity management can
be separated into two types:.

1. non-sructural Best Management Practices (BMPs) or Source Control;
2. dructural Best Management Practices.

Non-gructurd  practices can be used for pollution prevention or prevent runoff problems, and
gructura practices (BMPs) help mitigate the problems

Additiondly, broadening the County’s runoff qudity management program requires a better
sormwater management gpproach. Therefore, the developer should utilize a three (3) Phases
approach described bel ow to accomplish the surface water management on esch Ste.

PHASES
1. Fanni

At the planning phase of each project, the following shdl be incorporated into Site Ssormwater
runoff management systems.

a) Theengineering planning for the runoff of each ste should describe how the proposed
development will manage the post- devel opment surface water runoff quality and quantity, to
include post-development Best M anagement Practices (BMP’s).
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b)

c)

d)

Incorporate into the project planning process the concept that every piece of land isa part of
alarger drainage basin/system; therefore, the projects sormwater runoff management system
should support the entire sub-drainage basin, basin or system.

Andyze the combine runoff/discharge and timing impacty(s) of exiging offdte sorage
facility(ies)and the proposed Site storage facility(ies) on offdte, surface water conveyance
system(s)

Describe in detail the actions necessary to analyze downstream conveyance system capacity
to accept the upstream post-developed runoff or discharges without adverse impacts on the
system. Examples of downstream impacts may be stream bank erosion, habitat destruction,
flooding and the overtopping of existing conveyance system.

2. Concept Plan

A stormwater concept plan of the proposed project shall be developed and submitted to the
Department of Public Works for review and approval. This concept plan shall include the
following:

a)

b)

f)

Site plans depicting the location of al post-devel opment Best Management Practices
(BMP s) to be utilized to control surface water runoff qudity and quantity to the
predevel opment level.

Documentation to demonstrate that the plans submitted addressed adequately the Public
Work’ s stcormwater concept plan preparation guidelines and criteria.

A map depicting al gpplicable existing or proposed Best Management Practice (BMP) outlet
gtructure flow discharge paths to the appropriate downstream receiving conveyance system.

A description of the Ste existing horizonta floodplain limit, if gpplicable.

Documentation describing the preliminary implementation of 1.b and ¢, as applicable, with
detail engineering design or andysisto be included as a part of the project Land Disturbance
Permit (LDP) submittal.

Incorporated appropriately into the project plan any impacts the development may have on
date waters, stream buffer, such asthe piping of tributary. Also indicate possible buffer
variance. Examples of the genera items to be depicted on plan are: centerling, top of banks,
and areas of encroachment etc.

3. Find
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The proposed fina design and congtruction documents of the project may include the following:

a) Thedetailed engineering analysis, design and specification of each proposed BMP and/or
sormwater storage facility and conveyance systems.

b) All gpplicable detailed engineering andysis, (hydrology, hydraulics of the site, existing flood
plain describing eevation(s) and horizontd limit) and hydraulic calculations of conveyance
systems providing, if necessary, al supporting documentation (with relevant feg(s) to satisfy
the County’ s floodplain management program, including the Federal Emer gency
Management Agency (FEMA).

c) Condruction documentsdrawings suitable for issuance of a Land Disturbance Permit
(LDP).

15.1 NON-STRUCTURAL BEST MANAGEMENT PRACTICES (BMPs)

15.1.1 Introduction

Within the trestment train “concept, the non-structura BMPs should be the firgt line of defense
in protecting receiving sreams.  In most cases, non-structura BMPs are easer and less codlly to
prevent pollutants from entering the drainage sysem, than trying to control pollutant with
dructural BMPs.  In addition, non-structural BMPs tend to be less codly, easer to design,
implement and esser to mantan than sructurd BMPs.  Therefore, if used properly, non
gructurd BMPs can be very effective in controlling pollutants and greatly reduce the need for
Sructural BMPs.

Non-gructurd BMPs normdly do not have technicd or engineering designs associated with
them but are measures that the County, development engineers, other agencies or groups may
utilize or implement to asSgt in the management water quaity and the control of pollutants
within the County. Following is a brief discusson of some non-structural BMPs that can be used
within a gormwater qudity management plan for different portions of the drainage system. (See
15.1.2 — 151.12) Temporary BMPs used during construction activities are not discussed in this
chapter. BMPs may remove or manage the following maor pollutants associated with urban
runoff:

. organic matter,

. nitrogen,

. phosphorus,

. heavy metdsincluding copper, lead, nickel, cobdt and zinc,

. sediment

. bacteria, and

. temperature.
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15.1.2 Public Education/Participation

Public education/participation is not sO much a Best Management Practice, as it is a method by
which to implement BMPs.  Public education/participation is a vitd component of many of the
individua source control BMPs. A public education and participation plan provides the County
with a drategy for educating its employees, the public, and businesses about the importance of
protecting stormwater from improper use, storage, and disposa of pollutants. County employees
should be trained, especialy those that work in departments that may not be directly related to
sormwater but whose actions affect sormwater. Residents must become aware that a variety of
hazardous products are used in the home and that their improper use and disposa can pollute
dormwater and groundwater supplies. Businesses, paticulaly smdler ones that may not be
regulated by Federa, State, or loca regulations, must be informed of ways to reduce their
potentid to pollute Ssormwater.

15.1.3 Land Use Planning/M anagement

This BMP presents an important opportunity to reduce the pollutants in sormwater runoff by
using a comprehensive planning process to control or prevent certain land use activities in areas
where water qudity is sendgtive to development. It is applicable to dl types of land use and
represents one of the most effective pollution prevention practices.  Subdivison regulations,
zoning ordinances, preliminary plan reviews and detalled plan reviews, ae tools that may be
used to mitigate sormwater contaminaion in newly developing arees.  Also, magter planning,
cluster development, terracing and buffers are ways to use land use planning as a BMP in the
norma design for subdivisons and other urban developments. An impervious cover limitetion is
one of the more effective land use management tools, snce naionwide research has consgently
documented increases in pollution loads with increases in impervious cover. In addition to
controlling impervious area cover, directly connected impervious arees are kept to a minimum.
This is especidly important for large impervious areas such as parking lots and highways and it
can aso be effective for small impervious areas such as roof drainage.

15.1.4 Material Use Controls
There are three mgor BMPsincluded in this category:
1. Housekeeping Practices

2. Safer Alternative Products
3. Pesticide/Fertilizer Use

In housekeeping practices, the god is to promote efficient and safe practices such as storage, use,
cleenup, and digposa, when handling potentidly harmful materids such as fertilizers, pesticides,
cdeaning solutions, paint products, automotive products, and swimming pool chemicds. In
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addition, the use of less harmful products can be promoted. Alternatives exist for most product
classesincluding fertilizers, pesticides, cleaning solutions, and automotive and paint products.

Pedticides and fertilizers have become an important component of land use and maintenance for
municipdities, commercid land uses and resdentid land owners.  Any usage of pedticides and
fertilizers increases the potentia for sormwater pollution. BMPs for pedticides and fertilizers
include education in ther use, control runoff from affected areas, control times when they are
used, provide proper disposal aress, etc.

15.1.5 Material Exposure Controls
There are two mgor BMPs included in this category:

1. Materid Storage Control
2. Vehicle Use Reduction

Materid storage control is used to prevent or reduce the discharge of pollutants to stormwater
from maerid ddivery and dorage by minimizing the dorage of heazardous materids ongte,
storing maerids in a dedgnaed areg, inddling secondary containment, conducting regular
ingpections, and training employees and subcontractors.

Vehicle use reduction is used to reduce the discharge of pollutants to sormwater from vehicle
use by high-ligting the stormwater impacts, promoting the benefits to sormwater of dternative
trangportation, and integrating initiatives with existing or emerging regulations and programs.

15.1.6 Material Disposal and Recycling

There are three mgjor BMPsincluded in this category:

1. Storm Drain Sysem Signs
2. Houschold Hazardous Waste Collection
3. Usad Qil Callection

Stenciling of the storm drain system (inlets, catch basins, channds, and creeks) with prohibitive
language/graphic icons discourages theillegd dumping of unwanted materials. Storm drain
system dgns act as highly visble source controls thet are typicaly stenciled directly adjacent to
gorm drain inlets.

Household hazardous wastes are defined as waste materids which are typicaly found in homes
or similar sources, which exhibit characteristics such as: corrogvity, ignitability, reactivity,

and/or toxicity, or are listed as hazardous materias by the EPA. Household hazardous waste
collection programs are a preventative rather than curative measure and may reduce the need for
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more elaborate trestment controls. Programs can be a combination of permanent collection
centers, mobile collection centers, curbside collection, recycling, reuse, and source reduction.

Used ail recycling is aresponsble dternative to improper disposal practices such as dumping ail
in the sanitary sewer or storm drain system, applying oil to roads for dust control, placing used
oil and filtersin the trash for digposd to landfill, or smply pouring used oil on the ground.
Commonly used oil collection dternatives are atemporary "drop off" Site on designated
collection days or the use of private collectors such as automobile service stations, quick ail
change centers and auto parts stores.

15.1.7 Spill Prevention And Cleanup
There are two mgjor BMPsincluded in this category:

1. Vehide Saill Control
2. Aboveground Tank Spill Control

The purpose of avehicle spill control program isto prevent or reduce the discharge of pollutants
to sormwater from vehicle leaks and spills by reducing the chance for spills by preventive
maintenance, sopping the source of pills, containing and cleaning up spills, properly disposing
of spill materias, and training employees. It isaso very important to respond to spills quickly
and effectively.

Aboveground tank spill control programs prevent or reduce the discharge of pollutants to
sormwater by ingaling safeguards againgt accidental releases, ingaling secondary contain-
ment, conducting regular inspections, and training employees in standard operating procedures
and il cleanup techniques.

15.1.8 Dumping Controls

This BMP addresses the implementation of messures to detect, correct, and enforce aganst
illegd dumping of pollutants on dreets and into the sorm drain system, streams, and creeks.
Substances illegdly dumped on dreets and into the storm drain system and creeks include paints,
used oil and other automotive fluids, congruction debris, chemicas, fresh concrete, leaves, grass

clippings, and pet wastes.

15.1.9 Connection Controls
There are three mgor BMPsincluded in this category:

1. lllicit Connection Prevention
2. lllicit Connection Detection and Remova
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3. Lesking Sanitary Sewer Control

[llicit connection protection tries to prevent unwarranted physica connections to the storm drain
sysem from sanitary sewers, floor drans eic., through regulation, regular inspection, testing,
and education. In addition, programs include implementation control procedures for detection
and removd of illegd connections from the storm drain conveyance system. Procedures include
field screening, follow-up testing, and complaint investigation.

Lesking sanitary sewer control includes implementing control procedures for identifying, repair-
ing, and remediaing infiltration, inflow, and wet wegther overflows from sanitary sewers into
the sform drain conveyance sysem. Procedures include field screening, testing, and complaint
investigation.

15.1.10 Street/Storm Drain Maintenance
There are seven mgjor BMPsincluded in this category:

. Roadway Cleaning

Catch Basin Cleaning

. Vegetation Controls

. Storm Drain Flushing

Roadway/Bridge Maintenance

. DetentionVInfiltration Device Maintenance
. Drainage Channdl/Creek Maintenance

~NoOUThWNE

Roadway cleaning may help reduce the discherge of pollutants to stormwater from street
surfaces by conducting cleaning on a regular basis. However, cleaning often removes the larger
szes of pollutants but not the smdler szes. Mog pollutants are deposited within three feet of
the curb which s where the roadway cleaning should be concentrated. Catch basin cleaning on a
regular bass dso heps reduce pollutants in the sorm drain system, reduces high pollutant
concentrations during the firgt flush of storms, prevents clogging of the downstream conveyance
system and restores the catch basins sediment trapping capacity.

Vegedion control typicaly involves a combinaion of chemicd (herbicide) application and
mechanica methods. Mechanicd vegetation control includes leaving exising vegetaion, cutting
less frequently, hand cutting, planting low maintenance vegetation, mulching, collecting and
properly disposing of clippings and cuttings, and educating employees.

Storm drains can be "flushed" with water to suspend and remove deposited materids. Hushing
is particularly beneficid for storm drain pipes with grades too flat to be sdf-cleansng and helps
ensure pipes convey design flow and removes pollutants from the storm drain syssem. However,
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flushing will only push the pollutants into downsream receiving waters unless the discharge
from the flushing is captured and removed from the drainage system. Jet-Vac trucks should be
employed to remove debris from this process.

Roadway/bridge maintenance is used to prevent or reduce the discharge of pollutants to storm
water by paving as little are as possble, desgning bridges to collect and convey sormwater to
proper locations, usng messure to prevent runoff from entering the drainage system, properly
disposing of maintenance wastes, and training employees.

Proper maintenance and dSltation remova is required on both a routine and corrective bads to
promote effective sormwater pollutant remova efficiency for wet and dry detention ponds and
infiltretion devices. Also, regulaly removing illegdly dumped items and materid from storm
drainage channels and creeks will reduce pollutant levels.

15.1.11 Per manent Erosion Control
There are three mgor BMPsincluded in this category:

1. Erosion Control - Permanent V egetation
2. Erosion Control - Flow Control
3. Eroson Control - Channd Stabilization

Vegedion is a highly effective method for providing long term, cost effective eroson protection
for a wide variety of conditions. It is primarily used to protect the soil surface from the impact of
ran and the energy of the wind. Vegetation is dso effective in reducing the veocity and
sediment load in runoff sheet flow.

Channel stabilization addresses the problem of eroson due to concentrated flows. Concentrated
flows occur in channels, swales, creeks, rivers and other water courses in which a substantia
drainage area drains into a centra point. Overland sheet flow begins to collect and concentrate
in the form of rills and gullies after overland flow of as little as 100 feet. Hosion due to concer+
trated flow is typicdly extendve, causng lage <ol loss undermining foundations and
decreasing the flow capacity of watercourses.

Proper sdection of ground cover is dependent on the type of soil, the time of year of planting,
and the anticipated conditions that the ground cover will be subjected. In addition, mulching is a
foom of eoson protection which is commonly used in conjunction with establisment of
vegetation. It typicdly improves infiltration of water, reduces, runoff, holds seed, fertilizer and
lime in place retans soil moisure, hdps mantan temperaures, ads in germination, retards
eroson and helps establish plants in disturbed aress.
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Once flow is dlowed to concentrate, it is more difficult to control eroson problems. Thus every
effort should be made to maintain sheet flow conditions for runoff. Where concertrated flows
ae unavoidable, the following technigues may be used to control eroson that may result in
water quality problems:

* RipRap » Gabions * Check Dams
* Level Spreaders » Armor Protection  « Diversons

For more information on eroson control consult the publication, Manud for Eroson and

Sediment Control in Georgia, avalable from the Georgia Soil and Waer Conservation
Commission.

15.2 STRUCTURAL BEST MANAGEMENT PRACTICES (BMPSs)

15.2.1 Introduction

To provide some guidance in the design and use of different structurd BMPs this section gives
gpecifications and performance standards for severa BMPs that could find gpplication within
the County. However, schematic figures are included for other gpplicable BMPs

Following ae the required gpecifications, recommended gpecifications, operation and
maintenance recommendations, and peformance dandards for approximately nine different
dructurd BMPs.  For example, designs of the severd infiltration facilities included as BMPs in
the chepter, and the water qudity volume and peak discharge, described in Appendix A. The
appropriate BMP design example from other sources can be utilized.

Recommended BMP's

Dry Extended Detention Ponds Bio-retention Systems
Retention /Wet Extended Detention Ponds Sand Filters
Congtructed Wetlands Infiltration Trenches

Grassed Swales Porous Pavement
Vegetated Filter Strips and Flow Spreaders Qil/Grit Separators
Wet Extended Detention Ponds

Each dructurd BMP, peformance standard is included to give a generd idea of the pollution
remova rates for that BMP. The genera design criteria for Fulton County is to desgn BMPs to
treet the runoff from the firg 1.2 inch of ranfdl, from the dte, with a detention time of 48
hours. The design criteria for BMPs listed above as developed for the Georgia Stormwater
Desgn Manud (Atlanta Regiond Commisson, 2000), may be used , after consultation and/or
gpprova of the County Public Works Director or designee.
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15.2.2 Extended Detention Ponds
(SeeFigure 15.1)

STANDARD SPECIFICATIONS FOR EXTENDED DRY DETENTION PONDS

Extended detention ponds shdl be desgned with a detention time of 48 hours. If the dry
extended detention pond is to be designed for only water quality purposes, then the pond should
be designed to capture the first 1.2 inches of rainfal from the dte or the drainage area above the
fadlity.

Required Specifications

Capture the runoff from the fird 1.2 inches of ranfdl from the dte (dry extended
detention ponds only)

Side dopes shdl be no greater than 3:1 if afill dope.

Inlet and outlet located to maximize flow length.

Desgn for full development upstream of contral.

Rip-rep protection (or other suitable eroson control means) for the outlet and dl inlet
gructures into the pond.

One and one-hdf (1 1/2) foot minimum freeboard above pesk Sage for top of
embankment.

Emergency pillway desgned to pass the 100-yer sorm event (must be paved in fill
areas).

Maintenance access minimum of 10 feet wide,

Trash racks, filters or other debris protection on control.

Anti-vortex plates.

Insure no outlet leskage and use anti-seep collars.

Benchmark for sediment removad.

Recommended Specifications

Two stage design for dry extended detention pond only top stage - dry during the 1.2

inches rainfdl event, bottom stage - inundated during storms equd to or less than the 1.2
inches sorm event.

Top stage shdl have dopes between 2% and 5% and a depth of 2to 5 feet.
Bottom stage maintained as shallow wetland (6 to 12 in.).

Manage buffer and pond as meadow.

Minimum 25-foot wide buffer around pool (or as approved).

On-gte disposa areas for two sediment remova cycles.

Impervious soil boundary.

Design as off-line pond to bypass larger flows.
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Design as sediment settling basin for pretrestment of the larger particles.

Pilot channd of paved or concrete materia for eroson control (dternatey use turf if
thereislittle low flow). Size such that any event runoff will overflow the low flow
channd into the pond floor..

Operation And Maintenance Recommendations

A dormwater management essement and maintenance agreement shdl be required for each
fadlity.

Extended dry ponds are used where lack of water or other multi-use consderations
preclude the use of wet ponds or constructed wetlands.

Operation and maintenance is the same as for detention.

Maintenance activities include keeping the outlets unclogged, control of vegetation,
removal of sediment deposits, keeping aesthetics of area acceptable.

Performance Standards

Soluble pollutant remova rates are low for extended dry detention ponds but can be
enhanced ather with greetly increased detention time, through the use of shdlow
marshes to increase biologica uptake, or through using an infiltration device downsiream
from the outlet orifice.

Average annua pollutant removal capability of extended detention pondsis asfollows:

Pollutant 1.2 Inch Ran Same as Previous
Detained 48 hours ~ w/ Shalow Marsh

Sediment 80% 80%

Totd Phogphorus 40% 60%

Tota Nitrogen 20% 40%

BOD 40% 40%

Metds 60% 60%

Dry extended detention ponds are presumed to be able to remove 80% of the total
suspended solids load in typica urban post development runoff.

Dry detention ponds are presumed to be able to remove 50% of the total suspended solids
load in typicd urban post-deve opment runoff.
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Figure 15-1 Dry Extended Detention Pond Schematic
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15.2.3 Retention Ponds

(See Figures 15.2a— 15.2¢)

STANDARD SPECIFICATIONS FOR RETENTION/WET EXTENDED DETENTION
PONDS

Retention ponds shdl be desgned with a minimum detention time of 48 hours. If the retention
pond is to be desgned for only water qudity purposes, then the pond should be designed to
capture the firg 1.2 inch rainfdl event for the dte drainage area totd impervious surface above
the fadility.

Required Specifications

Capture the runoff from the firgt 1.2 inches of rainfal from the Ste.

Minimum detention time of 48 hours.

Minimum length to width ratio of 2:1 (preferably expanding outward toward the outlet).
Irregular shorelines for larger ponds provide visud variety.

Inlet and outlet located to maximize flow length. Use bafflesif short- circuiting cannot be
prevented with inlet-outlet placement.

Minimum depth of permanent pool 2 to 3 feet, maximum depth of 9 to 12 feet. Average
depth should be 3 to 7 fest.

Desgn for full development upstream of control.

Fill sde dopes shdl be no greater than 3:1.

Rip-rap protection (or other suitable eroson control means) for the outlet and dl inlet
gructuresinto the pond. Individua boulders or baffle plates can work for this.

One and one-hdf (1 1/2) foot minimum freeboard above peak stage for top of embank-
ment.

Emergency drain; i.e. duice gate, drawdown pipe; capable of draining within 24 hours.
Emergency spillway designed to pass the 100-year storm event.

Minimum 25 foot wide buffer around pool (or as approved).

Trash racks, filters, hoods or other debris control on riser.

A cleared and graded maintenance access easement that isaminimum of 10 feet wide.
Maintenance access minimum of 25 feet wide.

Benchmark for sediment removad.

Provide forebay designed with 10 percent of the required volume. Forebay should have
Separate drain for de-watering. Provide grass bio-filters for smdler ponds.

Provide maintenance access drive with a minimum width of 10 feet.
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Recommended Specifications

Multi-obj ective use such as amenities or flood control.

Minimum drainage areamay be 20 acres (as applicable).

Landscaping management of buffer.

Desgn for multi-function as flood control and extended detention.

Minimum length to width ratio of 3:1 to 4:1 (preferably wedge shaped).

Use reinforced concrete instead of corrugated metal.

Congder atificia mixing for smal sheltered ponds.

Impervious soil boundary to prevent drawdown.

Shdlow marsh areaaround fringe 25 to 50 percent of area (including agquetic vegetation).

A safety bench with minimum width of 10 feet should be provided around the permanent

pool.
On-ste digposa aress, for two sediment remova cycles, protected from runoff.

An oil and grease skimmer for sites with high production of such pollutants.

Operation And Maintenance Recommendations

Sediment to be removed when 20% of sorage volume of the fadlity is filled (design
storage volume must account for volume lost to sediment storage).

Sediment traps shall be cleaned out when filled.

No woody vegetation shdl be dlowed on the embankment without specia design provi-
sons.

Other vegetation over 18 inches high shal be cut unlessit is part of planned landscaping.

Déebris shdl be removed from blocking inlet and outlet Sructures and from areas of
potentid dogging.

The control shdl be kept dructurdly sound, free from eroson, and functioning as
designed.

Periodic removal of dead vegetation shall be accomplished.

No standing water is dlowed within extended detention pond unless specificaly desgned

for.

I ngpection requirements should be outlined in the maintenance agreement.

The ste should be inspected and debris removed after every magor storm.

All specid maintenance respongibilities will be listed in the maintenance agreemertt.

Mow embankment and side dopes at least twice a year.

Consder chemica trestment by dum if algd blooms are a problem.

Performance Standards

Wet extended ponds are very effective in removd of both the soluble and particulate
fractions of pollution.
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Average annud pollutant remova cgpability of wet pondsis as follows.

Pollutant 0.5 Inch Per Impervious Acre
Sediment 60%
Tota Phosphorus 40%
Tota Nitrogen 20%
BOD 20%
Metas 20%
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Figure 15.2A Schematic of Wet Extended Detention Pond
(May utilize design example from other sources)
Source: Georgia Stormwater Management Manud, Volume 2, Technical Handbook
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Figure 15.2B Schematic of Wet Pond
(May utilize design example from other sources
Source: Georgia Stormwater Management Manud, Volume 2, Technical Handbook
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Figure 15.2C Micropool Extended Detention Pond
(May utilize design example from other sources)
Source: Georgia Stormwater Management Manud, Volume 2, Technical Handbook
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15.2.4 Sand Filters

(SeeFigure 15.3, 15.3A, and 15.3B)
STANDARD SPECIFICATIONS FOR SAND FILTERS

Required Specifications

Maximum contributing drainage area of 50 acres.

1-inch rainfal desgn sorm.

Designed to completely empty in 48 hours or more.

Inlet structure shdl be designed to spread the flow uniformly across the surface of the
filter media

Stone riprgp or other disspation devices shdl be ingdled to prevent gouging of the sand

media and to promote uniform flow.

Final sand bed depth shal be at least 18 inches.

Under- drain pipes shdl consst of man collector pipes and perforated latera branch
PIPEs.

The under- drain piping shal be reinforced to withstand the weight of the overburden.

Internd diameters of latera branch pipes shal be 4 inches or grester and perforations
shdl be 3/8 inch.

Maximum spacing between rows of perforations shdl not exceed 6 inches.

All piping shal be schedule 40 polyvinyl chloride or greater strength.

Minimum grade of piping shdl be 1/8 inch per foot (1% dope).

Accessfor cleaning dl under-drain piping shall be provided.

A minimum infiltration rae of 0.5 inches per hour should be used for dl infiltration
designs, incdluding sand filters.

Provide pre-eitling basin.

Two sand filter configurations are recommended for use:

1) Sand Bed with Gravel Layer;

Top layer of sand shdl be aminimum of 18 inches of 0.02 - 0.04 inch diameter
sand (smaller sand sizeis acceptable).

A layer of one-hdf to 2-inch diameter gravel under the sand shdl be provided for
aminimum of 2 inches of cover over the top of the under-drain latera pipes.

No gravel isrequired under the laterd pipes.

The sand and gravel shall be separated by alayer of geotextile fabric.

2) Sand Bed with Trench Desgn;
Top layer of sand isto be 12-18 inches of 0.02 - 0.04 inch diameter sand (smaller
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Szeisacceptable).

Laterdsto be placed in trenches with a covering of one-hdf to 2-inch grave and
geotextile fabric.

The laterd pipes are to be underlain by alayer of drainage métting.

A pre-sattling basin and/or bio-filtration swale is recommended to pretrest runoff
discharging to the sand filter.

A maximum spacing of 10 feet between laterd under-drain pipesis recommended

Operation And Maintenance Recommendations

A sormwaer management easement and maintenance agreement shal be required for
eech facility. The mantenance covenant shdl require the owner of the sand filter to
periodicaly clean the structure.

Scrape off sediment layer buildup during dry periods with steel rakes or other devices.

Replace some or dl of the sand when permeability of the filter media is reduced to
unacceptable levels which should be specified in the design of the facility.

Performance Standards

Sand Filtration Basins

All runoff up to design volume isfiltered through sand bed.
The storage volume is based on runoff volume of the 1-inch rainfal evert.
Estimated long-term pollutant remova rates as follow:

Pollutant Removad Rate (%)
Primary Pollutants Tota Phosphorus 65

Lead 50

BOD 60
Other Pollutants Sediment 85

Tota Nitrogen 50

Zinc 60

COD 80

Bacteria 50-60

Filtration System Performance Enhancement

Sand/peat beds have higher removal effectiveness due to adsorptive properties of

pest.

Desgns incorporating vegetative cover on the filter bed increase nutrient remova.
Pretreatment (sedimentation or oil and grease removd) will enhance the

performance of the filter and will decrease the maintenance frequency required to
maintain effective performance.
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Figure 15.3A Schematic of Surface Sand Filter
Source: Georgia Stormwater Management Manual, Volume 2, Technica Handbook
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Figure 15.3B Schematic of Perimeter Sand Filter
Source: Georgia Stormwater Management Manual, Volume 2, Technical Handbook
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15.2.5 Constructed Wetlands

(SeeFigure 154, 15.4A, 15.4B, 15.4C, and 15.4D)

STANDARD SPECIFICATIONS FOR CONSTRUCTED WETLANDS

Required Specifications

Inflow of water must be grester than that leaving the basin by infiltration or exfiltration.

Desgned for an extended detention time of 48 hours for the 1.2 inch ranfal event
material or other debris that will enter the basn with sormwater runoff. Therefore, some
form of protection againgt blockage shdl be inddled (such as some type of non
corrodible wire mesh).

Surface area of the wetland shdl account for a minimum of 3 percent of the area of the
watershed draining into it.

The length to width ratio shall be at least 2 to 1.

A s0il depth of at least 4 inches shall be used for shalow wetland basins.

Approximately 75 percent of the wetland shall have water depths less than 12 inches, and
25 percent of the wetland shall have depths ranging from 2 to 3 feet.

The degper area of the wetland shal include the outlet structure so outflow from the basin
is not interfered with by sediment buildup.

A forebay shal be edablished at the pond inflow points to capture larger sediments and
be 4 to 6 feet deep. Direct maintenance access to the forebay shall be provided with
access 25 feet wide minimum and 5:1 dope maximum. Sediment depth markers shall be
provided.

If high water velocity is a potentid problem, some type of energy disspation device shdl
beingdled.

The desgner shdl maximize use of pre and post-grading pondscaping design to creste
both horizonta and verticd diveraty and habitat.

A minimum of 2 aggressve wetland species (primary species — Figurel5.4) of vegetation
shall be established in quantity on the wetland. (See Appendix C)

Three additiond wetland species (secondary species- Figure 15.4) of vegetation may be
planted on the wetland, dthough in far less numbers than the two primary species.(See
Appendix C)

30 to 50 percent of the shalow (12 inches or less) area of the basin shal be planted with
wetland vegetation.

Approximatdy 50 individuds of each secondary species shdl be planted per acre; set out
in 10 clumps of gpproximately 5 individuals and planted within 6 feet of the edge of the
pond in the shallow area leading up to the ponds edge; spaced as far gpart as possible, but
no need to segregate species to different areas of the wetland.
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Wetland mulch, if used, shdl be spread over the high marsh area and adjacent wet zones
(-6 to +6 inches of depth) to depths of 3 to 6 inches.

A minimum 25 foot buffer, for al but pocket wetlands, shal be established and planted
with riparian and upland vegetation (50 foot buffer if wildlife habitat vaue required in
design).

Surrounding dopes shdl be gdabilized by planting in order to trgp sediments and some
pollutants and prevent them from entering the wetland.

A mantenance plan shal be provided and adequate provison made for ongoing
ingoection and maintenance, with more intense activity for the firsd three years dfter
congtruction.

The wetland shdl be maintained to prevent loss of area of ponding weater available for
emergent vegetation due to sedimentation and/or accumulation of plant materid.

Recommended Specification

It is recommended that the frequently flooded zone surrounding the wetland be located
within approximately 10 to 20 feet from the edge of the permanent pooal.

Sail types conducive to wetland vegetation should be used during congtruction.

The wetland should be desgned to dlow dow percolaion of the runoff through the
subgtrate (add a layer of clay for porous substrates).

The depth of the forebay should be in excess of 3 feet and contain approximately 10
percent of the total volume of the norma pooal.

As much vegetation as possble and as much distance as possble should separate the
basn inlet from the outlet.

Of the 75 percent of the wetland that should be 12 inches deep or less, it is recommended
that approximately 25 percent range from 6 inches deep to 12 inches deep, and that the
remaining 50 percent be 6 inches or lessin depth.

The water should gradually get shalower about 10 feet from the edge of the pond.

The planted areas should be made as square as possible within the overdl desgn of the
wetland, rather than long and narrow.

The only dte preparation that is necessary for the actud planting (besdes flooding the
basn) is to ensure that the subdrate is soft enough to permit relatively easy insertion of
the plants.

Operation And Maintenance Recommendations

A sormwaer management easement and maintenance agreement shal be required for
eech facility. The maintenance covenant shdl require the owner of the wetland to
periodicdly cleen the dructure. The maintenance agreement shdl provide for ongoing
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ingoection and maintenance, with more intense activity for the firsd three years dfter
congtruction.

The wetland shdl be maintained to prevent loss of area of ponding water avalable for
emergent vegetation due to sedimentation and/or accumulation of plant materid.

Sediment forebays shdl be cleaned every 2 to 5 years except for pocket wetlands without
forebays which are cleaned after a six inch accumulation of sediment.

The ponding water area may be maintained by raisng the devation of the water leved in
the permanent pond by raisng the height of the orifice in the outlet dructure, or by
removing accumulated solids by excavetion.

Waer levds may need to be supplemented or drained periodicaly until vegetation is
fully established.

It may be desirable to remove contaminated sediment bottoms or to harvest above ground
biomas and remove it from the dte in order to permanently remove pollutants from the
wetland.

Performance Standards

Performance depends on appropriate plantings for the soils, climate, and types of
pollutants or land use (ol and grease, high sediment loads, high nutrient loads) in the
drainage area.

Design performance depends on protecting marsh-type plantings.

Performance enhancement can be obtained by increasing the size of the marsh area, by
incorporating multiple pools into marsh area, or by incorporating a network of shalow
channelsin the marshy area.

Edimated long-term pollutant remova rates as follow:

Pollutant Removd Rate (%)
Primary Pollutants Totd Phosphorus 50

Lead 75

BOD 50
Other Pollutants Sediment 90

Totd Nitrogen 40

Zinc 75

COD 55
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Figure 15.4 Shdlow Marsh Planting Strategies
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Figure 15.4A Schematic of Shdlow Wetland
Source: Georgia Stormwater Management Manual, Volume 2, Technical Handbook
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Figure 15.4B Schematic of Extended detention Shallow Wetland
Source: Georgia Stormwater Management Manud, Volume 2, Technica Handbook
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Figure 15.4C Schematic of Pond/Wetland System
Source: Georgia Stormwater Management Manual, Volume 2, Technical Handbook
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Figure 15.4D Schematic of Pocket Wetland
Source: Georgia Stormwater Management Manud, Volume 2, Technica Handbook
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15.2.6 Infiltration Trenches
( SeeFigure 15.5)

STANDARD SPECIFICATIONS FOR INFILTRATION TRENCHES

Required Specifications

Used in small drainage areas less than 15 acres.

Drainthe 1.2 inchrainfal storm in 48 hours (or as approved).

A minimum of one soils boring is required for every 50 feet of trench length, and no less
than 2 soils logs for each proposed trench location. Borings should be taken to a depth of
a least five feet below the trench depth.

Each soils boring shdl extend a minimum of 3 feet beow the bottom of the trench,
describe the NRCS series of the soil, the textura class of the soil horizon(s) through the
depth of the log, and note any evidence of high ground water level, such as mattling. In
addition, the location of impermeable soil layers or dissmilar soil layers should be
determined.

For runoff treatment, the soil infiltration rate should be between 0.5 and 2.4 inches per
hour.

Soil textures with minimum infiltration rates of 0.17 inches per hour or less are not
suitable for infiltration trenches.

Soils that have a 30 percent or grester clay content are not suitable for infiltration
trenches.

Soils that are auitable for infiltration sysems are sSlt loam, loam, sandy loam, loamy
sand, and sand.

The use of infiltration sysems on fill is not dlowed due to the posshility of cregting an
unsgtable sub-grade.

A minimum of 3 feet difference is required between the bottom of the infiltration trench
and the groundwater table and to bedrock.

Site dope must be less than 20 percent, trench must be horizontal.

The proximity of building foundations shdl be at least 10 feet horizontdly.

A minimum of 100 feet from water supply wdls shdl be mantaned when the runoff is
from industrid or commercid aress.

The desgn infiltration rate shal be egud to one-hdf the infiltration rate found from the
s0il texturd andyss.

Water qudity infiltration trenches must be preceded by a pretreatment BMP.

If the trench is preceded by a pre-settling basin, then the combination of both BMPs must
be designed to drain the 1 inch rainfal design storm within 48 hours.
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The aggregate maerid for the trench shdl condst of a dean aggregate with a maximum
diameter of 3 inches and aminimum diameter of 1.5 inches.

Stone aggregate backfill materid for the trench shdl have a maximum diameter of 3
inches and a minimum diameter of 1.5 inches. For design purposes, void space for these
aggregates may be assumed to be in the range of 30 percent to 40 percent.

The aggregate shdl be completdly surrounded with an engineering filter fabric. If the
trench has an aggregate surface, filter fabric shdl surround al aggregete fill materid
except for the top one foot.

Runoff mus infiltrate through a leest 18 inches of soil, which has a minimum cation
exchange capacity of 5 milliequivaents per 100 grams of dry soil.

An observation wdl shdl beingdled for every 50 feet of trench length.

The observation well shal consst of peforaed PVC pipe, 4 to 6 inches in diameter,
located in the center of the structure, and be congructed flush with the ground eevation
of the trench.

The top of the observation well shal be capped to discourage vandalism and tampering.

Bypass larger flows.

Recommended Specifications

Infiltretion trenches work well for resdentid lots, commercid aress, parking lots, and
open space aress.

Can beingdled under aswae to increase the storage of the infiltration system.

Infiltration systems shdl not be condructed until all condruction areas draining to them
arefully gabilized.

An andyss shdl be made to determine any possble adverse effects of seepage zones
when there are nearby building foundations, basements, roads, parking lots, or doping
gtes.

Operation And Maintenance Recommendations

A sormwaer management easement and maintenance agreement shal be required for
eech facility. The maintenance covenant shdl require the owner of the infiltration trench
to periodicaly clean the structure.

The trench shdl be monitored after every large sorm (>1 inch in 24 hours) for the first
year after completion of construction and be monitored quarterly theregfter.

Sediment buildup in the top foot of stone aggregate or the surface inlet shal be monitored
on the same schedule as the observation well.
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Figure 15.5 Infiltration Trench
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Performance Standards

Full exfiltration trench
Runoff can only exit the trench by exfiltrating through the stone into the underlying
soils.
The storage volume is based on runoff volume of the 1-inch rainfal sorm.

Estimated long-term pollutant removal rates as follows:

Pollutant Removal Rate (%0)
Primary Pollutants Total Phosphorus 65
Lead 95
BOD 90

Pollutant Remova Rate (%0)
Other Pollutants Sediment 90
Tota Nitrogen 60
Bacteria 98

Water qudity trench
The storage volume is based on firgt flush volume of 1 inch of runoff from the

contributing area.
Edimated long-term pollutant remova rates as follow:

Pollutant Remova Rate (%)

Primary Pollutants  Tota Phosphorus 60

Lead 85
BOD 80
Other Pollutants ~ Sediment 90
Tota Nitrogen 55
Bacteria 90

Partid exfiltration system

The trench is not designed to rely completely on exfiltration to dispose of the
captured runoff volume, a perforated pipe is used to drain part of the volume, being
placed either benegth or near the top of the trench.

The system is not as effective as afull exfiltration system.
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Addition of alayer of very sandy soil over the gravd trench resultsin remova
rates as high as 60 percent for the suspended sediment and trace meta oads, 50
percent for oxygen demand, and 40 percent for nutrient loads.

Pretreatment

Pretreatment minimizes trench maintenance requirements.

Suspended sediment |oads which will clog the trench can be reduced by requiring
that the stormwater runoff pass through a 20-foot grassed filter strip prior to entering
the trench.

Hydrocarbon loadings (oil and grease) that will clog the filter fabric and sand
filter underlaying the trench can be reduced by the use of il and grit chambers (when
recelving large parking lot and roadway runoff).

15.2.7 Filter Strips And Flow Spreaders

(See Figure 15.6 and 15.7)

STANDARD SPECIFICATIONS FOR FILTER STRIPS AND FLOW SPREADERS

Required Specifications

The use of filter grips and flow spreaders shdl be limited to drainage areas of 10 acres or less
with the optima size being lessthan 5 acres.

Capacity of the spreader and/or filter strip length (perpendicular to flow) shdl be

determined by estimating pesk flow from the 25-year storm if the entire storm is routed
through the soreader or the 1 inch firg flush ranfdl sorm if this volume of flow is
diverted to the spreader for water qudity control.

Drainage areainto spreader shal be restricted so that maximum flow will not exceed 30

cfs.

Channd grade for the last 20 feet of the dike or diverson entering the level sporeader shdl
be less than or equa to 1% and designed to provide a smooth trangition into Spreader.

Grade of level spreader shdl be 0%.

Depth of level spreader as measured from the lip shdl be at least 6 inches.

Appropriate length, width, and depth of flow spreader shal be sdected from the follow-
ing table.
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Design Entrance Depth End Length

Flow (cfs) Width (ft) (ft)

Width (ft)(ft)
0-10 10 0.5 3 10
10- 20 16 0.6 3 20
20-30 24 0.7 3 30

Leve spreader lip shdl be constructed on undisturbed soil (not fill material) to uniform

height and zero grade over length of the spreader.

Released runoff to outlet onto undisturbed stabilized areas in sheet flow and not alowed

to re-concentrate below the structure,

Sope of filter strip from level spreader shall not exceed 10 percent.

All disturbed areas shdl be vegetated immediately after construction.

Filter drip width to be aminimum of 20 feet.

Top edge of filter srip shdl directly aout the contributing impervious area and follow the

same eevationd contour line.

Runoff water containing high sediment loads to be trested in a sediment trapping device
before release in aflow spreader.

Spreader lip to be protected with eroson resstant material, such as fiberglass matting or
a rigid nonrerodible materid for higher flows, to prevent eroson and dlow vegetation to
be established.

Wooded filter strips are preferred to gravel strips.

Operaion And Maintenance Recommendations

A dormwater management easement and maintenance agreement shal be required for
eech fadlity. The mantenance covenant shdl require the owner of the filter srip/flow
Spreader to periodicdly clean the structure.

Fow soreader shdl be inspected after every ranfdl until vegetation is established, and
needed repairs made promptly.

After areais stabilized, ingpections shdl be made quarterly.

Vegetation shal be kept in a hedlthy, vigorous condition.

Filter gtrip and flow spreader shal be maintained in a manner to achieve sheet flow.

Performance Standards

Generd Paformance Information
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Filter strips must accept stormwater runoff as overland sheet flow in order to
effectively filter suspended materids out of the overland flow.

In order to function properly, the strip should be a least as wide as the flow path
entering the filter, and flow entering a filter grip must be spread rdatively uniformly
over the width of the grip.

The remova of soluble pollutants is low because the degree of infiltration provided is
generdly very smdl.

Removas of nutrients and oxygen demand decrease as the amount of day in the soil
increases.

Filter gtrip applications should be limited to drainage areas of 10 acres or less, with
the optimal Sze being lessthan 5 acres.

The use of filter Strips to treat parking lot runoff or dreet runoff should incorporate a
level spreading device such as a shalow stone filled trench or dotted parking blocks.

20-Foot Wide Grassed Filter Strip

Minima pollutant remova. This desgn primaily removes the coarser suspended
particdesin runoff by the lowering of runoff velocities.

Pollutant removd enhanced by mild dopes minima mowing/ mantenance,
sugtaining natura cover if possible.

Long term estimated removd of pollutantsis asfollows:

Pollutant Removd Rate (%)
Primary Pollutants ~ Tota Phosphorus 10

Lead 30

BOD 10
Other Pollutants Sediment 30

Totd Nitrogen 10

COD 10

Copper 30

Zinc 30

100- Foot Wide Grassed Filter Strip
Maxima naturd pollutant remova. This design removes both fine ad coarse

suspended particlesin runoff by lowering runoff velocities over a sgnificant length of
flow path.
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Pollutant removas can be enhanced by mild dopes, minima mowing/mainterance,
sugtaining natura cover if possible

Long term estimated removal of pollutantsis asfollows:

Pollutant Removd Rate (%)
Primary Pollutants ~ Tota Phosphorus 50

Lead 90

BOD 70

Pollutant Remova Rate (%)
Other Pollutants Sediment 90

Tota Nitrogen 50

COD 70

Copper 90

Zinc 90
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Figure 15.6 Flow Spreader
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Figure 15.7 Schemetic of aFilter Strip
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15.2.8 Grassed Swales

(See Figure 15.8 and 15.9)

Standard Specifications For Grassed Swales

Grassed swaes are also described as bio-filtration swaes with the mgor difference being tha
grassed swales often have check dams where bio-filtration swaes do not.

Required Specifications

Grassed swale shdl only convey stlanding or flowing water following astorm.

As a water qudity BMP, grass swaes shdl be desgned for the 1 inch ranfdl desgn
gorm. If the entire channel design storm is to be accommodated in the swde (eg., 25
year) then the swale shdl be designed for this event.

Limited to peek discharges generdly lessthan 5to 10 cfs.

Limited to runoff velocities less than 2.5 ft/s.

Maximum design flow depth to be 1 foot.

Swale dopes shdl be graded as close to zero as drainage will permit.

Swale dope shdl not exceed 2%.

Swale cross-section shdl have sde dopes of 3:1 (h:v) or flatter.

Underlying soils shdl have a high permeshility (fc > 0.5 inches per hour).

Swde area shdl betilled before grass cover is established.

Dense cover of a water tolerant, erosion resstant grass shal be established over swae
area.

To obtain credit as a water qudity BMP, grassed swaes must have a minimum length of
100 feet.

As a BMP, grassed swdes are limited to reddentid or ingitutiond areas where
percentage of impervious areaisreatively smdl.

Seasondly high water table to be greater than 3 feet below the bottom of the swale.

Check dams can be inddled in swaes to promote additiona infiltration. Recommended
method is to snk a railroad tie hafway into the swale. Riprap stone should be placed on

the downstream side to prevent erosion.

Maximum ponding time behind check dam to be less than 48 hours.

Operation And Maintenance Recommendations

A dormwater management easement and maintenance agreement shal be required for
eech facility. The maintenance covenant shdl require the owner of the grassed swae to
periodicaly clean the structure.

342



Grass swde shal be maintained to keep grass cover dense and vigorous.

Maintenance shdl include periodic mowing, occasona spot reseeding, and weed control.
Swale grasses shal never be mowed close to the ground.

Fertilization of grass swale shdl be done when needed to maintain the hedth of the grass,
with care not to over-gpply the fertilize.

Performance Standards

Genegrd Performance Information

Grassed swales provide awater quaity benefit by filtering sugpended materid out

of the oveland flow. They have litle or no vaue a removing soluble pollutants
because the degree of infiltration provided is generdly smal.

In order to function optimally, a grassed swae must be in an areawhere its

longitudina dope is very dight (2% or less). The table bdow shows the low remova
rates for grassed swaes on a 5 percent dope.  If discharges or velocities are greater
than those recommended (greater than 10 cfs or 2.5 ft/s, respectivey), the ability of
the swale to perform as awater quality BMP is severely impaired.

The use of check damsin the swale helpsto lower the discharge velocity and can,

in some cases, dlow ther beneficid use in Stuations where the swale dope is greater
than recommended.

Rainfdl events of less than 0.25 inches may show increased removals due to the

dower velocitiesin the swales.

Grassed Swales on a 5% Slope

Long term estimated removd of pollutantsis as follows

Pollutant Remova Rate (%)
Primary Pollutants Total Phosphorus 10

Lead 10

BOD 10
Other Pollutants Sediment 10

Tota Nitrogen 10

COD 10

Copper 10

Zinc 10
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Grassed Swales on a Sope Less Than 5% With Check Dams

Long term estimated removal of pollutantsis asfollows

Pollutant Removd Rate (%)
Primary Pollutants Tota Phosphorus 30

Lead 10

BOD 30
Other Pollutants Sediment 30

Tota Nitrogen 30

COD 30

Copper 10

Zinc 10
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Figure 15.8 Schematic of a Grass Swae
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Figure 15.8A Schemeatic of a Dry Swde
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15.2.9 Oil/Grit Separators

(See Figure 15.10)
STANDARD SPECIFICATIONS FOR OIL/GRIT SEPARATORS

Required Specifications

Separators shdl be sized for the 1-inch ranfdl desgn sorm. Larger storms shal not be
allowed to enter the separator.

Separator shdl be sructurally sound and designed for acceptable traffic loadings where
subject to traffic loadings.

Separator shall be designed to be water tight.

Volume of separator shdl be at least 400 cubic feet per acre tributary to the fadility (first
two chambers).

Forebay or fird chamber shdl be designed to collect floatables and larger settleable
solids.  Its surface area shdl not be less than 20 square feet per 10,000 square feet of
drainage area.

Oil absorbent pads, oil skimmers, or other approved methods for removing accumulated
oil shdl be provided.

Separator pool shall be at least 4 feet deep.

Wars, openings, and pipes shdl be szed to pass asa minimum a 25-year storm.

Manholes shdl be provided to each chamber to provide access for cleaning.

Recommended Specifications

Oil absorbent pads, oil skimmers, or other approved methods for removing accumulated
oil shdl be provided.

Separator to be located close to the source before pollutants are conveyed to storm sewers
or other BMPs.

Use only on Sites of lessthan one acre.

Provide perforated covers as trash racks on orifices leading from first to second chamber.

Use three chambers for trestment smilar to Figurel5.10.

Center chamber may contain a coadescing medium to enhance the gravity separating
process.

Storm drain inlet in third chamber to be located above floor to permit additiond settling.
Stormwater from rooftops and other impervious areas not likey to be polluted with oil
shall not discharge to the separator.

Design to bypass flows above 400 cubic feet per acre.
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Operation And Maintenance Recommendations

A sormwaer management easement and maintenance agreement shal be required for
eech fadlity. The maintenance covenant shdl require the owner of the separator to
periodicaly clean the structure.

Cleaning quarterly shdl be a minimum schedule with more intense land uses such as gas
gations requiring ceaning as often as monthly.

Cleaning sdl include pumping out wastewater and grit and having the water processed
to remove oils and metals.

Performance Standards

Oil & Grease Separator Performance

These devices are for the most part ineffective as a stand aone treatment of

sormwater runoff quality, unless hydrocarbons are the only pollutant of concern.
Hydrocarbons in urban runoff can effectively clog the infiltration capacity of

under-lying soils because they tend to atach themsdves to particles in the water
column and settle to the bottom of the BMP.

The remova of hydrocarbons will extend the maintenance interva required for

downstream BMPs by removing these substances which impair their effectiveness.

Primary Pollutants - Phosphorus, Lead, BOD

Performance standards as related to phosphorus, lead, and BOD are not relevant.
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Figure 15.9 Qil/Grit Separator
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15.2.10 Alternate Structural BMP's

Prior to the submitta of a development permit with a structurad BMP not included in the manud,
written approva must be received from the Director of the Department of the Public Works, that
the use of the dternate BMP is alowed.

Requests for gpprova to an dternate BMP must be made in writing and shdl include the
following information. Developer may be required to pay a fee so that the County can have the
design reviewed by an independent expert or panel of experts.

1) Judification for the proposed BMP facility

2) Summary of BMP Submitted for approval

3) Description of design

4) Minimum and maximum flows (drainege areg) that BMP can handle
5) Pollutantsthat are removed by the BMP

6) Pollutant removd efficiency

7) BMP Desgn Drawings

8) BMP Desgn cdculations

9) Research data supporting water quaity efficiencies
10) Monitoring program to document remova efficiencies
11) Maintenance program

12) Safety and aesthetic considerations

A request for gpprova will be submittal to a review committee. The review committee shdl be
sdected by the County. Members on the committee shdl be representatives of the following

groups.

1) County

2) Site design engineer consultant
3) Environmentd engineer consultant
4) Environmentdist

5) Contractor

6) Deveoper

The BMP shdl be evaduated based on the following criteria

1) Independent test results/studies

2) Maintenance requirements

3) Dedgn theory

4) Rdiability

5) Hidory of use

6) Other factors determined by the review committee
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Approva of dternates will require a monitoring program with a period of a least three years
with quarterly samples. The program should be in accordance with Fulton County’s Municipa
NPDES Stormwater permit sampling requirements.

Approval of dternates will require a surety to cover replacement of the dternative with a BMP
included in the Design Manud.

The surety will be required during the period of testing. The developer shdl provide a plan usng
BMP's included in the Design Manud and reserve space on the proposed development plan to
implement these BMP's should the dternative BMP fal. The County can use the surety to
ingdl the BMPs included in the Desgn Manud if the sampling program is not followed,
maintenance requirements are greeter than anticipated, if the results do not meet the daims of the

goproved design, or the Director of the Department of Public Works determines that the BMP is
not functioning satisfactorily.

Approva of dternaiveswill require reporting to include maintenance activities and test results.

The review committee shdl recommend gpprovd or denid of the BMP, monitoring
requirements, maintenance requirements, and surety requirements. The Director of the
Depatment of Public Utilities shdl decide if the BMP should be approved. Appeds of the
Director’ s decision can be made in accordance with the Fulton County appeal s process.

The County will maintain a record of dternative BMP desgns that have been submitted or are
under testing. BMP sthat meet desgn damswill be included in the Desgn Manudl.
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15.3 STREAMBANK RESTORATION

Although effective watershed runoff controls are needed to diminae the root causes of stream
degradation, stream hedth can dso benefit from restoration efforts that directly target the stream
channd and stream banks. Stream bank erosion needs to be hated, and both in-stresm and
riparian habitats restored. Such a program requires expertise in areas such as stream forming
processes, dope dabilization, plant science, and aquatic biology. Loca Soil Conservation
Service and Fish and Wildlife Service daff may be ale to provide some of this expertise
Stream restoration includes three mgjor activities:

1) Riparian reforestation.

2) Streambank gtabilization.
3) Streambed restoration.

Riparian Reforestation

The contribution of trees and woody understory vegetation to the maintenance of stream hedth
cannot be overdated. Streamside forested areas not only provide habitat, shade, and forage for
both aquatic and land-based species, but their ability to filter pollutants and rainfal provides a
buffer, a last line of defense, from watershed runoff. A program to restore forested streamside
areas should receive early consderation, because it can be one of the most cost-effective steps
that a community takes in its sream restoration efforts.  The objective should be to replicate or
mimic the naturd ecosysem as much as possble, so mixed-age native plant and tree species are
preferred. The cost effectiveness of the program can be increased by encouraging participation
by citizen volunteers. Though most revegetation efforts focus on streambanks, the hydrologic
characterigtics of the watershed can be improved by upland reforestation as well.

Streambank Stabilization

Anyone faced with an eroding or collgpsing streambank needs firs to determine the cause of the
problem. Streambank eroson occurs for a number of reasons, including increased stream
velocity, obdacles in the stream, floating debris, wave action, and direct rainfall. Streambank
falure occurs when a large section of streambank collgpses into the stream channd.  Among the
causes of dreambank falure are changes in channel cross-section through down-cutting of the
sreambed and undercutting of the bank, increased load on the top of the bank, and interna
pressure from uneven water absorption.

Sdection of an appropriate bank stabilization method requires careful andyss of each ste. No
sngle method requires careful andyds of each ste. No single method is appropriate in dl
gtuations. Technicd advice will often be needed, and is avalable from sources such as the loca
Soil Conservation Service and Cooperative Extenson Service offices, or from  private
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consultants.  One important note: a Corps of Engineers permit may be needed before any
materid is placed in a stream or adjacent wetlands. The Corps of Engineers Savannah Didtrict
office should be contacted (1-800-448-2402 or 1-912-652-5347.)

Detailed discusson of the many posshle stream and streambark dabilization techniques is
beyond the scope of this Manual, but one general gpproach needs to be mentioned because of
growing redlization of its contribution to the overal hedth of streams. The gpproach has been
cdled to bioengineering or biotechnica approach. Its am is to replicate or reintroduce naturd
sream and dope sabilization processes as much as possible. The biotechnical approach to dope
protection combines the use of mechanicd (or structurd) eements with biologicd dements
(plants), functioning together and mutualy reinforcing each other (Gray and Leser, 1982).
Biotechnicd techniques in which plant materids ae the primary sructurd component have
come to be identified by the term “soil bioengineering”.  Techniques include ingdling plantings
of woody vegetation such as willows, ether as individud live cuttings, or in bundles of cuttings.

If planted correctly and given time to establish root systems, the cuttings can grow into a dense
network of protective vegetation that can bend but not bresk under sress and that is sdf-
repairing.  The vegetation's root matrix provides resstance to the diding and shear displacement
forcesinvolved in dope erosion.

Although “living congruction” methods have been sysemdticdly studied and used in Europe for
more than haf a century, technicd information on such methods became easly avaldble in the
United States only recently. The Pennsylvania Scenic Rivers Program’'s 1986 guidebook for
landowners is an atractive, reader-friendly publication (Pennsylvania Scenic Rivers Program,
1986). The lzask Wdton League of America has published a 21-page survey of stream-bank
dabilization methods (Izask Wdton League of America, 1989). The Washington Department of
Ecology’s draft Stormwaer Management Manua for the Puget Sound Basin includes
bicengineering methods among the many groups of protection measures that it describes
(Washington Department of Ecology, 1992). Also, the Georgia Soil and Water Conservation
Commisson plans to include a detalled description of the concepts in a new guidebook titled
Controlling Streambank Erosionwhich will soon be avalladle.

Gray and Leiser ligt four reasonsto prefer biotechnical approaches.

1) Their cod effectiveness. Lower cost vegetative treatments can reduce the amount of higher
cost structural treatments that may be needed.

2) Ther environmental compdtibility. Biotechnical systemstend to blend into the landscape
and arelessvisudly intrusve. Examplesinclude log or timber cribs gabion and rock breast
walls, and reinforced earth. In addition, wherever possible, vegetation isincorporated into
the Structures, for example by planting in the spaces between structura members.
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3) Ther use of indigenous, naturd materids. Wherever possible, naturd localy available
materials are used: earth, rock, timber, vegetation - in contrast to man-made materids such as
stedl and concrete.

4) Ther labor- and skill-intensveness. Well-supervised, skilled labor can often be substituted
for high-cost, energy-intensive materids (Gray and Leiser, 1982).

Most importantly, biotechnical methods contribute to the support and protection of the ecology
of adream in ways that purely structura techniques do not.

If possible, aqudified bioengineer should be consulted to evauate Site conditions and determine
the appropriated mix of measures that will adequately solve the problem and stand up to the test
of time. In some cases, a soldly vegetative gpproach may be al that is needed. In others,
conditions such as excessve stream vel ocities or poor soil conditions may require a combination
of vegetative and structural ements. And in gtill others, space limitations or

other conditions may require asolely structura gpproach such as stone walls or bulkheads.
Some of the most common conditions that may preclude the soil bioengineering preference for
vegetative measures include inadequate space, heavy pededtrian traffic, the need for an
unobstructed view, and too much shade.

Streambed Restor ation

Prior to any streambed restoration, upstream conditions should be assessed. Without corrective
mesasures or retrofitting upstream, slormwater flows could quickly destroy any restoration work.
If the steam isin equilibrium, or if gppropriate corrective measures are in place, streambed
restoration can recregate the habitat conditions needed to support aquatic life. Severa factors may
need to be addressed in streambed restoration:

Replacement of pools and riffles.

Velocity control.

Restoration of the stream gradient and normd flow channdl.

Remova of mgor stream obstructions.

Restoration of suitable channd patterns. There are three mgjor channel patterns.
()meandering - which is characterized by reptitive bends, (2) irregular - which is more or
less draight; and (3) braided - which separates and rejoins around idands. Which patternis
appropriate depends upon surrounding soil and dope conditions, as well asthe origina
stream patterns (Dunne, 1978).

Restoration of the substrate (remova of sediment and replacement with gravel and cobbles,
as appropriate for the streams).

Restoration of adjacent wetlands and floodplains.

The number of factors affected by restoration and the extent of the measures taken will depend
upon individua stream conditions. Some techniques permit the stream flows themsalves to work
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to restore hedlthier streambed conditions; others require excavation and physica redlignment of
the stream channel. Three basic techniques include deflectors, in-stream boulders and drop
dructures. With many variations, these techniques are used throughout the country.

Deflectors can be easily constructed of common, local materia such as cobbles, boulders and
logs, and are adaptable to avariety of conditions and Stream Szes. They are sited in the channd
with the intent of deflecting the current into amore narrow channdl.  Deflectors can use the
stream flow for avariety of purposes, including degpening channels, devel oping downstream
pools, enhancing pooal riffle ratios and asssting in the restoration of meander patterns with
channelized reaches. There are severd deflector designs, such as smple double “wing deflector”
that consists of rock structures on each bank deflecting the streamflow to acentral channd,
single deflectors dong one bank, deflectors offset on opposite banks of a stream to imitate
meanders, and V-type deflector, which is placed in the middle of the channds with the point of
the“V” pointing upsiream deflecting water towards both banks. Thistype of deflector helpsre-
establish riffles and pools downstream. An underpass deflector isalog placed across asmall
sream severd inches off the bottom. Water is deflected under the log which helps remove
sediment deposits and restore pools. (Gore, ed., 1985) (Kumble, 1990).

Drop Structures include a number of variations such as weirs, check dams, sills and plunges.
They can serve avariety of functionsin streambed restoration depending upon their design,
Including: dowing streamflow; degpening existing pools, and cresting new pools upstream and
downstream. Structures with notches can be used to control heavy sormwater flows and can
help re-establish deep pools immediately downstream. Drop structures can be made of concrete,
logs or boulders. Log or boulders structures can be used to replicate smdl falsor rapids. Single
log dams across a streambed are Smple and effective in restoring plunge pools. TheK-damisa
variant of the single log dam, so named by added downstream bracing. In some areas, especidly
headwater areas, reintroducing beavers has been effective in restoring habitat (Gore, ed., 1985).
Their dams function as drop structures in headwaters and on small streams.

Boulder placement isathird in-channd treatment that can assist streambed restoration. Boulders
can be used to reduce veocity, restore pools and riffles, restore meanders, provide cover and
protect eroded banks by deflecting flow (Gore, ed., 1985). Boulders can be placed randomly or
inapattern. Placing themina*“V” pointed upstream produces eddies that replicate riffles as
well as restores downstream pools. Combined with placement of cobbles and gravels, boulder
placement can aso help restore the stream substrate.

Excavation and fill may also be necessary to restore the stream gradient, the norma flow channd
and the stream channel pattern, including meanders and braids, where appropriate. Channel
pattern restoration should be combined with streambank restoration and re-vegetation. Streams
that have been severdly degraded by large amounts of sediment or heavy sormwater flows may
require grester restoration work. Sediment may have to be removed mechanically and replaced
with gravel and cobbles to replicate the origina streambed. Magjor debris accumulation that is
obgtructing flows may dso need removal.
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Regtoration of riparian wetlands and floodplains can aso be included in re-vegetation project
with specid consderation given to planting species appropriate to the specific Ste conditions,
including soil types, and degree of saturation. The following can provide further information on
streambed restoration:

1) Guiddinesfor Streambank Restoration. State Soil & Water Conservation Commission, 1994

2) Soil Conservation Service Engineering Field Book, Part 650, 1992

3) TheRedoration of Rivers and Streams. James A. Gore, Editor, 1985.

4) Stream Restoration Along the Greenways in Boulder, Colorado. John L. Barnett, 1991

5) The State of the Anacostia 1989 Status Report, Peter A. Kumble, 1990.

6) A Streambank Stabilization and Management Guide for Pennsylvania Landowners.
Commonwedlth of Pennsylvania, Department of Environmental Resources, 1986.

7) Stream Obdruction Remova Guiddines. Wildlife Society and American Fisheries Society,
1983.
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APPENDIX A: EXAMPLE DESIGN APPLICATIONS

A.1 Example Design - Infiltration Trenches

All equations used in the following section are fully documented and discussed in Maryland's
Department of Natura Resources Standards and Specifications for Infiltration Practices, 1984
(See Reference #2).

Site Layout
The gtefor an infiltration trench congsts of two aress;

1.The portion of the watershed that contributes direct runoff to the infiltration trench, which
isdenoted as A,; and

2.The portion of the watershed alocated to the basin (does not contribute runoff to the
trench), which is denoted as A,. The subscript u and b are used to indicate the upland and basin
drainage areas, respectivey.

Design Procedure

Sepl Cdculate the volume of runoff, in inches, from the firgt 1.2-inch of rainfal over
the total impervious surfaces included within the proposed development, DQ,.

Sep 2 Compute the maximum alowable trench depth (dmax) from the feasibility equation
15A.1

dmax = FtWr (Al)
Where:F = minimum irfiltration rate, inhr
ts = Storagetime, hr
V, = void ratio in s0il or rock
Sep 3 Sdect the trench design depth (d;) based on the depth that is at least two feet above the

seasond high groundwater table, or a depth less than or equal to dmax, Whichever resultsin the
smaller depth.

Sep 4 Compute the trench surface area (A¢) from Equation A.2:

A = (DQAY/(V/- P+ Ft) (A.2)
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Where: A= surface area of trench, ft2
P =ranfal depth, ft
Other variables previoudy defined

Sep 5 Compute the trench width or length equation A.3.

L= (DQUAW/[(Vrd: - P+ FtgW|] (A.3)
Where: L; = length of trench, ft

W =width of trench, ft

Other variables previoudy defined

In the event that the Sdewadlls of the trench must be doped for stability during construction, the
surface dimensions of the trench area sh