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	This Drainage Design Manual has been prepared as a guide for the hydraulic design of highway drainage facilities.
Drainage criteria and design outlined in this manual reflect the maximum standard achievable that is based on new project development for traditional design, bid, and build projects. Existing conditions represent the minimum standard, which should always be evaluated against the cost of achieving the maximum standard and the purpose and need of the project. The goal is to make improvements proportionate with the purpose and need of the project at minimized project costs without negative impacts to safety. Coordinate any proposed deviations from the maximum standard with the Department prior to incorporation into the design.
Drainage facilities account for approximately one quarter of the total construction cost for most roadway projects. This cost justifies a careful and scientific hydraulic analysis.

	

	[bookmark: _Toc71095305][bookmark: _Toc126318942]Application

	Design drainage facilities following the recommended design procedures noted in this manual to minimize the following:
•	Damage of private property due to flooding
•	Inconvenience to the motorist during moderate to heavy rainfall
•	Disturbance to the environment
Drainage Design Aid Charts have been assembled to assist the Drainage Design Engineer with the hydraulic analysis. Other design charts are available in Hydraulic Engineering Circulars and Hydraulic Design Series prepared by the Federal Highway Administration. Reference is made to those charts as required.
This manual is not a substitute for engineering knowledge, experience, or judgment. Its purpose is to provide uniform procedures for implementing drainage design decisions and assure quality and continuity in drainage of highways in Ohio. Although the manual is considered the primary source of reference for drainage design in Ohio, some of the suggested practices may be inappropriate for projects because of fiscal limitations or other justifiable reasons.
Consideration must also be given to reasonable hydraulic design standards adopted by city, county, or other local governments when designing facilities under their jurisdiction.
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	Sections 1000 and 1100 of the LD2 are written in a two-column format. The left column represents ODOT drainage design specifications, and the right column represents commentary. The commentary may include background information, design guidance or other supplemental information related to a corresponding specification.

	

	[bookmark: _Toc126318944]Preparation

	The Drainage Design Manual has been developed by the Office of Hydraulic Engineering. Errors or omissions should be reported to the Administrator, Office of Hydraulic Engineering. A list of contacts can be found on the OHE website.
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	Updating the manual is intended to be a continuous process. Revisions are issued periodically by OHE and will be available at the ODOT Publications Webpage.
All revisions are shown in highlighted text.
The date of the revision is shown in the document header.
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		County
	Code
	District
	
	County
	Code
	District

	Adams
Allen
Ashland
Ashtabula
Athens
Auglaize
Belmont
Brown
Butler
Carroll
Champaign
Clark
Clermont
Clinton
Columbiana
Coshocton
Crawford
Cuyahoga
Darke
Defiance
Delaware
Erie	
Fairfield
Fayette
Franklin
Fulton
Gallia
Geauga
Greene
Guernsey
Hamilton
Hancock
Hardin
Harrison
Henry
Highland
Hocking	
Holmes
Huron
Jackson
Jefferson
Knox
Lake
Lawrence
	ADA
ALL
ASD
ATB
ATH
AUG
BEL
BRO
BUT
CAR
CHP
CLA
CLE
CLI
COL
COS
CRA
CUY
DAR
DEF
DEL
ERI
FAI
FAY
FRA
FUL
GAL
GEA
GRE
GUE
HAM
HAN
HAR
HAS
HEN
HIG
HOC
HOL
HUR
JAC
JEF
KNO
LAK
LAW
	9
1
3
4
10
7
11
9
8
11
7
7
8
8
11
5
3
12
7
1
6
3
5
6
6
2
10
12
8
5
8
1
1
11
2
9
10
11
3
9
11
5
12
9
	
	Licking
Logan
Lorain
Lucas
Madison
Mahoning
Marion
Medina
Meigs
Mercer
Miami
Monroe
Montgomery
Morgan
Morrow
Muskingum
Noble
Ottawa
Paulding
Perry
Pickaway
Pike
Portage
Preble
Putnam
Richland
Ross
Sandusky
Scioto
Seneca
Shelby
Stark
Summit
Trumbull
Tuscarawas
Union
Van Wert
Vinton
Warren
Washington
Wayne
Williams
Wood
Wyandot	
	LIC
LOG
LOR
LUC
MAD
MAH
MAR
MED
MEG
MER
MIA
MOE
MOT
MRG
MRW
MUS
NOB
OTT
PAU
PER
PIC
PIK
POR
PRE
PUT
RIC
ROS
SAN
SCI
SEN
SHE
STA
SUM
TRU
TUS
UNI
VAN
VIN
WAR
WAS
WAY
WIL
WOO
WYA
	5
7
3
2
6
4
6
3
10
7
7
10
7
10
6
5
10
2
1
5
6
9
4
8
1
3
9
2
9
2
7
4
4
4
11
6
1
10
8
10
3
2
2
1
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	[bookmark: _Toc472669673]Aggregate Drain – A trench filled with granular material extending laterally from the pavement base or subbase layer to an outlet on the roadway foreslope with the intent of draining surface and/or ground water away from the pavement base and/or subbase.

	Annual Exceedance Probability (AEP) – The probability that an event will occur, or be exceeded, in any given year, normally given in percentage.

	Anti-seep Collar – Device that prevents the flow of water through the surrounding soil around a conduit that is used as an outlet for an infiltration, retention, or detention basin.

	Apron – Paving at a pipe inlet or outlet, or upstream of a catch basin, constructed along the channel bottom to prevent scour.

	Backwater Analysis – The determination of water surface profiles measured at specific locations upstream from a constriction causing an increased flow depth upstream.

	Bankfull Discharge – The flow or stage of a stream corresponding to the highest level of active deposition. It is the discharge that, on average, fills a main channel to the point of overflowing. For simplicity, it is generally considered to be approximately the 50% AEP discharge.

	Bankfull Width – The width of a stream or river channel at the elevation where it typically overflows into the floodplain, also known as the channel-forming flow

	Base Flood – (FEMA) The flood having a one percent chance of being equaled or exceeded in any given year. This is the regulatory standard also referred to as the "100-year flood" or the “1% AEP flood.” The base flood is the national standard used by the National Flood Insurance Program (NFIP) and all Federal agencies for the purposes of requiring the purchase of flood insurance and regulating new development. Base Flood Elevations (BFEs) are typically shown on Flood Insurance Rate Maps (FIRMs)

	Base Flood Elevation – (FEMA) The computed elevation to which floodwater is anticipated to rise during the base flood. Base Flood Elevations (BFEs) are shown on Flood Insurance Rate Maps (FIRMs) and on the flood profiles.

	Body of Water – A body of water is any significant accumulation of water, generally on a planet's surface. The term most often refers to large rivers, and lakes, but it includes smaller pools of water such as ponds, or wetlands.

	Bridge – Structure that has a span greater than or equal to 10 feet as measured in a parallel direction to the roadway centerline.

	Camber – A slight convex curve constructed into the bottom of a pipe to overcome anticipated settlement problems.

	Cast-in-place Structure – A concrete drainage structure which is placed in forms and cured at its final location. Precast beams on cast-in-place foundations are considered cast-in-place structures. 

	Catch Basin – A structure for intercepting flow from a gutter or ditch and discharging the water through a conduit.

	Channel – The bed and banks that confine the surface flow of a waterway under normal flow conditions.

	Coefficient of Runoff (C) – A value, varying with the ground and ground cover, which is used in the Rational formula to determine the amount of a rainfall which is directed to streams and not absorbed into the ground.

	Conduit – A closed structure such as a pipe that has a span less than 10 feet as measured in a parallel direction to the roadway centerline.

	Corner Bearing Pressure – The pressure generated at the corners of pipe arch structures.

	Cover – Distance measured from the top of the conduit vertically upward.

	Culvert – A structure used to convey surface runoff through embankments, typically designed hydraulically to take advantage of submergence at the inlet to increase hydraulic capacity. A structure, as distinguished from a bridge, which is usually covered with embankment and is composed of structural material around the entire perimeter, although some are supported on footings with the stream bed serving as the bottom. 

	Cutoff Wall – A wall that extends downward from the end of a structure to below the expected scour depth, or to a scour-resistant material.

	Design Discharge (Q) – The peak rate of flow for which a drainage facility is designed. Usually given in cubic feet per second (cfs).

	Design Service Life – The average usable life of a pipe or structure. A conduit is conserved to have reached the end of its service life when the General Appraisal rating is equal to 4. 

	Design Storm – A given rainfall amount, areal distribution, and a time distribution, used to estimate runoff. The rainfall amount is either a given storm (10% AEP, 4% AEP, 2% AEP, etc.) or a specific large value.

	Detention Basin – A structure that holds water for a short period of time before releasing it to the natural water course.

	Discharge – The volume of water that passes through a given cross-section per unit time; commonly measured in cubic feet per second (cfs).

	Diversion Dike – An embankment to control or to deflect water away from a soil bank.

	Drainage Area – The total surface area contributing discharge to a channel or catchment at a given point.

	Drainage Basin – See Watershed.

	Drop-down Entrance (Drop inlet) – A type of inlet which conveys the water from a higher elevation to a lower elevation smoothly without a free fall at the inlet. 

	Elliptical Pipe – Pipe which is manufactured with a span greater than rise to be utilized in shallow cover situations.

	Ephemeral Stream – A stream or reach of stream that does not flow for parts of the year. As used here, the term includes intermittent streams with flow less than perennial. It is located above the water table year-round. Ground water is not a source of water supply.

	Feasible – Term used to define BMP practicability. A BMP must be:  technically feasible, implemented within the procured highway right-of-way, safe for the traveling public and ODOT maintenance personnel, cost effective as compared to the benefit, and will be legal at the State, Federal, and Local levels.

	Flood Fringe or Floodway Fringe – The portion of the floodplain outside of the floodway.

	Flood Hazard Evaluation – The act of determining if flood levels within a watercourse for a 100-year flood, or other recurrence interval floods have a significantly increased detrimental impact on upstream property.

	Flood Insurance Rate Map (FIRM) – The official map of a community on which FEMA has delineated both the special hazard areas and the risk premium zones applicable to the community.

	Flood Insurance Study (FIS) – A book with information regarding flooding in a community that is developed in conjunction with the FIRM. It discusses the engineering methods used to develop the FIRMs.

	Floodplain – An area of land adjacent to a watercourse which experiences flooding during periods of high discharge.

	Floodplain Culverts – Relief culverts that are placed in addition to a bankfull culvert at a higher elevation across the floodplain to allow multiple outlets for floodwaters.

	Floodplain Study – A more extensive analysis of the effects of flood levels on upstream property than the Flood Hazard Evaluation. This analysis is to be used when upstream properties appear to have been subjected to a significantly increased detrimental effect from the flood flows.

	Floodway – The channel and portion of the floodplain, which is effective in carrying flow, within which this carrying capacity must be preserved and where the flood hazard is generally highest.

	Flowline – see Thalweg

	Forebay – Depressed area that offers pretreatment of sediment laden storm water prior to a retention, detention, or infiltration basin.

	Freeboard – the vertical clearance of the lowest structural member of a bridge superstructure above the water surface elevation.

	Friction Slope – The slope of the energy grade line.

	Granular Material – A term relating to the uniform size of grains or crystals in rock, larger than sand or pea gravel.

	Grate – A type of screen made from sets of bars used to allow the interception of flow and to cover an area for pedestrian or vehicular traffic.

	Headwall – The structural appurtenance placed at the open end of a pipe to control an adjacent highway embankment and protect the pipe end from undercutting.

	Headwater – That depth of water impounded upstream of a culvert due to the influence of the culvert constriction, friction, and configuration.

	Height of Cover – Distance measured from the top of the conduit vertically upward to the pavement surface or finished grade for conduits not under pavement.

	Highest Known Water Elevation – The highest known flood water in record.

	Hydraulic Grade Line – A line coinciding with the level of flowing water in an open channel. In a closed conduit operating under pressure, a line representing the distance water would rise in a pitot tube at any point along a pipe. The hydraulic grade line is equal to the pressure head (P/γ) along the pipe.

	Hydraulic Gradient – The slope of the hydraulic grade line for a storm sewer or culvert.

	Hydraulics – The science concerned with the behavior and flow of liquids, especially in conduits and open channels.

	Hydrology – The science concerned with the occurrence, distribution and circulation of water on the earth, including precipitation, runoff and groundwater.

	Idealized Channel Geometry – Physical, geometric, and hydraulic characteristics of a channel determined from empirical relationships. 

	Impervious Surface – Hardened pavement surface.

	Infiltration Rate – The rate at which water penetrates the surface of the soil at any given instant. The rate can be limited by the infiltration capacity of the soil or the rate at which water is applied.

	Inlet – A structure for capturing concentrated surface flow. May be located along the roadway, in a gutter, in the highway median, or in the field.

	Inlet Control – The situation where the culvert hydraulic performance is controlled by the entrance geometry only.

	Intermittent Stream – A stream that is dry for part of the year, ordinarily more than 3 months.

	Manhole – A structure by which one may access a closed drainage system.

	Micropool –Depressed area providing a settling pool located at the water quality outlet structure of a detention basin.

	MS4 Phase II Regulated Area – Area that has been designated by the Ohio EPA that requires a storm water management plan to discharge storm water.

	Multiple Cell Culvert – A culvert with more than one barrel.

	New Development Project – Projects that change the land use of a site from undeveloped to developed characteristics.

	Ordinary High Water Mark – The line on the shore established by the fluctuation of water and indicated by physical characteristics such as: a clear natural line impressed on the bank, shelving, changes in the character of soil, destruction of terrestrial vegetation, or other appropriate means that consider the characteristics of the surrounding areas. This elevation is lower than the highest known water. 

	Outlet Control – The situation where the culvert hydraulic performance is determined by the controlling water surface elevation at the outlet, the slope, length and roughness of the culvert barrel, as well as the entrance geometry.

	Overland Flow – Water which travels over a surface and reaches a stream.

	Perennial Stream – A stream that flows continuously for all or most of the year. The water table is located above the stream bed for most of the year.

	Permeability – The quality of the soil that enables water to move downward through the soil profile. It is measured in units of inches per hour. 

	pH – The reciprocal of the negative logarithm of the Hydrogen ion concentration. Neutral water has a pH value of 7. A measure of the acidity of a substance, if less than 7; alkalinity if greater than 7.

	Pipe Arch – Pipe which is manufactured with a span greater than rise (semicircular crown, small-radius corners, and large radius invert) to be utilized in shallow cover situations.

	Pipe Underdrain – A longitudinal subsurface drainage system composed of a perforated pipe at the bottom of a narrow trench filled with permeable material and lined with a geotextile in erodible soils, with the intent of draining surface and/or ground waters away from the pavement base and/or subbase.

	Porosity – The volume of voids divided by the total volume and multiplied by 100.

	Prefabricated Edge Drain – A longitudinal underdrain system utilizing a narrow trench and a vertically elongated, perforated water carrier with the intent of draining surface and/or ground water away from the pavement base and/or subbase.

	Prefabricated Structure – Any drainage structure which is manufactured off site and transported to the location of intended use. It may be of various materials, including concrete, clay, metal, thermoplastics, etc. It may be of various shapes including circular, elliptical, rectangular, arched, etc.

	Premium Joints – Watertight joints.

	Pretreatment – Preliminary filtering of sediment laden storm water prior to secondary treatment through a structural best management practice.

	Rainfall Intensity (i) – The amount of rainfall occurring in a unit of time, normally given in inches per hour.

	Reference Reach – A length of channel with stable geometric, physical, and hydraulic characteristics. A representation of the desired outcome of a restored channel.

	Regulatory Floodway – (FEMA) The channel of a river or other watercourse and the adjacent land areas that must be reserved in order to discharge the base flood without cumulatively increasing the water surface elevation more than a designated height.

	Retention Basin – A structure that holds water on a permanent basis.

	Roughness Coefficient (n) – The measure of texture on the surface of channels and conduits. Usually represented by the n-value coefficient used in Manning’s open channel flow equation.

	Runoff – That part of the precipitation which runs off the surface of a drainage area after all abstractions are accounted for.

	Sanitary Sewer – A conduit or pipe system which carries household and/or industrial wastes. Sanitary sewers do not convey storm water.

	Scupper – A device used to drain water through a bridge deck, parapet or barrier.

	Sediment Basin – A basin or tank in which stormwater containing settleable solids is retained, to remove by gravity or filtration a part of the suspended matter.

	Sediment Dam – A dam that is designed to allow suspended sediment to settle out of flowing water in a controlled area.

	Short-circuiting – The act of storm water bypassing the intended route.

	Soil Bioengineering – The use of live and dead plant materials, in combination with natural and synthetic support materials, for slope stabilization, erosion reduction, and vegetative establishment.

	Spring Line – The locus of the horizontal extremities of a transverse section of a conduit.

	Standard Temporary Discharge (STD) – The flow corresponding to twice the maximum mean monthly flow.  The rate of flow for which a TAF facility is designed. Usually given in cubic feet per second (cfs).

	Step Backwater or Standard Step Method – An iterative use of the energy equation for determining the water surface profile of an open channel.

	Storm Sewer – A conduit or pipe drainage system that conveys storm water, subsurface water, condensate, or similar discharge, but not household or industrial wastes.

	Thalweg – The lowest bed elevation in a natural channel cross section. Also used in reference to the profile line extending down a channel along the lowest bed elevation.

	Tailwater – The depth of flow in the stream directly downstream of a drainage facility, measured from the invert at the culvert outlet. Often calculated for the discharge flowing in the natural stream without the highway constriction. Term is usually used in culvert design and is the depth measured from the downstream flow line of the culvert to the water surface.

	Temporary Access Fill (TAF) –A structure or earth fill that allows a contractor access to work on roads or bridges located within or over bodies of water.

	Time of Concentration (tc) – Time required for water to flow from the most distant point on a drainage area to the measurement or collection point.

	TMDL (Total Maximum Daily Load) Regulated Stream – An Impaired water body as defined by the Ohio EPA that can still meet water quality standards if the daily maximum pollutant load is regulated.

	Two Stage Channel – A channel that contains a cross sectional area for low and high discharges.

	Water of The United States – Water bodies subject to Army Corps of Engineers jurisdiction through Section 404 of the Clean Water Act. They include all interstate waters such as lakes, rivers, streams (including intermittent streams) and wetlands. Ephemeral streams are included if they have a clearly defined channel.

	Watershed – An area confined by drainage divides, and often having only one outlet for discharge.

	Waterway – Any stream, river, pond, or lake. (See Channel)

	Waterway Opening – Area of a bridge or drainage structure opening measured normal to the principal flow direction.
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	AASHTO	American Association of State Highway and Transportation Officials
ADT		Average Daily Traffic
AEP			Annual Exceedance Probability
AOP		Aquatic Organism Passage
ASTM		American Society for Testing and Materials
AVFS		Amended Vegetated Filter Strip
AWWA		American Water Works Association
BDM		Bridge Design Manual (ODOT)
BFE			Base Flood Elevation
BMP		Best Management Practice
C&MS		Construction and Material Specifications (ODOT)
CB			Catch Basin
CDSS		Drainage Design Software for Culverts Ditches and Storm Sewers (ODOT)
CIPP		Cured-In-Place Pipe
CFN			Culvert File Number (ODOT)
CFR			Code of Federal Regulations
cfs			Cubic Feet per Second (ft3/s)
CLOMR		Conditional Letter Of Map Revision
CMM		Conduit Management Manual (ODOT)
CMP		Corrugated Metal Pipe
DEC			District Environmental Coordinator (ODOT)
EBW		Enhanced Bankfull Width
EDA		Earth Disturbing Activity
EDV			Extended Detention Volume
EPA			Environmental Protection Agency
FEMA 		Federal Emergency Management Agency
FHWA		Federal Highway Administration, Department of Transportation
FIRM		Flood Insurance Rate Map
FIS			Flood Insurance Study
FMP		Floodplain Management Program
fps			Feet per Second
GIS			Geographic Information Systems
GDM		Geotechnical Design Manual
HDPE		High Density Polyethylene
HDS		Hydraulic Design Series
HEC		Hydraulic Engineering Circular
HEC-RAS	Hydrologic Engineering Center-River Analysis System
H&H		Hydrology and Hydraulic (Report)(ODOT)
HSG			Hydrologic Soil Group
HSR		Hard Shoulder Running (lanes)
HUC		Hydraulic Unit Code
HW			Headwater or Headwall
HWI		Headwater Inlet Control
HWO		Headwater Outlet Control
LD1			Location & Design Manual, Volume 1 – Roadway Design (ODOT)
LD2			Location & Design Manual, Volume 2 – Drainage Design (ODOT)
LD3			Location & Design Manual, Volume 3 – Highway Plans (ODOT)
LD4			Location & Design Manual, Volume 4 – Survey, Mapping & Subsurface Utility Location 												  Services Specifications (ODOT)
LFE			Limiting Flow Elevation
LOMR		Letter Of Map Revision
LPA			Local Public Agency
LRFD		Load and Resistance Factor Design
LRW		Limited Resource Waters
MH			Manhole
MOT		Maintenance Of Traffic
MS4		Municipal Separate Storm Sewer System Program
MSE		Mechanically Stabilized Earth (Retaining Wall)
NFIP		National Flood Insurance Program
NOI			Notice Of Intent
NPDES		National Pollutant Discharge Elimination System
OCCS		Ohio County Coordinate System
ODNR		Ohio Department of Natural Resources
ODOT		Ohio Department of Transportation
OES			Office of Environmental Services (ODOT)
OGE		Office of Geotechnical Engineering (ODOT)
OHE		Office of Hydraulic Engineering (ODOT)
OHWM		Ordinary High Water Mark
OMM		Office of Material Management (ODOT)
ORC		Ohio Revised Code
OSE			Office of Structural Engineering (ODOT)
OSIP		Ohio Statewide Imagery Program
PBPD		Performance Based Practical Design
PDP			Project Development Process
PE			Polyethylene
PDR		Permit Determination Request
RCP			Rock Channel Protection
R/W		Right-of-Way
SAPL		Spray Applied Pipe Liner
SCD			Standard Construction Drawing (ODOT)
SFE			Structure Foundation Exploration (Report)(ODOT)
SFHA		Special Flood Hazard Area
SFN			Structure File Number
SGE			Specifications for Geotechnical Exploration (ODOT)
SIR			Scientific Investigations Report (USGS Report)
STD			Standard Temporary Discharge
STS			Structure Type Study
SWPPP		Storm Water Pollution Prevention Plan
SS###		Supplemental Specification
TAF			Temporary Access Fill
TMDL		Total Maximum Daily Load
TIMS		Transportation Information Mapping System
TRB		Transportation Research Board
TSEC		Temporary Sediment and Erosion Control
TSS			Total Suspended Solids
USDA		United States Department of Agriculture
USDOT		United States Department of Transportation
USGS		United States Geological Survey
VBF			Vegetated Bio Filter
VFS			Vegetated Filter Strip
WRI		Water Resources Investigation (USGS Report)
WQF		Water Quality Flow
WQV		Water Quality Volume
WSE		Water Surface Elevation
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District 1 District 9
1885 N. McCullough St. 650 Eastern Ave. PO Box 467
Lima, OH 45801-0040 District 5 District 7 Chillicothe, OH 45601

419-222-9055
fax: 419-222-0438

District 2
317 East Poe Rd.
Bowling Green, OH 43402-1330
419-353-8131
fax: 419-353-1468

District 3
906 Clark Ave.
Ashland, OH 44805-1989
800-276-4188 or 419-281-0513
fax: 419-281-0874

District 4
2088 S. Arlington Rd.
Akron, OH 44306
330-786-3100
fax: 330-786-2232

Di

9600 Jacksontown Rd.
Jacksontown, OH 43030
740-323-4400
fax: 740-323-3715

400 East William St.
Delaware, OH 43015
740-833-8000
fax: 740-833-8100

istrict 6

Central Office
1980 W. Broad Street
Columbus, OH 43223

614-466-7170

fax: 614-644-8662

ODOT Web Site:

1001 St. Marys Ave.
Sidney, OH 45365-0969
888-200-9919 or 937-492-1141
fax: 937-497-9734

District 8
505 . State Route 741
Lebanon, OH 45036-9518
800-831-2142 or 513-932-3030
fax: 513-932-7651

www.transportation.ohio.gov

888-819-8501 or 740-773-2691
fax: 740-775-4889

District 10
338 Muskingum Dr. PO Box 658
Marietta, OH 45750
800-845-0226 or 740-568-3900
fax: 740-373-7317

District 11
2201 Reiser Ave.
New Philadelphia, OH 44663
330-339-6633
fax: 330-308-3942

District 12
5500 Transportation Blvd.
Garfield Heights, OH 44125-5396
800-732-4896 or 216-581-2100
fax: 216-584-2274




