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	[bookmark: _Ref68760996][bookmark: _Toc212100247]Hydraulic Design Criteria
	

	[bookmark: _Ref29887236][bookmark: _Toc212100248]Responsibilities
		

	The Office of Hydraulic Engineering is responsible for the hydraulic design standards for all surface drainage systems and bridge structures owned and maintained by the Department.
Additional responsibilities include conduit durability, culvert inspection and inventory, post construction storm water Best Management Practices, and the Department’s Municipal Separate Storm Sewer System program (MS4).
	

	[bookmark: _Toc212100249]Floodplain Encroachments
	C1001.2

	Encroachments on floodplains for transportation projects are controlled in part by the Code of Federal Regulations 23 CFR 650A. 
	See section 1005.1 for guidance on floodplain encroachments.

	[bookmark: _Toc212100250]Highway Use Permits Design Considerations
	C1001.3

	The owner or developer of land adjacent to ODOT R/W proposing to route site drainage into the highway drainage system is responsible for: 
1.	No diversion of flow to the highway R/W.
2.	Maintaining peak flows from areas contributing to the highway drainage system at pre-development levels. Provide onsite detention when required to meet this condition.
3.	Prior to the start of construction, submit drainage plans and calculations for review to the Department.
Use facility design storms described in this Manual when determining flow peaks and impacts on the highway drainage system.
	Contact the local District Permit Office for further information on the permit process.

	Private drainage structures, excluding conduits under driveways, are not permitted within ODOT R/W. Submit exception requests to OHE for approval.
Common methods for determining flow generated from developed land other than those shown herein are permitted.
	This criteria is intended for structures such as headwalls at the outlet of systems not owned or maintained by the Department. Perpetuate drainage patterns with a ditch from the system outlet to the roadside ditch or a conduit connection to the ODOT storm sewer. The placement of private drainage structures within ODOT R/W requires approval from OHE for all facility types.

	0. [bookmark: _Toc212100251]Pipe Criteria
	

	[bookmark: _Ref39656196][bookmark: _Toc212100252]Introduction
	C1002.1

	The Department's pipe criteria is used to determine the type of pipe specified or permitted for the various items of highway drainage financed totally or in part with state or federal funds.
Include alternative pipe materials in plans for Type A conduits. Deviations specifying only one type of pipe material, where special conditions prevail, must include sound engineering judgment. Acceptable special conditions include:
•	Where excessive cover requires a special design for rigid pipe verses a flexible alternate.
•	Where minimum cover requirements inhibit the use of a flexible pipe.
•	Where a metal pipe arch would be required as an alternate to a round rigid pipe.
•	The outfall velocity would require an energy dissipater. 
•	Site conditions prevented the existing conduit material from meeting design service life.
•	If a structure type study is performed and the cost analysis indicates a lower cost.
The use of a single material type is subject to the approval of OHE.
	The Department's pipe criteria promotes open competition during the bidding process across various pipe materials that meet the hydraulic, structural and service life, requirements for the site.
While the contractor and pipe manufacturer are responsible for the final material selected from the pipe alternatives and the subsequent structural design, the designer needs to verify appropriate alternatives are listed which are not precluded due to excessive cover, minimum cover, or other special conditions.

	[bookmark: _Ref53725521][bookmark: _Toc212100253]Deviation by ODOT Districts
	C1002.1.1

	Provide a written request for deviation from these criteria. Include documentation that justifies the request along with the completed Ohio Drainage Design Criteria Form, Error! Reference source not found.. Submit the documentation to the Administrator of OHE. 
	Written requests may be in the form of an email or a mailed document.

	[bookmark: _Toc212100254]Deviation by Local
	

	Proposed deviations from these criteria and/or construction specifications by local political subdivisions or agencies will be considered for all portions of the project that are maintained by the political subdivision or agency.
ODOT Districts may permit a deviation from these criteria provided the local political subdivision or agency agrees to fund any additional costs incurred due to the conduit material selection or local construction requirement. The deviation requires alternate bid items, per Section 1307.2.7 of LD3, to determine the additional costs. The alternatives include the Department’s pipe criteria/construction methods and the local’s material selection/construction methods. Add additional notes or details as required by the local.
	

	[bookmark: _Toc212100255]General Requirements
	

	[bookmark: _Ref29986965][bookmark: _Toc212100256]Pipe Materials
	C1002.2.1

	The pipe materials listed under the various conduit types in Section 611.02 of the C&MS are considered acceptable within their size, structural limitations and material durability limitations. 
	Refer to the CMM for pictures of the various pipe materials.

	[bookmark: _Ref29986972][bookmark: _Toc212100257]Conduit Durability and Service Life
	C1002.2.2

	Perform conduit durability design for Type A, B, C, and D conduits when required per 1002.3. The required minimum service life for conduit material is 75 years.
Measure the pH of the normal stream flow in the field using a calibrated pH meter capable of measuring to a tenth. Field measurement of pH is required.
Use Figures Error! Reference source not found. and Error! Reference source not found. if flow is not present during the site visit. 
Determine if the streambed material is abrasive by observation of the presence of material in the conduit, upstream of the conduit, and downstream of the conduit. An abrasive condition is defined as the presence of granular material with a stream gradient or flow sufficient to cause movement of the material. Granular material is defined as material the size of pea gravel or larger. Assign an abrasion level to the stream on a scale of 1-6 according to the descriptions below. Use Level 1 if non-abrasive.
	[bookmark: _Hlk54851437]Level 1:
	Bed loads of silts and clays or clean water with virtually no abrasive bed load. Non-Abrasive Material.

	Level 2:
	Moderate bed loads of sand or gravel.

	Level 3:
	Moderate bed load volumes of sand, gravels, 	and small cobbles.

	Level 4:
	Moderate bed load volumes of angular sands, gravels, and cobbles/rocks.

	Level 5:
	Moderate bed load volumes of angular sands and gravel or rock.

	Level 6:
	Moderate bed load volumes of angular sands and gravel or rock OR Heavy bed load volumes of angular sands and gravel or rock.



	The pH of the normal stream flow and the presence of abrasive flow conditions are the factors that influence the conduit material durability.
Field visits are required to determine the water pH and abrasiveness of the site.
The tabulations in the Durability Design spreadsheet are based on research report FHWA/OH-2016/16 [Sargand, 2016].
A conduit is considered to have reached the end of its service life when the General Appraisal rating is equal to 4. When this occurs, begin planning for rehabilitation or replacement.

	Perform durability design using the OHE Durability Design spreadsheet. Obtain the spreadsheet from the OHE Design Resources web page.
Include the pH and abrasiveness level in the plans.
	Additional abrasion level information and abrasion level site photos are available in the reference data tab of the Durability Design spreadsheet.


	[bookmark: _Ref69123920][bookmark: _Toc212100258]Energy Control Structures
	C1002.2.3

	Provide Energy Control Structures for velocity control at culvert and storm sewer outlets and for storm sewers with steep slopes or high velocities.
Use the following options for energy control structures:
•	Rock Channel Protection 
•	Broken-Back Pipe
•	Riprap Basin
•	Drop Structure
•	Ring Chambers 
When permissible pipe alternates have different velocity characteristics, the design specified for erosion control must satisfy the most severe velocity condition of the permissible alternates. Use Figure Error! Reference source not found. to determine the length, width and RCP type required.
	Erosion control refers to controls placed in the stream channel at the outlet end of the pipe, such as rock channel protection, and does not refer to energy dissipaters. Energy dissipators include broken-back pipes, riprap basins, drop structures and ring chambers.
In general, the smooth pipe alternate will have the larger velocity as compared to the corrugated pipe alternate.
RCP is used to control erosion and as a scour countermeasure. It is placed at the outlet of culverts and storm sewers, or for lining ditches on steep grades. It is used as a scour countermeasure at wingwalls of full-height headwalls, along footings of 3-sided structures, corner cones, and under bridges. Avoid placing RCP where bedrock is present, other erosion control measures should be investigated.
Energy dissipaters create a forced hydraulic jump within the structure or immediately downstream of the structure, thus reducing the flow velocity. FHWA Hydraulic Engineering Circular No. 14 provides design guidance and procedures for various energy dissipators.
The design of internal energy dissipator ring chambers is provided in report FHWA/OH-84/007 [Simon, 1984]. This report and Ring Chamber Plan Insert Sheets are available on the OHE website.

	[bookmark: _Ref29989515][bookmark: _Toc212100259]Special Shapes
	C1002.2.4

	Special shaped conduits are generally limited for use under shallow cover installations or extremely low or restrictive headwater control otherwise requiring multiple circular conduits to satisfy allowable headwater conditions.
Special shaped conduits may be provided to conform to the cross-sectional geometry of sensitive streams identified in the environmental documentation.
Where corrugated metal and structural plate pipe arches are specified or permitted, submit a foundation investigation as required by Section 1008.1.5.
	Special shapes include: elliptical concrete, corrugated metal arch or pipe arch, prefabricated box or three-sided structures.

	[bookmark: _Ref29990199][bookmark: _Toc212100260]Structure File Number / Culvert File Number
	C1002.2.5

	Structures having an opening measured along the centerline of roadways of 10’ or greater require a Structure File Number. Multiple openings where the extreme ends of the openings are 10’ or greater also require an SFN when the clear distance between openings is less than half of the smaller contiguous opening.
Culverts (Type A) and Storm Sewers (Type B) having an opening measured along the centerline of roadway 12 inches or greater, but less than 120 inches require a Culvert File Number.
Include the CFN in the plans in accordance with LD3.
	A new SFN is generated by the OSE Bridge Management Section.
Reference the CMM for additional guidance on determination of multi-cell culverts designation as a single unit or multiple structures.
A new CFN is generated by the Culvert Collector application or the Culvert Web application by the District.
Reference the CMM for instructions on obtaining a CFN.


	[bookmark: _Ref134689320][bookmark: _Toc212100261]Conduit Types
	

	[bookmark: _Ref39656342][bookmark: _Toc212100262]Type A Conduits
	C1002.3.1

	Specify Type A conduits for soil-tight, sealed-joint, open-ended cross drains under pavements and paved shoulders. Base the minimum size culvert to be specified on the roadway type and depth of fill from the flowline to roadway surface.
The minimum required round, or equivalent deformed pipe sizes are listed in Figure Error! Reference source not found..
For culverts under Interstates, Freeways & Expressways, or fills 16 feet or greater, increase the size by one pipe size over that required. In the plans, list the headwater and velocity for the culvert size that meets the design criteria and note that the culvert size shown has been increased for future rehabilitation.
The design service life for all Type A conduits is 75 years. Perform durability design using the OHE Durability Design Spreadsheet on all Type A conduits in accordance with 1002.2.2.
Show hydraulically adequate pipe alternates which provide the required service life on the plans and listed in the pertinent pay item. Include a minimum of one alternate from each of the following categories: concrete, plastic, and corrugated steel/aluminum. List the corrugation profile which requires the thinnest metal for corrugated metal pipe. 
If the alternates listed in the plan are different sizes, show the pipe length associated with the smallest pipe size. Show the hydraulic design data associated with this conduit in the plans.
Provide concrete field paving on corrugated metal conduits 54 inch or larger where the invert is always submerged due to tailwater conditions from a body of water and where depressed or buried inverts are used to provide a natural stream bottom.
When extending existing Type A conduits, match the existing material in kind.
	Conduits under Interstates, Freeways & Expressways, and fill of 16 feet or more are increased in size to allow for future relining without a reduction in design hydraulic capacity. Conduits under ramps do not require upsizing unless located under major interchanges such as system interchange ramps connecting two or more freeways. Conduits already upsized to meet minimum pipe sizes or Aquatic Organism Passage requirements do not require additional upsizing. Using trenchless rehabilitation techniques reduces impacts on high traffic facilities and eliminates the need to open cut. See section 1002.4 for culvert rehabilitation methods approved for use by the Department.
Once the minimum thickness and/or level of protection required to meet the design service life is determined for each material category of pipe alternates, it is not necessary to list additional options. If all options are eliminated from a material category, inclusion in the alternates is not expected. Special conditions per 1002.1 may also eliminate all options from a material category.
The smallest pipe size will normally have the longest length. The designer needs to verify that the headwaters for all the pipe alternates meet the headwater controls.








	[bookmark: _Ref29993054][bookmark: _Toc212100263]Type B and C Conduits
	C1002.3.2

	Specify Type B conduits for soil-tight, sealed joint storm sewers under pavements, paved shoulders, and commercial or industrial drives.
Specify Type C conduits for soil-tight, sealed joint storm sewers not under pavements, paved shoulders, and commercial or industrial drives.
Specify Type C conduits for soil-tight, sealed joint storm sewers under driveways and bikeways.
Provide premium joints in areas where the 10-foot separation required by the Great Lakes - Upper Mississippi River Board [GLUMRB) 10 State Standards cannot be achieved and in areas where tufa precipitate is present as identified by the Department.
For conduit placed through MSE walls or in the fill of MSE walls refer to the BDM Section 310.4.
	Premium joints are watertight. The pressure testing of the joints is not necessary for storm sewer applications in most cases.
Pipe alternates are not normally specified for Type B and C conduits. If durability design is performed and the results require specifying alternates meeting the required design service life or due to special conditions listed in 1002.1, specify as Type B or C, As Per Plan, to list alternates. Reference 1002.3.1 for additional information on specifying alternates. 
Providing one spreadsheet for each storm sewer system is sufficient.


	The design service life for all Type B and C conduit is 75 years. The assumed flow conditions for new storm sewer are abrasion level equal to 1 and pH equal to 7 unless site conditions indicate otherwise. It is not required to perform durability design under the assumed flow conditions. When replacing Type B and C conduits, verify that the existing conduit material was performing as intended. If the existing conduit material indicates premature wear, or site conditions vary from the assumed flow conditions, perform durability design using the OHE Durability Design Spreadsheet in accordance with 1002.2.2.
	It is encouraged to perform a site review during design for all new Type B and C conduits and for any existing conduit that has experienced premature wear. 


	[bookmark: _Ref98753844][bookmark: _Toc212100264]Type D Conduits
	C1002.3.3

	Specify Type D conduits for pipes under driveways and bikeways. The minimum size required is 12 inches. For sizes 24 inches and larger submit calculations with the drainage review plan that specify the pipe sizing required to satisfy the hydraulic controls. The design storm used to analyze the hydraulic performance of the Type D conduit is the same as that used for the flow capacity of the connected ditch or channel. The allowable headwater elevation is 1 foot below the edge of the pavement of the adjacent roadway. If potential exists for the drive pipe headwater to encroach on the adjacent roadway, size the drive pipe utilizing a design storm per 1004.2.
Generally, the pipe alternates listed in 611.02 of the Construction and Material Specifications are applicable, except that equal size corrugated pipe will provide satisfactory alternates for sizes smaller than 24 inches. If the control is critical, a hydraulic analysis will be required to determine the proper size of pipe alternates.
Design drive pipes under commercial or industrial drives for material durability using the OHE Durability Design Spreadsheet per 1002.2.2. Additional protection for residential driveways, field drives, and bikeways may be specified if conditions warrant.
	For new driveway and bikeway conduits, a calculation will be necessary to determine an initial size. A formal submission of the calculations is only necessary for 24 inch or larger conduits. Existing conduits less than 24 inches are generally replaced with the same size conduit if flooding has not been an issue.
The designer should give durability consideration when these conduits are under high fills or other conditions that make replacement an issue.

	[bookmark: _Ref29994900][bookmark: _Toc212100265]Type E Conduits
	C1002.3.4

	Specify Type E conduits for farm drain headers. 
	Headers are ordinarily provided to intercept small, closely spaced lines in a tiled field, preventing the need for numerous field tile outlets through the backslope of the highway ditch.

	[bookmark: _Ref55905784][bookmark: _Toc212100266]Type F Conduits
	

	Specify Type F conduits where a butt joint or a short length jointed pipe would be undesirable as noted below:
A.	For the steep portion of a median outlet under an embankment slope 4:1 or steeper, including any necessary pipe bends.
B.	For the outlets of underdrains or farm drains through the slope or connecting to a drainage structure. When used for underdrain outlets, specify the following: Item 611, _____" Conduit, Type F for Underdrain Outlets. Provide 10 feet of conduit at each outlet into a drainage structure.
C.	For farm drains that outlet through slopes flatter than 4:1, provide 20 feet of conduit.
D.	For pipe underdrains that span the trench of a lower conduit, unless the crossing is more than 12 inches above the granular backfill of the lower conduit, provide a minimum length of 10 feet of conduit.
Type F conduits may be used beyond the paved shoulder to eliminate a ditch in front of a yard where such ditch elimination can be justified.
	

	[bookmark: _Toc212100267][bookmark: _Hlk212096259]Subsurface Pavement Drainage
	

	Refer to the Pavement Design Manual, Section 205 Subsurface Pavement Drainage for guidance.
See 1002.3.5 B and D above for underdrain outlet and lower conduit crossing criteria.
	

	[bookmark: _Ref69124186][bookmark: _Ref70338550][bookmark: _Toc212100268]Culvert Conduit Rehabilitation
	C1002.3.7

	[bookmark: _Ref212096905][bookmark: _Toc212100269]General
	C1002.4.1

	Consider trenchless methods when traditional open-cut excavation is impractical, costly, or environmentally disruptive and the existing conduit has a stable soil-structure interaction.
	Conduit inspections often identify the need for maintenance, including the need for rehabilitation or replacement.  
Conduit rehabilitation trenchless methods have minimal disruption to traffic and are often less costly than traditional open-cut replacement.
Consider using trenchless conduit rehabilitation methods when:
•	Conduit is under pavement
•	Depth of cover is 10 feet or greater
•	Average Daily Traffic exceeds 3000
•	Detour or lane closures create a significant user delay cost

	[bookmark: _Ref212096914][bookmark: _Toc212100270]ODOT Specifications
	C1002.4.2

	The following specifications or methods are available for culvert conduit rehabilitation:
•	C&MS 611.11 – Field Paving of Existing Pipe
•	Supplemental Specifications:
	SS833 – Conduit Renewal Using Spray Applied 		Structural Liner
	SS837 – Liner Pipe
	SS841 – Conduit Renewal Using Spiral Wound 			Liner
	SS899 – Cured-In-Place Pipe LinerClose-Fit Pipe Liner
Evaluate field paving as the first option. Perform a structural analysis of the existing conduit to determine if the addition of rebar to the field paving is necessary. Perform the analysis using the OHE Field Paving of Pipe spreadsheet .
Show all available Liner Pipe materials in SS837 in the plans if they satisfy the hydraulic conditions. Evaluate the hydraulic calculations for the alternative slip-line materials. Submit Liner Pipe projects to OHE for review and approval if one material alternative is specified in the plans. Provide a cost analysis verifying the use of a single material option. Verify that the material will satisfy a 75 year design service life.
Design the culvert conduit rehabilitation to match existing headwater conditions. If the proposed design does not meet these conditions, contact OHE for approval.
Design appropriate erosion control measures for increased outlet velocities.
Additional information and guidance for culvert rehabilitation can be found on the OHE website.
	A range of material applications and solutions are available for culvert conduit rehabilitation. These solutions are used to extend the service life of existing conduits by adding durability or in some cases structural strength.
Field paving of existing conduits has been used to add durability to conduits for many years. This solution is a cost-effective way to add service life to an existing conduit provided the culvert conduit has a good structural shape and is structurally sound.
The Field Paving of Pipe spreadsheet is based on the research report FHWA/OH-2017/21 [Masada, 2017].
Supplemental Specification 833 – Conduit Renewal Using Spray Applied Structural Liner is a solution that provides structural rehabilitation to existing conduits via a spray application. The interior of the conduit is spray lined with a factory blended cementitious geopolymer or resin-based material.
Supplemental Specification 837- Liner Pipe offers a solution that lines an existing conduit with another conduit. This specification requires the slip-lined conduit to be grouted in-place and in some cases would be considered a structural solution if the slip-lining material is designed accordingly. 
Supplemental Specification 841 – Conduit Renewal Using Spiral Wound Liner is a unique solution that may be used to line various shaped conduits such as: Round, Elliptical, Box, or Pipe Arch. This solution custom manufactures the conduit on site from polyvinyl chloride material with either a special machine or by manual labor. The manufactured conduit is placed into the existing conduit and the void is filled with grout. This solution adds durability to the existing host conduit. Use of this solution requires approval from OHE.
Supplemental Specification 899 – Cured-In-Place Pipe Liner (CIPPClose-Fit Pipe Liner)  offers a structural rehabilitation solution that lines an existing conduit with a form fitting liner.  The liner is either a Cured-In-Place Pipe (CIPP) or a thermoformed Polyvinyl Chloride (PVC) liner.
The  resin saturated liner is inserted into the conduit,. Once in place the liner is  expanded , and cured to mold itself to the host conduit. While a close-fit linerCIPP can be used for culvert conduit rehabilitation, explore other techniques in this section first. A close-fit linerCIPP is best suited for closed systems such as storm sewers.

	0. [bookmark: _Ref62557534][bookmark: _Toc212100271]Hydrology
	

	[bookmark: _Toc212100272]Estimation of Magnitude and Frequency of Floods on Ohio Streams
	

	[bookmark: _Ref30060800][bookmark: _Toc212100273]General
	C1003.1.1

	[bookmark: _Hlk30060554]Use the USGS web-based application StreamStats to determine the design peak discharge for hydraulic structures designated by or for ODOT.
Use USGS WRI Report 93-4080 [Sherwood, 1993] to determine flood volumes and hydrographs for rural areas within the limits prescribed in the report. When applying this technique, consider the tributary with the largest contributing drainage area, not the longest reach.

	USGS SIR 2006-5312 [Koltun et al., 2006] is a USGS web-based application for estimating stream flow statistics and basin characteristics on unregulated streams. USGS WRI Report 2019-5018 [Koltun, 2019] supersedes USGS SIR 2006-5312.
USGS WRI Report 89-4126 [Koltun & Roberts, 1990] was developed cooperatively by the United States Geological Survey and the State of Ohio. This bulletin is an update of Bulletin 32 (1959), Bulletin 43 (1969), and Bulletin 45 (1977). This report provides the latest hydrologic information for determining the magnitude and frequency of floods for rural streams in Ohio.
The USGS WRI Reports from 1993 and prior are based upon the use of USGS 7.5-minute topographic quadrangle maps to estimate flood-peak discharges. The USGS WRI Report 2003-4164 [Koltun, 2003] has two sets of equations that use GIS data or USGS 7.5-minute topographic quadrangle maps to estimate flood-peak discharges. All subsequent reports are strictly a GIS format which is the basis for the StreamStats web application. StreamStats delineates the drainage basin boundary for a selected site by use of an evenly spaced grid of land-surface elevations, known as a Digital Elevation Model or DEM.
Caution and further investigation is required for determining discharges of regulated streams.

	[bookmark: _Ref69367101][bookmark: _Toc212100274]Alternate Discharge Sources for Bridges
	

	Discharge estimates may be calculated by other methods for comparisons against verified flood elevations and other known river data to ensure that the most realistic discharge for the area is used for the design of the waterway opening. Submit calculations and comparisons to OHE for review.
Flood Insurance Studies; U.S. Corps of Engineer Flood Studies; U.S. Soils Conservation Studies; U.S. Water Resources Data and other reliable sources may be used as reference information in estimating discharges and flood elevations. However, for waterway crossings located in a FIS area, the base discharge Q1% from the FIS takes precedence over all other calculated discharges.
Where a U.S. Geological Survey estimate conflicts with that of another agency, contact the agency in order to resolve the discrepancy. In general, the U.S. Geological Survey estimate is given preference.
Design proposed structures upstream or downstream from a flood control facility for discharges as supplied by the U.S. Corps of Engineers, Ohio Department of Natural Resources or the agency responsible for the flood control facility.
	

	[bookmark: _Ref30061122][bookmark: _Toc212100275]Limitations
	C1003.1.3

	Specific limitations on the use of the USGS regression equations can be found in each report. 
USGS Water-Supply Paper 2432 [Sherwood, 1994] may be used in the design of culverts, detention basins, large storm sewers, and large open channels with urban drainage areas within the limits set in the report.
	For additional guidance on the proper use of USGS regression equations see TRB Transportation Research Record No. 1319, p.126-130 [Hurd, 1991]

	0. [bookmark: _Toc212100276]Flood Clearance
	

	[bookmark: _Ref98754173][bookmark: _Toc212100277]General
	C1004.1

	Where a new highway crosses a floodplain, set the highway grade such that the low edge of the traveled way will clear the design water surface profile for existing conditions by 3 feet, and bridges low chord clear the water surface profile of the flood produced by the design AEP storm discharge. These clearances may be reduced where a cost comparison of alternatives shows that a reduction in clearance will result in significant savings. Consider future flood related costs relative to highway operation, maintenance, and repair; highway-aggravated flood damage to other property; and for additional or interrupted highway travel.
Flood clearances may also be reduced to protect important ecological resources as identified in the environmental documentation.
	Storm/flood events that were referred to by a yearly Recurrence Interval in the past are now a percentage Annual Exceedance Probability event. Equivalence between the two can be seen below.
	AEP 
	Recurrence Interval 

	50%
20%
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0.2%

	2 year
5 year
10 year
25 year
	50 year	
100 year
500 year


See Error! Reference source not found. for the definition of AEP.

	[bookmark: _Ref39656079][bookmark: _Toc212100278]Design AEP Storm
	C1004.2

	Use the AEP storm for the design as specified below:
•	Interstates, Freeways & Expressways...2% AEP
•	Other Highways (3000 ADT and over) and Freeway Ramps...…….……………….....…….4% AEP
•	Other Highways (under 3000 ADT)….10% AEP
•	*Bicycle Pathway.…………………….……..20% AEP
* Unless otherwise approved by OHE.
	Code of Federal Regulations 23 CFR 650.115(a)(2) requires interstate highways to be provided with protection from the 2% AEP flood event. 
Other roadway design AEP floods are based on the class of highway, or the level of urbanization and development.

	0. [bookmark: _Ref61930954][bookmark: _Toc212100279]Highway Encroachments on Floodplains
	

	[bookmark: _Ref79650917][bookmark: _Ref79650939][bookmark: _Toc212100280]General
	

	Design all highways that encroach on floodplains, bodies of water or streams to allow conveyance of the 1% AEP storm discharge without causing significant damage to the highway, watercourse, body of water or other property.
Hydraulically design structures and/or channels to carry the design AEP storm discharge. Confirm the structure and/or channel will carry the 1% AEP check storm discharge without causing property damage. Inundation of the highway is acceptable for the 1% AEP discharge, but it is not permitted for the design AEP discharge. Water surface elevations caused by existing structures do not have to be lowered to meet the 1% AEP discharge.
	

	[bookmark: _Ref29901905][bookmark: _Toc212100281]Flood Data and Flood Insurance Study
	C1005.1.1

	Special consideration must be given when designing a structure located within a reach of channel that is part of an FIS. Perform a step backwater analysis of the floodplain to the extent required by the Federal Emergency Management Agency.
The allowable surcharge for the National Flood Insurance Program is set at one (1) foot, however local jurisdictions may reduce the allowable surcharge below the one-foot criteria.
SFHAs are labeled as different Zones. Flood Insurance Zone designations may be accessed at the FEMA Flood Map Service Center.
	The floodway is the channel of a watercourse and the adjacent land areas that must be reserved in order to discharge the 1% AEP flood, or base flood, without cumulatively increasing the water surface elevation more than a designated height. The flood fringe is the portion of the floodplain, outside of the floodway, that contains slow-moving or standing water. See Figure Error! Reference source not found..
The limits of the floodway are created by a computer model that conveys the base flood discharge within artificial encroachments placed within the floodplain until an allowable water surface surcharge is established.

	The more common FIS risk zones:
	Zone
	Description

	A
	Areas subject to inundation by the 1-percent-annual-chance flood. Detailed hydraulic analyses have not been performed, no BFE or flood depth is shown. Use hydrology methods outlined in 1003.

	
	Areas subject to inundation by the 1-percent-annual-chance flood determined by detailed study methods. BFEs are shown within these zones. Zone AE is used on new and revised maps in place of Zones A1-A30. An existing hydraulic model should be available from FEMA. Use the 1% AEP discharge found in the FIS model for the analysis.

	AE            A1-A30
	AE (BFEs WITH Floodway): BFEs and floodways have been determined and depicted on the FIRM.

	
	AE (BFEs WITHOUT Floodway): BFEs have been determined, but no floodway has been generated and is not delineated on the FIRM. In SFHAs with BFEs, but no floodway, a hydrologic and hydraulic analysis is required demonstrating that the cumulative effect of proposed development, when combined with all other existing and anticipated development will not increase the water surface elevation of the base flood by more than the allowable surcharge.




	
	

	[bookmark: _Ref29964526][bookmark: _Toc212100282]Proposed Construction in FEMA Zones
	C1005.1.2

	Construction within FEMA Zone A requires documentation through the ODOT self-compliance process and coordination with the Local Floodplain Coordinator. A BFE has not been established. Limit the allowable water surface surcharge to the requirements from the Local Floodplain Coordinator or one (1) foot, whichever is less. Contact OHE if the allowable surcharge required by the Local Floodplain Coordinator is not feasible.
Construction within FEMA Zones AE or A1-A30 requires documentation through the ODOT self-compliance process, coordination with FEMA, ODNR, and the Local Floodplain Coordinator. Where a floodway is established, span the floodway with the proposed construction if feasible. A No-Rise condition is preferred if construction is performed within the floodway. If proposed construction within the floodway creates any increase in the water surface elevation above the BFE, a variance is required and approval through the appropriate FEMA map revision processes will be necessary. Where no floodway is established and the proposed construction creates any increase in the water surface elevation above the BFE + Allowable Surcharge, a variance is required and approval through the appropriate FEMA map revision processes will be necessary.
Locally administered projects are required to obtain a permit from the Local Floodplain Coordinator for proposed work within a FEMA SFHA.
	The Ohio Department of Natural Resources Floodplain Management Program coordinates the NFIP throughout the State of Ohio as specified in Section 1521 of the Ohio Revised Code. The FMP works as a liaison between communities that participate in the NFIP and FEMA, who administers the program nationally. Additional information can be found at the ODNR FMP web site: ODNR Floodplain Management

	[bookmark: _Ref53735026][bookmark: _Toc212100283]Exceptions
	C1005.1.3

	ODOT has determined that the following types of projects will have no impact upon the BFE, and no hydraulic analysis for FEMA coordination is required:
1.	Bridge Painting
2.	Bridge maintenance such as bridge deck or superstructure replacement that is performed where the existing low chord of the bridge has freeboard over the BFE, including the allowable surcharge.
3.	Any bridge or culvert maintenance that does not change the alignment, grade, or hydraulic capacity of the existing structure as determined by the District Hydraulic Engineer.
For exempt projects located within a Special Flood Hazard Area Zone A or AE, provide a Letter of Notification of SFHA Exemption LD-53 to the Local Floodplain coordinator and copy to the project file.
	Most work involving a pole or post such as signal and utility poles, sign and mailbox posts are accepted as insignificant as they will not block flood flows. A hydraulic analysis is not required.
When utilizing a Temporary Access Fill, refer to the Waterway Permits Special Provisions for any specific exceptions.

	[bookmark: _Toc212100284]ODOT Self Compliance Process
	

	Compliance with federal, state and local floodplain standards is required; however, obtaining a permit from the Local Floodplain Coordinator is not required for work administered by or for the Department (ORC 1521.13 D). The Department will self-comply with Local Floodplain standards under this process. In order to maintain and verify compliance, thorough documentation is necessary.
The Local floodplain coordinator must be contacted early in the process to obtain any local standards that may be more restrictive than FEMA requirements. Keep all documentation requesting Local requirements in the project file. 
For construction within the following FEMA Zones, provide a copy of the following documentation to the Local Floodplain Coordinator and the project file.
Zone A:
1.	Letter of Notification LD-52
2.	Letter of Compliance LD-51, note if a variance requesting relief from local standards is required.
3.	Calculations demonstrating the carrying capacity of the stream is maintained.
4.	If a variance is requested for relief from local standards, further coordination is required between ODOT, the Local Floodplain Coordinator, ODNR and FEMA. Contact OHE if a variance is required.
Zone AE, without Floodway:
1.	Letter of Notification LD-52
2.	Letter of Compliance LD-51, note if a variance requesting relief from local standards is required.
3.	Hydrologic and Hydraulic calculations.
4.	If a variance is requested for relief from local standards, further coordination is required between ODOT, the Local Floodplain Coordinator, ODNR and FEMA. Contact OHE if a variance is required.
Zone AE, with Floodway:
1.	Letter of Notification LD-52
2.	Letter of Compliance LD-51, note if a variance requesting relief from local standards is required.
3.	Hydrologic and Hydraulic calculations.
4.	No-Rise Certification LD-50, if applicable.
5.	If a variance is requested for relief from local standards, further coordination is required between ODOT, the Local Floodplain Coordinator, ODNR and FEMA. Contact OHE if a variance is required.
	

	[bookmark: _Ref69370203][bookmark: _Toc212100285]Type of Studies
	

	[bookmark: _Ref29970124][bookmark: _Toc212100286]Hazard Evaluation for Watercourses W/O A Defined FEMA SFHA
	C1005.2.1

	A Flood Hazard Evaluation is required for all watercourse involvements except for FEMA Zones A, AE and A1-A30, or where roadway culverts are provided to satisfy minimum size requirements. Perform the following for a flood hazard evaluation:
1.	Determine the water surface elevation of the design AEP and 1% AEP flood.
2.	Delineate the inundation area for the peak water surface elevation for the design AEP and 1% AEP flood on a topographic map or a digital map.
3.	Evaluate the impacts of any increase in the flooding limits.
	A Flood Hazard Evaluation is a condition statement regarding the nature of the upstream area, the extent of upstream flooding, and whether buildings are in the 1% AEP floodplain.

	[bookmark: _Toc212100287]Detailed Study
	

	If the Hazard Evaluation indicates a significant increase in the flooding of upstream property, a Detailed Study is required. Furnish a Detailed Study in highly urbanized areas where the potential for flooding cannot be accurately assessed without an analysis of the entire floodplain. For prefabricated structures, the Detailed Study, including a step-backwater analysis, will be authorized after review of the Hazard Evaluation by OHE.
	

	0. [bookmark: _Ref63763265][bookmark: _Ref69367152][bookmark: _Toc212100288]Allowable Headwater
	

	[bookmark: _Toc212100289]Design AEP Storm
	

	Use the design AEP storm as shown in Section 1004.2.
	

	[bookmark: _Toc212100290]Culvert Headwater Controls
	

	[bookmark: _Ref55909022][bookmark: _Toc212100291]Design Storm Controls
	

	Headwater depth for all culverts (Type A Conduits) must not exceed any of the following controls for the design storm: 
A.	2 feet below the near, low edge of the pavement for drainage areas 1000 acres or greater and 1 foot below for culverts draining less than 1000 acres.
B.	2 feet above the inlet crown of the culvert or above a tailwater elevation that submerges the inlet crown in flat terrain.
C.	4 feet above the inlet crown of a culvert in a deep ravine.
D.	1 foot below the near edge of pavement for bicycle pathways.
	

	[bookmark: _Toc212100292]Check Storm Controls
	

	Headwater depth for all culverts (Type A Conduits) must not exceed any of the following controls for the applicable check storm.
A.	2 feet below the lowest ground elevation adjacent to an occupied building for a 2% AEP storm. This is not intended to lower existing high-water elevations around buildings.
B.	Limit the maximum 1% AEP storm headwater depth to twice the diameter or rise of the culvert.
C.	Size a replacement structure to prevent overtopping by the 1% AEP storm where overtopping would not occur with the existing structure.
D.	Size a replacement structure so that flooding of upstream land is not increased for the 1% AEP storm when compared to the existing structure. Before implementing this criteria consider the type of upstream property and land use.
E.	Controls Specific to an FIS. See section 1006.4.
	

	[bookmark: _Ref39643446][bookmark: _Toc212100293]Limitations
	C1006.2.3

	1006.2.1 A is typically the primary headwater control. 1006.2.1 B and C are secondary headwater controls.
The near low edge of the traveled way is the lowest edge of the traveled way elevation located within the drainage divide. This may or may not be located directly over the culvert. If the overtopping elevation point on the roadway is outside the drainage divide, use the ditch break elevation as a headwater control in lieu of 1006.2.1 A.
Use smooth pipe when 1006.2.1 B is applicable to establish the allowable headwater. Use corrugated pipe when 1006.2.1 C is applicable to establish the allowable headwater. Use these established headwater elevations in the design of conduit alternates.
Provide a free water surface through structures with a span greater than or equal to 10 feet for the design storm, unless tailwater controls.
	In general, a reduction in waterway opening from existing to proposed is discouraged. Consideration can be given to reducing the waterway opening if it does not cause flooding damage upstream or excessive outlet velocity. There are times the hydrology can be questionable so maintaining the same waterway opening as the existing is recommended.
A culvert on a flat grade or one that acts as an equalizer pipe that experiences frequent tailwater conditions may fit the criteria of 1006.2.1 C for determining allowable headwaters.

	[bookmark: _Toc212100294]Bridge Headwater Control
	

	Evaluate the headwater generated by a bridge in accordance to a flood hazard evaluation. Meet the following:
A.	Match the existing headwater for a bridge replacement for the design storm and the 1% AEP check storm to the maximum extent practicable. If there is an increase in headwater, determine the upstream impacts.
B.	The design storm does not contact the low chord for new structures on new alignment.
C.	Regulations from the local Conservancy Districts apply if they are more restrictive than the Department's.
D.	Controls specific to an FIS. See section 1006.4.
	

	[bookmark: _Ref55909869][bookmark: _Ref40077164][bookmark: _Toc212100295]Controls Specific to Flood Insurance Studies
	C1006.4

	When making an encroachment on a NFIP designated floodplain in the floodway fringe, the rise in the water surface above the natural 1% AEP flood elevation is limited by the community. Contact the Local Floodplain Coordinator early in the design process to determine the allowable headwater increase. A current list of Floodplain Coordinators may be found here: Floodplain Coordinator List
No increase in the Base Flood Elevation is preferred when encroaching on a NFIP designated floodway. When an increase is necessary, approval from the Department, coordination with the Locals/FEMA and a NFIP FIRM revision are required.
	Initiate the flood map revision process as soon as possible if changes to the NFIP FIRM will occur because of an encroachment on the floodway or floodway fringe. Submit a CLOMR to FEMA for approval. After construction, a LOMR officially revises the FIRM. The most common cause of change is an increase in the BFE from fill or obstructions added to the floodplain.
FEMA provides guidance on the Flood Map Revision Process.
A decrease to the BFE may require submission of a LOMR application following construction, however, a CLOMR submission is not required. Obtain guidance from the Local Floodplain Coordinator when there is a decrease in the BFE. Reference the Code of Federal Regulations 44 CFR 65.3.

	0. [bookmark: _Toc212100296]Pipe Removal Criteria
	

	[bookmark: _Ref30073793][bookmark: _Toc212100297]General
	C1007.1

	Use the following guidelines to determine whether an existing pipe, regardless of type, being taken out of service is to be abandoned, filled and plugged, or removed.
A.	Pipes less than 4 inches in diameter may be abandoned in place when below the pavement subgrade.
B.	Remove or fill and plug pipes 4 inches through less than 12 inches in span or rise with less than 8 feet of final cover. Those with more than 8 feet of final cover may be abandoned in place.
C.	Remove or fill and plug all pipes 12 inches or larger in span or rise.
When fill and plug is specified, add Plan Note Error! Reference source not found., to the General Notes.
	Use discretion in removing:
[bookmark: _Hlk55898375]•	Small pipes based on roadway importance, pipe material longevity and if the pipe is under existing rigid pavement or base which is to remain in place.
•	Any size pipe with more than 10 feet of cover.

	[bookmark: _Ref53735453][bookmark: _Toc212100298]Asbestos Pipe
	C1007.2

	Asbestos pipe is a regulated material. Make reasonable efforts to identify existing asbestos pipes in the plans and, when necessary, provide appropriate removal quantities under C&MS Item 202 Asbestos Pipe Removed.
In the past, pipe containing asbestos was allowed on ODOT, LPA and utility projects under the following specifications:
•	ASTM C663 Asbestos-Cement Storm Drain Pipe
•	AASHTO M217
•	AWWA C400
•	AWWA C603
•	ASTM C296 Asbestos-Cement Pressure Pipe
•	ODOT C&MS 707.09 Asbestos Bonded Bituminous Corrugated Steel Pipe and Pipe Arches (Circa 1983)
•	ODOT C&MS 706.15 Asbestos Cement Perforated Underdrain Pipe (Circa. 1973)
Reasonable efforts to identify asbestos pipes would include the following:
A.	Examination of original construction plans and specifications.
B.	Contact with the owner of the pipe (e.g., utility company or LPA).
C.	Inspection of the pipe for markings when the pipe is exposed during routine maintenance operations.
Asbestos is a hazard only when it becomes airborne. Pipes that are otherwise unaffected by ODOT work are not required to be removed simply because they contain asbestos.
	Transite is a common brand name for a type of asbestos pipe. Asbestos can also be found in insulation wrapped around water pipes.
Not all asbestos pipes will be identified by a records search. If asbestos pipe is identified during construction, the contractor will be compensated by change order.

	0. [bookmark: _Ref71191801][bookmark: _Toc212100299]Pipe Design Criteria
	

	[bookmark: _Toc212100300]Corrugated and Spiral Rib Steel and Aluminum Pipes, Corrugated Steel and Aluminum Pipe Arches
	

	[bookmark: _Ref64891001][bookmark: _Toc212100301]Material Durability
	C1008.1.1

	Follow the criteria outlined in Section 1002.2.2 specifying types of protective coatings and/or extra metal thickness.
	The maximum available sheet thickness for aluminum coated corrugated steel pipe (707.01, 707.02, 707.05, 707.07; all with aluminum coating) or polymer coated corrugated steel pipe (707.04) is 0.138.

	[bookmark: _Toc212100302]Designation and Thickness
	

	The corrugation profile and required metal thickness for structural strength is furnished by the Manufacturer in accordance to C&MS 611.
	

	[bookmark: _Ref113606493][bookmark: _Toc212100303]Cambered Flow Line
	

	Provide a cambered flow line where soil conditions at the site indicate that significant settlement is expected. Show the cambered flow line as a vertical curve following the manufacturer's recommendations.
	

	[bookmark: _Ref31695410][bookmark: _Ref51650321][bookmark: _Toc212100304]Height of Cover
	C1008.1.4

	The maximum height of cover is measured from the top of the pipe or pipe-arch to the top of the wearing surface or finished grade.
The minimum height of cover is measured from the top of the pipe or pipe-arch to the top of subgrade.
See Figures Error! Reference source not found. through Error! Reference source not found. for minimum height of cover. Provide a minimum height of cover to the top of the wearing surface or finished grade not less than the figure values plus 6 inches.
	See Error! Reference source not found. for the definition of cover and height of cover.

	[bookmark: _Ref55910126][bookmark: _Toc212100305]Foundation Reports
	

	Perform an exploration of the supporting foundation material and submit a Structure Foundation Exploration report in accordance with the SGE. Perform analysis in accordance with the BDM and GDM.
	

	[bookmark: _Toc212100306]Rigid Pipes
	

	[bookmark: _Ref113606608][bookmark: _Toc212100307]Cambered Flow Line
	

	Provide a cambered flow line where soil conditions at the site indicate that significant settlement is expected. Show the cambered flow line as a vertical curve following the manufacturer's recommendations.
	

	[bookmark: _Ref31695672][bookmark: _Toc212100308]Height of Cover
	C1008.2.2

	Provide a minimum height of cover of 15 inches to the pavement surface including a minimum cover of 9 inches to top of the subgrade. Where the pipe is not under pavement, provide a minimum height of cover of 9 inches to the finished grade.
	See Error! Reference source not found. for the definition of cover and height of cover.

	[bookmark: _Ref51585386][bookmark: _Toc212100309]Reinforced Concrete Radius Pipe
	C1008.2.3

	Specify a minimum radius of 100 feet.
	The radius was chosen to comply with the capabilities of manufacturers to provide satisfactory and economical radius pipe sections.
The method of manufacturing pipe sections is at the discretion of the producer, subject to inspection and approval by OMM.

	[bookmark: _Toc212100310]Thermoplastic Pipe
	

	[bookmark: _Ref72907977][bookmark: _Toc212100311]Height of Cover
	C1008.3.1

	Provide a minimum height of cover of 18 inches to the pavement surface including a minimum cover of 12 inches to top of the subgrade. Where the pipe is not under pavement, provide a minimum height of cover of 18 inches to the finished grade.
	See Error! Reference source not found. for the definition of cover and height of cover.

	[bookmark: _Toc212100312]Corrugated Steel and Aluminum Box Culverts, Corrugated Steel Long Span Culverts
	

	[bookmark: _Toc212100313]Designation and Thickness
	

	Follow the corrugation profile and metal thickness requirements of the AASHTO LRFD Bridge Design Specifications. Structural strength design is furnished by the Manufacturer in accordance with C&MS 611.
Designate the skew of the structure relative to the roadway in 1° increments. Limit the skew to 15°. If this cannot be achieved, contact OHE.
	

	[bookmark: _Ref31695985][bookmark: _Toc212100314]Height of Cover
	C1008.4.2

	Provide a minimum height of cover, measured from the trough of the corrugation profile to the pavement surface, of 18 inches. Locate the rib stiffeners of corrugated steel and aluminum box culverts completely within the subgrade.
	See Error! Reference source not found. for the definition of cover and height of cover. Cover, in this case, is not measured from the crest of the corrugation of the pipe.


	[bookmark: _Toc212100315]Foundation Reports
	

	Per 1008.1.5.
	

	[bookmark: _Toc212100316]Precast Reinforced Concrete Box Culverts
	

	[bookmark: _Ref30150507][bookmark: _Toc212100317]Designation
	C1008.5.1

	The allowable sizes of precast reinforced concrete box culverts are given in Figure Error! Reference source not found.. Include the height of cover rounded to the highest 1 foot in the pay item description.
Do not skew ends of box culverts.
	Height of cover may be referred to as design earth cover.
ASTM C1577 is used to design structures with a span of 12 feet or less.
Structures with spans 14 feet or greater require a special design. C&MS 706.05 refers to SS940 which lists the design for each span and fill height.

	[bookmark: _Ref31696933][bookmark: _Toc212100318]Height of Cover
	C1008.5.2

	The maximum height of cover is 10 feet. Greater covers may be provided contingent upon the approval of the Manufacturer. A special design is required.
	See Error! Reference source not found. for the definition of cover and height of cover.

	[bookmark: _Ref51584387][bookmark: _Toc212100319]Radius Box Sections
	C1008.5.3

	Specify a minimum radius of 100 feet.
	The radius was chosen to comply with the capabilities of manufacturers to provide satisfactory and economical radius box sections.
The method of manufacturing box sections is at the discretion of the producer, subject to inspection and approval by OMM.


	[bookmark: _Toc212100320]Precast Reinforced Concrete Three-Sided Flat-Topped Culverts
	

	[bookmark: _Toc212100321]Designation
	

	Precast reinforced concrete three-sided, flat-topped culverts have a clear span of 14 through 34 feet with an opening rise of 4 feet through 10 feet.
The individual culvert units may be skewed in 5° increments with a maximum skew of 30°. Designate the skew of the structure relative to the roadway in 1° increments with a maximum skew of 45°.
The minimum deck thickness for the culvert unit is 12 inches and the minimum leg thickness for the culvert unit is 10 inches. Base the design on these dimensions.
	

	[bookmark: _Ref31697304][bookmark: _Toc212100322]Height of Cover
	C1008.6.2

	The maximum height of cover is 5 feet.
Greater covers may be provided contingent upon the approval of the Manufacturer. A special design is required.
	See Error! Reference source not found. for the definition of cover and height of cover.

	[bookmark: _Toc212100323]Foundation Reports
	

	Per 1008.1.5.
	

	[bookmark: _Toc212100324]Precast Reinforced Concrete Arch Sections
	

	[bookmark: _Toc212100325]Designation
	

	Precast reinforced concrete arch sections have a clear span of 12 to 34, 36, 42, 48, 54 and 60 feet with an opening rise of 4 feet through 13 feet. Use of other sizes requires that a Proprietary Product Approval Request be completed and signed by the contracting agency.
[bookmark: _Hlk8025131]Designate the skew of the structure relative to the roadway in 1° increments up to 45°. Where skews exceed 45°, analyze traffic loading for the most critical case. Individual culvert sections may only be skewed with written permission from OSE.
Obtain the deck thickness and leg thickness for the culvert units from the manufacturer. Show the maximum and minimum height of cover on the plans. Design the footing keyway based on the leg thickness plus 6 inches. Design the guardrail post length based on the deck thickness and cover.
Precast reinforced concrete arch sections may only be used for roadway grade separation structures with written approval from the OSE. Standard design modifications, including but not limited to increased concrete thickness, concrete admixtures, epoxy coating of concrete surfaces and epoxy coating of reinforcing steel may be required for approval for use as roadway grade separation structures.
	

	[bookmark: _Ref31697664][bookmark: _Toc212100326]Height of Cover
	C1008.7.2

	The maximum height of cover is 12 feet. Cover greater than 12 feet may be provided contingent upon the approval of the Manufacturer. A special design is required.
The minimum height of cover to the top of the pavement surface is 12 inches with no portion of the arch extending beyond the subgrade.
	See Error! Reference source not found. for the definition of cover and height of cover.

	[bookmark: _Toc212100327]Foundation Reports
	

	Per 1008.1.5.
	

	[bookmark: _Toc212100328]Precast Reinforced Concrete Round Sections
	

	[bookmark: _Ref42065235][bookmark: _Toc212100329]Designation
	C1008.8.1

	Precast reinforced concrete round sections are one or two piece structures with a clear span of 12, 16, 20, 24, 30, 36, 42, 48, 54, 60, 66, 72, 78 and 84 feet available in various rises and shapes Use of other sizes requires that a Proprietary Product Approval Request be completed and signed by the contracting agency.
Designate the skew of the structure relative to the roadway in 1° increments with a maximum skew of 30°. Individual culvert sections may only be skewed with written permission from OSE.
Obtain the section thickness for the sections from the manufacturer. Show the maximum and minimum cover on the plans. Design the footing keyway based on the section thickness plus 8 inches. Design the guardrail post length based on the section thickness and cover.
Precast reinforced concrete round sections may only be used for roadway grade separation structures with written approval from OSE.
	Standard design modifications, including but not limited to increased concrete thickness, concrete admixtures, epoxy coating of concrete surfaces and epoxy coating of reinforcing steel may be required for approval for use as roadway grade separation structures.

	[bookmark: _Ref31701384][bookmark: _Toc212100330]Height of Cover
	C1008.8.2

	The maximum height of cover is limited to 12 feet. Cover greater than 12 feet may be provided contingent upon the approval of the Manufacturer. A special design is required.
The minimum height of cover to the top of the pavement surface is 12 inches with no portion of the round section extending beyond the subgrade.
	See Error! Reference source not found. for the definition of cover and height of cover.

	[bookmark: _Toc212100331]Foundation Reports
	

	Per 1008.1.5.
	

	[bookmark: _Ref54009667][bookmark: _Toc212100332]Arch or Flat Slab Top Culvert Foundations
	C1008.9

	Use Table 1008-1 to determine the flood used for scour evaluation.
For three-sided structures with no wingwall, or with a 90-degree turn-back angle, calculate the local scour depth at the upstream corners of the culvert entrance using the “without wing wall case” using HEC-18 [Arneson et al., 2012] Equations 6.12 and 6.13. For three-sided structures with a turn-back wingwall with an angle of 60 degrees or less, calculate the local scour depth at the upstream corners of the culvert entrance using the “with wing wall case” using HEC-18 [Arneson et al., 2012] Equations 6.10 and 6.11. For three-sided structures with a turn-back wingwall with an angle between 90 and 60 degrees, calculate the local scour depth at the upstream corners of the culvert entrance using both above methods, and linearly interpolate between the results based on the turn-back angle of the wall between these two limits. Otherwise, for the remainder of the three-sided structure, and for three-sided structures with straight wingwalls, calculate the local scour depth as for an abutment, in accordance with Section 1008.10.
When using a spread footing foundation, provide stone armoring at the footer per HEC-23 [Lagasse et al., 2009], Volume 2, Section 6, Design Guideline 18 (DG-18). Determine the stone armoring median diameter D50 using DG-18 with the minimum size at 12 inches of Type C RCP per C&MS 703.19. Use a Kr of 0.38, for the riprap sizing equation (18.1). Set the top of the spread footing at a depth equal to or exceeding the calculated scour depth elevation.
	The local scour depth calculated by the equations in HEC-18 [Arneson et al., 2012] Section 6.9 is inclusive of contraction scour. The research for scour at three-sided culvert structures was performed on models with wingwalls at a 90-degree turn-back angle for the “without wing wall case,” and on models with wingwalls at a 45-degree turn-back angle for the “with wing wall case.” Scour results using the equations in HEC-18 [Arneson et al., 2012] Section 6.9 may be inapplicable for configurations of culvert and wingwalls other than those used in the research.

	Where lateral stream stability is in question assume the scour design elevation based on the thalweg as the datum.
	See section C1008.10.4 for commentary on stream stability.

	Access and/or download the HEC-23 [Lagasse et al., 2009] publication from the FHWA Hydraulics Library .
	

	[bookmark: _Ref55910203][bookmark: _Toc212100333]Bridge Scour
	

	[bookmark: _Ref42849910][bookmark: _Toc212100334]General
	C1008.10.1

	Evaluate the estimated scour that will occur at each pier and abutment using the FHWA Hydraulic Toolbox.
Provide Toolbox Input and output data including electronic program files.
Adjust the pier design in coordination with the geotechnical and structural engineers to minimize scour for new bridges. 
See Figure Error! Reference source not found. for scour evaluation workflow.
	FHWA produces the Hydraulic Toolbox software to aid with scour analysis using the HEC-18 [Arneson et al., 2012] equations.
Scour evaluations require an interdisciplinary approach. The interdisciplinary team consist of Structural Engineers, Hydraulic Engineers, and Geotechnical Engineers. 
Structural Engineers perform or have oversight in routine bridge inspections that identify concerns due to scour, stream degradation/aggradation, meandering, and prior use of scour countermeasures.
Hydraulic Engineers provide the hydraulic loading applied to the bridge foundation created by the stream or channel flow. Shear forces are generated based on equations in HEC-18 [Arneson et al., 2012].
Geotechnical Engineers evaluate the resistance to the hydraulic loading based on streambed soil or rock properties.
The scour design engineer may be from any of the contributing disciplines provided the engineer has experience in performing this analysis.
Contact OHE for guidance regarding hydraulic modelling and the resulting shear forces or questions regarding scour calculations.
Contact OGE for guidance regarding the determination of the streambed soil or rock properties required for the scour analysis.
In general, circular piers or elongated piers with circular noses and an alignment parallel to the flood-flow direction help minimize scour.
Figure Error! Reference source not found. was developed for the designer to better understand the process steps commonly used to perform a thorough scour evaluation and confirm structural capacity is acceptable.

	[bookmark: _Ref63666771][bookmark: _Toc212100335]Scour Types
	C1008.10.2

	Estimate scour depths due to the following scour types: long-term degradation, contraction scour, and local scour which occurs at piers and abutments.
Long-term degradation is added to the other forms of scour to obtain the total scour.
Contraction scour evaluates where the flow is most contracted at the bridge. The contracted width represents the main channel and is either the toe of slope to the toe of slope or the top of bank to top of bank.
Include pressure flow scour where overtopping occurs. When feasible, avoid pressure flow by increasing the hydraulic opening of the bridge.
	Long-term profile changes can occur from aggradation or degradation, or both. Aggradation is the deposition of bed load due to a decrease in stream sediment transport capacity that results from a reduction in the energy gradient or an increase in the sediment load. Aggradation also frequently occurs in reservoirs. Degradation is the scouring of bed material due to increased stream sediment transport capacity that results from an increase in the energy gradient or a decrease in the sediment load. For most bridges, this determination will be made as a part of the stream stability assessment.
Contraction scour results from a constriction of the flow area caused by approach fills in the floodplain or, to a lesser extent, by bridge piers in the waterway. A common mistake is to use the width of abutment to abutment in lieu of the main channel.
All abutments and piers located within the flood-flow prism increase the potential scour hazard at a bridge site. The amount of scour caused by these features is a function of the geometry of the piers and abutments as they relate to the flow geometry. Additionally, review any history of documented debris accumulations. This type of scour is termed local scour.
Pressure flow, which is also known as orifice flow, occurs when the water surface elevation at the upstream face of the bridge is greater than or equal to the low chord of the bridge superstructure. Pressure flow under the bridge results from a buildup of water on the upstream bridge face and a plunging of the flow downward and under the bridge.
At higher approach flow depths, the bridge can be entirely submerged with the resulting flow being a complex combination of the plunging flow under the bridge and the flow over the bridge.
With pressure flow, the local scour depths at piers or abutments is larger than for free surface flow with similar depths and approach velocities. The increase in local scour at a pier that is subject to pressure flow results from the flow being directed downwards, toward the bed, by the superstructure and by increasing the intensity of the horseshoe vortex. The vertical contraction of the flow is a more significant cause of the increase in scour depth. However, in many cases, when a bridge becomes submerged, the average velocity under it is reduced due to a reduction of discharge that must pass under the bridge as a result of weir flow over the bridge and approach embankments. Consequently, increases in local scour attributed to pressure-flow scour at a particular site may be offset to a degree. The effects of this type of condition should be reflected in the design process. Refer to HEC-18 [Arneson et al., 2012] for more information pertaining to pressure flow scour.
Reference the AASHTO Drainage Manual [AASHTO, 2014] Sections 17.4.4 & 17.4.8.


	[bookmark: _Ref63674688][bookmark: _Toc212100336]Total Scour
	C1008.10.3

	Use the following steps to determine total scour:
1.	Determine the fixed-bed channel hydraulics.
2.	Estimate the aggradation or degradation.
3.	Adjust the fixed-bed hydraulics to reflect these changes.
4.	Compute the bridge hydraulics.
5.	Determine the Contraction Scour.
6.	Determine the Local Scour at piers and abutments.
To obtain total scour, the potential local scour is added to the contraction scour without considering the effects of contraction scour on the channel and bridge hydraulics.
	This is considered a conservative practice because it assumes that the scour components develop independently.
Reference the AASHTO Drainage Manual [AASHTO, 2014] Section 17.4.7.

	[bookmark: _Ref63682191][bookmark: _Toc212100337]Scour Evaluation
	C1008.10.4

	Perform a scour evaluation for all structures within the scour design flood boundary. Assess rock scour resistance according to BDM Section 305.2.1.2.b(B). Compute scour depth for all bridge foundations except for spread footings or drilled shafts founded ion scour resistant bedrock. When evaluating scour for a replacement structure, review all inspection reports for evidence of stream degradation, scour or previous scour countermeasures.
Use evidence of past degradation to estimate future degradation.
	Compare the predicted scour depth to historical site conditions. If the predicted depth does not match historical site conditions, consult with the interdisciplinary team to choose the appropriate action.


	Provide a scour plot showing the structure along with all components of the predicted scour. Include the scour design elevation at piers and abutments. See Figure Error! Reference source not found..
	When scour projections on the scour plot overlap between piers, or piers and abutments, increase the span of the bridge to eliminate the overlap if feasible.

	Locate the scour analysis at the point of scour.

	The soil profile used for the scour analysis begins at the point of scour.
Point of scour location:
Contraction and Degradation; on the channel bottom at the thalweg.
Abutments; at the toe of the embankment for spill-through type or the bottom of the wall for vertical-wall type.
Piers; ground surface at the location of the pier.

	Take lateral channel stability into consideration when performing a scour evaluation. Where stability is in question assume the scour design elevation at local scour points based on the thalweg as the datum. See Figure Error! Reference source not found..
	Naturally occurring lateral migration of the main channel of a stream within a floodplain may affect the stability of piers in a floodplain, erode abutments or the approach roadway, or change the total scour by changing the flow angle of attack at piers and abutments and the point of scour. Factors that affect lateral stream movement also affect the stability of the bridge foundation. These factors are the geomorphology of the stream, location of the crossing on the stream, flood characteristics, and the characteristics of the bed and bank materials. Refer to HEC-20 [Lagasse et al., 2012] for stream stability analysis and methods to determine stability.

	Use the average D50 for the scour analysis for non-cohesive soils or perform a layer-by-layer scour analysis if there is a wide variability in the soil profile D50.
If the scour depth exceeds the layer thickness, use the next layer D50 in the analysis. The next layer persists to the surface, keeping the same velocity and depth as the first layer. Repeat the process until a layer is not predicted to be fully scoured.
Use the critical shear stress from laboratory testing for cohesive soils if available.
Use 657450 hours for Duration of Flow. This represents the 75-year service life of the bridge.
	No method exists to predict velocity due to scour decay. FHWA recommends that each layer be evaluated until the predicted scour is less than the layer thickness when performing layer-by-layer analysis assuming the next lower soil layer persists to the surface.
Methods to calculate critical shear stress for soils and bedrock can be found in the GDM Section 1302. Contact OGE for information regarding laboratory testing.

	Where cohesive soil is present and the allowable soil shear force is not available, perform the scour calculations using a granular soil with a D50 value of 0.2mm
	The FHWA Hydraulic Toolbox has a lower limit of 0.2mm for the D50 when calculating contraction and local abutment scour. 
The only reliable method of determining critical shear for silt and clay particles is to perform laboratory testing. Consult with OGE for guidance on whether to pursue soil testing as opposed to using the assumed D50.

	For local pier scour, use the HEC-18 [Arneson et al., 2012] method for soils with a D50 less than or equal to 20mm. Use the Coarse Bed method when soils have a  greater than 20mm. The Coarse Bed method requires a D50 and D84 of the granular soil.
Use the hydraulic parameters from just upstream and outside of the influence of the pier.
	The Geotechnical Engineer will provide a D84 value for use in the Coarse Bed method if the soils are deemed coarse granular.

	Estimate local abutment scour by using the NCHRP method. Use the appropriate hydraulic parameters based on the abutment location relative to the channel.
	FHWA recommends the NCHRP method. The abutment scour depth calculated by the NCHRP method is inclusive of contraction scour.
FHWA defines two abutment scour scenarios as Condition A and B.
Scour Condition A: The abutment is located near the channel bank or the channel may migrate into the abutment over the life of the bridge. Use main channel hydraulics to compute abutment scour.
Scour Condition B: The abutment is set back from the channel bank far enough that it will not be in contact with the channel over the life of the bridge. Use overbank hydraulics to compute abutment scour.

	[bookmark: _Ref119484210][bookmark: _Toc212100338]Rehabilitation Work
	C1008.10.4.1

	Perform a scour evaluation for all rehabilitated structures that require a hydraulic analysis or when otherwise required by BDM section 405.15.3. Provide calculations along with a narrative of findings and recommended scour countermeasures in the STS. Ignore scour countermeasures in the prediction of scour depths. Include a statement regarding the susceptibility of the stream banks and flow line to scour, and the susceptibility of the piers and abutments to scour.
	For existing bridges, the scour evaluation may consist of determining what the bridge is founded on. For example, with bridge rehabilitation, noting that the bridge is founded on spread footings on scour resistant bedrock would constitute the scour evaluation.

	[bookmark: _Ref63248360][bookmark: _Toc212100339]Scour Design Flood
	C1008.10.5

	Bridge foundations are designed to withstand the effects of scour caused by hydraulic conditions from floods larger than the design flood. The scour design flood and the scour check flood are determined by the hydraulic design flood used to hydraulically size the bridge. Use Table 1008-1 to determine the flood used for scour evaluation.
Table 1008-1
	[bookmark: _Hlk96073293]Hydraulic Design Flood 
	Scour Design Flood 
	Scour Check Flood 

	Q10%
	Q4%
	Q2%

	Q4%
	Q2%
	Q1%

	Q2%
	Q1%
	Q0.2%



	The Scour Design Flood will typically produce the greatest scour for that design condition and the Scour Check Flood will typically produce the greatest scour for the check condition. However, instances can occur due to the hydraulic conditions at a particular site, such as pressure flow and/or overtopping, where flood magnitudes less than either of these floods will cause a greater amount of scour. If there is a flood magnitude less than the Scour Design Flood that causes greater scour at the bridge, it should be used as the Scour Design Flood. Similarly, if there is a flood event less than the Scour Check Flood that causes greater scour at the bridge, it should be used as the Scour Check Flood.

	
	

	[bookmark: _Ref63748307][bookmark: _Toc212100340]Scour Countermeasures
	C1008.10.6

	Provide hydraulic modelling of existing bridges when it is anticipated that the scour countermeasures will impact the flow parameters through the bridge opening or increase the backwater created by the bridge.
Armoring scour countermeasures are not accounted for in the scour depth calculations and are considered a factor of safety.
Incorporate scour countermeasures into the hydraulic model of new bridges.
Example scour countermeasures for existing bridges can be found in the ODOT Bridge Maintenance Manual.
	Scour countermeasures may consist of structural devices to modify stream alignment through the bridge or placement of structural armoring at piers or abutments.
Selection of scour countermeasures requires an interdisciplinary approach in a similar manner to the scour evaluation.
For existing bridges, the structural engineer will propose countermeasures and consult with the hydraulic and geotechnical engineers for concurrence. If deemed necessary by the interdisciplinary team, the hydraulic engineer performs hydraulic calculations to evaluate impacts to the hydraulic aspects of the bridge such as headwater elevation, velocities, resulting shear forces, etc. The geotechnical engineer in collaboration with the structural engineer will evaluate the resisting forces provided by the scour countermeasure to ensure stability.

	[bookmark: _Ref51585683][bookmark: _Toc212100341]Waterproofing Membrane
	C1008.11

	Apply an external waterproofing membrane to all precast reinforced concrete box culverts, three-sided flat-topped culverts, arch culverts and round sections. Use Item 512, Waterproofing, Type 2, along the vertical sides and Type 2 or 3 across the top of the structure. Use Type 3 waterproofing if pavement is to be used directly on top of the structure. Provide an overlap of a minimum of 12 inches of the top membrane over the vertical membrane.
	Waterproofing based on recommendations from TRB Transportation Research Record No. 1315, p. 53-57. [Hurd, 1991].

	[bookmark: _Toc212100342]Precast Reinforced Concrete Flat Slab Tops, Catch Basin Tops and Inlet Tops
	

	Design Precast Reinforced Concrete Flat Slab Tops, Catch Basin Tops, and Inlet Tops in accordance with ASTM C478.
Use a design loading of HL-93 when the structure is under pavement and the span is greater than 10 feet.
	

	[bookmark: _Ref51585721][bookmark: _Toc212100343]Wingwall Design
	C1008.13

	When not using the standard construction drawings or design data sheets, design wingwalls as retaining walls in accordance with the BDM and the current AASHTO LRFD Bridge Design Specifications.
All precast/prefabricated wall systems require submission and approval from OGE according to the following: Approval Process of Prefabricated Retaining Wall Systems. Approved vendors can be found here: PRWS Approved List
	The channel bottom is normally the span of the structure opening.


	0. [bookmark: _Toc212100344]Maintenance of Traffic Drainage
	

	[bookmark: _Ref54768361][bookmark: _Toc212100345]General
	C1009.1

	Evaluate MOT drainage for projects on Interstates, Freeways & Expressways that have one or more of the following or as directed by the District: 
A.	Multi-phased MOT operations.
B.	Profile changes in the roadway that temporarily create a sag point different than the final design.
C.	Traffic maintained adjacent to concrete barrier with 2 feet or less clear distance from the edge of lane to the edge of barrier.
Provide a minimum dry lane width of 10 feet for each traveled lane. Determine the spread of water on the pavement using a 50% AEP design storm unless a different recurrence interval is specified by the District.
Provide MOT drainage by utilizing permanent drainage items for final design and temporary drainage items. Temporary drainage items may include items such as inlets, storm sewers, culverts, ditches, perforated conduits, catch basins, conduits bored or jacked, opening cuts in concrete barrier, French drains, pavement saw cut openings, etcetera. These drainage items could conflict with future MOT phases and may require removal quantities in subsequent MOT phases.
Use permanent drainage items for final design where feasible. Provide a minimum diameter of 12 inches for temporary storm sewers and 18 inches for temporary culverts.
Provide temporary drainage items on the MOT plan per Plan Note Error! Reference source not found..
	Positive drainage during Maintenance of Traffic operations is provided under Items 614 and 615 of the C&MS for most projects.
Consider MOT phasing and potential traffic impacts when utilizing permanent drainage items during MOT operations. Avoid placement of drainage items such as barrier inlet or catch basin grates in vehicle wheel-paths where a roadway hazard may be created.
Criteria used for MOT drainage may be modified by the District as warranted by practicable design with consideration to limitations of site conditions, risk to the travelling public, and the length of time of the MOT. Examples include a modification of the AEP design storm or a reduction to the minimum dry lane width. Contact the Office of Roadway Engineering if the MOT design criteria cannot be met.



	[bookmark: _Toc212100346]Structures for Maintaining Traffic
	

	[bookmark: _Toc338753209][bookmark: _Toc338753559]The design AEP and other hydraulic requirements for temporary structures are defined in C&MS 502.02.
[bookmark: _Toc338753210][bookmark: _Toc338753560]Show the water surface elevation and velocity for the design AEP discharge on the temporary structure plans. Confirm the design AEP discharge does not contact the lowest portion of the superstructure of a temporary bridge.
[bookmark: _Toc338753211][bookmark: _Toc338753561]Culvert pipes may be used in place of a bridge structure provided controls specified in Section 1006 are not exceeded for the design AEP discharge.
Refer to Section 500 of the BDM for other details regarding temporary structures.
	

	[bookmark: _Toc212100347]Temporary Excavation Support for Maintenance of Traffic
	

	When support of excavation is required per BDM Section 310.1.1, include Item 503 Cofferdams and Excavation Bracing in the plans. Provide a plan design for the temporary excavation support per section 310.1.1.2 of the BDM.
	

	0. [bookmark: _Toc212100348]Waterway Permit Hydraulic Analysis
	

	[bookmark: _Ref54761479][bookmark: _Toc212100349]General
	C1010.1

	Follow the procedure below for establishing the hydraulic and construction contract requirements for Temporary Access Fills in the Waterway Permits Special Provisions. Perform a hydraulic analysis based on the maximum permitted extents of the TAF as per the BDM Section 201.3. Do not include this information in the project plan set. Perform the following:
1.	Determine the maximum mean monthly flow from USGS StreamStats (i.e.: largest of Q1, Q2, Q3...Q12). If a delineation is not feasible in USGS StreamStats and the basin area is known, use the following equation:	

	Where:  is the mean monthly flow for March in cfs.  is the basin or drainage area in square miles.
2.	Multiply the maximum mean monthly flow occurring in a 12-month period by 2 to determine the project’s Standard Temporary Discharge.
3.	Calculate the water surface elevation from the STD in the channel cross-section when no TAF is installed. Use the design hydraulic model if a model was required for hydraulic design. If no hydraulic design model was created, use the Manning’s open channel equation, solving for depth.
4.	Calculate the back water surface elevation from the 50% AEP design storm event flow when no TAF is installed.	
	A hydraulic analysis is required when a Temporary Access Fill (causeways and partial width cofferdams) is proposed in a waterway that has a Standard Temporary Discharge of 10 cfs or greater. Reference the TAF Design Process Flowchart and TAF Design Worksheet linked below for the analysis and suggested scoping requirements. A 2-Dimensional hydraulic analysis is suggested for TAF locations with drainage areas greater than 100 sq. mi. and where the stream’s flow is influenced by hydraulic controlling features (i.e., dams). See section 1107.2 for more information on 2-Dimensional hydraulic modeling. The majority of projects will meet the standard hydraulic and construction conditions with a Tier 1 design analysis as described in steps 1-10.
Reference Research [Che et al., 2022] Efficient and Effective Ways to Manage Water through ODOT’s Temporary Fills during Construction.
Reference the TAF Design Process flowchart for steps and a workflow summary related to this activity.
This information is intended to verify the standard hydraulic and construction contract requirements or establish modified hydraulic and construction contract requirements of the Waterway Permits Special Provisions. Environmental professionals will utilize the analysis information to complete the Permit Determination Request.
Utilize the TAF Design Worksheet for identifying stream flow characteristics and verifying the TAF hydraulic and construction requirements. If the standard hydraulic and construction requirements cannot be achieved, utilize the TAF Design Worksheet for providing a Tier 2 or Tier 3 design analysis.
The Temporary Construction Access and Dewatering Activities Checklist is required when a TAF is proposed in a waterway. The Checklist is available from OES-Waterway Permits Unit.
Special consideration is given to structures over controlled bodies of water such as lakes or reservoirs. Refer to the BDM for further design guidance.

	5.	Calculate the corresponding channel flow rate from the OHWM elevation with no TAF installed.
6. 	Record the undeveloped channel characteristics, calculated water surface elevations from the STD, 50% AEP storm event, and OHWM flow on the TAF Design Worksheet.
7. 	Coordinate with the ODOT Project Manager whether a full width or partial width TAF will be utilized for the project.
8. 	Provide a hydraulic analysis of the maximum permitted extents of the TAF constructed to 1-foot above the OHWM elevation. Submit to the ODOT Project Manager. Design the required Hydraulic Opening necessary to provide a backwater equal to or less than the OHWM elevation. The Hydraulic Opening as defined in the Waterway Permits Special Provisions is “The cross-sectional area allowing an unimpeded discharge equal to twice the highest monthly flow without producing a rise in backwater above the OHWM.” The Hydraulic Opening may be culverts and/or channel opening that facilitates construction of the project.
	The OHWM is determined in the field by an individual trained in identifying the OHWM. Refer to the Ordinary High Water Mark Identification Manual published by OES.


	9. 	Verify whether the standard TAF construction and hydraulic conditions can be achieved. 
10. 	If the standard TAF construction and hydraulic conditions can be met, record this information on the TAF Checklist of the Permit Determination Request.
	Standard TAF construction and hydraulic conditions are where the TAF is constructed to 1-foot above OHWM with a Hydraulic Opening capable of passing the STD without producing a rise in backwater above the OHWM elevation.

	11.	If the standard hydraulic conditions cannot be achieved after verification of the OHWM with the ODOT Waterway Permits Unit, utilize the TAF Design Worksheet Tier 2 Analysis to determine a modified TAF construction height and backwater elevation.
12.	Coordinate the modified TAF construction height and backwater conditions with the ODOT Project Manager. Verify that the modified TAF height will facilitate construction of the project. Assess if the TAF height may result in any adverse flooding impacts and/or be cost prohibitive. If the Tier 2 TAF design is accepted, record this information on the TAF Checklist of the Permit Determination Request.
	The OHWM is verified with the ODOT Waterway Permits Unit prior to advancing to a Tier 2 analysis.
Tier 2 TAF Analysis is a simple iterative approach where the designer will raise the required height of the TAF and adjust the Hydraulic Opening until a backwater condition can be achieved providing sufficient freeboard between 0.5-1.0 foot. Refer to the TAF Design Worksheet. Ensure the increased height of the causeway does not create any adverse flooding potential by verifying the backwater condition is below the 2-yr storm event water surface elevation or top of bank elevation.

	13. If a Tier 2 solution cannot be achieved, complete the Tier 3 TAF Analysis section of the TAF Design Worksheet. Contact the ODOT Project Manager prior to beginning the Tier 3 TAF Analysis.
14. Complete the TAF Design Worksheet TAF Stability section. Use the 20% AEP design storm event flow and identify the maximum velocities through or adjacent to the TAF.
15. Include the hydraulic analysis, TAF Design Worksheet, TAF Checklist with submittal of the Permit Determination Request.
Boater safety should be considered in the TAF design in recreational waters to avoid entrapment, adverse hydraulic conditions, or unexpected barriers. 
	Tier 3 TAF Analysis is a more complex iterative approach to determining modified construction and hydraulic requirements for the TAF design. This iterative approach requires the evaluation of risks of water inundating the TAF and thus preventing the contractor from accessing the waterway. Tier 3 analysis requires lowering the Standard Temporary Discharge (2xMMF) to a flow resulting in a backwater equal to the height of the TAF. The TAF height may also need to be raised from the standard 1’ above the OHWM elevation. Tier 3 analysis will generally be necessary in tailwater controlled waterways. For these waterways, the water surface elevation can significantly rise with respect to relatively low river flows. The designer should consider that TAFs in these waterways may be inundated by water for extended periods thus rendering them inaccessible. Ensure that critical work dates are not planned during periods when high probability rainfall events may inundate the TAF. Tier 3 TAF Analysis should be coordinated with ODOT to identify contract risks, project schedules, potential environmental impacts, etc.
The goal of the Tier 3 analysis approach is to provide a TAF that can pass a flow rate without overtopping while facilitating the construction schedule. Determining an appropriate flow for the STD begins by obtaining historical waterway flows from the closest USGS Gage for the past 10-years if available. Flows at the project location can be directly proportionate to the decrease or increase in watershed size. If no gage data is available for the waterway, coordinate with ODOT for guidance. Identify a flow rate that can be passed through and/or around the TAF without producing a backwater exceeding the height of the TAF and will facilitate the anticipated construction schedule. Consider the probability of exceedance of the flow rate compared to the critical work times/durations when the contractor will need access to the TAF to progress the work. As an example, these critical work items may include demolition and/or construction of piers, setting bridge beams, pouring bridge decks, installation/removal of etc.
The designer may need to run multiple scenarios varying the STD, Hydraulic Opening and TAF height. The TAF height should be set as low as possible to prevent negative flooding impacts, but high enough to reduce delay risks and facilitate construction of the work items.
The TAF Stability analysis identifies whether high velocities may be experienced when the TAF is installed and approximates a minimal Dumped Rock Fill Type that would resist erosion from a specified channel velocity. Designers may need to apply a factor of safety appropriate for the hydraulic model that is being utilized for the analysis. Velocities may not be represented accurately using 1-dimensional hydraulic modeling. The factor of safety may vary depending on the unique waterway characteristics and anticipated TAF. i.e., TAFs in high velocity areas of the Maumee River where the TAF is obstructing a portion of the channel may experience increased velocities adjacent to the TAF as flow moves around the obstruction.
Reference the OES Recreational Boating Guidance document for additional guidance for work within recreational waters.
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