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The Drainage Design Manual, dated March 2026, replaces the previous version dated March 
2025. 
 

Major Highlight Revisions  

Section 5.0: Hydrology  

Article 5.2 Added clarification on rainfall data requirements for different project 
scopes of work.  

Section 6.0: Ditch and Channel Design  

Article 6.3.1 Noted that Articulated Concrete Block Revetment Systems shall not be 
placed within bioswales.  

Section 9.0: Roadway Drainage Design  

Article 9.8 
Added options for Designers to help avoid pipe bends.  

Added additional guidance for Designers for pipe jacking.  

Article 9.9 Added a reference to new Base Sheet M-DRN-610. 

Section 10.0: Stormwater Detention Storage  

Article 10.3 Added a reference to the FAA Circular for drawdown requirements.  

Section 14.0: Submittal Requirements  

Article 14.4.2 Added a reference to Appendix O. 

Appendix O: Example Drainage General Notes  

Appendix O Added new appendix. 
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Armoring : Surfacing of channel bed, banks, or embankment slope to resist erosion and scour. 
May be a natural process whereby an erosion-resistant layer of relatively large particles is formed 
on a channel bank and/or channel bed due to the removal of finer particles by stream flow. 
 
Backwater : The increase in WSEL induced upstream from a structure such as a bridge or culvert. 
 
Bank : The sides of a channel between which the flow is normally confined. 
 
Base Flood : The flood having a one percent probability of being equaled or exceeded in a given 
year. A 100-year flood. 
 
Berm : A ledge or shelf that breaks the continuity of a slope, or delineates a detention basin, ditch, 
ditch check, dam or the shoulder along a paved road. 
 
Best Management Practice  (BMP): Design, construction and maintenance practices and criteria 
for stormwater facilities that promote infiltration, minimize impacts from stormwater runoff rates 
and volume, prevent erosion and capture pollutants. 
 
Bioengineering : Restoration and stabilization techniques that use plants, often native species, 
to mimic natural functions and benefits. 
 
Biofiltration : The use of vegetation (usually grasses) to filter and treat stormwater runoff as it is 
conveyed through an open channel or swale. 
 
Bioretention : The use of vegetation in retention areas designated to allow infiltration of runoff 
into the ground. The plants provide additional pollutant removal and filtering functions while 
infiltration allows the reduction of the runoff rate. 
 
Bioswale : A swale that utilizes vegetation and amended soils; to treat stormwater by filtering out 
contaminants being conveyed in the stormwater. 
 
Building : A structure that is constructed or erected partially or wholly above ground and is 
enclosed by walls and a roof. The term "building" includes both the above-ground and the below-
ground portions of the structure. 
 
Bypass Flow : Flow which bypasses an inlet on grade and is carried in the street or channel to 
the next inlet downgrade. 
 
Causeway : Rock or earth embankment carrying a temporary roadway into or across a waterway. 
 
Chance of Exceedance : See Flow Frequency. 
 
Channel Diversion : The removal of flows by natural or artificial means from a natural length of 
channel. 
 
Channel Routing : The process whereby a peak flow and/or its associated stream flow 
hydrograph are mathematically transposed to another site downstream, taking into account the 
effect of channel storage. 
 
Channelization : Straightening or deepening of a natural channel by artificial cutoffs, grading, 
flow-control measures, or diversion of flow into an engineered channel. 
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Frequency Curve : A graphical representation of the frequency of occurrence of a specific event 
(i.e. flood peaks, precipitation amounts, WSELs, etc.). 
 
Gabion : A basket or compartmented rectangular container made of wire mesh. When filled with 
cobbles or other rock of suitable size, the gabion becomes a flexible and permeable unit with 
which flow- and erosion- control structures may be built. 
 
Grout : A fluid mixture of cement and water or of cement, sand and water used to fill joints and 
voids. 
 
Head Loss : The energy of a given flow that is lost; expressed as head. That is, the height through 
which flow would have to fall to produce an equivalent amount of energy. For bridges and culverts, 
the increase in WSEL above the natural WSEL at an upstream location. 
 
Highwater Elevation : The WSEL that results from the passage of flow. It may be an "observed 
highwater mark elevation" as a result someone actually viewing and recording a runoff event, or 
a "calculated highwater elevation" as part of a design process. 
 
Huff Rainfall Distribution : Temporal distributions of rainfall events in Illinois based on data from 
a network of precipitation-reporting stations during a 69-year period (1948-2017). Includes 
distributions of point rainfall (0 to 10 square miles), medium-size areas (10 to 50 square miles) 
and large areas (50 to 400 square miles) for periods ranging from 5 minutes to 10 days and for 
recurrence intervals varying from 2 months to 500 years. They are the most commonly used 
relations used by hydrologists, soil scientists and others who need heavy rainfall data. 
 
Hydraulic Grade Lin e: The surface or profile of water flowing in an open channel or a pipe flowing 
partially full. If a pipe is under pressure, the HGL is that level water would rise to in a small, vertical 
tube connected to the pipe. 
 
Hydraulics : A topic of science and engineering dealing with the mechanical properties of liquids. 
Hydraulics topics range through most science and engineering disciplines and cover concepts 
such as pipe flow, dam design, fluid control circuitry, pumps, turbines, hydropower, computational 
fluid dynamics, flow measurement, river channel behavior and erosion. 
 
Hydrograph : A graph showing the rate of flow (discharge) versus time past a specific point in 
river, or other channel or conduit carrying flow. 
 
Hydrology : The science of the behavior of water, including its dynamics, composition and 
distribution in the atmosphere, on the surface of the earth and underground. 
 
IDNR-OWR: The agency responsible for overseeing and regulating construction activities within 
the floodplains of streams and rivers in Illinois under their jurisdiction. 
 
Ineffective Flow Area : That portion of a floodplain cross section where flow is considered to be 
stagnant or not moving in the predominant direction of flow. This area is typically blocked or 
removed from sections impacted by structures to represent the expansion and contraction of flow. 
 
Inlet Control : A condition where the relation between the HWE and discharge is controlled by 
the upstream end of any structure through which water may flow. For example, a culvert on steep 
slope and flowing part full as in inlet control. 
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Land Surveyor : A person licensed under the laws of the State of Illinois to practice land 
surveying. 
 
Levee: An artificial obstruction erected roughly parallel to a river or channel and used to confine 
flow. 
 
Maintenance : The selective removal of woody material and accumulated debris from, or repairs 
to, a stormwater facility so that such facility may perform its natural functions or the functions for 
which it was designed and constructed. 
 
Mapped Floodplain : The floodplain as determined by the BFE that has been mapped by FEMA, 
IDNR-OWR or municipal jurisdictions. This includes FIRM maps. 
 
Mass Curve Routing : The process of computing the volume of outflow as a function of the inflow 
volume, pumping rates and storage. 
 
Migration : Change in position by lateral erosion of one bank and simultaneous accretion of the 
opposite bank. 
 
Mitigation : Any action taken to permanently eliminate or reduce the negative impacts caused by 
natural or technological hazards. 
 
Municipality : Any community, or the unincorporated County, within Illinois acting as a unit of local 
government. 
 
National Pollutant Discharge Elimination System (NPDES) : A provision of the Clean Water 
Act that prohibits discharge of pollutants into waters of the United States unless a special permit 
is issued by the Environmental Protection Agency (EPA), a state or other designated regional 
agency. 
 
Nonstructural Measures : A term devised to distinguish techniques that modify susceptibility to 
flooding (i.e., such as watershed management, land use planning, regulations, floodplain 
acquisitions, flood warning, flood proofing techniques and other construction practices) from 
structural methods used to control flooding (i.e. such as dams, levees, conveyance channels, 
etc.). 
 
On-Line Detention : Where the site runoff storage required by the Ordinance is being provided 
within the regulatory floodway. The Illinois Tollway strongly discourages on-line storage for 
detention purposes. 
 
Orifice : Two definitions are pertinent: 1. A hole or opening, usually in a plate, wall, or partition, 
through which water flows, generally for the purpose of control or measurement; 2. The end of a 
small tube, such as the orifice of a pitot tube, or piezometer. 
 
Outlet Control : A condition where the relation between the HWE and discharge is controlled by 
the conduit, outlet, or downstream conditions of any structure through which water may flow. 
 
Overtopping Flood : The frequency at which flood waters first flow over the roadway. 
 
Parcel : Contiguous land under a single ownership or control. 
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Peak Discharge : The maximum instantaneous flow generated by a given storm conditions at a 
specific location. 
 
Pressure Flow : Also denoted as orifice flow, pressure flow occurs when the WSEL at the U/S 
face of the bridge is greater than or equal to the low chord of the bridge superstructure. The pile 
up of water on the upstream bridge face and a plunging of the flow downward and under the 
bridge. Flow in a conduit that has no surface exposed to the atmosphere. The flow is driven by 
pressure forces. 
 
Public Road : Any road, highway, street, alley or traveled way that is open, has been dedicated 
or is legally available to public use, regardless of by whom or by what agency or division of 
government it be owned, controlled, or maintained as used herein. This does not include any toll 
highway operated or to be operated by the Illinois Tollway. 
 
Pump : A device that increases the static pressure of a fluid. A pump adds energy to a body of 
fluid in order to move it from one point to another. 
 
Pump Cycling Time : Cycling refers to the time between starts of a given pump. The shorter the 
cycling time, the more frequent a pump shall start and stop. 
 
Pump Station : The collection of components used to lift highway stormwater runoff. A station 
includes the storage unit, wells, pumps, pump house and ancillary equipment. 
 
Rainfall Intensity : The rate in which the rain is falling at any given time interval, usually expressed 
in inches/hour. 
 
Rating Curve : A plot of stage versus discharge. 
 
Record Drawings : Drawings prepared, signed and sealed by a professional engineer or land 
surveyor representing the final "as-built" record of the actual in-place elevations, location of 
structures and topography. 
 
Recurrence Interval : The statistically derived probability of occurrence of a flood event converted 
to a time interval, or the average time interval in which a flood of a given magnitude is equaled or 
exceeded (i.e., a 1% chance of exceedance flood has 100-year recurrence interval). 
 
Regulatory Floodplain : The floodplain as determined by the BFE used as the basis for regulation 
in municipal jurisdictions or the state. 
 
Regulatory Floodway : The floodplain area that is reserved in an open manner by Federal, State, 
or local requirements, i.e., unconfined or unobstructed either horizontally or vertically, to provide 
for the discharge of the base flood so that the cumulative increase in WSEL is no more than a 
designated amount (not to exceed 1 foot as established by the Federal Emergency Management 
Agency (FEMA) for administering the National Flood Insurance Program). 
 
Reservoir : A pond, lake or basin, either natural or artificial, for the storage, regulation and control 
of water. 
 
Riparian : Pertaining to anything connected with or adjacent to the banks of a stream (corridor, 
vegetation, zone, etc.). 
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Riprap : In the restricted sense, layer or facing of rock placed to protect a structure or embankment 
from erosion, also the rock suitable for such use. Riprap has also been applied to almost all kinds 
of armor, including wire-enclosed riprap and grouted riprap. 
 
Roughness Coefficient : Numerical measure of the frictional resistance to flow in a channel, as 
in the Manning's or Chezy's formulas. 
 
Routing : The process of transposing an inflow hydrograph through a structure and determining 
the outflow hydrograph from the structure. 
 
Runoff : The waters derived from melting snow or rain falling within a tributary drainage basin that 
exceeds the infiltration capacity of the soils of that basin. 
 
Scour : The displacement and removal of channel bed material due to flowing water; usually 
considered as being localized as opposed to general bed degradation or head-cutting. 
 
Sediment : Mineral or organic soil material that was removed from the surrounding landscape and 
carried away by flowing water. 
 
Sediment Discharge : The quantity of sediment (in dry weight or by its volume) transported, as a 
suspended or bed load, through a stream cross-section in a given time interval. 
 
Sheet Flow/Overland Flow : Storm runoff flowing in a thin layer over the ground surface. 
 
Special Flood Hazard Area : An area having special flood, mudslide or mudflow, or flood-related 
erosion hazards and which area is shown on a FIRM as Zone A, AO, A1-30, AE, A99, AH, VO, 
V1-30, VE, V, M, or E. 
 
Special Management Areas : Regulatory floodplains or wetlands. 
 
Special Provisions : Special clauses, directions and requirements supplemental to the Standard 
Specifications, setting forth requirements specific to the work included in the Construction 
Contract. 
 
Specifications : The general term comprising the directions, provisions, instructions and 
requirements contained and labeled STANDARD SPECIFICATIONS, the Special Provisions, any 
Supplemental Specifications and Addenda. 
 
Storage : Water artificially impounded in surface of underground reservoirs; water naturally 
detained in a drainage basin, such as groundwater, channel storage and depressions storage 
where the term "drainage basin storage" or simply "basin storage" is sometimes used to refer 
collectively to the amount of water in natural storage in a drainage basin. 
 
Stormwater Facility : All ditches, channels, conduits, bridges, culverts, levees, ponds, natural 
and man-made impoundments, wetlands, riparian environment, tile, swales, sewers, or other 
natural or artificial structures or measures which serve as a means of draining surface and 
subsurface water from land. 
 
Stream : A body of water that may range in size from a large river to a small rill flowing in a 
channel. By extension, the term is sometimes applied to a natural channel or drainage course 
formed by flowing water whether it is occupied by water or not. 
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Structure : Unless otherwise defined in the Specifications, structures shall comprise all objects 
constructed of materials other than earth, required by the contract to be built or to be removed, 
including: buildings, bridges, culverts, headwalls, sewers, constructed channels, outfalls, retaining 
walls and their appurtenances, but not including surfacing, base courses, subbases, gutters, 
curbs, sidewalks and driveway pavement. 
 
Sub-base: The top surface of a roadbed upon which pavement and shoulders are constructed. 
 
Sump Pum p: A sump pump also called an intake sump or sludge pump, is designed to remove 
the solids and sediment that are conveyed by the storm water through the inlet conduits into the 
storage box. 
 
Swale: A wide, shallow vegetated ditch without well-defined bed and banks. Often shaped to not 
provide a visual signature of a bank or shore.  
 
Tailwater : The depth of flow in the channel directly downstream of a drainage facility. Often 
calculated for the discharge flowing in the natural stream without the highway effect (but may 
include other local effects from development), unless there is a significant amount of temporary 
storage that shall be (or is) caused by the highway facility; in which case, a flood routing analysis 
may be required. The tailwater is usually used in such things as culvert and storm drain design 
and is the depth measured from the downstream flow line of the culvert or storm drain to the water 
surface. May also be the depth of flow in a channel directly downstream of a drainage facility as 
influenced by the backwater curve from an existing downstream drainage facility. 
 
Thalweg : An imaginary line extending down a channel that follows the lowest elevation of the 
channel bottom. The line does not include local depressions. 
 
Three-Sided Structure : A precast structure consisting of two sides and a top and made up of 
several units usually taking the place of conventional bridge and culvert. 
 
Toll Highway : The limited access highway built or proposed to be built by the Illinois Tollway, 
including all facilities and appurtenances thereto. 
 
Unsteady Flow : Flow when discharge or rate of flow varies from one cross section to another 
with time. 
 
Watershed : All land area drained by or contributing water to the same stream, lake, or stormwater 
facility. 
 
Waterway Information Table : The summary table representing the natural flow conditions at the 
highway crossing and the backwater impact attributed to the subject bridge or culvert. 
 
Weephole : A hole in an impermeable wall or revetment to relieve the neutral stress or pore 
pressure in the soil. 
 
Weir : A dam across a channel for diverting flows, or for measuring the flow. 
 
Wetted Perimeter : The wetted perimeter is the length of contact between the flowing water and 
the channel at a specific cross section. 
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Wet Well : A chamber of the pump station into which the storm water flows and from which it is 
pumped. 
 
NOTE: This manual follows the traditional definitions for shall, should  and  may . Shall  is used to 
mean something that is required or mandatory, while should  is used to mean something that is 
recommended, but not mandatory and may  is used to mean something that is optional and 
carriers no requirement or recommendation. 
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Computation of encroachment volumes within the floodway/floodplain shall be calculated 
according to IDNR-OWR requirements of 1:1 compensatory storage for fill in the floodway 
between the normal to 10-year and 10-year to 100-year NHWEs (only for approved uses within 
the floodway), unless local requirements are more restrictive, where compensatory storage for fill 
in the floodplain shall also be required. The Designer shall check the local and/or county 
ordinances for the compensatory storage ratio required (1.2:1, 1.5:1, etc.) for fill in the floodplain. 
Refer to Article 2.2 for additional information on governing requirements. 
 
The Designer is responsible for preparing all necessary permit applications required to construct 
within the floodway and/or floodplain limits. Encroachment volumes required for Illinois Tollway 
improvements shall be replaced by compensatory storage within Illinois Tollway ROW and 
adjacent to the floodplain. Replacement of encroachment volumes with compensatory storage 
shall be done in accordance to IDNR-OWR or local requirements, if more restrictive. Permit 
applications shall be reviewed and approved for submittal by the Illinois Tollway Environmental 
Unit and Illinois Tollway Project Manager. Permit applications are to be signed by the Illinois 
Tollway and submitted by the DSE, unless directed otherwise. 
 
The Designer shall make every effort not to combine detention and compensatory storage within 
the same facility. If detention and compensatory storage must be combined in one facility then 
the Illinois Tollway recommends separating the two sites by a berm with an overflow weir set at 
the 100-year flood elevation. 
 
A guidance list of the available hydrologic and hydraulic models that may be used in the design 
of Illinois Tollway drainage facilities is provided in APPENDIX B (B1 and B2). 
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guidance, the Illinois Urban Manual and criterion PD-30 of the Illinois Tollway INVEST Project 
Development Manual for a list of practices for maintaining or establishing a comprehensive 
stormwater treatment train. The Illinois Tollway recognizes that green infrastructure practices 
provide multiple benefits including flattening the hydrograph, reducing stormwater volume and 
filtering out pollutants. Wet basin bottoms provide the most significant pollution capture of 
chlorides or roadway metals but require a maintenance plan during the first few years of 
establishment and water depths need to consider barrier warrant analysis and errant vehicle 
recovery.  
 
In addition to the controlled release outlet, dry detention basins shall be designed with a basin 
dewatering system that drains water remaining below the invert of the controlled release outlet 
without discharge of trapped sediment. Dry detention basins are effective at collecting and 
removing TSS from stormwater but may need modification to the soil profile or a subsurface 
management system. If underground pipe storage is used in lieu of a detention basin, the 
controlled release shall discharge to a grassed ditch prior to discharge off Illinois Tollway ROW. 
 
Stormwater quality control measures should be considered in the design of toll plazas, oases and 
maintenance facilities. Wet detention basins may be provided for areas such as toll plazas and 
maintenance facilities if the basin location does not create an obstacle to traffic. Wet detention 
basins may be located in areas protected by barrier. 
 
All storm sewer outlets tributary to Waters of the United States (WOUS) shall be designed to 
maximize the stormwater contact time in the ditches upstream of the WOUS. At a minimum, a 
200-foot vegetated swale, or equivalent BMP, shall be provided. Coordinate with the Illinois 
Tollway Environmental Unit and USACE to establish a permissible equivalent BMP, if required. 
 
The Designer shall identify maintenance requirements to enhance stormwater quality during the 
drainage design. Maintenance requirements may include, but not be limited to:  
 

1. Regular catch basin cleaning 
2. Detention basin maintenance and cleaning 
3. Roadside litter pick-up  
4. Weed control using Integrated Roadside Vegetative Maintenance (IRVM) for two growing 

seasons. 
 

The Designer shall ensure that the design is adequate to allow for the recommended maintenance 
according to the criteria in Article 10.8. 
 
The Illinois Tollway has initiated a program that utilizes recycled concrete for roadway 
rehabilitation projects. Excavated concrete is broken up and crushed into smaller pieces, often in 
situ, to create an aggregate base for new pavement. The use of recycled or rubblized concrete 
creates unique challenges for erosion and sediment control design. The Designer shall be mindful 
of the fine material that is washed away during storm events, often continuing beyond the 
completion of construction. In addition, the presence of limestone in the rubblized concrete may 
significantly alter the pH of the stormwater runoff. Where rubblization is to be utilized, the Designer 
shall investigate the current technology and identify locations and design devices that shall allow 
for the remediation of rubblized concrete fines prior to discharging stormwater to outside of the 
ROW. If stormwater discharged to sensitive ecological systems, such as creeks or wetlands, or 
interfere with the growth of adjacent plants and grasses, methods for neutralizing the pH shall 
also be assessed. The Designer shall identify methods for preventing impacts to stormwater 



https://www.epa.gov/npdes/national-menu-best-management-practices-bmps-stormwater


http://hdl.handle.net/2142/106653
https://www.nrcs.usda.gov/resources?title=&resource_type=1970


https://www.nrcs.usda.gov/resources?title=&resource_type=1970
http://www.hec.usace.army.mil/


https://www.publications.usace.army.mil/USACE-Publications/Engineer-Manuals/
https://www.bentley.com/
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NOTE: Bioswales shall not be used in areas with significantly low infiltration rates, known ponding, 
permanent high-water tables, in areas with limited pavement runoff or over any known impervious 
material impeding downward movement of water (highly organic clays or clay layers). 
 
For any length of bioswale longer than 1,200 feet without any other maintenance access crossing, 
crossings composed of revetment mats or grass berms shall be provided every 1,200 feet. These 
breaks shall be a minimum of 15 feet in width and shall allow maintenance vehicles the ability to 
cross the bioswales to reach the back slope without disturbing the vegetation or compacting of 
the soil.  
 
Design considerations such as pipe underdrains, plant species and side slopes shall be 
considered. The existing infiltration rate should be determined at the start, end and at periodic 
intervals throughout the proposed bioswale corridor. Geotechnical borings are required to 
determine the groundwater table elevations and how the soil drains. These factors shall help 
determine which bioswale type is preferred for each particular location. 
 
Bioswales reduce pollutants including oils, sediments, metals and nutrients through physical and 
biological processes. They typically include ditch checks to allow for added WQV. Pretreatment 
prolongs the bioswale life by reducing the amount of particulate matter entering the bioswale. 
Pretreatment includes catch basins, street sweeping, grass filter strips and furrows.  
 
Bioswales may be utilized as a water quality feature and where the appropriate hydric soil 
conditions exist. First flush capture in the bioswales and other BMPs may be utilized to meet the 
WQV requirement described in Article 10.3. Designer Percolation tests shall be completed to 
ascertain the potential rate of infiltration expected. In cases where a high-water table is present, 
Designers may consider other design options or customize the bioswale appropriately per the 
given site conditions. Specific runoff quality improvements may be required, depending on the 
local conditions. When it is desired to mitigate the runoff of dissolved solids (TDS), Bioswale Type 
2 may be preferable. When it is desired to mitigate runoff of TSS or accumulation of metals, 
Bioswale Type 3 may be preferable. 
 
6.3.3 Furrows  
 
Furrows are long, narrow, shallow trenches plowed into roadside embankment, often 
accompanied by a small ridge immediately adjacent to the furrow between the furrow and the 
bottom of the embankment. Furrows run on contour of the roadway embankment and promote 
stormwater infiltration and sediment or debris capture. The accompanying ridge checks sheet 
flows, allowing for runoff to be temporarily retained within the furrow, promoting percolation 
through the topsoil layer, thereby maximizing infiltration and reducing velocities prior to 
stormwater reaching any ditches or bioswale bottom. 
  
The furrows shall be approximately four inches deep. Furrows and the accompanying ridge shall 
be vegetated with the same seed mix as the rest of the embankment. Furrows shall always be 
installed beyond the clear zone and should consider mowing needs before placement is defined. 
 
Design considerations such as steepness of slope, maintenance mowing and downstream 
resources should be considered. Furrows may help reduce debris and pollutants, including oils, 
sediment and metals, as well as reduce flow volumes and velocities. 
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6.4 Typical Ditch Sections  
 
When selecting a ditch section, the Designer shall consider roadside safety, maintenance 
requirements and hydraulic efficiency. Generally, the main geometric characteristics of Illinois 
Tollway ditches shall be as shown in the Illinois Tollway Roadway Design Criteria Article 2.6.8 
and the following table: 
 

Table 6.2 
DITCH CRITERIA SUMMARY TABLE  

 

Ditch Bottom Width  
 

See Roadway Design Criteria Articles 2.6.8 
and 2.6.9 

Ditch Foreslopes 8 See Roadway Design Criteria Article 2.6.8 

Ditch Backslopes  See Roadway Design Criteria Article 2.6.8 

Maximum WSEL in Ditches  
2.0 ft. below the edge of pavement 

1.0 ft. below adjacent ROW9 
(50-year Design) 

 
The ditch cross section shall be designed to allow for easy access by maintenance crews. If the 
ditch is located behind a noise or retaining wall then a gate with a door would be required to grant 
access. The proposed storm sewer and pipe underdrain outlet invert elevations shall be set 
approximately 6 inches above the bottom ditch invert elevation.  
 
A check for hydraulic jump shall be performed by the Designer at the slope drain outlet. If a 
hydraulic jump occurs, appropriate measures shall be provided to eliminate the jump or dissipate 
the energy of flow. 

6.5 Watercourse Confluences  
 
The USACE EM 1110-2-1601, Hydraulic Design of Flood Control Channels, contains guidance 
for the design of watercourse confluences. The Designer shall design the confluence of channels, 
ditches, or sewer outfalls in such a way that scour potential at the confluence is minimized. Scour 
potential may be reduced by the use of channel linings. The products mentioned and shown in 
Table 6.1 shall be considered for channel lining. 

 
 
8 Ditches shall be designed to avoid the need for a Barrier Warrant, if possible. See Illinois Tollway Traffic 
Barrier Guidelines for details. 
9 If the ditch is outside of the ROW and within a permanent easement, the minimum freeboard requirement 
is relative to the permanent easement boundary.  



http://www.aiswcd.org/illinois-urban-manual/




https://www.bentley.com/










https://agency.illinoistollway.com/sustainability/stormwater-management?_gl=1*11lwzrv*_ga*MTA4MzU5MTE5MS4xNzMwMzAxMDU5*_ga_M8DZPEZVK4*MTczMDMwMTA2MS4xLjEuMTczMDMwMTE3NS4wLjAuMA..
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Table 8.0 
BRIDGE HYDRAULICS  

 

 Design Criteria  Comments  

1. Design Flood 
50-Year 
(2% chance of exceedance 
flow) 

Flows to be determined in 
accordance with Section 5. 

2. Check Floods 

100-Year 
(1% chance exceedance 
flow) 
500-Year 
(0.2% chance exceedance 
flow) 

Meet all IDNR-OWR permit 
criteria for all storms up to and 
including the 100-year design 
storm, if applicable (See 
Environmental Studies Manual 
Article 6.4.2). 
 
No overtopping of roadway at 
the low edge of pavement for 
0.2% chance exceedance flow. 

3. Minimum Low Chord 
At least 2' above 50-year 
NHWE plus backwater 
effect 

Must also be above recorded 
high water at site and check 
flood and the 100-year HWE. 

4. Minimum Freeboard 3 ft above 50-year created 
head elevation To the low edge of pavement 

5. Maximum Created Head: 
a. In designated floodways in 

Cook, DuPage, Kane, 
Lake, McHenry and Will 
Counties 

b. In other urban areas 
c. In rural areas 

<0.1 ft. (all storm events up 
to and including 100-year 
vs. existing) 
<0.5 ft. (all storm events up 
to and including 100-year 
vs. existing) 
<1.0 ft. (all storm events up 
to and including 100-year 
vs. existing) 

Meet all IDNR-OWR permit 
criteria if applicable. 
 
Meet all IDNR-OWR permit 
criteria if applicable. 
 
Meet all IDNR-OWR permit 
criteria if applicable. 

6. Scour Analysis and 
Protection Measures 

100-Year Design 
500-Year Check Scour 
New countermeasures and 
extensions of existing 
countermeasures: 500-
Year Design 

Design according to 2012 
FHWA HEC-18 Manual (Fifth 
Edition). 
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gutter, Designer comments, etc. Refer to Appendix I for a sample spreadsheet providing this 
information.  
 
In some instances where V-shaped grate types (e.g., G-2 or G-3) are not available in the Hydraulic 
Toolbox pull-down menu, it is recommended that separate calculations be performed via an Excel 
spreadsheet to determine the water depth at the gutter. The actual encroachment width may also 
vary slightly between these two computation methods. 

9.4 Bridge Decks  
 
Bridge deck cross slopes shall conform to the Illinois Tollway Bridge Design Criteria for bridge 
deck overlays. Superelevation transitions on bridges or bridge approaches may require further 
evaluation to avoid ponding of water and prevent runoff from bypassing the last inlet prior to the 
transition. Bridge scupper spacing for Illinois Tollway bridges shall be designed for a 10-year 5-
minute rainfall intensity. Bypass runoff from the bridge deck shall still be designed for the 50-year 
storm event, to be intercepted by the roadway drainage system. 
 
The Illinois Tollway recommends placing drainage structures off the bridge approach section if 
feasible. If not feasible, follow guidance provided in the base sheets (M-RDY-408) for drainage 
structure location. This may require additional drainage structures to be located outside the bridge 
approach section to limit the amount of bypass flow. Also, concrete flumes shall only be utilized 
as secondary overflow structures and not as the primary outlet. Drainage structures located at 
the end of the approach slab or gutter (when allowed) shall be utilized instead. Permanent erosion 
control measures such as turf reinforcement mat and open cell articulated concrete blocks or a 
drainage structure not accessible to traffic shall be used for embankment slope protection from 
bypass flow where no gutter is present at the end of the parapet.  
 
Catch basins shall be provided along the edge of approach shoulder to intercept runoff from the 
bridge when the longitudinal grade is greater than 0.5% (when an open shoulder is present 
downstream of the bridge approach pavement, to prevent erosion). The Designer shall investigate 
and establish the need for approach inlets when the longitudinal grade is less than 0.5% and to 
intercept runoff before it leaves the bridge section. 
 
Bridge deck runoff and inlet spacing shall be calculated by the methods outlined in the HEC No. 
22, Urban Drainage Design Manual. Where runoff collected by inlets cannot be discharged 
directly to underlying areas, the inlet structures shall be located directly above downspouts 
attached to the substructure. A minimum of three inlets are required at the bottom of any sag 
vertical curve or at transverse slope reversals as protection in case the low inlet becomes clogged. 
The Designer shall design the safe conveyance of water from the structure to the natural outlet. 
The Designer shall also evaluate erosion potential at the downspout and incorporate remediation 
into the design when needed. 
 
Inlet spacing and pavement encroachment requirements for local or State crossover bridges shall 
be designed based on IDOT criteria (not Illinois Tollway criteria). Due to difficulties in providing 
adequate deck drainage scupper spacing, as well as adequate maintenance of deck drainage 
systems, gutter flow from roadways shall be intercepted before reaching the bridge segment. 
Where practicable, all deck drainage shall be carried to the end of bridge for disposal. For similar 
reasons, zero gradients and sag vertical curves shall be avoided on bridges.  
 
The drainage and structural engineers shall coordinate the location of scuppers to ensure a proper 
outlet is provided for the bridge deck runoff. Attention shall be given to highly erodible surfaces 
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receiving runoff from bridge decks. Preferred options for stormwater collection from drainage 
scuppers include direct connections to drainage structures, outlet to gutters or concrete slope 
walls and downspouts with erosion protection such as riprap or articulated concrete block 
revetment systems. For reconstruction projects where the existing bridge is to remain, a 
walkthrough is recommended to identify locations of existing freefall scuppers to avoid discharge 
to proposed facilities. Floor drains or downspouts for the bridge scuppers shall not outlet directly 
into waters of the U.S. It is recommended that they be drained into drainage structures with sumps 
or into vegetated ditches for water quality purposes. Refer to the Illinois Tollway Structure Design 
Manual Article 16.2 for additional information. 

9.5 Medians and Shoulders  
 
9.5.1 General Design Requirements  
 
The Illinois Tollway does not allow drainage structures to be placed within the traveled way or in 
the shoulder. If required, these structures shall be located within adjacent infield areas or at the 
edge of gutter. Grass median drainage shall be intercepted with flat grate inlets or catch basins, 
such as flush inlet boxes. All drainage structures shall be located along the gutter line with 
corresponding frames and grates. All outlet pipes shall be comprised of reinforced concrete 
(except at locations where this material is unsuitable), with a minimum diameter of 15 inches.  
 
At sag vertical curve locations, a minimum of three inlet / catch basin structures are required along 
gutters where ponding is contained within the gutter section, concrete barrier walls, berms and 
cut slopes. The flanking inlet / catch basin structures shall be located at a maximum of 50 feet 
from the center inlet on either side of the sag structure, but no more than 0.2 feet above the low 
inlet rim elevation.  
 
The Designer shall design the median, pavement grades and gore areas to eliminate or reduce 
the need for trench drains. Trench drains shall only be used when absolutely necessary and shall 
be limited to areas as described in the Illinois Tollway Roadway Design Criteria, Article 2.6.10.  
 
The minimum inlet spacing on continuous grades shall not exceed 1,000 feet. Also, the first inlet 
shall not be located more than 1,200 feet from the crest of a vertical curve. This distance may be 
reduced if additional structures are required along the stormwater conveyance sewer system for 
maintenance purposes. 
 
9.5.2 Grassed Medians  
 
The design WSEL for median runoff shall be no higher than two feet below the edge of pavement. 
A ditch check may be located at grade to ensure that bypass flow is reduced prior to reaching 
drainage structures. The crest of the ditch check shall be at least one foot above the inlet and just 
below the pavement sub-base. 
 
9.5.3 Paved Medians  
 
The inlet spacing shall be computed using the methods described in FHWA HEC No. 22 Urban 
Drainage Design Manual or other available approved methodology. The Illinois Tollway 
recommends using the FHWA Hydraulics Toolbox software for inlet spacing design. A closed 
drainage system shall be designed for all paved medians with barrier wall and full shoulders. 
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When necessary, lateral patterned subsurface drains should be used beneath the pavement to 
speed up the conveyance of water. Examples of such applications include a sag in a cut condition 
along the vertical profile where there is no positive surface outlet, areas of undercut, at locations 
with groundwater seepage under the pavement and flat roadway profiles (<0.3% profile grade). 
Consideration of installing lateral subsurface drains is recommended at sag points and every 250 
feet to 300 feet on flat roadway profiles to a maximum of 500 feet on centers or as recommended 
in the geotechnical report based on field conditions. Refer to the IDOT Geotechnical Manual for 
more information. 
 
If subsurface drains are to be used in reconstruction projects that employ the use of in-situ 
recycled concrete aggregate (RCA) for the new roadway base, care shall be given to the 
placement of the subsurface drain outlets. Subsurface drain outlets shall not be located within 
200 feet upstream of the eventual watercourse. This allows the necessary spacing for the 
construction of any biological treatment feature downstream from the outlet to treat fine material 
which may wash out from the RCA. 
 
If the outlet shall be constructed closer than 200 feet from a watercourse, the designer shall allow 
space for a Mechanical Sedimentation Trap to be constructed to remove the RCA fines. 
 
The subsurface drainage pipe outlets shall be placed approximately 6 inches above the 
downstream bottom ditch elevation. Do not outlet subsurface drains at higher embankment 
elevations as this creates erosion control issues and would require an ACB system to be installed 
and maintained. 

9.8 Storm Sewer Design  
 
The hydraulic design of storm sewers shall conform to the methods described in the FHWA HEC 
No. 22 Urban Drainage Design Manual or other available approved methodology. Storm sewer 
placement shall be coordinated with the design and placement of guardrail, light poles, sign 
structures, noise walls, median barriers, retaining walls and utilities. Reinforced concrete pipe 
shall be used under all mainline and ramp pavement. Reinforced concrete pipe is preferred for 
use on all Illinois Tollway closed drainage systems except at locations outside paved areas with 
steep grades. Existing corrugated metal pipe (CMP) under Illinois Tollway travel lanes shall be 
replaced with reinforced concrete pipe (RCP) for reconstruction and rubblization projects. See 
Table 9.0 for recommended storm sewer materials.  
 
The pipe class shall be in accordance with IDOT requirements. If reinforced concrete pipe cannot 
be used due to steep grades, other substitutes such as bituminous or epoxy coated corrugated 
galvanized steel pipe or high-density polyethylene smooth interior pipe may be used instead. 
Substitution of reinforced concrete pipe requires the written approval of the Illinois Tollway Project 
Manager. 
 
The design WSEL shall be at least 2 feet below the rim elevation of manholes. For depressed 
roadways, the 100-year HGL shall be at or below the low edge of pavement. Avoid reducing 
collector sewer pipe sizes from existing to proposed conditions if the tributary area is not reduced.  
 
Pipe bends shall be avoided as they increase junction losses and future silt build-up (making the 
storm sewer system difficult to clean / televise). Access structures shall be added along the storm 
sewer system to eliminate the use of pipe bends.  For storm sewer alignments where an overhead 
sign structure foundation is present, the storm sewer may be routed to a roadside ditch to avoid 
conflict with the foundation. For storm sewer diameters 27" or less in tangent roadways, the storm 
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Table 9.2 

FREQUENCIES FOR COINCIDENTAL OCCURRENCE 
 

AREA RATIO  

FREQUENCIES FOR COINCIDENTAL OCCURRENCE 

50 Year Design  100-Year Design  

Main Stream  Tributary  Main Stream  Tributary  

10,000 to 1 
2 50 2 100 
50 2 100 2 

1,000 to 1 
5 50 10 100 
50 5 100 10 

100 to 1 
10 50 25 100 
50 10 100 25 

10 to 1 
25 50 50 100 
50 25 100 50 

1 to 1 
50 50 100 100 
50 50 100 100 

9.9 Drainage Structures  
 
Proposed pipe sizes and locations (e.g., gutter, infield area, barrier / retaining wall, etc.) should 
be taken into consideration when choosing between IDOT and Illinois Tollway drainage structure 
types. For instance, for proposed storm sewers located under G-Series type gutters, Illinois 
Tollway G-Series type drainage structures should be used instead of IDOT structures detailed in 
the Highway Standards. If a large diameter pipe cannot fit inside a G-2, G-3, or G-3 (Modified) 
catch basin, a G-4 or G-5 catch basin may be used instead (with the corresponding frame and 
grate). Use of IDOT structures in these situations should be considered if proven to be cost 
effective. 
 
All Illinois Tollway drainage structures shall be constructed with a minimum 2 ft sump below the 
pipe invert elevation for conveyance system. This information is also provided in the 
corresponding Illinois Tollway special provisions. For larger diameter pipe connections, a 
drainage detail and special provision may be required if a typical standard detail structure cannot 
fit the larger diameter pipes, especially when the connection is perpendicular to the gutter flow. 
For larger box culvert systems used for stormwater conveyance, open bottom manhole riser 
structures may be used instead of drainage structures.  
 
When placing access manholes near the top of a roadway embankment, ensure the manholes 
are accessible for routine inspections and/or for sewer televising purposes. The Illinois Tollway 
also recommends using IDOT Flush Inlet Boxes for grassed medians with unshielded slopes and 
where the tributary drainage area to the drainage structure is significant. 
 
When IDOT Drainage Structures Types 4 and 5 are placed along median barrier walls, pipes shall 
be offset, if necessary, to avoid conflicts with light pole foundations.  
 
When placing drainage structures in moment slabs, the Designer shall refer to the jointing plan to 
ensure a minimum 5 ft clearance is provided between the frame and grate and the expansion joint 
or the end of the slab.  
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Figure 10 -3  Parallel Storage Pipe 

 
 
If open space for detention storage is not available, underground systems (storage tanks, 
oversized box culverts, etc.) may be used instead with the written approval of the Illinois Tollway 
Project Manager.  

10.7 Sedimentation in Detention Basins or Ditches  
 
The design of detention basins or ditches shall permit easy removal of trapped sediment. If this 
is not possible or not cost effective, the storage volume should be increased by an amount equal 
to the estimated volume of sediment expected in a 5-year period. This design option shall have 
the written approval of the Illinois Tollway Project Manager. 
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10.8 Maintenance Access  
 
Detention basins and outlet structures shall be designed for ease of maintenance access and 
should include a minimum 10 ft wide (15 ft desirable) maintenance shelf along the perimeter of 
the detention basin. A maintenance shelf shall be provided adjacent to residential areas. The 
preferred profile gradient for maintenance access paths to detention basin bottoms and outlet 
structures should be less than or equal to 8%. Where these grades are not achievable because 
of constraints, the maximum gradient shall be 1:4 (V:H). Grades steeper than 1:4 will require a 
design deviation. Maintenance access paths shall have a minimum 10 ft width and should be 
paved or built with material to provide traction in wet conditions, such as articulated concrete 
blocks seeded with low profile grasses. Gravel paths for maintenance access to detention basins 
shall not be allowed. 

 
Table 10.0 

STORMWATER DETENTION STORAGE 
 

 
 
14 For more information see:  
https://www.bentley.com/software/openflows-pondpack/ 
http://www.hec.usace.army.mil/software/hec-hms/ 
Tech Tools | Natural Resources Conservation Service (usda.gov) 
 

 Design Criteria  Comments  

1. Water Quality 
Volume 

Capture first flush of rainfall per 
local requirements. 

USACE-Chicago District 
suggests 1.0 inch of WQV. 
DSE shall identify required 
storage by local and USACE 
permit requirements. 

2. Maximum Release 
Rate 

0.04 cfs/acre for 2-year flood 
0.15 cfs/acre for 100-year flood 

Must meet local 
requirements if more 
restrictive. (Refer to Article 
2.2 for additional information 
on governing requirements). 

3. Computation 
Method 

Graphic Method or a 
hydrograph method such as 
Win TR-20, HEC-HMS, Open 
Flows POND-PACK, XP 
SWMM, etc.14 

The critical duration storm 
shall be used for detention 
analysis to determine peak 
flows. 

4. Precipitation Use ISWS Bulletin 75 rainfall 
depths.  

5. Freeboard 
To the edge of 
pavement 
 
To top of berm 

Minimum 3 foot above 100-year 
WSEL 
 
Minimum 2 foot, above 100-
year WSEL 

See Figure 10-1 

https://www.bentley.com/software/openflows-pondpack/
http://www.hec.usace.army.mil/software/hec-hms/
https://www.nrcs.usda.gov/resources?title=&resource_type=1970
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Table 13.0 
PUMP STATIONS 

 

 

  

 Design Criteria  Comments  

1. Design Flood 50-year 
(2% chance of exceedance) 

Use hydrograph method (WIN TR-
20, HEC-HMS, XPSWMM, etc.). 
Use separate spreadsheet for pump 
cycling analysis. 

2. Check Flood 100-year 
(1% chance of exceedance) No pavement flooding allowed 

3. Design Capacity Most economical system of 
pump capacity and storage 

Use: 
1. IDOT Drainage Manual and HEC-

24 Highway Stormwater Pump 
Station Design for additional 
guidance. 

4. Design Water Surface 2 ft. below low edge of 
pavement  









https://www.illinoistollway.com/doing-business/construction-engineering/manuals-processes-guidelines#Environmental%20and%20Drainage










https://nagreen.com/ECMDS
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 Current 
Methods of 

Analysis  

ILLINOIS 
TOLLWAY -DDC 

2008 

ILLINOIS 
TOLLWAY -DDC 

2003 

NORTH-SOUTH 
ILLINOIS 

TOLLWAY  

ILLINOIS 
TOLLWAY -DDC 

1983 

ILLINOIS 
TOLLWAY -DDC 

1970 

3.3 For D.A. = 0.02 to 
10,000 sq. mi. (Rural) 

 
0.7 to 630 sq. miles 
(Urban) 

USGS 
Regression 
Equations 

(StreamStats) 
Frequency 
Analysis 

IDNR-OWR 
Certified 

Discharges 
Hydrograph 

Method 

USGS 
Regression 
Equations 

(Soong 2004 
version) 

Frequency 
Analysis 

IDNR-OWR 
Certified 

Discharges 
Hydrograph 

Method 

USGS 
Regression 
Equations in 

IDOT Drainage 
Manual 

Frequency 
Analysis 

IDNR-OWR 
Certified 

Discharges 
Hydrograph 

Method 

USGS 
Regression 
Equations 

USGS 
Regression 
Equations 

USGS 
Regression 
Equations 
>75 sq. mi. 

3.4. Any Area 

Methods: 
 

HEC-HMS 
XP SWMM 
WinTR-20 

 (the appropriate 
Huff rainfall 

distribution and a 
critical storm 

duration analysis 
shall be 

performed)  
 

Other Available 
Methods (with 
Illinois Tollway 

approval) 

Hydrograph 
Methods: 
HEC-1 

HEC-HMS 
SCS TR-20 (for 
major projects, 
the appropriate 

Huff rainfall 
distribution and 
the critical storm 
duration analysis 

should be 
performed. Use  

Isohyetal 
precipitation 
depths for 6 
county area. 

Other Available 
Methods (with 
Illinois Tollway 

approval) 

Hydrograph 
Methods: 
HEC-1 

HEC-HMS 
 

SCS TR-20 (for 
major projects, 
the appropriate 

Huff rainfall 
distribution and 
the critical storm 
duration analysis 

should be 
performed) 

Other Available 
Methods (with 
Illinois Tollway 

approval) 

TR-20 
HEC-1 

ILLUDAS 
HEC-1 None 
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 Current 
Methods of 

Analysis  

ILLINOIS 
TOLLWAY -DDC 

2008 

ILLINOIS 
TOLLWAY -DDC 

2003 

NORTH-SOUTH 
ILLINOIS 

TOLLWAY  

ILLINOIS 
TOLLWAY -DDC 

1983 

ILLINOIS 
TOLLWAY -DDC 

1970 

6. Inlet / Outlet End 
Treatments 

As needed for 
hydraulics, safety 

and erosion 
control 

As needed for 
improved 

hydraulics and 
erosion control 

As needed for 
improved 

hydraulics and 
erosion control 

As needed As needed None 

8.0 BRIDGE HYDRAULICS 

1. Design Flood 
50-Year 

(2% chance of 
exceedance) 

50-Year 
(2% chance of 
exceedance) 

50-Year 
(2% chance of 
exceedance) 

50-Year 
(2% chance of 
exceedance) 

50-Year 
(2% chance of 
exceedance) 

50-Year 
(2% chance of 
exceedance) 

2. Check Floods 

100-Year (meet 
IDNR 

requirements) 
(1% chance of 
exceedance) 
500-Year (no 

roadway 
overtopping at 

low edge of 
pavement) 

(0.2% chance of 
exceedance) 

100-Year (meet 
IDNR 

requirements) 
(1% chance of 
exceedance) 
500-Year (no 

roadway 
overtopping) 

(0.2% chance of 
exceedance) 

100-Year 
(1% chance of 
exceedance) 

500-Year 
(0.2% chance of 

exceedance) 

None 

100-Year 
(1% chance of 
exceedance) 

500-Year 
(0.2% chance of 

exceedance) 

None 

3. Minimum Low Chord 

At least 2' above 
2% exceedance 
stage for natural 
conditions at U/S 

face 

At least 2' above 
2% exceedance 
stage for natural 
conditions at U/S 

face 

At least 2' above 
2% exceedance 

stage plus 
backwater 

At least 2' above 
2% exceedance 

stage 

At least 2' above 
2% (50-Year) 
exceedance 

stage 

None 

4. Minimum Freeboard 

3 ft above 50-
year HWE at low 

edge of 
pavement 

3 ft above 50-
year HWE     



DRAINAGE DESIGN MANUAL  
 

                                                                          MARCH 2026 | ILLINOIS  TOLLWAY    

 Current 
Methods of 

Analysis  

ILLINOIS 
TOLLWAY -DDC 

2008 

ILLINOIS 
TOLLWAY -DDC 

2003 

NORTH-SOUTH 
ILLINOIS 

TOLLWAY  

ILLINOIS 
TOLLWAY -DDC 

1983 

ILLINOIS 
TOLLWAY -DDC 

1970 

5. Maximum Created Head: 
 
 a. In designated 

floodways In Cook, 
DuPage, Kane, Lake, 
McHenry and Will 
counties  

  
b. Other urban areas 
c. Rural areas 

 
 
 

< 0.1 ft. 
 
 
 
 

< 0.5 ft. 
< 1.0 ft. 

 

 
 
 

< 0.1 ft. 
 
 
 
 

< 0.5 ft. 
< 1.0 ft. 

 

 
 
 

< 0.1 ft. 
 
 
 
 

< 0.5 ft. 
< 1.0 ft. 

 

IDOT Permit 
Requirements None None 

6. Scour Analysis and 
 Protective Measures 

500-Year Design 
per HEC-18 

As needed (HEC-
RAS, HEC-18, 

HEC-20) 

As needed (HEC-
RAS, HEC-18, 

HEC-20) 
   

9.0 ROADWAY DRAINAGE 

1. Roadway Profile       

a. Design Storm 
50-Year 

(2% chance of 
exceedance) 

50-Year 
(2% chance of 
exceedance) 

50-Year 
(2% chance of 
exceedance) 

50-Year 
(2% chance of 
exceedance) 

50-Year 
(2% chance of 
exceedance) 

None 

b. Check Storm 
500-Year 

(0.2% chance of 
exceedance) 

500-Year 
(0.2% chance of 

exceedance) 

500-Year 
(0.2% chance of 

exceedance) 

500-Year 
(0.2% chance of 

exceedance) 
None None 

c. Minimum Freeboard 3 ft above 
headwater 

3 ft above 
headwater 3 ft. 3 ft. 3 ft. None 

2. Pavement       

a. Design 
50-Year 

(2% chance of 
exceedance) 

50-Year 
(2% chance of 
exceedance) 

50-Year 
(2% chance of 
exceedance) 

50-Year 
(2% chance of 
exceedance) 

10% chance of 
exceedance 
2% median 
adjacent to 
barrier walls 

None 
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 Current 
Methods of 

Analysis  

ILLINOIS 
TOLLWAY -DDC 

2008 

ILLINOIS 
TOLLWAY -DDC 

2003 

NORTH-SOUTH 
ILLINOIS 

TOLLWAY  

ILLINOIS 
TOLLWAY -DDC 

1983 

ILLINOIS 
TOLLWAY -DDC 

1970 

10.0 STORMWATER DETENTION 

1. Water Quality Volume 

USACE-Chicago 
District suggests 
1.0 inch of WQV. 
DSE shall identify 
required storage 

by local and 
USACE permit 
requirements. 

     

2. Maximum Release 
Rate 

0.04 cfs/acre for 
2-Year (50% 

chance of 
exceedance 

storm) 
0.15 cfs/acre for 
100-Year (1% 
exceedance 

storm) 
0.10 cfs/acre for 

DuPage and 
Kane Counties 

0.04 cfs/acre for 
2-Year (50% 

chance of 
exceedance 

storm) 
0.15 cfs/acre for 
100-Year (1% 
exceedance 

storm) 
0.10 cfs/acre for 
some counties 

0.04 cfs/acre for 
2-Year (50% 

chance of 
exceedance 

storm) 
0.15 cfs/acre for 
100-Year (1% 

chance of 
exceedance 

storm) 

MWRD Method MWRD Method None 

3. Computation Method 

Hydrograph 
Method (such as 
WinTR-20, HEC-

HMS, Open 
Flows Pond-

Pack, XP 
SWMM, etc.), 

Use critical 
duration storm for 

analysis 

Hydrograph 
Method (such as 
TR-20, HEC-1, 

Open Flows 
Pond-Pack, etc.), 

Use critical 
duration storm for 

analysis 

NRCS TR-55 or 
Hydrograph 

Method such as 
(TR-20, HEC-1, 

Open Flows 
Pond-Pack, etc.) 

MWRD Method MWRD Method None 
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 Current 
Methods of 

Analysis  

ILLINOIS 
TOLLWAY -DDC 

2008 

ILLINOIS 
TOLLWAY -DDC 

2003 

NORTH-SOUTH 
ILLINOIS 

TOLLWAY  

ILLINOIS 
TOLLWAY -DDC 

1983 

ILLINOIS 
TOLLWAY -DDC 

1970 

4. Check Storm 2 ft. below edge 
of pavement 

2 ft. below low 
road elevation 

2 ft. below low 
road elevation None None None 
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APPENDIX B2: HYDRAULIC COMPUTATION MODELS (I)  
 

Type Program Developed By Available From Comments* 

One-
dimensional 

Steady 
Flow 

Models 

HEC-RAS U.S. Army Corps of 
Engineers 

Water Resources Support Center 
Corps of Engineers 

Hydrologic Engineering Center 
(HEC) 

609 Second Street 
Davis, CA 95616-4687 

http://www.hec.usace.army.mil/ 

A HEC-2 file may be imported into HEC-RAS; the user 
shall change the conveyance computations in HEC-RAS 

and make the necessary modifications to the bridge 
modeling before running HEC-RAS to duplicate the 

results obtained using HEC-2. The use of HEC-RAS for 
restudying a stream previously studied using HEC-2 is 

encouraged, as long as one of the following conditions is 
met: 1) the entire stream is rerun using HEC-RAS; or 2) 

the stream reach remodeled using HEC-RAS is 
hydraulically independent from the rest of the stream. 

The WSPRO bridge analysis is recommended for 
constricted floodplains under subcritical flow conditions. 

HEC-RAS warning messages and notes shall be 
addressed prior to submitting the model. 

WSPRO 
 

US Geological 
Survey (USGS) 

US Geological Survey Water 
Resources Software web page at: 
https://water.usgs.gov/software/lis

ts/surface_water/ 
 

WSPRO computes water-surface profiles. Floodway 
option is available in June 1988 version. Use only for the 

conversion of regulatory models.  

OPEN 
FLOWS 

CULVERT 
MASTER 

Bentley 

Bentley Systems, Incorporated 
685 Stockton Drive 
Exton, PA 19341 
1-800-236-8539 

http://www.bentley.com 

Analysis and design of single or multiple barrel culverts 
with roadway overtopping. 

HY8 

US Department of 
Transportation, 

Federal Highway 
Administration 

(FHWA) 

Federal Highway Administration 
(FHWA) 

web page at: 
https://www.fhwa.dot.gov/enginee

ring/hydraulics/software/hy8/ 
 

Analysis and design of single or multiple barrel culverts 
with roadway overtopping.  
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HYDRAULIC COMPUTATION MODELS (II)  
 

Type Program Developed By Available From Comments* 

One-
dimensional 
Unsteady 

Flow 
Models 

FEQ 
and 

FEQUTL 

Delbert D. Franz, 
Linsley, Kraeger 
Associates; and 

Charles S. Melching, 
USGS 

US Geological Survey 
221 North Broadway Avenue 

Urbana, IL 61801 
https://water.usgs.gov/software/feq/ 

 

The FEQ model is a computer program for the 
solution of full, dynamic equations of motion for one-

dimensional unsteady flow in open channels and 
control structures. The hydraulic characteristics for 

the floodplain (including the channel, overbanks and 
all control structures affecting the movement of flow) 
are computed by its companion program FEQUTL 

and used by the FEQ program. Calibration or 
verification to the actual flood events highly 

recommended. Floodway concept formulation is 
unavailable. 

HEC-
RAS 

U.S. Army Corps of 
Engineers 

Water Resources Support Center 
Corps of Engineers 

Hydrologic Engineering Center 
(HEC) 

609 Second Street 
Davis, CA 95616-4687 

http://www.hec.usace.army.mil/ 

Performs unsteady flow analysis. 

XP  
SWMM 

US Environmental 
Protection Agency 
and Oregon State 

University 

Innovyze (an Autodesk Company) 
221 SE Ankeny Street 
Portland, OR 97214 

1-888-554-5022 
XPSWMM - Innovyze 

XP-SWMM is a 1D/2D modeling package that allows 
the integrated analysis of flow and pollutant transport 
in engineered and natural systems including ponds, 

rivers, lakes and floodplains.  Calibration or 
verification to the actual flood events highly 

recommended. 

UNET US Army Corps of 
Engineers 

Water Resources Support Center 
Corps of Engineers 

Hydrologic Engineering Center 
(HEC) 

609 Second Street 
Davis, CA 95616-4687 

UNET is a numerical model that simulates one-
dimensional unsteady flow through a full network of 

open channels. Calibration or verification to the 
actual flood events highly recommended. 

Comparison of bridge and culvert modeling to other 
numerical models reveals significant differences in 

results. 
 

 
 
 







DRAINAGE DESIGN MANUAL  
 

                                                                          MARCH 2026 | ILLINOIS  TOLLWAY  

BMP DECISION FLOW CHART  
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Permit Summary for Floodway Construction in Northeastern Illinois 
(Attachment A -Compensatory Storage) 
 
 
Application Agency: Illinois State Toll Highway Authority 
Route:  ________________________ 
Contract No.:  Structure Number: ________________ 
County: ________________________ 
Stream:  ________________________ 
 
Will fill or material be placed in the floodway due to the proposed work?  
 
Yes �†      No �†  
 
Provide the following information:  
 
Flood Water Elevations: 100-year _______ ft 10-year    ft 
 
 Normal _______ ft 
 
Volume of fill or material being placed in the floodway: 
Volume between the 10 -year and the 100 -year flood level  ___________ yd3 
Volume between the Normal and the 10 -year flood level  ___________ yd3 
 
Excavation being removed from the floodway (for existing structures, embankments and for 
compensatory storage): 
Volume between the 10 -year and the 100 -year flood level  ___________ yd3 
Volume between the Normal and the 10 -year flood level  ___________ yd3 
 
Show the location and amount of compensatory storage to be excavated on exhibits (preferably 
on set of plans and cross-sections). 
 
Attach a copy of Calculations and Exhibits reflecting the above findings. 
 
All engineering analysis has been performed by me or under my direct supervision. 
 
Signed by:   _______________ 
IL/P.E.#: ____ _______________ 
Date:    _______________ 
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Permit Summary for Floodway Construction in Northeastern Illinois 
 
Application Agency: Illinois State Toll Highway Authority 
Route:  ________________________ 
Contract No.:  Structure Number: ________________ 
County: ________________________ 
Stream:  ________________________ 
 
General Description of Existing Facility: 
 
 
 
General Description of Proposed Improvement:  
 
 
 
 
1. Is the proposed work classified as repairs such as deck replacement, 

pavement resurfacing, or the armoring or filling of a scour hole with riprap? 
�†  Yes �†  No 

2. Does the proposed work consist only of modifications to the existing structure 
which may occur above the regulatory profile? 

 
Note: If the answer to question 1 or 2 is yes, no permit is required and 
questions 3 through 12 may be omitted. 

�†  Yes �†  No 

3. Does the proposed work below the regulatory profile consist of widening of the 
existing structure by 12 feet or less? 
 

�†  Yes �†  No 

4. Is the proposed improvement, including the approach roadway, more 
restrictive to normal and flood flows than the existing structure? 

�†  Yes �†  No 

5. Is Channel Modification proposed? �†  Yes �†  No 

6. Are there any buildings or structures located upstream in the 100-year 
floodplain within the influence of the structure backwater? 

�†  Yes �†  No 

6a. If no, does the backwater of the proposed improvement exceed the 
backwater of the existing structure by more than 0.1 ft.? 

�†  Yes �†  No 

6b. If answer to (6) is yes, is the proposed backwater no greater than 0.1 ft. 
above the natural water elevation? 

�†  Yes �†  No 

7. Are transition sections required for this project? �†  Yes �†  No 

8. Is the flood profile at the project site impacted by backwater from a downstream 
receiving stream? 
 
If yes, list frequency of starting elevation for analysis:   ____ 

�†  Yes �†  No 

9. Is there a downstream structure which backwater affects the flood profile at 
the project site? 

�†  Yes �†  No 
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9a. If the answer to 9 is yes, is the downstream structure scheduled for 
improvement within the next 5 years? (Attach documentation) 

�†  Yes �†  No 

9b. If answer to 9a is yes, was the existing downstream structure used in the 
analysis for determining flood profile at the project site? 

�†  Yes �†  No 

9c. Was the proposed downstream improvement used in the analysis? �†  Yes �†  No 

10. Is a floodway map change required due to the proposed project? �†  Yes �†  No 

11. May fill or material be placed in the floodway due to the proposed work? �†  Yes �†  No 

11a. If yes, is compensatory storage to be provided at the project location? 
(Attach a copy of completed Attachment A) 

�†  Yes �†  No 

11b. If answer to 11a is no, is compensatory storage provided at another 
location? If yes, give location. 

Location:  _______________________________________________ 

�†  Yes �†  No 

11c. Has compensatory storage relief been granted? (Attach documentation) �†  Yes �†  No 

12. Has coordination occurred with Agency(ies)?  
(Attach documentation) 

�†  Yes �†  No 

13. Is a permit required for this project? �†  Yes �†  No 

13a. If yes, which permit is required?  
 
Individual Permit  �†  Yes �†  No 
Statewide Permit# ____ �†  Yes �†  No 
Regulated Floodway 

Construction Permit  �†  Yes �†  No 
Regional Permit # 3  �†  Yes �†  No 

�†  Yes �†  No 

 
Signed by:   _______________ 
IL/P.E.#: ____ _______________ 
Date:    _______________ 
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ILLINOIS STATE TOLL HIGHWAY AUTHORITY 
 
 
 
 

CONCEPT DRAINAGE REPORT 
For 

(Insert Title) 
 
 
 
 
 
 

CONTRACT NO:  

LIMITS:  

LOCATION:  
JOB NUMBER:  

 
 
 
 
 
 
 
 
 

PREPARED BY:  

  
  
  

DATE:  
  

REVISIONS: 
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INTRODUCTION 
 
This appendix has three primary goals: 1) provide CWA Section 404-related compliance guidance 
to engineers designing crossings for Illinois Tollway over streams regulated by the USACE 
Chicago District (USACE-CD), 2) aid Designers in achieving project needs while minimizing 
environmental impacts and 3) foster a broader and deeper understanding of sediment transport 
and fish passage design issues in stream crossing projects. The motivation for this appendix, 
described in detail below, is to both achieve compliance with USACE-CD guidance pertaining to 
stream crossings and to encourage Designers to implement environmentally appropriate stream 
crossing alternatives on Illinois Tollway projects. 
 
This document describes the motivation behind its creation and presents a discussion of the 
regulatory framework that should be considered in the design of stream crossings of Waters of 
the United States (WOUS). Found later in the document, the Design Matrix shall be used to 
assess alternatives that consider the unique circumstances of a proposed stream crossing and 
arrive at a class of design solutions that achieve regulatory compliance while meeting project 
goals. It should be noted that the design matrix does not provide an explicit design solution for all 
circumstances a Designer may encounter at a given project site, but rather is intended to inform 
best alternative design solution types that may be utilized for a particular set of hydraulic and 
geomorphic stream conditions. Moreover, the matrix is intended to aid the design team at arriving 
at a design alternative that achieves project needs while minimizing hydraulic and environmental 
impacts. The methodology used to develop the design matrix and a description of its application 
in the alternatives analysis process is included. 
 
The Design Alternatives section includes information about some possible design solutions that 
may be employed to achieve both the project goals, as well as the goals of this guidance. The 
Design Alternatives section is not intended to be a comprehensive list of design solutions that 
may be employed in a given setting, but rather is broadly intended to guide Designers in 
addressing some of the categories of challenges related to regulatory compliance and sediment 
transport that may be encountered on stream crossing projects. The final section is a detailed 
bibliography of the references used to develop the regulatory and design concepts presented 
herein. Should a design team require additional details about design elements, regulatory 
guidance or project setting, the references in the bibliography provide a useful aid. 
 
MOTIVATION 
 
The creation of this document was motivated by the overarching goal of providing engineers 
guidance to design stream crossing structures in a cost-effective manner while minimizing 
environmental impacts and maintaining hydraulic stability by: 
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USACE issues general permits regionally for, among other things, both dredge and fill activities 
and for stream crossings of WOUS. The authority to issue these permits comes in part from 33 
United States Code (USC) 401 (construction of bridges, causeways, dams or dikes) and 33 USC 
1344 (permits for dredge or fill). These Regional General Permits (RGP), as defined in 33 Code 
of Federal Regulations (CFR) 322.2, include 
conditions on stream crossings, culverts, 
sediment movement and fish passage (For 
example, see ACOE Chicago District RGP 3 
and 12). Additional regulatory oversight may be 
found in Section 404 of the CWA, under other 
Federal regulations (i.e., National Flood 
Insurance Program) and through State or local 
agencies. It is this regulatory framework that 
primarily depicts the design alternatives 
process presented herein. 
 
DESIGN MATRIX 
PURPOSE 
The overarching purpose of the design matrix 
is to provide engineers guidance under what conditions to consider alternatives to standard 
stream crossing designs, particularly the four-sided box culvert and specifically in circumstances 
where regulatory jurisdiction and environmental sensitivity warrants additional design care. The 
secondary purpose of the matrix is to provide a basis for selection of design alternatives and 
options when specific hydraulic and/or geomorphic conditions are present at the project site. For 
example, channels experiencing lateral erosion would require different solutions to achieve 
crossing stability (i.e., bank and abutment protection with additional erosion mitigation below and 
downstream of the structure) than channels with long-term aggradational trends (i.e., a design 
that includes local modification of longitudinal channel slope and/or section). Moreover, when 
there is an absence of federal jurisdiction at a proposed project site the matrix aims to provide 
recommendations for a crossing design that minimizes hydraulic, geomorphic and environmental 
impacts and provides value-added to the final design. Designers shall provide an alternative 
analysis, prior to or concurrently with the type study in accordance with this Manual and the 
Structure Design Manual and shall utilize the design matrix, where WOUS or other sensitive 
resources are present. 
 
METHODOLOGY 
The matrix was developed by determining the primary project drivers for stream crossings, 
particularly where regulated by the USACE. These drivers consist of the following: 

1. Federal or State regulation; 
2. Impacts on channel hydraulics and geomorphology; 
3. Structural design; 
4. Environmental impacts. 

 
It is important to recognize that these drivers should be considered both independently of and in 
conjunction with one another and over multiple time periods. For example, the construction of a 
crossing may alter hydraulic and geomorphic characteristics of a channel, at least locally, which 
may subsequently have a significant environmental impact in response to the affected areas. 
Additionally, it should be understood that the typical existing-versus-proposed impacts might 
underestimate or overestimate project impacts in the examination of longer temporal changes 
within a watershed or stream. For example, a particular stream may have at the time of analysis 
a mid-term aggradational trend because of regular agricultural activities that deliver upland 

Figure 2 - Example of a structure that appears 
to span WOUS. Bebo pre-cast bridge. 
(pamonapipeproducts.com) 
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sediment to the stream, but development of the watershed over a longer period may have resulted 
in a concurrent long-term degradational trend created by reducing the watershed-wide sediment 
yield. In the present example the long-term signal in the overall data may be obscured in the 
medium-term trend. It is, therefore, important to consider multiple time periods when developing 
trend analysis for the project. It is left to the design team to quantify the temporal extent of analysis 
to address long-term factors at the project site. 
 
For long-term rearward trends, 35 years of gage data is the recommended minimum duration. 
(For a full discussion of detecting trends in hydrologic data see Kundzewicz and Robson, 2000). 
It is important to consider the expected design life of the project and, when possible, long-term 
future-conditions analysis should have duration as long as the design life. The future conditions 
analysis may be extended beyond the design life of the structure to increase analytic assurance.  
The primary project drivers were identified by reviewing current literature related to channel 
design, federal regulatory guidance for WOUS and sub-disciplines related to stream crossing 
design. In particular, the American Society of Civil Engineers (ASCE) Manual 110 (ASCE 2007) 
provides useful understanding of stream sediment transport-related drivers for stream crossing 
design. Likewise, the National Cooperative Highway Research Program (NCHRP) Report 544 
(McCullah and Gray 2005) has provided insight on developing environmentally sensitive 
engineering solutions and Ashton (2004) has been significant in describing the impacts of ice on 
channel hydraulics. The design engineer is encouraged to identify and/or utilize other references 
in addition to those listed herein, particularly where unique project criteria or site settings require 
specific considerations not addressed thoroughly in the matrix.  
 
Alternatives analyses using the matrix should typically address three types of alternatives: a no-
action condition, two or more design alternatives and a preferred project condition. In most cases 
the no-action alternative may fail to meet the goals of the project, which should be noted in the 
alternatives analysis text when applicable. The alternatives should be described in the text of the 
analysis, including a discussion of how the alternatives perform with the various levels of the 
matrix (i.e., the waterway is jurisdictional [regulatory level]; the considered alternative may span 
WOUS [hydraulic level, regulatory sublevel]; the alternative may impact the FEMA floodplain 
[hydraulic level, regulatory sublevel]; etc.). The discussion of the alternative evaluated within the 
matrix should address the extent to which design considerations in each matrix level may be 
impacted and the best practices employed to mitigate these impacts. In some circumstances the 
preferred alternative may result in the greatest environmental impacts. For example, structural 
considerations to address unique site conditions may require abutment design that significantly 
impacts WOUS and where the costs of 
other structural design approaches may 
increase project cost prohibitively. In 
such circumstances a description of the 
overriding factors in the preferred 
alternative should be clearly noted and 
discussed in the alternatives analysis 
text. 
 
APPLICATION  
Users should start the alternatives 
analysis at the entry (the first level) to the 
matrix for all projects. This matrix entry 
specifically addresses the regulatory 
setting of the project site. Generally, if 
the project site does not impact 

Figure 3  - Example of long-term degradation at a historic 
bridge. Image from Caltrans, Division of Maintenance 
(www.dot.ca.gov). 
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DESIGN ALTERNATIVES  
Alternatives to standard box culverts should be considered when the matrix identifies design 
element impacts to the continuity of sediment transport and to reduce impediments to fish 
passage within a stream. Generally, design alternatives include the following design 
considerations: 

1. Designs with soft bottoms; 
2. Designs that span the design discharge top width at the project site; 
3. Designs that do not form a backwater upstream of the project site; 
4. Designs that do not cause increased velocities through or downstream of the crossing; 
5. Designs that do not locally cause significant changes in sediment transport capacity; 
6. Designs that minimize or avoid impacts to habitat; 
7. Designs that do not impede migration of fish and other species. 

 
Design elements that may be utilized to address these considerations include the following, when 
appropriate: 

1. Three sided structures; 
2. Designs which include abutment placement outside WOUS; 
3. Utilization of grade control elements; 
4. Structures designed to avoid orifice flow; 
5. Employment of lateral erosion protection; 
6. Designs which avoid deposition upstream of the structure. 

 
There are best practices to address specific drivers or combinations of drivers. While some of 
best practices are described below, it is left to the engineer to determine if and how to implement 
them. Moreover, many of the best practices listed here may not be suitable for every project or 
setting, therefore, engineers should determine which best practices may be most appropriate to 
the specific project design and location. 
 
Best practices for aggrading channels or reaches are those that prevent or minimize the 
accumulation of sediments upstream or within the structure. These best practices may frequently 
include designs that increase velocity locally to minimize aggradation since aggradation may 
reduce capacity of the stream crossing. In contrast, the best practices for degrading systems are 
those that promote sediment aggradation through locally reduced velocities (e.g., reduced 
transport capacity) or include grade control. It is very important for Designers to recognize that 
promoting aggradation at specific locations may exacerbate degradation downstream by 
disrupting sediment transport continuity. Designs that promote local aggradation should be 
carefully employed to minimize downstream impacts. 
Alternatives analyses shall include best practices for 
aggrading and degrading channels where appropriate. 
 
The best practice for backwatering is to prevent it from 
occurring under the proposed conditions. If the proposed 
stream crossing is to be placed in a stream section that is 
already experiencing backwatering conditions, best 
practices shall be employed to prevent additional design 
WSEL rise and local reduction in sediment transport.  
 
Much like degrading channels, the best practice for head 
cutting is typically grade control. Like degrading conditions, 

Figure 5 - Example of environmentally 
sensitive lateral erosion protection 
utilizing articulating concrete blocks. 
Note that the blocks have been 
vegetated following application to 
restore habitat. McCullah and Gray 
(2005). 
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when head cutting is present it is important to 
prevent erosion downstream of grade controls 
due to sediment transport discontinuity. One 
solution for this may be a series of grade 
controls that gradually bring the bed elevation 
down to the elevation below the cut. Where 
backwatering and/or head cutting are present, 
the alternative analysis shall include best 
practices to mitigate or minimize these 
conditions.  
 
In the case of lateral erosion, engineers shall be 
aware of toe failure and water surface super 
elevations outside of bends in the waterway. Lateral erosion may be particularly problematic on 
the outside bank of channel bends or meanders. Many best practices related to lateral erosion 
are described in McCullah and Gray (2005); Designers should consider these practices 
individually, in combination, or in variation, particularly where the protection of crossing abutments 
is paramount to the long-term stability of the structure. Different approaches to mitigate lateral 
erosion should be presented in the alternatives analysis.  
 
Debris and ice flows may impact WSEL and sediment transport in stream crossing projects. 
Debris (Simons and Senturk 1992) and ice (Ashton 2004) have periodic or seasonal impacts that 
significantly impact local channel hydraulics and stream bed response. Best practices to minimize, 
or mitigate for problems arising from these stream conditions shall be discussed in the alternatives 
analysis when present. 
 
Pressure flow typically occurs when the capacity of the crossing is less than that required to pass 
given discharge. While pressure flow may be an intentional design condition in hard-bottomed 
crossings, it is not appropriate in soft-bottomed crossings. Soft-bottomed crossings with pressure 
flow may experience significant erosion of the soft bottom. This erosion may give rise to the failure 
of the crossing piers or abutments, as well as alterations of the bed that result in the reduced 
ability for the fish to migrate upstream. While there may be circumstances that use pressure flow 
in soft bottomed channels as an intentional design element (i.e., minimizing aggradation at the 
crossing), the best practice for reduction of pressure flow is to increase the hydraulic capacity of 
the stream crossing. Any alternatives analysis should discuss the use of pressure flow when 
present. 
 
Finally, the direct environmental impacts of stream crossings shall be addressed in the 
alternatives analysis. While the best practices, noted above, imply reducing impacts to 
environmental integrity, including fish passage and loss of sensitive habitat, common sense 
should indicate that additional care shall be taken to minimize the environmental impacts of the 
project overall. In many cases the best practice for reducing environmental impacts is relocating 
a proposed stream crossing. While it is readily apparent that relocation is not always possible, 
measures to minimize removal or reduction of habitat and fish passage should be considered 
significant design elements in any alternatives analysis. One best practice to avoid habitat impacts 
is to span any sensitive channel sections completely. Another environmental impact is the 
placement of abutments and piers within sensitive habitats. This kind of impact should be avoided 
when possible and should also be addressed in an alternatives analysis. 
 
 
 

Figure 6 - Culvert on Crossett Brook, Danbury, CT. 
This is an example of downstream grade control 
that allows for fish passage. (AP photo). 
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Typical time-scale-related geomorphic questions related to design include the following concepts: 
 

1. What is the time scale for the long profile and planform pattern of the stream being 
crossed, particularly at the project site? 

2. Are temporal variations evident seasonally (i.e., freeze/thaw cycles, agriculture), 
episodically (i.e., floods, fires), or over longer periods (i.e., watershed development, 
changes to habitat)? 

3. What is the existing condition in regard to these geomorphic trends and with respect to 
aggradation, degradation, meandering and overall stability? 
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APPENDIX L Sample  Summary  Table for  Critical  
Storm  Duration  Analysis  
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