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The Drainage Design Manual, dated March 2023, replaces the previous version dated March 
2022. 
 

Major Highlight Revisions 

Section 9.0: Roadway Drainage Design 

Article 9.6.1 
Noted that runoff shall not flow over the top of retaining walls and 
barriers.  

Article 9.9 
Noted that when placing a drainage structure in moment slabs, a 
minimum 5 ft clearance shall be provided between the frame and grate 
and the expansion joint or the end of the slab. 

Section 11.0: Toll Plazas, Oases and Maintenance Facilities 

Article 11.1 
Noted that drainage structures shall not be placed within the toll plaza 
area adjacent to the CRC pavement.  

Article 11.2 
Revised the maximum water depth on the pavement in parking lots from 
6ǌ to 4ǌ for the design storm frequency.  

Appendix B: Hydrologic/Hydraulic Computation Models (B1 and B2) 

Appendix B 

Removed the following programs from the software matrix: FLDWAV, 
TABS-RMA2, FESWMS 2DH, SFD, HYDRAFLOW, HYDRA and SUDA. 

Added the following programs to the software matrix: Open Flows Culvert 
Master, SMS SRH-2D and Open Flows Civil Storm.  

Updated program contact information and comments. 
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SECTION 1.0 INTRODUCTION 

1.1 Purpose and Use  
 
The criteria contained herein are intended to outline the general policies and procedures for 
design of Illinois State Toll Highway Authority (Illinois Tollway) drainage facilities. The design of 
drainage facilities for all Illinois Tollway projects shall be performed in accordance with these 
criteria and applicable references cited herein. The following publications shall be used in the 
design of drainage facilities: 
 

¶ Illinois Tollway Design Section Engineer's Manual 

¶ Illinois Tollway Erosion Control and Landscape Manual 

¶ IDOT Standard Specifications  

¶ Illinois Tollway Supplemental Specifications to IDOT Standard Specifications 

¶ Standard Drawings (Illinois Tollway & IDOT) 

¶ Other bulletins or publications as directed by Illinois Tollway 
 

Drainage design shall account for, but not be limited to, consideration of the following: 
 

¶ Runoff generated within Illinois Tollway right-of-way (ROW) 

¶ Runoff from adjacent property that reaches and/or crosses Illinois Tollway right-of-way 
(ROW) 

¶ Subsurface drainage 
 

It is the responsibility of the Designer to provide a cost-effective method for handling stormwater 
runoff from Illinois Tollway facilities and follow the requirements of Illinois drainage law. The 
Designer shall be knowledgeable in current practices in the areas of hydrology, hydraulics and 
highway drainage design. Additionally, the Designer shall be familiar with the regulations and 
requirements of public agencies that regulate or issue permits necessary to construct drainage 
facilities. 
 
The criteria provided herein were prepared as a guide to aid the Designer in the design of drainage 
facilities in conjunction with new construction, reconstruction and rehabilitation of existing 
roadway facilities. The application of these criteria shall depend on the scope and type of 
improvement as follows: 
 

¶ Rehabilitation/Reconstruction Projects: The drainage design shall be performed in 
accordance with the criteria in use at the time of the most recent design modification of 
that Illinois Tollway facility. The Designer shall investigate the existing Illinois Tollway 
drainage system and identify flooding problems or inadequate drainage. The design 
criteria in this document shall be used to correct any deficiencies identified by the Designer 
involving Illinois Tollway drainage facilities. 

¶ Widening or Lane Addition Projects: The design criteria in this document shall be used for 
the new or reconstructed portions of facilities. Drainage design of existing facilities shall 
not be modified unless a flooding problem is identified or if the existing design is 
incompatible with the proposed facilities. For example, the stormwater detention volume 
provided for a widening project would consist of the detention volume provided in the 
design of the existing facility plus additional detention required for the new pavement as 
determined by the criteria in this document. 
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¶ New Construction Projects: The design criteria in this document shall be used. 
Previous Illinois Tollway Drainage Design Criteria compared to the current criteria are 
summarized in APPENDIX A. It is the responsibility of the Designer to use the correct design 
criteria in this document. 

1.2 Abbreviations & Acronyms  
 
ACB   Articulated Concrete Block  
BFE   Base Flood Elevation 
BMP  Best Management Practice 
D/S  Downstream 
DSE  Design Section Engineer 
FBFM  Flood Boundary and Floodway Map 
FEMA  Federal Emergency Management Agency 
FHWA  Federal Highway Administration 
FIRM  Flood Insurance Rate Map 
HGL  Hydraulic Grade Line 
HWE  Headwater Elevation 
HWL  High Water Level 
NHWE  Natural Highwater Elevation 
IDNRïOWR  Illinois Department of Natural Resources ï Office of Water Resources 
IDOT   Illinois Department of Transportation 
U/S  Upstream 
USACE United States Army Corps of Engineers 
USDA-NRCS The United States Department of Agriculture, Natural Resource Conservation 

Service 
USEPA United States Environmental Protection Agency 
USGS  United States Geological Survey 
WIT  Waterway Information Table 
WQV  Water Quality Volume 
WSEL  Water Surface Elevation 

1.3 Definitions  
 
Abrasion: Removal of stream bank material due to entrained sediment, ice, or debris rubbing 
against the bank. 
 
Aggradation: The process by which a streamôs gradient steepens due to increased deposition of 
sediment. 
 
Approach Section: A stream channel cross section, normal to thread of current and for the 
discharge of interest, located in the approach channel. The approach section should be located 
sufficiently upstream from the opening that the flow is not affected by the structure but is fully 
expanded to natural floodplain width. 
 
Apron: Protective material placed on a streambed to resist scour. 
 
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. 
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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. 
 
Check Valve: A mechanical device without moving parts usually made of rubber that may be put 
on the outlet end of a culvert or storm sewer to prevent backflow. A pipe fitting used to prevent 
backflow to the pumps and subsequent recirculation. 
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Clearance: Distance that the low beam is located above a given flood stage. 
 
Compensatory Storage: An excavated hydrologically and hydraulically equivalent volume of 
storage created to offset the loss of existing flood storage. 
 
Confluence: The junction of two or more streams. 
 
Construction Manager: The Engineer or firm of engineers and their duly authorized employees, 
agents and representatives retained by the Illinois Tollway to observe the Work to determine 
whether-or-not it is being performed and constructed in compliance with the Contract. 
 
Contract: The written agreement executed between the Illinois Tollway and the successful Bidder 
and any supplemental agreements duly executed, establishing the terms and conditions for the 
performance and construction of The Work and the furnishing of labor, materials and equipment 
by which the Contractor is bound to perform The Work and to furnish labor, equipment and 
materials and by which the Illinois Tollway is obligated to compensate the Contractor therefore at 
the established rate or price. The Contract includes the Advertisement to Bidders, Instructions to 
Bidders, the Proposal, Bonds, the Standard Specifications, the Illinois Tollway Supplemental 
Specifications, the Contract Plans, the Special Provisions, and all Addenda and any Extra Work 
Order, Change Order or Supplemental Agreements after execution of the Agreement. 
 
Control Structure: A structure that is used to regulate the flow or stage of the stream, basin, 
reservoir, or drainage structure. 
 
Created Head: See Head Loss. 
 
Critical Depth: The depth at which the specific energy for a particular discharge is a minimum. It 
is the depth at which, for a given energy content of the water in a channel or conduit, maximum 
discharge occurs. 
 
Critical Duration: Duration of rainfall needed to produce the maximum peak flow at any point in 
a drainage system; it is equal to the time of concentration of the drainage area. 
 
Culvert: A conduit which conveys flow through a roadway embankment or past some other type 
of flow obstruction and having a regular, uniform shape, typically rectangular or circular.  
 
Dam: Any obstruction, wall embankment, check dam or barrier, together with any abutments and 
appurtenant works, constructed to store or direct water or to create a pool (not including 
underground water storage tanks). 
 
Degradation: The process by which a streamôs gradient becomes less steep, due to the erosion 
of sediment from the stream bed. Generally follows a sharp reduction in the amount of sediment 
entering the stream. 
 
Design Deviation: The process of requesting alternative design parameters to the Illinois Tollway 
Chief Engineer when the design criteria as described in the Illinois Tollway design manuals is not 
achieved. A written description is required stating reason why this deviation is required with 
alternative designs considered. 
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Design Section Engineer: The Engineer or firm of engineers and their duly authorized 
employees, agents and representatives retained by the Illinois Tollway to prepare the Contract 
Plans for a Design Section. 
 
Designer: The person (or consultant team) responsible for performing a design task for an Illinois 
Tollway project. Although this is typically the DSE, it may also include a person (or consultant 
team) hired by a Contractor to perform design as part of a Value Engineering Proposal or part of 
a Performance Based Design. This document shall use the term ñDesignerò which covers anyone 
performing design and shall only use the term ñDSEò when discussing tasks specific to the DSE. 
 
Detention: The storage and slow release of stormwater following a precipitation event by means 
of excavated pond, enclosed depression, pipe or tank used for stormwater peak flow reduction, 
storage and pollutant removal. Both dry and wet detention facilities may be applied. Special 
conditions for wet detention ponds apply on the Illinois Tollway right-of-way.  
 
Development: Any activity, excavation or fill, alteration, subdivision, change in land use, or 
practice, undertaken by private or public entities that affects the discharge of stormwater; or 
substantial improvement to any portion of a building in the floodplain. The term "development" 
does not include maintenance of stormwater facilities. 
 
Ditch: A constructed channel used to convey runoff. Typically occurs as roadside and median 
ditches. 
 
Drainage: The removal of excess surface or ground water from land or roadway pavement by 
means of surface or subsurface drains. 
 
Drainage Channel: A type of open, vegetated channel designed solely to safely convey roadway 
runoff during the design storm event. 
 
Drainage Divide: The rim of a drainage basin. The divide separating one drainage basin from 
another. Drainage divide, or just divide, is used to denote the boundary between one drainage 
area and another. 
 
Drainage/Tributary Area: The area of land from which the water drains to a given point. 
 
Effective Opening: The area of flow below the NHWE for a given flood stage measured along a 
plane across the structure that is perpendicular to the predominant direction of flow. The effective 
opening excludes any depressional areas and any part of the opening that is blocked or 
inaccessible to flow. 
 
Emergency Overflow Spillway/Area: An area specially designed to convey the runoff exceeding 
a given design flood at a detention basin. 
 
Erosion Control: Measures proposed and provided to prevent or reduce the displacement of soil 
by the running water on road embankment fills, banks and at various drainage structures (i.e., 
culvert inlets and outlets, channels, detention pond overflow areas, junctions, etc.). 
 
Eutrophication: Increase of nutrient content (nitrogen, phosphorus and carbon) from runoff or 
other effluent sources that favors growth of aquatic plants and algae in lakes, detention basins or 
other water bodies.  
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Eutrophication Control Measures: Combination of bioengineering measures in order to 
prevent, limit and control the eutrophication process in lakes, detention basins or other water 
bodies. Use of buffer zones (filter strips) may also be applied to protect sensitive areas. 
 
Field Tile: Buried pipe used to drain low or moisture laden areas in farm fields. 
 
Filter Strip: A vegetative planting used to retard or to collect sediment or pollutants for protection 
of diversions, drainage basins or other drainage structures. 
 
First Flush: Contains the majority of pollutants in stormwater runoff. 
 
Flood Fringe: The area within the floodplain associated with the base flood exclusive of the 
floodway. 
 
Flood Insurance Rate Map: An official map of a community or an area on which the FEMA has 
delineated both the special hazard areas and the risk premium zones applicable to that 
community or area. FIRMs typically identify the elevation of 1% chance of exceedance flood and 
delineate the areas that would be inundated by that flood. 
 
Flooding: A general and temporary condition of partial or complete inundation of normally dry 
land areas from the unusual and rapid accumulation or runoff of surface waters from any source. 
 
Floodplain: The channel and adjoining area which has been or may be subject to inundation by 
water exceeding a certain discharge. The floodplain is composed of floodway and the flood fringe. 
Unless qualified, ñfloodplainò shall correspond to the base flood discharge. 
 
Floodway: The channel and that portion of the floodplain adjacent to a stream or watercourse 
that shall be kept free of any encroachment in order to convey the base flood without increase in 
flood height. 
 
Flow Frequency: The probability of a peak discharge being exceeded in any year. For example, 
a 100-year flood has a 1% chance of exceedance in any given year. Although calculation of 
possible recurrence is often based on historical records, there is no guarantee that a 100-year 
flood may occur at all or it may not recur several times within any 100-year period. 
 
Forebay: An artificial pool of water located in front of a larger reservoir. Typically used in flood 
control to act as a buffer during flooding or storm surges. They are also used upstream of a 
reservoir to trap sediment and debris in order to keep the reservoir clean. 
 
Freeboard: The vertical distance between the maximum design WSEL and the top of the 
retaining bank, berm or structure. 
 
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. 
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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 Line: 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. 
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. 
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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. 
 
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. 
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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.). 
 
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. 
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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. 
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. 
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Sump Pump: 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. 
 
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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SECTION 2.0 DRAINAGE POLICIES 

2.1 General Considerations  
 
Drainage policy and criteria are defined as follows: 
 

¶ Drainage Policy 
o A general principle, course or method of action that guides present and future 

decisions related to drainage projects. 

¶ Design Criteria 
o The detailed standards and methods by which the drainage policy is implemented 

are listed below: 

¶ Generally, Illinois Tollway Drainage Policy consists of the following: 
o Existing drainage patterns shall not be significantly altered by the design. 
o The Designer shall exercise good engineering judgment and early recognition of 

potential problem situations in order to minimize drainage liability and damages 
resulting from Illinois Tollway construction and maintenance activities. The courts 
look with disfavor upon injury or damage that may have reasonably been avoided 
through a prudent design, even when some alteration of flow conditions is legally 
permissible.  

o The descending order of law supremacy is Federal, State and local, except as 
provided for in the statutes of the constitution of the higher level of government. 
Laws, rules, or regulations of a lower level of government do not bind the superior 
level. The Illinois Tollway is a state agency and has jurisdiction over the entire 
Illinois Tollway system.  

¶ Drainage designs for Illinois Tollway projects shall be developed with the following 
guidelines: 

o Existing drainage area boundaries shall be maintained with no diversion of water 
from one watershed to another. Roadway ditches shall not cut across watershed 
divides. 

o Increases in discharge runoff rates from existing to proposed conditions are not 
allowed. The need for stormwater detention with attenuated release rates shall be 
considered in all drainage designs. 

o When feasible and cost-effective, the off-site runoff should be kept separate from 
Illinois Tollway drainage facilities. The evaluation shall consider the cost(s) of 
separation, operation, detention requirements, stormwater quality and other 
factors required by the regulatory agencies. 

o Ponding of runoff on properties adjacent to and resulting from Illinois Tollway 
facilities is not permitted. 

o Designs shall incorporate provisions to prevent erosion within Illinois Tollway right-
of-way, as well as properties immediately adjacent to but outside the right-of-way, 
which receive water from the Illinois Tollway right-of-way. 

o Where no defined channel is available to pass cross drainage or bypass flow, 
additional drainage structures and/or erosion protection shall be provided to 
prevent excess concentration of flows at a single location. 

o Any work to be performed outside the existing Illinois Tollway right-of-way requires 
verification of existing permanent easements or obtaining such permanent or 
construction easements from the owner(s) of the property affected. 
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o Designs should take into consideration the future maintenance of drainage 
systems in order to reduce the possibility of future damage to adjacent property 
and drainage systems during maintenance operations. 

o The design shall incorporate existing field conditions to take into account any 
recorded pavement flooding or restricted outlets when developing the existing 
drainage models. 

o Designs should take into consideration providing emergency overflow routes to 
reduce extensive pavement flooding if the downstream outlet is restricted during 
high frequency storm events.  

o All elevations shall be in NAVD88 or correlated with the Highway Datum. Datum 
correlation shall be provided for projects referring to the FIS. 

2.2 Governing Requirements within Multiple Jurisdictions  
 
Illinois Tollway facilities interconnect with state, township, county and municipal roadways 
throughout northeastern Illinois. Many of the agencies charged with operating and maintaining 
these roadways have adopted policies/ordinances regulating stormwater management within 
their jurisdiction. The design criteria contained within this document are established as a minimum 
standard. Design criteria of superior levels of government shall be followed when they exceed 
Illinois Tollway criteria. Requirements established by agencies of a lower level of government that 
exceed or are more restrictive than Illinois Tollway criteria shall be followed for Illinois Tollway 
facilities located within that agency jurisdiction. The Illinois Tollway is exempt from permitting by 
lower levels of government and shall not apply for such permits. For non-Illinois Tollway facilities 
located within areas of multiple jurisdictions, the requirements of the agency charged with 
maintaining the facility shall be followed. If not meeting local criteria provide correspondence or 
letter of adherence. 
 
Designs which include the removal, replacement, or reconstruction of facilities owned or 
maintained by agencies other than the Illinois Tollway, shall be approved by such agency. It is 
the responsibility of the Designer to obtain written approval for such designs from the agency or 
agencies involved in a timely manner to avoid delays and conflicting requirements. 
 
It is the Designerôs responsibility to obtain the requirements from all agencies within the project 
limits. Furthermore, the Designer is responsible for evaluating these requirements, determining 
potential conflicts and coordinating the resolution of these conflicts. The Illinois Tollway Project 
Manager shall be informed of all coordination efforts. 

2.3 Coordination with Other Regulatory Agencies  
 
Proposed Illinois Tollway improvements may involve a significant number of public agencies that 
participate in the regulation of stormwater runoff and waterways.  
 
The following is a list of agencies that may require approvals or permits prior to the construction 
of any improvements within areas of their respective jurisdictions: 
 

¶ U.S. Coast Guard (USCG) 

¶ U.S. Army Corps of Engineers (USACE) 

¶ U.S. Department of the Interior, Fish and Wildlife Service (USDI-FWS) 

¶ U.S. Environmental Protection Agency (USEPA) 

¶ Federal Emergency Management Agency (FEMA) 

¶ Federal Aviation Administration (FAA) 
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¶ Illinois Department of Transportation / Division of Highways (IDOT-DOH) 

¶ Illinois Department of Natural Resources - Office of Water Resources (IDNR-OWR) 

¶ Illinois Department of Natural Resources - Office of Conservation (IDNR-OC) 

¶ Illinois Environmental Protection Agency (IEPA) 

¶ Metropolitan Water Reclamation District of Greater Chicago (MWRD) 
 

The scope and location of the proposed Illinois Tollway project shall determine the extent of 
regulatory agency involvement. During the development of the scope of work for DSE contracts, 
the Illinois Tollway shall attempt to identify those permits and review contacts, which shall be 
required for individual projects. This effort shall in no way eliminate the Designerôs responsibility 
to identify the need for any and all such permits and to coordinate with the various regulatory 
agencies. The Illinois Tollway Project Manager shall be informed of all coordination efforts. 

2.4 Analysis Procedures  
 
The use of academically recognized or public agency accepted computer software for analyzing 
drainage hydrology and hydraulics is preferred. The use of recognized computer software 
provides more uniformity of design and facilitates interpretation of results. Software developed by 
the FHWA, NRCS, USGS, USACE, USEPA or commercial software, which is based on methods 
developed by these agencies, is preferred. Manual methods of analysis developed by these 
agencies are also acceptable. In-house spreadsheets developed by the Designer may be 
acceptable if proof of the accuracy of the methodology and precision of the spreadsheet is 
provided. Written approval by Illinois Tollway is required before the Designer may begin any work 
using in-house spreadsheet. Any method of analysis, whether manual or computerized, shall be 
applied within its established analytical limitations. 
 
The Illinois Tollway continuously updates their pay items, standard details and specifications. The 
Illinois Tollway also utilizes some IDOT standards. Refer to subsequent sections of this Drainage 
Design Manual for additional information as to when IDOT design procedures and guidelines are 
used. 
 
BMPs shall be included in the design of all Illinois Tollway drainage facilities. The Designer shall 
design drainage facilities for Illinois Tollway projects in a manner that allows for easy and low- 
cost maintenance. 
 
The Designer shall provide the Illinois Tollway Project Manager with adequate documentation for 
all input values and assumptions used in the analysis to ensure that the assumptions are 
acceptable.  
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SECTION 3.0 FLOODWAY/FLOODPLAIN 
ENCROACHMENTS 

3.1 General Considerations  
 
A floodway/floodplain encroachment occurs whenever there is any construction or development 
in a mapped or regulatory floodway/floodplain. The location of floodways and floodplains may be 
determined from Federal Emergency Management Agency - Flood Insurance Studies (FEMA-
FIS) maps including: 
 

1. Flood Insurance Rate Maps (FIRM) 
2. Regulatory Floodway Maps from IDNR-OWR or the municipal jurisdiction 

 
The latest digital FEMA mapping is available online at the FEMA Map Service Center. IDNR-OWR 
issues permits for appropriate use and construction in floodways. All floodplain encroachment 
analyses shall meet requirements per IDNR-OWR and FEMA criteria.  
 
The DSE may need to switch to a FEMA approved model if the existing model is no longer 
accepted by FEMA. 
 
The Illinois Tollway may have flood record data available for areas within the individual 
Maintenance Sections. The Illinois Tollway PM may be contacted to obtain this information.  
 
If a municipality has more restrictive floodplain criteria than IDNR-OWR or FEMA, the analysis 
shall be in accordance with the local requirements. Unless otherwise qualified, the ñfloodplainò 
shall correspond to base flood flow as defined below. 

3.2 Method of Analysis  
 
As part of the hydrologic analysis, the 100-year flood (i.e., the flood flow with a 1% chance of 
exceedance1 in any given year) shall be determined using the appropriate methodology described 
in Section 5. If there is existing regulatory agency hydrology or hydraulic models available for the 
watershed affected by the proposed project, the model with appropriate changes to reflect 
existing, natural and proposed project conditions shall be used in hydrologic and hydraulic 
analysis.  
 
HEC-RAS may be used to import HEC-2 and UNET data to convert the original FEMA software, 
but the resulting WSELs have to be consistent with the original regulatory model output file. Also, 
WRAS is an NRCS program used to convert WSP2 data.  
 
The hydraulic conditions for the existing and proposed structures shall be analyzed using the 
appropriate methodology described in Sections 6, 7 and 8. If a project requires the use of a multi-
dimensional flow or unsteady flow model, the selected computation software shall meet the 
requirements of Article 2.4. The Designer shall discuss and receive prior written approval from 
the Illinois Tollway Project Manager before any analysis using a multi-dimensional flow or 
unsteady flow model begins. Refer to the IDOT Drainage Manual Section 2-600 and the 

 
 
1 See Section 1 - Glossary for definitions 
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ñWaterway Hydraulic Reportsò section of the ACEC-Illinois/IDOT 2014 Drainage Seminar 
presentation for additional information. 
 
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 2 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). Also, refer to the 
ñFloodway Permits in Illinoisò section of the ACEC-Illinois/IDOT 2014 Drainage Seminar 
presentation for additional information and design criteria regarding floodway/floodplain 
encroachment.
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SECTION 4.0 WATER QUALITY 

4.1 General Considerations  
 
Stormwater quality is a component of drainage design. The Designer shall determine if a National 
Pollutant Discharge Elimination System (NPDES) stormwater permit is required for the proposed 
project. All projects of one acre or more of soil disturbance require an NPDES permit. The Illinois 
Tollway has a system under NPDES permit and shall submit all paperwork to the IEPA. Therefore, 
the Designer does not submit paperwork to the IEPA. The inspection reports are submitted to the 
Illinois Tollway directly.  
 
Stormwater quality practices incorporated into the drainage design shall not impact traffic safety 
and shall be cost effective. The Designer shall use BMPs for stormwater quality when designing 
drainage facilities. If required, the Designer shall prepare a Notice of Intent (NOI) to be included 
in the contract documents. Once a contract is secured, the completed NOI shall be submitted to 
the Illinois Tollway. 

4.2 Stormwater Quality Design  
 
Prior to design, the Designer shall identify potentially critical water zones and determine activities 
associated with the construction and operation of the proposed project that may affect the water 
quality of those zones. 
 
If an NPDES permit is required for the proposed project, the Designer shall: 
 

¶ Design the drainage facilities in accordance with permit requirements in effect at the time 
of design.  

¶ Determine the most cost-effective permit compliance strategy. 

¶ Prepare a compliance plan and erosion control documents.  

¶ Assist the Illinois Tollway with any documents necessary to secure environmental agency 
approvals. 
 

Refer to the Illinois Tollway Erosion Control and Landscape Manual for further guidance. 
Additional guidelines used by the State of Illinois may also be found in the IDOT Drainage Manual 
Section 8-306 ñBest Management Practicesò, the IDOT Location Drainage Study (LDS) ñChecklist 
Formò Section 2-08 and the ñStorm Water Quality Best Management Practicesò section of the 
ACEC-Illinois/IDOT 2014 Drainage Seminar presentation. 
 
Every effort to maximize the stormwater treatment train should be explored during the planning 
and design process. The most desirable design includes an aggregate shoulder design 
maintaining sheet drainage from the roadway. Pervious (e.g. grassed) drainage conveyance and 
detention facilities shall be used to the maximum extent practicable to enhance biofiltration and 
bioretention. Detention basins shall be designed according to the criteria in Section 10. 
Eutrophication control measures shall be considered in the design of detention basins to enhance 
water quality and limit maintenance. Refer to 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.  
 
In addition to the controlled release discharge outlet, dry detention basins shall be designed with 
a basin dewatering system to drain water remaining below the invert of the controlled release 
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discharge outlet without discharge of trapped sediment. 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. Wet detention basin design shall meet the 
criteria given in Section 10. 
 
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 Illinois Tollway 
Environmental 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  

 
The Designer shall ensure that the design is adequate to allow for the recommended 
maintenance. 
 
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 
discharging to outside the Illinois Tollway ROW from rubblized concrete and provide these to the 
Illinois Tollway for review and acceptance. 

4.3 Application of Best Management Practices  
 
When applying BMPs to improve stormwater quality, the Designer should consider maintenance, 
cost, effectiveness and traffic safety. BMPs shall be project-specific and watershed-specific and 
selected based on:  
 

¶ Type of project 

¶ Area available 

¶ Receiving water body 

¶ Drainage area 

¶ Design life of the BMP 

¶ Sediment volume reduction 
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Bioengineered techniques, such as bioswales are acceptable provided they are approved by the 
Illinois Tollway. Structural BMPs may be more practical depending upon project site conditions. 
BMPs shall be maintained on a regularly scheduled basis in order to be fully effective. 
 
A more detailed discussion of BMPs may be found in the NIPC publication Best Management 
Practices Guidebook for Urban Development, the Illinois Tollway Erosion Control and Landscape 
Manual, the IDOT Drainage Manual Section 8-306 ñBest Management Practicesò and the ACEC-
Illinois/IDOT 2014 Drainage Seminar presentation. Appendix C provides a decision flow chart to 
be used by the Designer as a guide in the selection of BMPs.  
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SECTION 5.0 HYDROLOGY 

5.1 General Considerations  
 
The methodology selected by the Designer for the hydrologic analysis shall provide the runoff 
parameters required for the design and meet the requirements of Section 2. The Designer shall 
obtain the necessary information to model the watersheds under consideration. Runoff from 
outside of Illinois Tollway ROW, except for the passage of cross drainage or bypass flow, shall 
be kept separate when feasible. The Designer shall coordinate all efforts with the Illinois Tollway 
Project Manager. 
 

5.2 Method of Analysis  
 
The hydrologic analysis shall incorporate routings, duration analysis and loss functions 
appropriate to the design. The Designer shall use the applicable rainfall amounts and distributions 
shown in the Illinois State Water Survey, Precipitation Frequency Study for Illinois (ISWS Bulletin 
75)2 for all projects beginning in March 2020 or later.  
   
For all projects involving stormwater detention, a single event hydrograph routing method shall 
be used with an antecedent moisture condition equal to 2. When peak discharge rates are needed 
for hydraulic analysis, a critical storm duration analysis shall be performed. Bridge deck and 
pavement drainage shall follow the methods described in the FHWA Hydraulic Engineering 
Circular 22, Urban Drainage Design Manual. See Table 5.0 for additional information on the 
Illinois Tollway design criteria for hydrology models. 
 
Time of concentration and runoff curve number calculations shall be performed in accordance 
with procedures described in NRCS TR-55.3 
  

 
 
2 http://hdl.handle.net/2142/106653 
3 Tech Tools | Natural Resources Conservation Service (usda.gov) 

http://hdl.handle.net/2142/106653
https://www.nrcs.usda.gov/resources?title=&resource_type=1970
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4 For additional information regarding these programs see: 
Tech Tools | Natural Resources Conservation Service (usda.gov) 
http://www.hec.usace.army.mil/ 

Drainage Facility 
Drainage 

Area 
Limitation 

Preferred Methods 

of Analysis 
Comments 

General 
considerations 

- - ISWS Bulletin 75 precipitation data 
shall be used for all hydrologic 
analysis. Use a 0.95 ñCò coefficient for 
impervious paved areas. 

Roadway or bridge 
deck inlets 

- Rational Method, (FHWA HEC-
22) 

Use ISWS Bulletin 75 rainfall 
intensities. 

Storm sewers, 
roadside ditches and 
appurtenant culverts 

< 200 acres 1. Rational Method 
2. Hydrograph Method 
 

A hydrograph method shall be used if 
the drainage area exceeds 200 acres. 
Use ISWS Bulletin 75 rainfall 
intensities. It may be advisable for the 
Designer to use the hydrograph 
method for certain locations even if 
the tributary drainage area is less 
than 200 acres. Refer to Chapter 4 of 
the IDOT Drainage Manual for 
additional information regarding the 
limitations of certain drainage 
programs. The Rational Method is 
typically used for designing storm 
sewers and ditches within urban 
areas. 

Bridges, culverts or 
channels 

0.02 to 
10,000 
sq. mi. 
(Rural) 

 
0.7 to 630 

sq. mi. 
(Urban) 

¶ IDNR-OWR Certified 
Discharges 

¶ USGS Regression 
Equations per the IDOT 
Drainage Manual for Urban 
areas and the StreamStats 
software for Rural Areas 

¶ Hydrograph Method 

If a hydrograph method is used the 
appropriate Huff rainfall distributions 
and a critical storm duration analysis 
shall be utilized. Use ISWS Bulletin 
75 rainfall depths. 

Detention systems or 
pump stations 

- Hydrograph Methods4 

¶ HEC-HMS 

¶ NRCS WIN TR-20 

¶ XP SWMM / EPA-SWMM 

¶ Other methods with prior 
approval of Illinois Tollway  

Appropriate Huff rainfall distributions 
and a critical storm duration analysis 
shall be utilized. Use ISWS Bulletin 75 
rainfall depths. The NRCS method 
shall be used to calculate Tc & runoff 
curve numbers for these models. 

Table 5.0 
HYDROLOGY 

https://www.nrcs.usda.gov/resources?title=&resource_type=1970
http://www.hec.usace.army.mil/
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SECTION 6.0 DITCH AND CHANNEL DESIGN 

6.1 General Considerations  
 
Roadway ditches and channels shall not cut across watershed divides or interrupt flow to critical 
water zones such as wetlands. The design flow shall be determined in accordance with the 
requirements mentioned in Section 5. Channels and ditches shall be grass lined unless hydraulic 
or other conditions require alternative channel lining materials. 
 
Subject to ruling by the USACE, ditch wetlands are sometimes considered jurisdictional. If not 
jurisdictional under the Clean Water Act, IDNR may require replacement under the Interagency 
Wetland Policy Act (IWPA) of 1989 [Illinois Compiled Statutes (ILCS) 830]. Roadway ditches may 
be used to compensate impacted wetlands per the IWPA.  

6.2 Hydraulic Design  
 
Channels and ditches draining Illinois Tollway facilities shall be designed for the 50-year peak 
flow (i.e., flow with a 2% chance of exceedance in any given year). The design WSEL for ditch 
flows shall be at least 2.0 ft below the edge of pavement and 1.0 ft below adjacent ROW (to 
minimize impacts to adjacent properties). The minimum longitudinal slope for channels and 
ditches is 0.3% (0.5% recommended). If the minimum 0.3% longitudinal slope cannot be 
achieved, due to geometric and right-of-way constraints, additional landscaping measures are 
required. The DSE shall coordinate with Illinois Tollway Environmental staff during the design 
phase to develop project specific landscaping measures to mitigate the deviation. The hydraulic 
design methods in the following references are acceptable: 
 

¶ FHWA: ñHydraulic Toolbox (Current Version)ò. 

¶ USACE: "Hydraulic Design of Flood Control Channels" - EM 1110-2-16015 

¶ USDA. - Natural Resource Conservation Service: "Design of Open Channels" ï Technical 
Release 25. 

¶ Bentley: ñOpen Flows Flow Master Hydraulic Calculator Softwareò6 
 

The Designer is not limited to the above references for selection of hydraulic methods. 

6.3 Erosion Control in Ditches  
 
The need for erosion protection shall be evaluated for all channel and ditch designs. A channel 
lining shall be required when the design discharge velocity exceeds the scour velocity for a grass 
lined ditch (See Table 6.0), or standing water resulting from flat ditch slopes. Paved ditches are 
discouraged from use as a channel lining and require a design deviation. It is recommended that 
the Designer use Articulated Concrete Block Revetment Systems (See Article 6.3.1) or ditch 
checks instead. For more detailed information regarding erosion control methods see Erosion 
Control and Landscape Manual. 
 
Roadside safety and cost-effective construction and maintenance requirements for different 
treatments should be considered by the Designer in the selection of the lining. Riprap shall not be 
used around the perimeter of drainage structures. The preferred method for achieving erosion 

 
 
5 https://www.publications.usace.army.mil/USACE-Publications/Engineer-Manuals/ 
6 https://www.bentley.com/en/products/product-line/hydraulics-and-hydrology-software/flowmaster 

https://www.publications.usace.army.mil/USACE-Publications/Engineer-Manuals/
https://www.bentley.com/en/products/product-line/hydraulics-and-hydrology-software/flowmaster
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protection at end sections shall be through the use of products that promote revegetation within 
the area of concern. Extra measures may be necessary at base of sloped headwall for pipe 
underdrains in rubblized pavement (see Illinois Tollway Standard Drawing B24 for pipe underdrain 
details). 
 

Table 6.0 
PERMISSIBLE FLOW VELOCITIES FOR GRASS-LINED CHANNELS 

 

Channel Slope Lining 
Permissible 

Velocity (ft/sec) 

0-5% 

Kentucky bluegrass (Silty 
clay) 

7 

Tall fescue 
Kentucky bluegrass (Sandy 
silt) 

5 

Grass-legume mixture 4 

Red fescue 
Redtop 
Sericea Lespedeza 
Annual Lespedeza 

2.5 

5-10% 

Tall fescue 
Kentucky bluegrass 

4 

Grass-legume mixture 3 

Greater than 
10% 

Tall fescue 
Kentucky bluegrass 

3 

*For highly erodible soils, permissible velocities shall be decreased by 25% 
 
Source: Soil and Water Conservation Engineering, by G. O. Schwab et al. (1981); Stream Restoration 
Design (National Engineering Handbook 654), Chapter 8, USDA NRCS, August 2007 

 
NOTE: For Grass-lined Channels see also: 
 

¶ Stability Design of Grass-lined Open Channels, by D. M. Temple, et al., USDA ï ARS ï 
Agriculture Handbook #667, September 1987. 

¶ IDOT Drainage Manual (Section 9-500). 

¶ Hydraulic Engineering Circular No. 15 (HEC-15), Design of Roadside Channels with 
Flexible Linings, Third Edition, September 2005.  

 
Ditch checks may be used as a structural measure for flow velocity reduction and channel erosion 
control.  
 
In locations where groundwater impacts the channel lining's stability, the Designer shall evaluate 
the use of and establish the need for subsurface drains and filter fabrics. 
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6.3.1 Articulated Concrete Block Revetment Systems 
 
Articulated Concrete Block Revetment Systems (ACB Systems) are a flexible manufactured 
permanent erosion control system that is able to expand and contract with the subgrade. The 
systems are made of individual concrete block units, which are physically integrated through 
mechanical interlock, cables, grids or other means to produce an erosion-resistant lining. 
 
ACB Systems should be utilized in the following cases:  
 

¶ Where the ditch slope is below 0.3%. 

¶ Where the water velocity is above the permissible limit for a grass lined ditch (See Table 
6.0).  

¶ For meandering channels where scour has been observed or is anticipated.  

¶ As permanent erosion control for storm sewer and culvert headwall outlets where outlet 
velocity exceeds 5 ft/s (does not include underdrain outlets).  

¶ For maintenance crossings as discussed in Article 6.3.2.  

¶ For replacement of deteriorated or damaged concrete ditches during any reconstruction 
project. 

¶ Where water is likely to fall over bridge joints or drain around wingwalls creating a potential 
for erosion.  

¶ Near toe of MSE walls when walls are placed adjacent to the ditch flow line.  

¶ Under bridge and building downspouts where erosion may occur. 

¶ Emergency spillways, at the crest and at the downstream slope. For this application, the 
mat configuration shall be closed cell. A minimum 4-inch-deep bed of coarse aggregate 
(CA11) shall be provided under the ACB system to prevent uplift.  

¶ At slopes where seepage is occurring. 

¶ Other locations where recurrent slope failures have been identified by Illinois Tollway 
Maintenance.  
 

ACB Systems may also be utilized for abutment slope protection.  
 
The maximum bank slope for an ACB System shall be 1:2 (V:H). Geotextile fabric shall be placed 
immediately prior to the ACB System to prevent erosion and undermining unless a deep-rooted 
plant will be used. 
 
Pre-cast revetments that are assembled without a physical connection between the blocks should 
not be used on slopes greater than 1:3 (V:H). Any system chosen shall have an open block design 
to allow vegetation to grow through, unless vegetation growth is not possible, such as below the 
normal water level of detention basins and streams. In this case, a closed cell block or a 
combination of both shall be used. 
 
At storm sewer and culvert headwall outlets, the minimum recommended mat width is 3 times the 
pipe diameter or equal to the downstream width of the headwall, whichever is greater, and the 
minimum recommended mat length is 6 times the pipe diameter. A longer mat may be required 
depending on downstream conditions such as steep slopes.  
 
Three classes of ACB systems are used on the Illinois Tollway system, varying in size and weight, 
meeting the permissible bed shear stress described in the table below.  The bed shear stress 
exerted by the design flow shall be calculated using Equation 2.4 in HEC-15. The permissible bed 
shear stress is preferred over the permissible flow velocity because the bed shear stress is 
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relatively constant for a product whereas the velocity varies depending on flow characteristics 
such as depth and turbulence. Where there is no defined channel and a bed shear stress cannot 
be calculated, the permissible flow velocity shall be used instead, to determine the required block 
type. Determine the type in accordance with the table below. 
 

Type 

Minimum Product 
Permissible Bed Shear 

Stress 
(lbs/sq.ft) 

Velocity (Max, ft/sec) 

1 5 10 

2 15 18 

3 20 24 

 
In cases where higher than normal scour is anticipated due to steeper side slopes or meandering 
channels, engineering judgment shall be used to determine if heavier block systems are required. 
 
All proposed block systems shall be tested in accordance with ASTM D7277 prior to being 
approved for a project. The tests shall be performed at an independent testing facility, with results 
reported by a licensed professional engineer. 
 
6.3.2 Bioswales 
 
Bioswales are a type of post-construction BMP that may be used to convey storm water runoff. 
Bioswales provide an alternative to closed storm sewers or typical roadside ditches when 
attempting to improve water quality in special management areas or immediately upstream and/or 
adjacent to Waters of the United States, wetlands, or special habitat areas. 
 
Due to special maintenance needs, additional considerations shall be made when bioswales are 
specified in place of a traditional ditch application. 
 
The Illinois Tollway has developed bioswale base sheets to facilitate design. It should be noted 
that the base sheets are not standard drawings but require customized design and completion 
prior to insertion into a contract. Bioswales may be designed to reduce runoff speed and promote 
infiltration. Base sheets are provided for three types of bioswales: 
 

¶ Bioswale Type 1 may be used at locations where highly permeable soils are identified to 
be present (well drained sand and gravel). 

¶ Bioswale Type 2 may be used at locations where soils are well drained or moderately 
drained with fine to moderately coarse texture and a relatively low water table. 

¶ Bioswale Type 3 includes a pipe underdrain and may be used in locations where low 
permeable soils are present such as fine-grained silts and clays and fluctuating water 
tables (i.e., gravelly clays, sandy clays, or lean clays). 
 

NOTE: Bioswales shall not be used in areas with significantly low infiltration rates, known ponding, 
permanent high-water tables, 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 
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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 suspended solids (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. 

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: 
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Ditch Bottom Width 
 

See Roadway Design Criteria Articles 2.6.8 
and 2.6.9 

Ditch Foreslopes7 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 ROW8 
(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 Waterco urse 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. 

 
 
7 Ditches shall be designed to avoid the need for a Barrier Warrant, if possible. See Illinois Tollway Traffic 
Barrier Guidelines for details. 
8 If the ditch is outside of the ROW and within a permanent easement, the minimum freeboard requirement 
is relative to the permanent easement boundary.  
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Table 6.1 
DITCH AND CHANNEL HYDRAULICS 

 

 Design Criteria Comments 

1. Design 
Discharge 

50-year (2% chance of 
exceedance) 

Flow to be determined in accordance with 
Section 5. 

2. Design Water 
Surface 

Minimum 2.0ô below edge 
of pavement and 1.0ô 
below adjacent ROW. 

The ditch freeboard requirement does not 
apply to swales that drain grassed areas 
within the ROW, have a flow depth less than 6 
inches and are drained by catch basins. 

3. Minimum 
Longitudinal 
Slope 

0.5% preferred 
(0.3% minimum) 
 

If longitudinal slope <0.3%, then the 
ditch/channel shall require special 
consideration to encourage positive flow. 

4. Maximum Flow 
Velocity 

3-5 fps depending on ditch 
slope 

Maximum velocity is a function of the lining 
and/or soil type for vegetative linings. 

5. Shape 
Most efficient hydraulic 
section 

Subject to safety and maintenance the section 
shall be in accordance with AASHTO's 
"Roadside Design Guide." 

6. Lining 
Grass lining is preferred 
 

If the velocity exceeds the maximum allowed 
for grass lining, the ditch shall be lined with 
manufactured linings, or other available 
materials with Illinois Tollway approval9. 

7. Erosion 
Protection As required 

References: 
1. Illinois Tollway Standard Drawings (Erosion 

and Sediment Control Standards) 
2. "Procedures and Standards for Urban Soil 

Erosion and Sedimentation Control in 
Illinoisò (Illinois Urban Manual / The Green 
Book) 

8. Ditch Checks 

The crest shall be a 
minimum of 1' above 
grated inlets within 
roadside ditches and 2.0ô 
below edge of pavement. 

Ditch checks shall not be located within the 
clear zone, nor at the toe of unshielded non-
recoverable slopes. The water depth at the 
ditch check shall not exceed 4 feet for safety 
concerns (especially if located within the clear 
zone). 
 
 

 
 
9 Additional information may be obtained at: 
http://www.aiswcd.org/illinois-urban-manual/  
 

 

http://www.aiswcd.org/illinois-urban-manual/
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SECTION 7.0 CULVERT DESIGN 

7.1 General Considerations  
 
Culverts conveying cross drainage or bypass flow from outside of Illinois Tollway ROW shall be 
located on the natural drainage path of the flow. When the natural drainage path of the flow is a 
wide overland flow area, the Designer shall evaluate the need for multiple culverts in order to 
prevent concentrated flow at a single location. The proposed cross culvert shall be aligned with 
upstream and downstream channels. The Designer shall not change the existing skew angle 
without prior approval from the Illinois Tollway Project Manager. For all proposed culvert crossings 
where standing water exists upstream and downstream year-round, the Designer shall prepare 
an alternative analysis which documents why the use of an arch-span, bottomless culvert or 
bridging is not practicable. This analysis shall be provided at the pre-concept (or concept) stage 
of the design contract. 
 
The Designer shall analyze the existing flow conditions of the areas located upstream and 
immediately downstream of proposed cross culverts. Land use conditions in upstream and 
downstream areas shall be clearly documented in the Drainage Report, including photo 
documentation of the areas, if possible. This documentation of existing conditions for the adjacent 
drainage areas, prior to implementation of Illinois Tollway improvements, may provide useful 
information for subsequent adjacent property owner inquiries. The Designer is responsible for 
determining if upsizing the cross culvert and reducing the created head to meet the design criteria 
is required, without creating a known flooding hazard downstream. If upsizing the cross culvert to 
meet Illinois Tollway freeboard criteria results in increasing the WSEL at sensitive outlets, the 
Designer shall provide the necessary hydrologic/hydraulic calculations to determine the extent of 
the impacts downstream. The Designer is responsible for evaluating each outlet separately and 
coordinating with the local municipality to determine whether (or not) there are existing flooding 
concerns downstream of each specific outlet. It should be noted that the Illinois Tollway system 
shall not act as a restriction for bypassing offsite runoff.  
 
The designer should avoid significantly lowering the low road overtopping elevation within the 
floodplain limits, even if the Illinois Tollway freeboard criteria are achieved. Stream crossings are 
susceptible to upstream and downstream blockage (or other unforeseen activities) which may 
raise the flood profiles significantly, resulting in roadway overtopping and potential damage to 
downstream properties. The DSE shall check downstream impacts prior to lowering the profile. 
 
Existing CMP pipes shall be replaced during any reconstruction/rubblization projects.  

7.2 Hydraulic Design  
 
Culverts shall be designed for the 50-year peak flow and shall be checked for the 10-year, 100-
year and 500-year peak flows. HWEs shall not overtop the roadway for the 500-year peak flow 
(i.e., 0.2% chance of exceedance flow in any given year).   
 
Culverts shall meet the following requirements: 
 

¶ The design headwater depth does not exceed the barrel height, HW/D Ò 1  

¶ 0.5 feet of created head maximum for new culverts or replacement culverts no more 
restrictive than existing  
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¶ 3.0 feet minimum freeboard between the design headwater elevation and the low edge of 
pavement 
 

For proposed culverts conveying watercourses, the requirements for the ñmaximum created headò 
shown in Table 8.0 ï Bridge Hydraulics shall apply. 
 
The design HWE shall not adversely impact Illinois Tollway facilities and/or adjacent properties. 
The design headwater shall not cause flooding to adjacent properties. The created headwater 
under 100-year flow conditions shall not encroach on any adjacent properties.  
 
The Designer shall verify that the 50-year design and 100-year check flow velocities from a culvert 
discharging from Illinois Tollway ROW shall not cause erosion to the adjacent property. At 
locations where culverts are located in floodplains under the jurisdiction of IDNR-OWR or other 
agencies, the culvert shall meet all applicable permits or other requirements. 
 
For smaller diameter cross culverts that donôt have a defined channel at the downstream end, 
computing the natural highwater elevation is not required. These cross culverts shall be designed 
to achieve a HW/D Ò 1 ratio. If no defined channel is present the Designer shall note ñN/Aò for the 
ñopening areaò and ñNHWEò in the WIT. 
 
A summary table shall be provided listing all:  
 

¶ Culvert crossing stations 

¶ Existing/proposed sizes, invert elevations, lengths 

¶ Design freeboard 

¶ HW/D values 

¶ Design discharges 

¶ Existing/natural/proposed WSELs 

¶ Any other relevant information, such as the hydrologic method used to calculate 
discharges. 
 

A WIT shall also be included for major stream crossings with designated floodways and/or 
floodplains (see Appendix H). The design shall be in accordance with the methods in the FHWA 
Hydraulic Design Series Number 5 (HDS 5) Hydraulic Design of Highway Culverts. HY-8, Open 
Flows Culvert-Master (Bentley)10, HEC-RAS (for major crossings with designated floodways 
and/or floodplains), or other computation program may be used for culvert design, with the Illinois 
Tollway Project Managerôs approval. Refer to Appendix H for WIT examples. 
 
Where feasible, the Designer may recommend the use of improved hydraulic culvert inlets. 
Improved culvert inlet designs shall be developed in accordance with FHWA-HEC No. 13, 
Hydraulic Design of Improved Inlets for Culverts. 
 
The minimum size culvert crossing the Illinois Tollway pavement or ramps shall be 24 inches in 
diameter for lengths less than or equal to 200 feet and 30 inches in diameter for lengths over 200 
feet. The minimum size for a pipe culvert located within roadside ditches shall be 18 inches in 

 
 
10 Additional information regarding Culvert Master may be found at: 
https://www.bentley.com/en/products/product-line/hydraulics-and-hydrology-software/culvertmaster 
 

https://www.bentley.com/en/products/product-line/hydraulics-and-hydrology-software/culvertmaster
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diameter. No CMP pipes shall be allowed by the Illinois Tollway. Field verification is required to 
check condition of existing culvert and documented in the drainage reports. 

7.3 Culvert Lining  
 
When lining is necessary for culvert rehabilitation, the Designer shall field verify maximum outside 
diameter of liner that may be installed, then calculate the culvert hydraulic conveyance, to verify 
capacity is not decreased and the maximum design outflow velocity is not significantly increased 
with the proposed lining in place. A calculation is required to determine if the culvert may drain in 
a pressure or gravity flow condition, in a pressure flow condition a lining may reduce the hydraulic 
conveyance. The designer shall notify the Illinois Tollway if any culvert lining would result in an 
increased risk of flooding. The required field documentation and calculations shall be provided for 
Illinois Tollway approval, at or prior to concept submittal. Erosion control measures shall be 
provided, especially at the downstream end of a lined culvert as appropriate. A design deviation 
from the Illinois Tollway is required if an existing CMP culvert shall be lined instead of full 
replacement with RCP, within the limits of the roadway reconstruction or rubblization. 

7.4 Installation of Culverts  
 
Pipe culverts shall be constructed of reinforced concrete except at locations where this type of 
material would be unsuitable. If reinforced concrete culverts are unsuitable for a specific site, the 
Designer shall recommend another type of culvert material to be used. The Designer shall receive 
written approval from the Illinois Tollway Project Manager for culvert material substitutions. 
 
Consider eliminating existing culvert crossings if only used to connect roadside ditches located 
on opposite sides of the Illinois Tollway pavement and without a defined outlet. These crossings 
may be combined with downstream outlets if located within the same watershed. 
 
A proposed culvert headwall constructed without grating and a vertical drop greater than 4ô shall 
require a fence to be installed atop the headwall structureôs perimeter. 

7.5 Special Installations of Culverts  
 
Special studies shall be performed where fill heights exceed 20 feet and where soil conditions or 
other factors may indicate abnormal installation procedures. The Designer's recommendation for 
such special treatments shall be included in the preliminary drainage design. 
 
For channel crossings located within or adjacent to WOUS the Designer shall utilize the 
Environmentally Sensitive Stream Crossing Design Matrix as described in Appendix K. In 
locations where the recommended alternative is an embedded culvert the proposed culvert shall 
be embedded by approximately 1 foot. This embedded portion shall be in addition to the required 
culvert size to meet hydraulic requirements. For instance, if a 6ô W x 3ô H box culvert is required 
for hydraulic purposes, then a 6ô W x 4ô H culvert shall be placed within the channel with 1 foot 
being buried. A 3-sided culvert shall be proposed when design velocities are appropriate. If multi-
cell culverts are used, they shall be designed to have a low flow cell similar in width to the adjacent 
stream channel. For this multi-cell option, the natural water depth and velocity shall be mimicked 
throughout the structure. Also, use weir walls on flanking cells so that the culvert inverts and tops 
match while reflecting the natural channel/overbank shape. 
 
Embedded culverts shall be designed with a natural soil ñnò value (~ 0.03) instead of a typical ñnò 
value (0.012) used for concrete. In hydraulically sensitive outfall locations, where providing 
additional hydraulic conveyance would result in downstream flooding, riprap may be provided at 
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the upstream and downstream end treatments, to meet the hydraulic requirements. If utilized, the 
riprap shall not be placed throughout the entire length of the culvert but instead placed in a manner 
in which may be removed and replaced by Illinois Tollway Maintenance staff. The embedded 
culverts shall be designed so as not to impede low water flows or the safe passage of fish and 
aquatic organisms and allow for the natural substrate to colonize the structureôs bottom, 
encourage fish movement and maintain the existing channel slope. 
 
The Illinois Tollway has developed two methods for placing riprap at embedded culverts. In Figure 
7-5A (Method 1), the riprap material shall protrude approximately 5 feet into the culvert at both 
the upstream and downstream ends and then taper off at a 1:10 (V:H) slope (which is intended to 
allow fish passage during flood events). In Figure 7-5B (Method 2), would install a concrete curb 
with low flow weir, at each end. This method may be desired in streams with higher flows, poor 
access for maintenance, or an unreliable/changing watershed upstream. Both methods utilize 
riprap to dissipate large inflow and outflow velocities and allow for soils to naturally fill up the 
embedded depth throughout the rest of the culvert bottom. These approaches adhere to the 
USACE requirement of allowing the natural substrate to colonize the structureôs bottom, 
encourage fish movement and maintain the existing channel slope.  
 

 

 

 

7.6 Culvert End Treatment  
 
The Designer shall establish the culvert end section stationing, offset distance and invert elevation 
based on the standard drawings. This information shall be provided for all drainage structures on 
the contract drawings. 
 

Figure 7-5A  Riprap Design Method 1 

Figure 7-5B  Riprap Design Method 2 








































































































































































































































































