
TENNESSEE DEPARTMENT 

OF 

TRANSPORTATION 
 
 
 
 
 
 

 

 
 
 
 
 
 
 

DESIGN DIVISION 

DRAINAGE MANUAL 

 
 
 
 

July 29, 2025 



TDOT DESIGN DIVISION DRAINAGE MANUAL 
  July 29, 2025 

ii 

 

 

 
 
 
 
 
 

TDOT DESIGN DIVISION 

DRAINAGE MANUAL 

 
 
 
 
 
 
 
 

TABLE OF 
CONTENTS 



TDOT DESIGN DIVISION DRAINAGE MANUAL 
  July 29, 2025 

iii 

 

 

CHAPTER 1 – INTRODUCTION 
 
 

SECTION 1.01 - PURPOSE 

1.01 PURPOSE ..................................................................................................... 1-1 

SECTION 1.02 - BACKGROUND 

1.02 BACKGROUND.............................................................................................. 1-1 

SECTION 1.03 - MANUAL MAINTENANCE 

1.03 MANUAL MAINTENANCE .............................................................................. 1-2 

SECTION 1.04 - GENERAL PROJECT WORK FLOW 

1.04 GENERAL PROJECT WORK FLOW.............................................................. 1-2 

SECTION 1.05 – REFERENCES 

1.05 REFERENCES ............................................................................................... 1-4 



TDOT DESIGN DIVISION DRAINAGE MANUAL 
  July 29, 2025 

iv 

 

 

CHAPTER 2 – GENERAL DRAINAGE POLICIES AND PRACTICES 

SECTION 2.01 – INTRODUCTION 

2.01 INTRODUCTION ............................................................................................ 2-1 

2.01.1 PURPOSE ..................................................................................................... 2-1 

2.01.2 POLICY VS CRITERIA ................................................................................... 2-1 

SECTION 2.02 – GENERAL LEGAL ISSUES 

2.02.1 INTRODUCTION ............................................................................................ 2-2 

2.02.2 LEGAL ASPECTS .......................................................................................... 2-2 

2.02.2.1 FEDERAL LAWS ............................................................................................ 2-2 
2.02.2.1.1 Drainage ...................................................................................................... 2-2 
2.02.2.1.2 Significant Laws .......................................................................................... 2-3 

2.02.2.2 NAVIGABLE WATERS REGULATIONS ......................................................... 2-4 

2.02.2.3 FISH AND WILDLIFE SERVICE ..................................................................... 2-5 

2.02.2.4 NATIONAL FLOOD INSURANCE PROGRAM (NFIP) .................................... 2-6 
2.02.2.4.1 Flood Insurance ........................................................................................... 2-6 
2.02.2.4.2 National Flood Insurance Program Maps ..................................................... 2-7 
2.02.2.4.3 Federal Emergency Management Agency Coordination .............................. 2-7 
2.02.2.4.4 Floodways ................................................................................................... 2-8 

2.02.2.5 EXECUTIVE ORDERS ................................................................................. 2-10 
2.02.2.5.1 E.O. 11988 (Federal Agency Requirements) ............................................. 2-10 
2.02.2.5.2 E.O. 11990 (Wetlands) .............................................................................. 2-11 

2.02.2.6 STATE DRAINAGE LAW ............................................................................. 2-11 
2.02.2.6.1 Types ........................................................................................................ 2-11 
2.02.2.6.2 Classification of Waters ............................................................................. 2-11 

2.02.2.7 STATE WATER RULES ............................................................................... 2-12 
2.02.2.7.1 Basic Concepts ......................................................................................... 2-12 
2.02.2.7.2 Surface Waters .......................................................................................... 2-12 
2.02.2.7.3 Stream Waters .......................................................................................... 2-13 
2.02.2.7.4 Flood Waters ............................................................................................. 2-13 

2.02.2.8 STATUTORY LAW ....................................................................................... 2-14 
2.02.2.8.1 Eminent Domain ........................................................................................ 2-14 
2.02.2.8.2 Water Rights ............................................................................................. 2-14 



TDOT DESIGN DIVISION DRAINAGE MANUAL 
  July 29, 2025 

v 

 

 

2.02.2.9 LOCAL LAWS AND APPLICATIONS ........................................................... 2-15 

2.02.3 POLICIES .................................................................................................... 2-16 

2.02.3.1 GENERAL POLICIES ................................................................................... 2-16 

2.02.3.2 FEDERAL POLICIES ................................................................................... 2-16 
2.02.3.2.1 Environmental Legislation .......................................................................... 2-17 
2.02.3.2.2 Health ........................................................................................................ 2-18 
2.02.3.2.3 Historic and Archeological Preservation ..................................................... 2-19 
2.02.3.2.4 Land and Water Usage .............................................................................. 2-20 

2.02.3.3 TDOT DRAINAGE PROCEDURES AND RESPONSIBILITIES ..................... 2-23 
2.02.3.3.1 Sizing Bridge Waterway Openings............................................................. 2-23 
2.02.3.3.2 Hydrologic Responsibilities ........................................................................ 2-24 
2.02.3.3.3 Diversions ................................................................................................. 2-24 
2.02.3.3.4 Ditches and Open Channels ...................................................................... 2-24 
2.02.3.3.5 Storm Drains ............................................................................................. 2-24 
2.02.3.3.6 Erosion and Sediment Control ................................................................... 2-24 
2.02.3.3.7 Floodplain Encroachments ........................................................................ 2-24 
2.02.3.3.8 Improvements and Maintenance ................................................................ 2-25 
2.02.3.3.9 Easements ................................................................................................ 2-25 

2.02.3.4 DESIGNER'S RESPONSIBILITY .................................................................. 2-26 

2.02.3.5 LOCAL/MUNICIPAL POLICIES .................................................................... 2-26 

SECTION 2.03 – FIELD RECONNAISSANCE 

2.03 FIELD RECONNAISSANCE ......................................................................... 2-27 

SECTION 2.04 – APPENDIX 
 

2.04 APPENDIX .................................................................................................. 2A-1 

2.04.1 REFERENCES ........................................................................................... 2A-1 
 

2.04.2 ABBREVIATIONS ....................................................................................... 2A-2 



TDOT DESIGN DIVISION DRAINAGE MANUAL 
  July 29, 2025 

vi 

 

 

CHAPTER 3 – DRAINAGE PLAN REQUIREMENTS 
 
 

SECTION 3.01 – INTRODUCTION 

3.01 INTRODUCTION ............................................................................................ 3-1 

SECTION 3.02 – GENERAL INFORMATION 

3.02 GENERAL INFORMATION ............................................................................ 3-2 

SECTION 3.03 – PRELIMINARY PLANS 

3.03 PRELIMINARY PLANS................................................................................... 3-3 

3.03.1 TYPICAL SECTIONS SHEET ........................................................................ 3-3 

3.03.2 PRESENT LAYOUT SHEET .......................................................................... 3-3 

3.03.3 PROPOSED LAYOUT SHEET ....................................................................... 3-3 

3.03.4 SIDE ROAD AND RAMP PROFILE SHEET ................................................... 3-3 

3.03.5 PRIVATE DRIVE AND FIELD RAMP PROFILE SHEET ................................. 3-4 

3.03.6 DRAINAGE MAP SHEET ............................................................................... 3-4 

SECTION 3.04 – RIGHT-OF-WAY PLANS 

3.04 RIGHT-OF-WAY PLANS ................................................................................ 3-5 

3.04.1 TYPICAL SECTIONS AND DETAILS SHEET ................................................ 3-5 

3.04.2 RIGHT-OF-WAY ACQUISITION TABLE SHEET ............................................ 3-5 

3.04.3 PRESENT LAYOUT SHEET .......................................................................... 3-5 

3.04.4 PROPOSED LAYOUT SHEET ....................................................................... 3-5 

3.04.5 SIDE ROAD AND RAMP PROFILE SHEET ................................................... 3-6 

3.04.6 PRIVATE DRIVE AND FIELD RAMP PROFILE SHEET ................................. 3-6 

3.04.7 DRAINAGE MAP SHEET ............................................................................... 3-6 



TDOT DESIGN DIVISION DRAINAGE MANUAL 
  July 29, 2025 

vii 

 

 

3.04.8 CULVERT SECTIONS SHEET ....................................................................... 3-6 

3.04.9 CROSS SECTIONS SHEET ........................................................................... 3-6 

SECTION 3.05 – CONSTRUCTION PLANS 

3.05 CONSTRUCTION PLANS .............................................................................. 3-7 

3.05.1 INDEX SHEET ............................................................................................... 3-7 

3.05.2 ESTIMATED ROADWAY QUANTITIES SHEET ............................................. 3-7 

3.05.3 TYPICAL SECTIONS AND DETAILS SHEET ................................................ 3-7 

3.05.4 GENERAL NOTES AND SPECIAL NOTES SHEET ....................................... 3-7 

3.05.5 TABULATED QUANTITIES SHEET ............................................................... 3-7 

3.05.6 RIGHT-OF-WAY ACQUISITION TABLE SHEET ............................................ 3-7 

3.05.7 PRESENT LAYOUT SHEET .......................................................................... 3-7 

3.05.8 PROPOSED LAYOUT SHEET ....................................................................... 3-7 

3.05.9 SIDE ROAD AND RAMP PROFILE SHEET ................................................... 3-8 

3.05.10 PRIVATE DRIVE AND FIELD RAMP PROFILE SHEET ................................. 3-8 

3.05.11 DRAINAGE MAP SHEET ............................................................................... 3-8 

3.05.12 CULVERT SECTIONS SHEET ....................................................................... 3-8 

3.05.13 CROSS SECTIONS SHEET ........................................................................... 3-8 

SECTION 3.06 – DRAINAGE DESIGN RECORDS 

3.06 DRAINAGE DESIGN RECORDS ................................................................... 3-9 

3.06.1 OVERVIEW .................................................................................................... 3-9 
3.06.1.1 Introduction .................................................................................................. 3-9 
3.06.1.2 Definition ..................................................................................................... 3-9 
3.06.1.3 Purpose ....................................................................................................... 3-9 
3.06.1.4 Types ........................................................................................................ 3-10 
3.06.1.5 Scheduling ................................................................................................ 3-11 
3.06.1.6 Responsibility ............................................................................................ 3-11 
3.06.2 PROCEDURES ............................................................................................ 3-11 
3.06.2.1 Introduction ................................................................................................ 3-11 



TDOT DESIGN DIVISION DRAINAGE MANUAL 
  July 29, 2025 

viii 

 

 

3.06.2.2 Practices ................................................................................................... 3-12 

3.06.3 DOCUMENTATION COMPONENTS ........................................................... 3-12 
3.06.3.1 Assembly ................................................................................................... 3-13 
3.06.3.2 Hydrology .................................................................................................. 3-13 
3.06.3.3 Roadside Ditches and Streams ................................................................. 3-13 
3.06.3.4 Culverts ..................................................................................................... 3-14 
3.06.3.5 Storm Drainage System ............................................................................ 3-14 
3.06.3.6 Stormwater Storage Facilities .................................................................... 3-14 
3.06.3.7 Design Records Exclusions ....................................................................... 3-15 
3.06.3.8 Sequence of Design Records Components ............................................... 3-15 

SECTION 3.07 – APPENDIX 
 

3.07 APPENDIX .................................................................................................. 3A-1 

3.07.1 FIGURES AND TABLES ............................................................................. 3A-1 
 

3.07.2 REFERENCES ......................................................................................... 3A-23 
 

3.07.3 ABBREVIATIONS ..................................................................................... 3A-24 



TDOT DESIGN DIVISION DRAINAGE MANUAL 
  July 29, 2025 

ix 

 

 

CHAPTER 4 – HYDROLOGY 

SECTION 4.01 – INTRODUCTION 

4.01 INTRODUCTION ............................................................................................ 4-1 

SECTION 4.02 – DOCUMENTATION PROCEDURES 

4.02 DOCUMENTATION PROCEDURES .............................................................. 4-2 

SECTION 4.03 – DESIGN CRITERIA 

4.03 DESIGN CRITERIA ........................................................................................ 4-3 

SECTION 4.04 – APPLICABLE METHODS 

4.04 APPLICABLE METHODS ............................................................................... 4-5 

4.04.1 RATIONAL METHOD ..................................................................................... 4-7 
4.04.1.1 Runoff Coefficient ........................................................................................ 4-7 
4.04.1.2 Intensity ....................................................................................................... 4-8 
4.04.1.3 Time of Concentration ................................................................................. 4-9 
4.04.1.3.1 Travel Time - Overland Flow........................................................................ 4-9 
4.04.1.3.1.1 Travel Time - Sheet Flow ........................................................................... 4-10 
4.04.1.3.1.2 Travel Time - Shallow Concentrated Flow ................................................. 4-12 
4.04.1.3.2 Travel Time - Pipe, Gutter, and Channel Flow ........................................... 4-13 
4.04.1.4 Drainage Area ........................................................................................... 4-14 
4.04.1.5 Procedures ................................................................................................ 4-15 

4.04.2 USGS REGRESSION EQUATIONS FOR RURAL AREAS .......................... 4-15 
4.04.2.1 Background ............................................................................................... 4-15 
4.04.2.2 Procedures ................................................................................................ 4-20 
4.04.2.2.1 Single Variable Regression Equations ....................................................... 4-20 
4.04.2.2.2 Flood Frequency Computer Application ..................................................... 4-20 

4.04.3 USGS REGRESSION EQUATIONS FOR URBAN AREAS .......................... 4-21 
4.04.3.1 Background ............................................................................................... 4-21 
4.04.3.2 Procedures ................................................................................................ 4-22 

4.04.4 USGS REGRESSION EQUATIONS FOR THE CITY OF MEMPHIS 
AND SHELBY COUNTY URBAN AREAS .................................................... 4-22 

4.04.4.1 Background ............................................................................................... 4-22 

4.04.5 OTHER HYDROLOGIC METHODS ............................................................. 4-23 
4.04.5.1 Introduction ................................................................................................ 4-23 
4.04.5.2 Sources of Existing Flow Data ................................................................... 4-23 
4.04.5.3 Hydrologic Models Involving Detention (HEC-1, HEC-HMS, AND 

TR-55) ....................................................................................................... 4-23 

4.04.5.3.1 Hydrologic Model Loss Rate and Unit 



TDOT DESIGN DIVISION DRAINAGE MANUAL 
  July 29, 2025 

x 

 

 

Hydrograph Methodology .......................................................................... 4-23 
4.04.5.3.2 Rainfall Distributions .................................................................................. 4-25 

SECTION 4.05 – ACCEPTABLE SOFTWARE 

4.05 ACCEPTABLE SOFTWARE ......................................................................... 4-27 

SECTION 4.06 – APPENDIX 
 

4.06 APPENDIX .................................................................................................. 4A-1 
 

4.06.1 FIGURES AND TABLES ............................................................................. 4A-1 
 

4.06.2 EXAMPLE PROBLEMS ............................................................................ 4A-35 
4.06.2.1 Rational Method Example Problems ...................................................... 4A-35 
4.06.2.1.1 Simple Drainage Area Design Discharge Example................................. 4A-35 
4.06.2.1.2 Complex Drainage Area Design Discharge Example ............................. 4A-41 
4.06.2.1.3 Computer Application ............................................................................. 4A-47 
4.06.2.2 Regression Equation Examples ............................................................. 4A-48 
4.06.2.2.1 Rural Regression Example..................................................................... 4A-48 
4.06.2.2.2 Statewide Urban Regression Example ................................................... 4A-52 

4.06.3 GLOSSARY .............................................................................................. 4A-56 
 

4.06.4 REFERENCES ......................................................................................... 4A-59 
 

4.06.5 ABBREVIATIONS ..................................................................................... 4A-61 



TDOT DESIGN DIVISION DRAINAGE MANUAL 
  July 29, 2025 

xi 

 

 

CHAPTER 5 – ROADSIDE DITCHES AND STREAMS 

SECTION 5.01 – INTRODUCTION 

5.01 INTRODUCTION ............................................................................................ 5-1 

SECTION 5.02 – DOCUMENTATION PROCEDURES 

5.02 DOCUMENTATION PROCEDURES .............................................................. 5-2 

SECTION 5.03 – OPEN CHANNEL HYDRAULICS 

5.03 OPEN CHANNEL HYDRAULICS ................................................................... 5-4 

5.03.1 OPEN CHANNEL FLOW ................................................................................ 5-4 

5.03.2 OPEN CHANNEL FLOW EQUATIONS .......................................................... 5-5 
5.03.2.1 Specific Energy ........................................................................................... 5-5 
5.03.2.2 Froude Number ........................................................................................... 5-6 
5.03.2.3 Continuity Equation ..................................................................................... 5-6 
5.03.2.4 Manning’s Equation ..................................................................................... 5-6 
5.03.2.5 Energy Equation .......................................................................................... 5-7 

5.03.3 MANNING’S CHANNEL ROUGHNESS COEFFICIENTS ............................... 5-8 

5.03.4 CHANNEL ANALYSIS METHODS ................................................................. 5-9 
5.03.4.1 Slope Conveyance Method ........................................................................ 5-10 
5.03.4.2 Standard Step Backwater Method ............................................................. 5-10 

SECTION 5.04 – GUIDELINES AND CRITERIA FOR ROADSIDE DITCHES 

5.04 GUIDELINES AND CRITERIA FOR ROADSIDE DITCHES.......................... 5-11 

5.04.1 ROADSIDE DITCH GEOMETRIC CRITERIA ............................................... 5-11 

5.04.2 ESTABLISHING THE DITCH PLAN ............................................................. 5-12 

5.04.3 DITCH GRADE ............................................................................................ 5-13 
5.04.3.1 Steep Ditch Grades ................................................................................... 5-13 

5.04.4 DITCH OUTLETS ......................................................................................... 5-13 

5.04.5 DITCH DESIGN STORM FREQUENCIES.................................................... 5-14 

5.04.6 DITCH CAPACITY ....................................................................................... 5-14 
5.04.6.1 Hydraulic Capacity of Ditches with Vegetated Linings ................................ 5-15 
5.04.6.2 Hydraulic Capacity of Ditches with Riprap Linings ..................................... 5-15 
5.04.6.3 Hydraulic Capacity of Ditches with Geotextile Linings ................................ 5-15 
5.04.6.4 Hydraulic Capacity of Ditches with Composite Linings ............................... 5-16 
5.04.7 ROADSIDE DITCH LINING DESIGN ........................................................... 5-16 



TDOT DESIGN DIVISION DRAINAGE MANUAL 
  July 29, 2025 

xii 

 

 

5.04.7.1 Ditch Lining Materials ................................................................................ 5-16 
5.04.7.1.1 Vegetation ................................................................................................. 5-17 
5.04.7.1.1.1 Sod ............................................................................................................ 5-17 
5.04.7.1.1.2 Erosion Control Blankets ........................................................................... 5-17 
5.04.7.1.1.3 Turf Reinforcement Mats ........................................................................... 5-19 
5.04.7.1.1.4 Permissible Shear Stresses for Geotextile Linings ..................................... 5-19 
5.04.7.1.1.5 Seeded Grasses ........................................................................................ 5-20 
5.04.7.1.2 Riprap ....................................................................................................... 5-20 
5.04.7.1.2.1 Riprap Linings on Steep Slopes ................................................................. 5-21 
5.04.7.1.3 Grouted Riprap .......................................................................................... 5-21 
5.04.7.1.4 Cast-in-Place Concrete ............................................................................. 5-22 
5.04.7.1.5 Wire-Enclosed Stone ................................................................................. 5-22 
5.04.7.1.6 Composite Ditch Linings ............................................................................ 5-23 
5.04.7.2 Liner Selection and Design ........................................................................ 5-23 
5.04.7.2.1 Tractive Force Analysis ............................................................................. 5-24 
5.04.7.2.2 Required Analysis Locations ...................................................................... 5-25 

SECTION 5.05 – GUIDELINES AND CRITERIA FOR STREAM MODIFICATIONS 

5.05 GUIDELINES AND CRITERIA FOR STREAM MODIFICATIONS ................. 5-26 

5.05.1 ESTABLISHING THE REALIGNMENT PLAN ............................................... 5-26 

5.05.2 STORM FREQUENCIES FOR STREAM REALIGNMENT DESIGN ............. 5-26 

5.05.3 DATA REQUIREMENTS .............................................................................. 5-26 
5.05.3.1 Existing Channel Cross Sections ............................................................... 5-27 
5.05.3.2 Slope, Length, and Sinuosity ..................................................................... 5-27 
5.05.3.3 Tailwater Conditions .................................................................................. 5-28 
5.05.3.4 Channel Stability........................................................................................ 5-28 
5.05.3.5 Existing Riparian Vegetation ...................................................................... 5-29 
5.05.3.6 Hydraulic Roughness ................................................................................ 5-29 

5.05.4 SAFETY AND MAINTENANCE CONSIDERATIONS .................................... 5-29 

5.05.5 HYDRAULIC CONSIDERATIONS ................................................................ 5-29 
5.05.5.1 Curved Channel Alignments ...................................................................... 5-30 
5.05.5.2 Channel Transitions ................................................................................... 5-32 

5.05.6 ENVIRONMENTAL CONSIDERATIONS ...................................................... 5-32 

5.05.7 REVETMENTS FOR STREAM REALIGNMENTS ........................................ 5-33 
5.05.7.1 Revetment Types for Curved Alignments ................................................... 5-34 
5.05.7.1.1 Vegetation ................................................................................................. 5-34 
5.05.7.1.2 Riprap ....................................................................................................... 5-34 
5.05.7.1.3 Precast Concrete Forms ............................................................................ 5-35 
5.05.7.1.4 Revetment Types To Be Avoided .............................................................. 5-35 
5.05.7.2 Revetment Selection and Design ............................................................... 5-36 
5.05.7.2.1 Longitudinal Extent of Revetment .............................................................. 5-36 
5.05.7.2.2 Vertical Extent of Revetment ..................................................................... 5-37 



TDOT DESIGN DIVISION DRAINAGE MANUAL 
  July 29, 2025 

xiii 

 

 

SECTION 5.06 – DESIGN PROCEDURES 

5.06 DESIGN PROCEDURES ............................................................................. 5-39 

5.06.1 ROADSIDE AND MEDIAN DITCH DESIGN PROCEDURES ....................... 5-39 
5.06.1.1 Ditch Analysis Locations ............................................................................ 5-39 
5.06.1.1.1 Other Factors Affecting Depth In a Ditch .................................................... 5-40 
5.06.1.2 General Ditch Design and Analysis Procedure .......................................... 5-40 
5.06.1.3 Detailed Computation Procedures for Ditch Design ................................... 5-43 
5.06.1.3.1 Capacity Computations for Ditches with Vegetated Linings ....................... 5-43 
5.06.1.3.2 Capacity Computations for Ditches with Geotextile Linings ........................ 5-44 
5.06.1.3.3 Capacity Computations for Ditches with Non-Vegetated Linings ................ 5-45 
5.06.1.3.4 Slope-Conveyance Computations .............................................................. 5-46 
5.06.1.3.5 Tractive Force Computations ..................................................................... 5-47 
5.06.1.3.6 Side Slope Stability for Ditches on Steep Grades ...................................... 5-47 

5.06.2 STREAM CHANNEL REALIGNMENT DESIGN PROCEDURES .................. 5-49 
5.06.2.1 Roughness Coefficient Determination by Cowan’s Method ........................ 5-53 

SECTION 5.07 – ACCEPTABLE SOFTWARE 

5.07 ACCEPTABLE SOFTWARE ......................................................................... 5-54 
5.07.1 GEOPAK ...................................................................................................... 5-54 

SECTION 5.08 – APPENDIX 
 

5.08 APPENDIX .................................................................................................. 5A-1 

5.08.1 FIGURES AND TABLES ............................................................................. 5A-1 
 

5.08.2 EXAMPLE PROBLEMS ............................................................................ 5A-37 
5.08.2.1 Example Problem #1: Vegetated Ditch Design ...................................... 5A-37 
5.08.2.2 Example Problem #2: Trapezoidal Ditch Design.................................... 5A-41 
5.08.2.3 Example Problem #3: Steep Grade Trapezoidal Ditch Design............... 5A-45 
5.08.2.4 Example Problem #4: Concrete Trapezoidal Ditch Design .................... 5A-47 

 
5.08.3 GLOSSARY .............................................................................................. 5A-49 

5.08.4 REFERENCES ......................................................................................... 5A-56 
 

5.08.5 ABBREVIATIONS ..................................................................................... 5A-58 



TDOT DESIGN DIVISION DRAINAGE MANUAL 
  July 29, 2025 

xiv 

 

 

CHAPTER 6 – CULVERTS 

SECTION 6.01 – INTRODUCTION 

6.01 INTRODUCTION ............................................................................................ 6-1 

SECTION 6.02 – DOCUMENTATION PROCEDURES 

6.02 DOCUMENTATION PROCEDURES .............................................................. 6-3 

SECTION 6.03 – DATA REQUIREMENTS 

6.03 DATA REQUIREMENTS ................................................................................ 6-5 

6.03.1 WATERWAY DATA ........................................................................................ 6-5 
6.03.1.1 Stream Cross Sections ................................................................................ 6-5 
6.03.1.2 Stream Slope .............................................................................................. 6-6 
6.03.1.3 Hydraulic Roughness ................................................................................. 6-6 
6.03.1.4 Tailwater Conditions .................................................................................... 6-7 

6.03.2 EXISTING SITE DATA ................................................................................... 6-8 
6.03.2.1 Channel Alignment and Stability .................................................................. 6-8 
6.03.2.2 Debris Load ................................................................................................. 6-9 
6.03.2.3 Existing Culvert and Roadway Data ............................................................. 6-9 
6.03.2.4 Existing Culvert Performance ...................................................................... 6-9 

6.03.3 PROPOSED SITE DATA .............................................................................. 6-10 

6.03.4 DATA ON THE DESIGN HEADWATER ELEVATION .................................. 6-10 

SECTION 6.04 – GUIDELINES AND CRITERIA 

6.04 GUIDELINES AND CRITERIA ...................................................................... 6-11 

6.04.1 SITE LAYOUT .............................................................................................. 6-11 
6.04.1.1 Culvert Location and Alignment ................................................................. 6-11 
6.04.1.1.1 Vertical Alignment...................................................................................... 6-11 
6.04.1.1.1.1 Culvert Cross Section ................................................................................ 6-11 
6.04.1.1.1.2 Minimum Culvert Grades ........................................................................... 6-11 
6.04.1.1.1.3 Providing Natural Invert Materials .............................................................. 6-12 
6.04.1.1.1.4 Non-Linear “Broken Back” Alignments ....................................................... 6-12 
6.04.1.1.1.5 Non-Linear Alignments for Velocity Control................................................ 6-13 
6.04.1.1.2 Horizontal Alignment ................................................................................. 6-15 
6.04.1.2 Multiple Openings ...................................................................................... 6-15 

6.04.2 CULVERT SIZE AND TYPE SELECTION .................................................... 6-17 
6.04.2.1 Design Flood Flow Rates .......................................................................... 6-18 
6.04.2.2 Pipe Selection Criteria ............................................................................... 6-18 
6.04.2.2.1 Use of Pipe Culverts Other Than Round Pipe ............................................ 6-18 
6.04.2.2.2 Selection of Large Pipes vs. Box Culverts ................................................. 6-19 



TDOT DESIGN DIVISION DRAINAGE MANUAL 
  July 29, 2025 

xv 

 

 

6.04.2.3 Minimum Pipe Cover ................................................................................. 6-19 
6.04.2.4 Selection of Culvert Size ............................................................................ 6-19 
6.04.2.4.1 Minimum Pipe Sizes .................................................................................. 6-19 
6.04.2.4.2 Inlet Control vs. Outlet Control ................................................................... 6-19 
6.04.2.4.3 Culvert Roughness Coefficients ................................................................. 6-21 
6.04.2.4.4 Allowable Headwater Elevation ................................................................. 6-22 
6.04.2.5 Allowable Outlet Velocity ........................................................................... 6-23 

6.04.3 SELECTION OF APPURTENANCES ........................................................... 6-23 
6.04.3.1 End Treatments ......................................................................................... 6-23 
6.04.3.1.1 End Treatments for Culverts Under Mainline ............................................. 6-23 
6.04.3.1.2 End Treatments for Culverts Under Public Side Roads .............................. 6-24 
6.04.3.1.3 End Treatments for Culverts Under Private Drives..................................... 6-24 
6.04.3.1.4 End Treatments for Median Crossovers ..................................................... 6-25 
6.04.3.1.5 End Treatments for Culverts Skewed to the Roadway ............................... 6-25 
6.04.3.2 Improved Inlets .......................................................................................... 6-26 
6.04.3.3 Riprap Scour Protection for Culvert Outlets ............................................... 6-28 
6.04.3.4 Debris Control ........................................................................................... 6-29 
6.04.3.5 Stock Passes ............................................................................................ 6-30 

SECTION 6.05 – DESIGN PROCEDURES 

6.05 DESIGN PROCEDURES ............................................................................. 6-32 

6.05.1 ASSEMBLE DATA ....................................................................................... 6-32 

6.05.2 CULVERT SIZING PROCESS ..................................................................... 6-32 
6.05.2.1 Determine the Inlet Control Headwater Depth (HWi) .................................. 6-32 
6.05.2.2 Determine the Outlet Control Headwater Depth (HWo) .............................. 6-33 
6.05.2.2.1 Optional Outlet Control Headwater Computations ...................................... 6-35 
6.05.2.2.1.1 Flow Conditions Out of the Range of the Nomographs .............................. 6-36 
6.05.2.2.1.2 Head Losses at End Treatments ................................................................ 6-37 
6.05.2.2.1.3 Head Loss at Skewed End Treatments ...................................................... 6-37 
6.05.2.2.1.4 Accounting for Velocity Head ..................................................................... 6-39 
6.05.2.3 Determine the Controlling Headwater Depth .............................................. 6-39 

6.05.3 COMPUTATION OF ROADWAY OVERFLOW ............................................. 6-40 

6.05.4 COMPUTE OUTLET DEPTH AND VELOCITY ............................................. 6-42 

6.05.5 RIPRAP APRON DESIGN ............................................................................ 6-43 

6.05.6 DESIGN OF “BROKEN BACK” CULVERTS FOR VELOCITY CONTROL .... 6-44 

6.05.7 REVIEW RESULTS ...................................................................................... 6-46 

SECTION 6.06 – ACCEPTABLE SOFTWARE 

6.06 ACCEPTABLE SOFTWARE ......................................................................... 6-47 



TDOT DESIGN DIVISION DRAINAGE MANUAL 
  July 29, 2025 

xvi 

 

 

6.06.1 GEOPAK DRAINAGE .................................................................................. 6-47 
6.06.2 HDS-5, HYDRAULIC DESIGN OF HIGHWAY CULVERTS .......................... 6-48 
6.06.3 COMPUTER PROGRAM HY-8..................................................................... 6-48 
6.06.4 COMPUTER PROGRAM HEC-RAS ............................................................. 6-49 

SECTION 6.07 – APPENDIX 
 

6.07 APPENDIX .................................................................................................. 6A-1 

6.07.1 FIGURES AND TABLES ............................................................................. 6A-1 
 

6.07.2 EXAMPLE PROBLEMS ............................................................................ 6A-24 
6.07.2.1 Example Problem #1: Circular Culvert Hand Computations ................... 6A-24 
6.07.2.2 Example Problem #2: Circular Culvert Using HY-8................................. 6A-30 
6.07.2.2.1 Data Input .............................................................................................. 6A-30 
6.07.2.2.2 Run Program and Interpret Output ......................................................... 6A-34 
6.07.2.3 Example Problem #3: Circular Culvert with Roadway Overtopping ........ 6A-40 
6.07.2.4 Example Problem #4: HY-8 Improved Inlet Design................................. 6A-43 

 
6.07.3 GLOSSARY .............................................................................................. 6A-52 

6.07.4 REFERENCES ......................................................................................... 6A-59 
 

6.07.5 ABBREVIATIONS ..................................................................................... 6A-61 



TDOT DESIGN DIVISION DRAINAGE MANUAL 
  July 29, 2025 

xvii 

 

 

CHAPTER 7 – STORM DRAINAGE SYSTEMS 

SECTION 7.01 – INTRODUCTION 

7.01 INTRODUCTION ............................................................................................ 7-1 

SECTION 7.02 – DOCUMENTATION PROCEDURES 

7.02 DOCUMENTATION PROCEDURES .............................................................. 7-2 

SECTION 7.03 – GUIDELINES AND CRITERIA 

7.03 GUIDELINES AND CRITERIA ........................................................................ 7-4 

7.03.1 ROADWAY CROSS SECTION AND PROFILE GRADE................................. 7-5 
7.03.1.1 Minimum Longitudinal Slopes ...................................................................... 7-5 
7.03.1.2 Transverse Slopes ...................................................................................... 7-6 

7.03.2 CURBS AND GUTTERS ................................................................................ 7-6 

7.03.3 STORM DRAIN INLETS ................................................................................. 7-7 
7.03.3.1 Combination Inlets on Continuous Slopes ................................................. 7-10 
7.03.3.1.1 Inlet Spacing on Continuous Slopes .......................................................... 7-11 
7.03.3.2 Combination Inlets at Sag Points ............................................................... 7-12 
7.03.3.3 Inlets for Median or Side Ditches ............................................................... 7-14 
7.03.3.3.1 Use of Inlets with Structural Steel Grates ................................................... 7-14 
7.03.3.4 Use of Longitudinal Drains ......................................................................... 7-15 
7.03.3.5 Standard Inlet Types and Applications ....................................................... 7-17 
7.03.3.6 Catch Basin Grate Stations and Elevations Shown on the Plans ............... 7-19 
7.03.3.7 Design Storm Frequency and Spread for Inlet Spacing ............................. 7-21 

7.03.4 STORM SEWER PIPES ............................................................................... 7-21 
7.03.4.1 Pipe Type and Cover Criteria .................................................................... 7-21 
7.03.4.2 Pipe Sizing Criteria .................................................................................... 7-22 
7.03.4.3 Minimum and Maximum Velocity ............................................................... 7-23 

7.03.5 CATCH BASINS AND MANHOLES .............................................................. 7-23 
7.03.5.1 Catch Basins ............................................................................................. 7-23 
7.03.5.1.1 Alternate Catch Basins .............................................................................. 7-25 
7.03.5.1.2 Use of No. 6-72 Catch Basins ................................................................... 7-26 
7.03.5.2 Manholes ................................................................................................... 7-27 
7.03.5.3 Minimum and Maximum Depths for Catch Basins and Manholes ............... 7-27 
7.03.5.4 Junction Boxes .......................................................................................... 7-28 
7.03.5.5 Pipe Connections to Structures ................................................................. 7-28 
7.03.5.6 Spacing Between Catch Basins and Manholes .......................................... 7-30 
7.03.5.7 Manholes in the Pavement Area ................................................................ 7-30 

7.03.6 BRIDGE END DRAINS ................................................................................ 7-30 

7.03.7 DITCHES ..................................................................................................... 7-30 



TDOT DESIGN DIVISION DRAINAGE MANUAL 
  July 29, 2025 

xviii 

 

 

7.03.8 STORM SEWER OUTFALLS ....................................................................... 7-30 

7.03.9 SHOWING STORM DRAINAGE FACILITIES ON PROJECT PLANS ........... 7-31 
7.03.9.1 Storm Drain Information at Various Stages of Plan Development .............. 7-31 
7.03.9.2 Storm Drain Information by Plan Sheet ...................................................... 7-31 

SECTION 7.04 – DESIGN PROCEDURES 

7.04 DESIGN PROCEDURES ............................................................................. 7-35 

7.04.1 SYSTEM PLANNING ................................................................................... 7-35 
7.04.1.1 Data Requirements .................................................................................... 7-35 
7.04.1.2 Preliminary Layout ..................................................................................... 7-36 

7.04.2 HYDROLOGY .............................................................................................. 7-37 

7.04.3 GUTTER FLOW COMPUTATIONS .............................................................. 7-38 
7.04.3.1 Gutter N-values ......................................................................................... 7-39 
7.04.3.2 Uniform Cross Slope Procedure ................................................................ 7-40 
7.04.3.3 Compound Cross Slope Procedure ........................................................... 7-41 

7.04.4 INLET COMPUTATIONS.............................................................................. 7-42 
7.04.4.1 Gutter Inlet Interception on a Continuous Slope ......................................... 7-43 
7.04.4.1.1 Determination of Inlet Splash-Over Velocity (VO) ....................................... 7-44 
7.04.4.1.2 Determination of Inlet Frontal Flow ............................................................ 7-45 
7.04.4.1.3 Gutter Inlet Interception Procedure ............................................................ 7-47 
7.04.4.2 Inlet Spacing on a Continuous Slope ......................................................... 7-49 
7.04.4.3 Inlet Performance at Sag Points ................................................................ 7-51 

7.04.5 PIPE CAPACITY COMPUTATIONS FOR GRAVITY FLOW ......................... 7-53 
7.04.5.1 Manning’s n-Values for Pipe Materials ....................................................... 7-53 
7.04.5.2 Discharge Computations for Pipe Sizing .................................................... 7-54 
7.04.5.3 Pipe Sizing Computations for Gravity Flow ................................................ 7-55 

7.04.6 ENERGY GRADE LINE AND HYDRAULIC GRADE LINE 
COMPUTATIONS ........................................................................................ 7-57 

7.04.6.1 Evaluating Tailwater Conditions ................................................................. 7-59 
7.04.6.1.1 Evaluating Tailwater EGL and HGL Elevations .......................................... 7-61 
7.04.6.2 Hydraulic Analysis of the Pipe ................................................................... 7-61 
7.04.6.2.1 Procedures for Inlet and Outlet Control ...................................................... 7-61 
7.04.6.2.2 Procedures for Inlet Control ....................................................................... 7-62 
7.04.6.2.3 Procedures for Outlet Control .................................................................... 7-63 
7.04.6.3 Calculating Hydraulic Grade in the Upstream Structure ............................. 7-68 
7.04.6.3.1 Initial Estimate of Energy in the Upstream Structure .................................. 7-69 
7.04.6.3.2 Adjustments to the Initial Energy Estimate ................................................. 7-70 
7.04.6.3.2.1 Adjustments for Benching .......................................................................... 7-70 
7.04.6.3.2.2 Adjustments for Angled Inflows .................................................................. 7-72 
7.04.6.3.2.3 Adjustments for Plunging Inflows ............................................................... 7-73 
7.04.6.3.3 Final Computation of Energy in the Upstream Structure ............................ 7-75 



TDOT DESIGN DIVISION DRAINAGE MANUAL 
  July 29, 2025 

xix 

 

 

7.04.7 Special Considerations for Flat Grades...................................................... 7-76 
7.04.7.1 Strategies for Flat Profile Grades ............................................................... 7-76 
7.04.7.2 Long SAG Vertical Curves ......................................................................... 7-77 
7.04.7.3 Superelevation Transitions ........................................................................ 7-78 
7.04.7.4 Drainage Across Multiple Travel Lanes ..................................................... 7-81 
7.04.7.5 Gore Areas ................................................................................................ 7-82 

7.04.8 PIPE SEPARATION COMPUTATIONS FOR CIRCULAR STRUCTURES .... 7-82 

SECTION 7.05 – ACCEPTABLE SOFTWARE 

7.05 ACCEPTABLE SOFTWARE ......................................................................... 7-85 
7.05.1 GEOPAK DRAINAGE .................................................................................. 7-85 
7.05.2 VISUAL URBAN ........................................................................................... 7-85 

SECTION 7.06 – APPENDIX 
 

7.06 APPENDIX .................................................................................................. 7A-1 
 

7.06.1 FIGURES AND TABLES ............................................................................. 7A-1 
 

7.06.2 EXAMPLE PROBLEMS ............................................................................ 7A-25 
7.06.2.1 Example Problem #1: Inlet Spacing on Continuous Grade ..................... 7A-25 
7.06.2.2 Example Problem #2: Computations for Inlet at Sump Location ............. 7A-34 
7.06.2.3 Example Problem #3: Storm Sewer System Analysis............................. 7A-38 

 
7.06.3 GLOSSARY .............................................................................................. 7A-50 

 
7.06.4 REFERENCES ......................................................................................... 7A-56 

 
7.06.5 ABBREVIATIONS ..................................................................................... 7A-57 



TDOT DESIGN DIVISION DRAINAGE MANUAL 
  July 29, 2025 

xx 

 

 

CHAPTER 8 – STORMWATER STORAGE FACILITIES 
 
 

SECTION 8.01 – INTRODUCTION 

8.01 INTRODUCTION ............................................................................................ 8-1 

SECTION 8.02 – DOCUMENTATION PROCEDURES 

8.02 DOCUMENTATION PROCEDURES .............................................................. 8-2 
8.02.01 MAINTENANCE NOTE ON PLANS ................................................................ 8-3 

SECTION 8.03 – TYPES OF STORAGE FACILITIES 

8.03 TYPES OF STORAGE FACILITIES ............................................................... 8-4 
8.03.1 INTRODUCTION ............................................................................................ 8-4 
8.03.2 DETENTION BASINS .................................................................................... 8-4 
8.03.3 EXTENDED DETENTION BASINS ................................................................ 8-5 
8.03.4 RETENTION BASINS .................................................................................... 8-6 
8.03.5 CONVEYANCE SYSTEM STORAGE............................................................. 8-8 
8.03.6 UNDERGROUND STORAGE ........................................................................ 8-9 

SECTION 8.04 – GUIDELINES AND CRITERIA 

8.04 GUIDELINES AND CRITERIA ...................................................................... 8-11 

8.04.1 INTRODUCTION .......................................................................................... 8-11 

8.04.2 RELEASE RATE AND TIMING .................................................................... 8-11 

8.04.3 STORAGE REQUIREMENTS ...................................................................... 8-12 
8.04.3.1 Quantity ..................................................................................................... 8-13 
8.04.3.2 Quality ....................................................................................................... 8-13 

8.04.4 GRADING AND DEPTH ............................................................................... 8-14 
8.04.4.1 General Recommendations ....................................................................... 8-14 
8.04.4.2 Basin Geometry ......................................................................................... 8-15 
8.04.4.3 Detention Requirements ............................................................................ 8-15 
8.04.4.4 Retention Requirements ............................................................................ 8-16 

8.04.5 EMBANKMENTS .......................................................................................... 8-17 
8.04.5.1 General Considerations ............................................................................. 8-17 
8.04.5.1.1 Hazard Potential ........................................................................................ 8-18 
8.04.5.2 Embankment Types ................................................................................... 8-18 
8.04.5.2.1 Homogeneous Embankments .................................................................... 8-18 
8.04.5.2.2 Zoned Embankments ................................................................................ 8-19 



TDOT DESIGN DIVISION DRAINAGE MANUAL 
  July 29, 2025 

xxi 

 

 

8.04.5.3 Embankment Height and Freeboard .......................................................... 8-19 
8.04.5.4 Top Width .................................................................................................. 8-20 
8.04.5.5 Stability and Cutoff Trench ........................................................................ 8-20 
8.04.5.6 Embankment Seepage .............................................................................. 8-21 

8.04.6 PRINCIPAL SPILLWAY ................................................................................ 8-22 
8.04.6.1 General Requirements ............................................................................... 8-22 
8.04.6.2 Risers ........................................................................................................ 8-23 
8.04.6.3 Conduits .................................................................................................... 8-24 
8.04.6.3.1 Materials .................................................................................................... 8-24 
8.04.6.3.2 Construction Considerations ...................................................................... 8-24 
8.04.6.3.3 Use of Multiple Conduits ............................................................................ 8-25 
8.04.6.4 Seepage and Piping .................................................................................. 8-25 
8.04.6.4.1 Anti-seep Collars ....................................................................................... 8-25 
8.04.6.4.2 Filter and Drainage Diaphragms ................................................................ 8-27 
8.04.6.5 Debris Control and Safety Grates .............................................................. 8-28 
8.04.6.6 Anti-Vortex Devices ................................................................................... 8-30 
8.04.6.7 Outlet Protection ........................................................................................ 8-30 

8.04.7 EMERGENCY SPILLWAY............................................................................ 8-30 
8.04.7.1 General Requirements ............................................................................... 8-30 
8.04.7.2 Location..................................................................................................... 8-31 
8.04.7.3 Component Layout and Cross Section ...................................................... 8-31 
8.04.7.4 Hydraulic Design Considerations ............................................................... 8-32 
8.04.7.5 Permissible Velocities ................................................................................ 8-32 

8.04.8 STORAGE FACILITY LOCATION ................................................................ 8-32 

8.04.9 PERMANENT POOL FACILITIES ................................................................ 8-33 

8.04.10 UNDERGROUND DETENTION ................................................................... 8-34 

SECTION 8.05 – DESIGN PROCEDURES 

8.05 DESIGN PRODEDURES ............................................................................. 8-35 

8.05.1 INTRODUCTION .......................................................................................... 8-35 

8.05.2 DESIGN DATA REQUIREMENTS ................................................................ 8-35 

8.05.3 GENERAL DESIGN PROCEDURE .............................................................. 8-35 

8.05.4 PRELIMINARY DETENTION VOLUME COMPUTATIONS ........................... 8-36 
8.05.4.1 Storage Volume Estimates ........................................................................ 8-36 
8.05.4.1.1 Hydrograph Method ................................................................................... 8-37 
8.05.4.1.2 Triangular Hydrograph Method .................................................................. 8-37 
8.05.4.1.3 Modified Rational Method (Critical Storm Duration) ................................... 8-38 
8.05.4.1.4 SCS (TR-55) Method ................................................................................. 8-40 
8.05.4.1.5 Alternative Regression Equation Method ................................................... 8-41 



TDOT DESIGN DIVISION DRAINAGE MANUAL 
  July 29, 2025 

xxii 

 

 

8.05.4.2 Peak Flow Reduction ................................................................................. 8-42 

8.05.5 STAGE-STORAGE CURVE ......................................................................... 8-43 
8.05.5.1 Natural Basin Volumes .............................................................................. 8-43 
8.05.5.2 Artificial Basin Volumes ............................................................................. 8-45 

8.05.6 STAGE-DISCHARGE CURVE ..................................................................... 8-48 

8.05.7 OUTLET HYDRAULICS ............................................................................... 8-49 
8.05.7.1 Orifices ...................................................................................................... 8-49 
8.05.7.2 Weirs ......................................................................................................... 8-50 
8.05.7.2.1 Sharp-Crested Weirs ................................................................................. 8-50 
8.05.7.2.2 Broad-Crested Weirs ................................................................................. 8-52 
8.05.7.2.3 V-Notch Weirs ........................................................................................... 8-53 
8.05.7.2.4 Proportional Weirs ..................................................................................... 8-54 
8.05.7.3 Pipes and Culverts .................................................................................... 8-55 

8.05.8 MULTI-STAGE RISER DESIGN ................................................................... 8-56 

8.05.9 ROUTING COMPUTATIONS ....................................................................... 8-62 
8.05.9.1 Storage Indication Method ......................................................................... 8-62 

SECTION 8.06 – MAINTENANCE & CONSTRUCTION CONSIDERATIONS 

8.06 MAINTANANCE & CONSTRUCTION CONSIDERATION ............................ 8-68 
8.06.1 INTRODUCTION .......................................................................................... 8-68 
8.06.2 GENERAL INSPECTION CRITERIA ............................................................ 8-68 
8.06.3 EMBANKMENTS .......................................................................................... 8-68 
8.06.4 CONTROL STRUCTURES........................................................................... 8-69 
8.06.5 SEDIMENTATION AND DEBRIS CONTROL ............................................... 8-70 
8.06.6 INSECT AND ODOR CONTROL .................................................................. 8-71 
8.06.7 WEED AND GRASS MAINTENANCE .......................................................... 8-71 
8.06.8 PROTECTIVE TREATMENT FOR STORMWATER FACILITIES ................. 8-72 

SECTION 8.07 – ACCEPTABLE SOFTWARE 

8.07 ACCEPTABLE SOFTWARE ......................................................................... 8-74 
8.07.1 INTRODUCTION .......................................................................................... 8-74 
8.07.2 NRCS TR-20 PROJECT FORMULATION HYDROLOGY ............................. 8-74 
8.07.3 NRCS TR-55 URBAN HYDROLOGY FOR SMALL WATERSHEDS ............. 8-75 
8.07.4 U.S.A.C.E. HEC-1 MODEL ........................................................................... 8-76 
8.07.5 U.S.A.C.E. HEC-HMS MODEL ..................................................................... 8-76 
8.07.6 GEOPAK DRAINAGE .................................................................................. 8-77 
8.07.7 COMMERCIAL PROGRAMS ....................................................................... 8-77 



TDOT DESIGN DIVISION DRAINAGE MANUAL 
  July 29, 2025 

xxiii 

 

 

SECTION 8.08 – APPENDIX 
 

8.08 APPENDIX .................................................................................................. 8A-1 

8.08.1 FIGURES AND TABLES ............................................................................. 8A-1 
 

8.08.2 EXAMPLE PROBLEMS ............................................................................ 8A-22 
8.08.2.1 Example Problem #1: Storage Estimate By Modified Rational Method... 8A-22 
8.08.2.2 Example Problem #2: Water Quality Outlet Design ................................ 8A-27 
8.08.2.3 Example Problem #3: Emergency Spillway and Buoyancy Analysis....... 8A-30 
8.08.2.4 Example Problem #4: Anti-Seep Collar Design ...................................... 8A-33 
8.08.2.5 Example Problem #5: Detention Basin Design Using TR-20 .................. 8A-37 

 
8.08.3 GLOSSARY .............................................................................................. 8A-55 

 
8.08.4 REFERENCES ......................................................................................... 8A-59 

 
8.08.5 ABBREVIATIONS ..................................................................................... 8A-63 



TDOT DESIGN DIVISION DRAINAGE MANUAL 
  July 29, 2025 

xxiv 

 

 

CHAPTER 9 – ENERGY DISSIPATORS  

SECTION 9.01 – INTRODUCTION 

9.01 INTRODUCTION ............................................................................................ 9-3 

SECTION 9.02 – DOCUMENTATION PROCEDURES 

9.02 DOCUMENTATION PROCEDURES .............................................................. 9-4 

SECTION 9.03 – GUIDELINES AND CRITERIA 

9.03 GUIDELINES AND CRITERIA ........................................................................ 9-5 

9.03.1 ENERGY DISSIPATOR USE ......................................................................... 9-5 

9.03.2 ENERGY DISSIPATOR DESIGN CRITERIA .................................................. 9-5 

9.03.3 ENERGY DISSIPATOR SELECTION ............................................................. 9-6 

9.03.4 INTERNAL ENERGY DISSIPATORS ............................................................ 9-7 
9.03.4.1 Tumbling Flow ............................................................................................. 9-8 
9.03.4.2 Increased Resistance .................................................................................. 9-9 

9.03.5 EXTERNAL ENERGY DISSIPATORS ......................................................... 9-10 
9.03.5.1 Stilling Basins ............................................................................................ 9-11 
9.03.5.2 Impact Basins ........................................................................................... 9-11 
9.03.5.2.1 Rigid Boundary Basin…………………………………………………………...9-11 
9.03.5.2.2 Contra Costa Basin……………………………………………………………...9-12 
9.03.5.2.3 USBR Type VI Impact Basin   ………………………………………………....9-13 

 
9.04 DESIGN PROCEDURES…...…………………………………………………….9-15 

 
9.04.1 COMPUATIONS IN SUPPORT OF ENERGY DISSIPATOR DESIGN..…….9-15 
9.04.1.1 Culvert Hydraulic Analysis   ……………………………………………………9-16 
9.04.1.2 Computation of Culvert Outflow Conditions .…………………………………9-16 
 
9.04.2 DESIGN PROCEDURES…………………………………………………...…….9-17 
9.04.2.1 General Design Procedure .……………………………………………………9-17 
9.04.2.2 Notes on HEC-14 Procedures....………………………………………………9-19 
9.04.2.2.1 HEC-14 Procedures for Internal Energy Dissipators   .……………………..9-19 
9.04.2.2.2 USBR Type VI Impact Basin Design Procedure    .…..……………………..9-20 

 
   9.05                     ACCEPTABLE SOFTWARE…………………………………………………….9-25 

 
9.05.1                COMPUTER PROGRAM HY-8 ..………………………………………………..9-26 
 

 
 
      



TDOT DESIGN DIVISION DRAINAGE MANUAL 
  July 29, 2025 

xxv 

 

 

 
 

 
CONTROL 

 
SECTION 10.01 – INTRODUCTION 

10.01 INTRODUCTION .......................................................................................... 10-1 

SECTION 10.02 – DOCUMENTATION PROCEDURES 

10.02 DOCUMENTATION PROCEDURES ............................................................ 10-2 

SECTION 10.03 – FUNDAMENTALS OF EROSION AND SEDIMENT LOSS 

10.03 FUNDAMENTALS OF EROSION AND SEDIMENT LOSS ........................... 10-3 

10.03.1 DEFINITIONS............................................................................................... 10-3 
10.03.1.1 Erosion Prevention .................................................................................... 10-3 
10.03.1.2 Sediment Control ....................................................................................... 10-4 

10.03.2 TYPES OF EROSION .................................................................................. 10-4 
10.03.2.1 Raindrop Erosion ....................................................................................... 10-5 
10.03.2.2 Sheet Erosion (Interrill Erosion) ................................................................. 10-6 
10.03.2.3 Rill Erosion ................................................................................................ 10-7 
10.03.2.4 Gully Erosion ............................................................................................. 10-7 
10.03.2.5 Channel Erosion ........................................................................................ 10-8 

10.03.3 TYPES OF SEDIMENT ................................................................................ 10-9 
10.03.3.1 Bedload ..................................................................................................... 10-9 
10.03.3.2 Suspended Sediment .............................................................................. 10-10 

10.03.4 FACTORS CONTRIBUTING TO EROSION AND SEDIMENTATION ......... 10-10 
10.03.4.1 Soil Characteristics .................................................................................. 10-11 
10.03.4.2 Topography ............................................................................................. 10-11 
10.03.4.3 Surface Cover Condition .......................................................................... 10-11 
10.03.4.4 Rainfall Intensity ...................................................................................... 10-12 

10.03.5 CONSTRUCTION SITE RUNOFF .............................................................. 10-12 
10.03.5.1 Effects of Land Disturbance over Time .................................................... 10-13 
10.03.5.2 Methods for Computing Runoff ................................................................ 10-14 

10.03.6 PREDICTING AND QUANTIFYING SOIL LOSS ........................................ 10-14 
10.03.6.1 Generally Accepted Quantities ................................................................ 10-14 
10.03.6.2 RUSLE Theory and Computations ........................................................... 10-14 



TDOT DESIGN DIVISION DRAINAGE MANUAL 
July 29, 2025 

xxvi 

 

 

SECTION 10.04 – CONTROL MEASURES AND PRACTICES 

10.04 CONTROL MEASURES AND PRACTICES ............................................... 10-20 

10.04.1 INTRODUCTION ........................................................................................ 10-20 

10.04.2 FUNCTIONAL CLASSIFICATION OF CONTROL MEASURES .................. 10-20 
10.04.2.1 Erosion Prevention .................................................................................. 10-20 
10.04.2.2 Sediment Control ..................................................................................... 10-21 
10.04.2.3 Flow Control ............................................................................................ 10-21 

10.04.3 INTENDED LIFE SPAN OF MEASURES ................................................... 10-21 
10.04.3.1 Temporary ............................................................................................... 10-21 
10.04.3.2 Permanent ............................................................................................... 10-22 

10.04.4 TYPES OF CONTROL MEASURES .......................................................... 10-22 
10.04.4.1 Vegetative ............................................................................................... 10-22 
10.04.4.2 Structural ................................................................................................. 10-23 
10.04.4.3 Other ....................................................................................................... 10-24 

10.04.5 DESIGN ELEMENTS WHICH ASSIST IN EROSION PREVENTION.......... 10-24 

10.04.6 COMPUTATION OF EROSION PREVENTION AND SEDIMENT 
CONTROL QUANTITIES ........................................................................... 10-26 

10.04.6.1 Converting Cubic Yards to Tons .............................................................. 10-28 
10.04.6.2 Sediment Removal .................................................................................. 10-28 

SECTION 10.05 – THE EROSION PREVENTION AND SEDIMENT CONTROL PLAN 

10.05 THE EROSION PREVENTION AND SEDIMENT CONTROL PLAN ........... 10-30 

10.05.1 REQUIREMENTS OF THE EPSC PLAN .................................................... 10-30 
10.05.1.1 Stormwater Pollution Prevention Plan (SWPPP) ...................................... 10-30 
10.05.1.2 Addition of the EPSC Plan into Field Review and Final Row Plans .......... 10-30 
10.05.1.3 Storm Frequency for Design of EPSC Measures ..................................... 10-31 

10.05.2 OBJECTIVES OF THE EPSC PLAN .......................................................... 10-31 
10.05.2.1 Buffer Zones for Exceptional Tennessee Waters or Sediment 

Impaired Streams .................................................................................... 10-34 
10.05.2.2 Buffer Zones for All Other Streams .......................................................... 10-34 

10.05.3 INFORMATION SHOWN ON THE EPSC PLAN ......................................... 10-35 
10.05.3.1 General and Special Erosion Prevention and Sediment Control Notes .... 10-36 
10.05.3.2 Existing and Proposed Site Features ....................................................... 10-38 
10.05.3.3 Standard EPSC Plan Symbols................................................................. 10-40 
10.05.3.4 Stormwater Outfalls ................................................................................. 10-40 



TDOT DESIGN DIVISION DRAINAGE MANUAL 
July 29, 2025 

xxvii 

 

 

SECTION 10.06 – STAGING OF EPSC PLANS 

10.06 STAGING OF EPSC PLANS ...................................................................... 10-43 

10.06.1 NECESSITY OF STAGING ........................................................................ 10-43 

10.06.2 EPSC PLAN STAGES ................................................................................ 10-43 
10.06.2.1 Clearing and Grubbing Stage .................................................................. 10-45 
10.06.2.2 Intermediate Grading Stage ..................................................................... 10-46 
10.06.2.3 Final Construction Stage ......................................................................... 10-46 
10.06.2.4 Sub-Stages ............................................................................................. 10-47 

SECTION 10.07 – ACCEPTABLE SOFTWARE 

10.07 ACCEPTABLE SOFTWARE ....................................................................... 10-48 

10.07.1 RUSLE2 ..................................................................................................... 10-48 
10.07.2 WEPP ........................................................................................................ 10-48 
10.07.3 EGEM VERSION 2.0 .................................................................................. 10-49 
10.07.4 TMDL USLE ............................................................................................... 10-49 

SECTION 10.08 – GUIDELINES AND CRITERIA FOR EPSC MEASURES 
 

10.08 GUIDELINES AND CRITERIA FOR EPSC MEASURES ......................... 10EP-1 
10.08.1 EROSION PREVENTION MEASURES................................................... 10EP-1 
10.08.1.1 Enhanced Silt Fence Check (EC-STR-4, 4A, & 4B).............................. 10EP-2 
10.08.1.1.1 Definition and Purpose .................................................................... 10EP-2 
10.08.1.1.2 Appropriate Applications ................................................................. 10EP-2 
10.08.1.1.3 Limitations....................................................................................... 10EP-3 
10.08.1.1.4 Planning and Design Criteria........................................................... 10EP-3 
10.08.1.1.5 Example Application........................................................................ 10EP-7 

 
10.08.1.2 Rock Check Dam (EC-STR-6)............................................................ 10EP-17 
10.08.1.2.1 Definition and Purpose ......................................................... .........10EP-17 
10.08.1.2.2 Appropriate Applications ............................................................... 10EP-17 
10.08.1.2.3 Limitations..................................................................................... 10EP-17 
10.08.1.2.4 Planning and Design Criteria......................................................... 10EP-18 
10.08.1.2.5 Example Application...................................................................... 10EP-18 

 
10.08.1.3 Temporary Construction Exit (EC-STR-25) ........................................ 10EP-21 
10.08.1.3.1 Definition and Purpose .............................................................. ....10EP-21 
10.08.1.3.2 Appropriate Applications ............................................................... 10EP-21 
10.08.1.3.3 Limitations..................................................................................... 10EP-21 
10.08.1.3.4 Planning and Design Criteria......................................................... 10EP-21 
10.08.1.3.5 Example Application...................................................................... 10EP-22 



TDOT DESIGN DIVISION DRAINAGE MANUAL 
July 29, 2025 

xxviii 

 

 

10.08.1.4 Temporary Culvert Crossing (EC-STR-25) ......................................... 10EP-24 
10.08.14.1 Definition and Purpose .............................................................. ....10EP-24 
10.08.1.4.2 Appropriate Applications ............................................................... 10EP-24 
10.08.1.4.3 Limitations..................................................................................... 10EP-24 
10.08.1.4.4 Planning and Design Criteria......................................................... 10EP-24 
10.08.1.4.5 Example Application...................................................................... 10EP-26 

 
10.08.1.5 Temporary Construction Ford (EC-STR-25) ....................................... 10EP-31 
10.08.1.5.1 Definition and Purpose ................................................................... 10EP-31 
10.08.1.5.2 Appropriate Applications ................................................................ 10EP-31 
10.08.1.5.3 Limitations...................................................................................... 10EP-31 
10.08.1.5.4 Planning and Design Criteria.......................................................... 10EP-32 
10.08.1.5.5 Example Application....................................................................... 10EP-32 

 
10.08.1.6 Temporary Slope Drain (EC-STR-27)................................................. 10EP-35 
10.08.1.6.1 Definition and Purpose .................................................................. 10EP-35 
10.08.1.6.2 Appropriate Applications ............................................................... 10EP-35 
10.08.1.6.3 Limitations..................................................................................... 10EP-35 
10.08.1.6.4 Planning and Design Criteria......................................................... 10EP-36 
10.08.1.6.5 Example Application...................................................................... 10EP-37 

 
10.08.1.7 Temporary Berm (EC-STR-27)........................................................... 10EP-39 
10.08.1.7.1 Definition and Purpose .................................................................. 10EP-39 
10.08.1.7.2 Appropriate Applications ............................................................... 10EP-39 
10.08.1.7.3 Limitations..................................................................................... 10EP-40 
10.08.1.7.4 Planning and Design Criteria......................................................... 10EP-40 
10.08.1.7.5 Example Application...................................................................... 10EP-41 

 
10.08.1.8 Temporary Instream Diversion (EC-STR-30 & EC-STR30A) .............. 10EP-42 
10.08.1.8.1 Definition and Purpose .................................................................. 10EP-42 
10.08.1.8.2 Appropriate Applications ............................................................... 10EP-42 
10.08.1.8.3 Limitations..................................................................................... 10EP-42 
10.08.1.8.4 Planning and Design Criteria......................................................... 10EP-42 
10.08.1.8.5 Example Application...................................................................... 10EP-44 

10.08.1.9 Temporary Diversion Channel (EC-STR-31 & 31A)............................ 10EP-46 
10.08.1.9.1 Definition and Purpose .................................................................. 10EP-46 
10.08.1.9.2 Appropriate Applications ............................................................... 10EP-46 
10.08.1.9.3 Limitations..................................................................................... 10EP-46 
10.08.1.9.4 Planning and Design Criteria......................................................... 10EP-46 
10.08.1.9.5 Example Application...................................................................... 10EP-48 

10.08.1.10 Temporary Diversion Culvert (EC-STR-32) ........................................ 10EP-52 
10.08.1.10.1 Definition and Purpose .................................................................. 10EP-52 
10.08.1.10.2 Appropriate Applications ............................................................... 10EP-52 
10.08.1.10.3 Limitations..................................................................................... 10EP-52 
10.08.1.10.4 Planning and Design Criteria......................................................... 10EP-52 
10.08.1.10.5 Example Application...................................................................... 10EP-54 



TDOT DESIGN DIVISION DRAINAGE MANUAL 
July 29, 2025 

xxix 

 

 

10.08.1.11 Suspended Pipe Diversion (EC-STR-33 & 33A) ................................. 10EP-61 
10.08.1.11.1 Definition and Purpose .................................................................. 10EP-61 
10.08.1.11.2 Appropriate Applications ............................................................... 10EP-61 
10.08.1.11.3 Limitations..................................................................................... 10EP-61 
10.08.1.11.4 Planning and Design Criteria......................................................... 10EP-61 
10.08.1.11.5 Example Application...................................................................... 10EP-63 

 
10.08.1.12 Erosion Control Blanket (EC-STR-34) ................................................ 10EP-69 
10.08.1.12.1 Definition and Purpose .................................................................. 10EP-69 
10.08.1.12.2 Appropriate Applications ............................................................... 10EP-69 
10.08.1.12.3 Limitations..................................................................................... 10EP-69 
10.08.1.12.4 Planning and Design Criteria......................................................... 10EP-70 
10.08.1.12.5 Example Application...................................................................... 10EP-72 

 
10.08.1.13 Turf Reinforced Mats (EC-STR-36) .................................................... 10EP-76 
10.08.1.13.1 Definition and Purpose .................................................................. 10EP-76 
10.08.1.13.2 Appropriate Applications ............................................................... 10EP-76 
10.08.1.13.3 Limitations..................................................................................... 10EP-76 
10.08.1.13.4 Planning and Design Criteria......................................................... 10EP-76 
10.08.1.13.5 Example Application...................................................................... 10EP-78 

 
10.08.1.14 Gabion Check Dams (EC-STR-55 thru 59)......................................... 10EP-81 
10.08.1.14.1 Definition and Purpose .................................................................. 10EP-81 
10.08.1.14.2 Appropriate Applications ............................................................... 10EP-81 
10.08.1.14.3 Limitations..................................................................................... 10EP-82 
10.08.1.14.4 Planning and Design Criteria......................................................... 10EP-82 
10.08.1.14.5 Example Application...................................................................... 10EP-85 

 
10.08.1.15 Slope Surface Roughening ................................................................ 10EP-91 
10.08.1.15.1 Definition and Purpose .................................................................. 10EP-91 
10.08.1.15.2 Appropriate Applications ............................................................... 10EP-91 
10.08.1.15.3 Limitations..................................................................................... 10EP-92 
10.08.1.15.4 Planning and Design Criteria......................................................... 10EP-92 
10.08.1.15.5 Example Application...................................................................... 10EP-93 

10.08.1.16 Seeding.............................................................................................. 10EP-94 
10.08.1.16.1 Definition and Purpose .................................................................. 10EP-94 
10.08.1.16.2 Appropriate Applications ............................................................... 10EP-94 
10.08.1.16.3 Limitations..................................................................................... 10EP-94 
10.08.1.16.4 Planning and Design Criteria......................................................... 10EP-95 
10.08.1.16.5 Example Application...................................................................... 10EP-95 

10.08.1.17 Soil Stabilization................................................................................. 10EP-97 
10.08.1.17.1 Definition and Purpose .................................................................. 10EP-97 
10.08.1.17.2 Appropriate Applications ............................................................... 10EP-97 
10.08.1.17.3 Limitations..................................................................................... 10EP-98 
10.08.1.17.4 Planning and Design Criteria......................................................... 10EP-98 
10.08.1.17.5 Example Application...................................................................... 10EP-99 



TDOT DESIGN DIVISION DRAINAGE MANUAL 
July 29, 2025 

xxx 

 

 

10.08.1.18 Polyacrylamide ................................................................................. 10EP-101 
10.08.1.18.1 Definition and Purpose ................................................................ 10EP-101 
10.08.1.18.2 Appropriate Applications ............................................................. 10EP-101 
10.08.1.18.3 Limitations................................................................................... 10EP-102 
10.08.1.18.4 Planning and Design Criteria....................................................... 10EP-102 
10.08.1.18.5 Example Application.................................................................... 10EP-104 

 
10.08.1.19 Construction Phasing ....................................................................... 10EP-106 

 
10.08.2 SEDIMENT CONTROL MEASURES ......................................................10SC-1 
10.08.2.1 Dewatering Structure (EC-STR-1) ........................................................10SC-2 
10.08.2.1.1 Definition and Purpose ....................................................................10SC-2 
10.08.2.1.2 Appropriate Applications .................................................................10SC-2 
10.08.2.1.3 Limitations.......................................................................................10SC-2 
10.08.2.1.4 Planning and Design Criteria...........................................................10SC-2 
10.08.2.1.5 Example Application........................................................................10SC-4 

 
10.08.2.2 Sediment Filter Bag (EC-STR-2) ..........................................................10SC-6 
10.08.2.2.1 Definition and Purpose ....................................................................10SC-6 
10.08.2.2.2 Appropriate Applications .................................................................10SC-6 
10.08.2.2.3 Limitations.......................................................................................10SC-6 
10.08.2.2.4 Planning and Design Criteria...........................................................10SC-7 
10.08.2.2.5 Example Application........................................................................10SC-9 

 
10.08.2.3 Silt Fence (EC-STR-3B) .....................................................................10SC-11 
10.08.2.3.1 Definition and Purpose ..................................................................10SC-11 
10.08.2.3.2 Appropriate Applications ...............................................................10SC-11 
10.08.2.3.3 Limitations.....................................................................................10SC-11 
10.08.2.3.4 Planning and Design Criteria.........................................................10SC-11 
10.08.2.3.5 Example Application......................................................................10SC-13 

 
10.08.2.4 Silt Fence with Wire Backing (EC-STR-3C)........................................10SC-14 
10.08.2.4.1 Definition and Purpose ..................................................................10SC-14 
10.08.2.4.2 Appropriate Applications ...............................................................10SC-14 
10.08.2.4.3 Limitations.....................................................................................10SC-14 
10.08.2.4.4 Planning and Design Criteria.........................................................10SC-14 
10.08.2.2.5 Example Application......................................................................10SC-16 

 
10.08.2.5 Enhanced Silt Fence (EC-STR-3D) ....................................................10SC-18 
10.08.2.5.1 Definition and Purpose ..................................................................10SC-18 
10.08.2.5.2 Appropriate Applications ...............................................................10SC-18 
10.08.2.5.3 Limitations.....................................................................................10SC-19 
10.08.2.5.4 Planning and Design Criteria.........................................................10SC-19 
10.08.2.5.5 Example Application......................................................................10SC-19 

 
10.08.2.6 Enhanced Rock Check Dam (EC-STR-6A) ........................................10SC-20 
10.08.2.6.1 Definition and Purpose ..................................................................10SC-20 
10.08.2.6.2 Appropriate Applications ...............................................................10SC-20 
10.08.2.6.3 Limitations.....................................................................................10SC-20 
10.08.2.6.4 Planning and Design Criteria.........................................................10SC-21 



TDOT DESIGN DIVISION DRAINAGE MANUAL 
July 29, 2025 

xxxi 

 

 

10.08.2.6.5 Example Application ...................................................................... 10SC-23 
 

10.08.2.7 Sediment Trap with Check Dam (EC-STR-7) ....................................10SC-24 
10.08.2.7.1 Definition and Purpose ..................................................................10SC-24 
10.08.2.7.2 Appropriate Applications ...............................................................10SC-24 
10.08.2.7.3 Limitations.....................................................................................10SC-24 
10.08.2.7.4 Planning and Design Criteria.........................................................10SC-24 
10.08.2.7.5 Example Application......................................................................10SC-27 

 
10.08.2.8 Filter Sock (EC-STR-8) ......................................................................10SC-31 
10.08.2.8.1 Definition and Purpose ..................................................................10SC-31 
10.08.2.8.2 Appropriate Applications ...............................................................10SC-31 
10.08.2.8.3 Limitations.....................................................................................10SC-32 
10.08.2.8.4 Planning and Design Criteria.........................................................10SC-32 
10.08.2.8.5 Example Application......................................................................10SC-34 

 
10.08.2.9 Culvert Protection (EC-STR-11 and EC-STR-11A).............................10SC-36 
10.08.2.9.1 Definition and Purpose ..................................................................10SC-36 
10.08.2.9.2 Appropriate Applications ...............................................................10SC-36 
10.08.2.9.3 Limitations.....................................................................................10SC-37 
10.08.2.9.4 Planning and Design Criteria.........................................................10SC-37 
10.08.2.9.5 Example Application......................................................................10SC-39 

 
10.08.2.10 Rock Sediment Dam (EC-STR-12).....................................................10SC-42 
10.08.2.10.1 Definition and Purpose ..................................................................10SC-42 
10.08.2.10.2 Appropriate Applications ...............................................................10SC-42 
10.08.2.10.3 Limitations.....................................................................................10SC-42 
10.08.2.10.4 Planning and Design Criteria.........................................................10SC-42 
10.08.2.10.5 Example Application......................................................................10SC-44 

10.08.2.11 Rock and Earth Sediment Embankment (EC-STR-13) .......................10SC-50 
10.08.2.11.1  Definition and Purpose ..................................................................10SC-50 
10.08.2.11.2 Appropriate Applications ...............................................................10SC-50 
10.08.2.11.3 Limitations.....................................................................................10SC-50 
10.08.2.11.4 Planning and Design Criteria.........................................................10SC-51 
10.08.2.11.5 Example Application......................................................................10SC-52 

 
10.08.2.12 Sediment Basin (EC-STR-15, 16, 17 and 18).....................................10SC-63 
10.08.2.12.1 Definition and Purpose ..................................................................10SC-63 
10.08.2.12.2 Appropriate Applications ...............................................................10SC-63 
10.08.2.12.3 Limitations.....................................................................................10SC-63 
10.08.2.12.4 Planning and Design Criteria.........................................................10SC-64 
10.08.2.12.5 Example Application......................................................................10SC-70 

 
10.08.2.13 Catch Basin Protection (EC-STR-19) .................................................10SC-71 
10.08.2.13.1 Definition and Purpose ..................................................................10SC-71 
10.08.2.13.2 Appropriate Applications ...............................................................10SC-71 
10.08.2.13.3 Limitations.....................................................................................10SC-71 
10.08.2.13.4 Planning and Design Criteria.........................................................10SC-71 
10.08.2.13.5 Example Application......................................................................10SC-73 



TDOT DESIGN DIVISION DRAINAGE MANUAL 
July 29, 2025 

xxxii 

 

 

10.08.2.14 Filter Berm (EC-STR-35) .................................................................... 10SC-74 
10.08.2.14.1 Definition and Purpose ..................................................................10SC-74 
10.08.2.142 Appropriate Applications ...............................................................10SC-74 
10.08.2.14.3 Limitations.....................................................................................10SC-74 
10.08.2.14.4 Planning and Design Criteria.........................................................10SC-75 
10.08.2.14.5 Example Application......................................................................10SC-76 

 
10.08.2.15 Sediment Tubes (EC-STR-37) ...........................................................10SC-78 
10.08.2.15.1 Definition and Purpose ..................................................................10SC-78 
10.08.2.15.2 Appropriate Applications ...............................................................10SC-78 
10.08.2.15.3 Limitations.....................................................................................10SC-78 
10.08.2.15.4 Planning and Design Criteria.........................................................10SC-79 
10.08.2.15.5 Example Application......................................................................10SC-80 

 
10.08.2.16 Floating Turbidity Curtain (EC-STR-38)..............................................10SC-83 
10.08.2.16.1 Definition and Purpose ..................................................................10SC-83 
10.08.2.16.2 Appropriate Applications ...............................................................10SC-83 
10.08.2.16.3 Limitations.....................................................................................10SC-83 
10.08.2.16.4 Planning and Design Criteria.........................................................10SC-84 
10.08.2.16.5 Example Application......................................................................10SC-85 

 
10.08.2.17 Curb Inlet Protection Types 1, 2, 3, & 4 (EC-STR-39 & 39A)..............10SC-87 
10.08.2.17.1 Definition and Purpose ..................................................................10SC-87 
10.08.2.17.2 Appropriate Applications ...............................................................10SC-87 
10.08.2.17.3 Limitations.....................................................................................10SC-87 
10.08.2.17.4 Planning and Design Criteria.........................................................10SC-88 
10.08.2.17.5 Example Application......................................................................10SC-91 

 
10.08.2.18 Catch Basin Filter Assemblies (EC-STR-40 thru 51A) ........................10SC-93 
10.08.2.18.1  Definition and Purpose ..................................................................10SC-93 
10.08.2.18.2 Appropriate Applications ...............................................................10SC-93 
10.08.2.18.3 Limitations.....................................................................................10SC-93 
10.08.2.18.4 Planning and Design Criteria.........................................................10SC-94 
10.08.2.18.5 Example Application......................................................................10SC-96 

10.08.3 FLOW CONTROL MEASURES .............................................................. 10FC-1 
10.08.3.1 Permanent Riprap Energy Dissipator (EC-STR-21).............................. 10FC-2 
10.08.3.1.1  Definition and Purpose .................................................................... 10FC-2 
10.08.3.1.2 Appropriate Applications ................................................................. 10FC-2 
10.08.3.1.3 Limitations....................................................................................... 10FC-2 
10.08.3.1.4 Planning and Design Criteria........................................................... 10FC-2 
10.08.3.1.5 Example Application........................................................................ 10FC-3 

 
10.08.3.2 Riprap Apron Outlet Protection............................................................. 10FC-4 
10.08.3.2.1 Definition and Purpose .................................................................... 10FC-4 
10.08.3.2.2 Appropriate Applications ................................................................. 10FC-4 
10.08.3.2.3 Limitations....................................................................................... 10FC-4 
10.08.3.2.4 Planning and Design Criteria........................................................... 10FC-4 
10.08.3.2.5 Example Application........................................................................ 10FC-5 



TDOT DESIGN DIVISION DRAINAGE MANUAL 
July 29, 2025 

xxxiii 

 

 

10.08.3.3 Level Spreader (EC-STR-61) ................................................................ 10FC-8 
10.08.3.2.1 Definition and Purpose .................................................................... 10FC-8 
10.08.3.2.2 Appropriate Applications ................................................................. 10FC-8 
10.08.3.2.3 Limitations....................................................................................... 10FC-9 
10.08.3.2.4 Planning and Design Criteria........................................................... 10FC-9 
10.08.3.2.5 Example Application...................................................................... 10FC-11 

 
10.08.3.4 Permanent Detention / Retention Basin ............................................. 10FC-13 
10.08.3.4.1 Definition and Purpose .................................................................. 10FC-13 
10.08.3.4.2 Appropriate Applications ............................................................... 10FC-13 
10.08.3.4.3 Limitations..................................................................................... 10FC-13 
10.08.3.4.4 Planning and Design Criteria......................................................... 10FC-14 
10.08.3.4.5 Example Application...................................................................... 10FC-14 

 
SECTION 10.09 – APPENDIX 

 
10.09 APPENDIX ................................................................................................ 10A-1 

 
10.09.1.1 FIGURES AND TABLES ........................................................................... 10A-2 

10.09.2 EXAMPLE PROBLEMS .......................................................................... 10A-25 
10.09.2.1 Example Problem: Estimating Soil Loss Using RUSLE. ....................... 10A-25 

 
10.09.3 GLOSSARY ............................................................................................ 10A-36 

10.09.4 REFERENCES ....................................................................................... 10A-43 
 

10.09.5 ABBREVIATIONS ................................................................................... 10A-45 



TDOT DESIGN DIVISION DRAINAGE MANUAL 
July 29, 2025 

xxxiv 

 

 

CHAPTER 11 – NATURAL STREAM DESIGN 

SECTION 11.01 – INTRODUCTION 

11.01 INTRODUCTION .......................................................................................... 11-1 

SECTION 11.02 – DOCUMENTATION PROCEDURES 

11.02 DOCUMENTATION PROCEDURES ............................................................ 11-3 

SECTION 11.03 – FUNDAMENTALS OF NATURAL STREAM DESIGN 

11.03 FUNDAMENTALS OF NATURAL STREAM DESIGN ................................... 11-4 

11.03.1 CHANNEL TYPES ....................................................................................... 11-5 

11.03.2 DEFINITIONS OF CHANNEL STABILITY .................................................... 11-7 
11.03.2.1 Factors Affecting Alluvial Channel Stability ................................................ 11-7 
11.03.2.2 Sediment Transport ................................................................................... 11-8 

11.03.3 FLOW REGIMES ....................................................................................... 11-11 

11.03.4 INFORMATION NEEDED FOR NATURAL STREAM DESIGN ................... 11-12 
11.03.4.1 Length, Slope, and Sinuosity ................................................................... 11-12 
11.03.4.2 Existing Channel Cross Sections ............................................................. 11-15 
11.03.4.3 Existing Channel Profile........................................................................... 11-16 
11.03.4.4 Tailwater Conditions ................................................................................ 11-17 
11.03.4.5 Channel Stability...................................................................................... 11-18 
11.03.4.6 Existing Riparian Vegetation .................................................................... 11-19 
11.03.4.7 Hydraulic Roughness .............................................................................. 11-19 

11.03.5 NATURAL STREAM DESIGN PROCESS .................................................. 11-20 

SECTION 11.04 – GUIDELINES AND CRITERIA 

11.04 GUIDELINES AND CRITERIA .................................................................... 11-22 

11.04.1 NATURAL STREAM DESIGN GUIDELINES .............................................. 11-22 
11.04.1.1 Minimizing or Avoiding Impacts to Streams ............................................. 11-22 
11.04.1.2 Limitations on Stream Relocations ........................................................... 11-22 

11.04.2 GOALS OF NATURAL STREAM DESIGN ................................................. 11-22 
11.04.2.1 Preserve Existing Stream Function and Habitat ....................................... 11-23 
11.04.2.2 Re-establish Stream Planform (Length and Sinuosity) ............................. 11-24 
11.04.2.3 Re-establish Stream Vertical Profile ........................................................ 11-24 
11.04.2.4 Maintain Existing Floodplains .................................................................. 11-25 
11.04.2.5 Stable Channel Design for Alluvial Streams ............................................. 11-25 
11.04.2.6 Effects of Relocation on Overall Stream Corridor ..................................... 11-27 
11.04.2.7 Approaches for an Unstable Stream Reach ............................................. 11-27 



TDOT DESIGN DIVISION DRAINAGE MANUAL 
July 29, 2025 

xxxv 

 

 

11.04.3 STORM FREQUENCIES FOR STREAM RELOCATION DESIGNS ........... 11-28 
11.04.3.1 Channel Forming Discharge .................................................................... 11-28 
11.04.3.2 Flow Duration Curves .............................................................................. 11-30 
11.04.3.3 Flood Discharges..................................................................................... 11-32 

11.04.4 DATA REQUIREMENTS ............................................................................ 11-32 

11.04.5 HYDRAULIC CONSIDERATIONS .............................................................. 11-32 
11.04.5.1 Curved Channel Alignments .................................................................... 11-33 
11.04.5.2 Channel Transitions ................................................................................. 11-34 

11.04.6 MITIGATION PRACTICES FOR NATURAL STREAM DESIGN ................. 11-34 
11.04.6.1 Selection of Mitigation Practices .............................................................. 11-35 
11.04.6.1.1 Hydraulic Control Practices...................................................................... 11-35 
11.04.6.1.2 Stabilization Practices.............................................................................. 11-36 
11.04.6.2 Revetment Types for Curved Alignments ................................................. 11-36 
11.04.6.2.1 Preference for Revetment Materials ........................................................ 11-36 
11.04.6.2.1.1 Vegetation ............................................................................................... 11-37 
11.04.6.2.1.2 Machined Riprap ..................................................................................... 11-37 
11.04.6.2.1.3 Precast Concrete Forms .......................................................................... 11-37 
11.04.6.2.1.4 Revetment Types To Be Avoided ............................................................ 11-38 
11.04.6.2.2 Longitudinal Extent of Protection ............................................................. 11-38 
11.04.6.2.3 Vertical Extent of Protection..................................................................... 11-39 

11.04.7 PERMIT REQUIREMENTS ........................................................................ 11-40 

11.04.8 RIGHT-OF-WAY AND EASEMENTS ......................................................... 11-40 

11.04.9 SAFETY AND MAINTENANCE CONSIDERATIONS .................................. 11-40 

11.04.10 CONSTRUCTION CONSIDERATIONS ...................................................... 11-41 

11.04.11 SPECIAL CONSIDERATIONS FOR URBAN STREAMS ............................ 11-41 

11.04.12 SPECIAL CONSIDERATIONS FOR FEMA STUDIED REACHES .............. 11-42 

SECTION 11.05 – DESIGN PROCEDURES 

11.05 DESIGN PROCEDURES ........................................................................... 11-43 

11.05.1 INITIAL PLANNING .................................................................................... 11-43 
11.05.1.1 Determining Begin and End Points for the Relocation Project .................. 11-43 
11.05.1.2 Determining Existing Bed Materials ......................................................... 11-44 
11.05.1.3 Determining Existing Channel Type ......................................................... 11-45 
11.05.1.4 Assessing Existing Channel Stability ....................................................... 11-46 
11.05.1.5 Hydraulic Analysis of the Existing Stream ................................................ 11-47 

11.05.2 DESIGN PROCEDURES FOR THRESHOLD CHANNELS ........................ 11-48 



TDOT DESIGN DIVISION DRAINAGE MANUAL 
July 29, 2025 

xxxvi 

 

 

11.05.3 DESIGN PROCEDURES FOR ALLUVIAL CHANNELS .............................. 11-49 

11.05.4 NATURAL STREAM DESIGN PROCEDURES .......................................... 11-51 
11.05.4.1 Roughness Coefficient Determination by Cowan’s Method ...................... 11-51 
11.05.4.2 Computing Sinuosity ................................................................................ 11-52 
11.05.4.3 Measuring Meander Characteristics ......................................................... 11-53 
11.05.4.4 Estimating a Flow Duration Curve ............................................................ 11-56 
11.05.4.5 Estimating Sediment Flows ..................................................................... 11-57 
11.05.4.5.1 Brownlie Sediment Transport Function .................................................... 11-57 
11.05.4.5.2 Meyer-Peter and Muller Sediment Transport Function ............................. 11-61 
11.05.4.6 Estimating Channel Forming Discharge ................................................... 11-65 
11.05.4.7 Developing a Stability Curve for an Alluvial Channel ................................ 11-66 
11.05.4.8 Sediment Impact Analysis ....................................................................... 11-68 

SECTION 11.06 – THE NATURAL STREAM DESIGN PLAN 

11.06 THE NATURAL STREAM DESIGN PLAN .................................................. 11-70 

11.06.1 NATURAL STREAM DESIGN PLAN DEVELOPMENT PROCESS ............ 11-70 
11.06.1.1 The Environmental Boundaries Document ............................................... 11-70 
11.06.1.2 Design of the Relocated Stream .............................................................. 11-71 
11.06.1.3 Stream Mitigation Practices ..................................................................... 11-71 
11.06.1.4 Planting Schedule and Plant List ............................................................. 11-71 
11.06.1.5 Permits .................................................................................................... 11-72 

11.06.2 PLAN REQUIREMENTS FOR NATURAL STREAM DESIGN .................... 11-72 
11.06.2.1 Development of the Stream Relocation Plan ............................................ 11-73 
11.06.2.2 Relocation Plan Information by Plan Sheet .............................................. 11-73 
11.06.2.3 EPSC Plans for Stream Relocation .......................................................... 11-81 

SECTION 11.07 – ACCEPTABLE SOFTWARE 

11.07 ACCEPTABLE SOFTWARE ....................................................................... 11-82 

11.07.1 HEC-RAS ................................................................................................... 11-82 

11.07.2 B.A.G.S ...................................................................................................... 11-82 

11.07.3 WINXSPRO ................................................................................................ 11-83 

11.07.4 RIVERMORPHTM ............................................................................................................................................... 11-83 

SECTION 11.08 – MITIGATION PRACTICES FOR NATURAL STREAM DESIGNS 
 

11.08 MITIGATION PRACTICES FOR NATURAL STREAM DESIGNS ........... 11HC-1 

11.08.1 HYDRAULIC CONTROL MITIGATION PRACTICES ............................. 11HC-1 
11.08.1.1 Boulder Clusters.................................................................................. 11HC-2 
11.08.1.2 Log Deflectors and Vanes ................................................................... 11HC-7 
11.08.1.3 Log Drop ........................................................................................... 11HC-16 



TDOT DESIGN DIVISION DRAINAGE MANUAL 
July 29, 2025 

xxxvii 

 

 

11.08.1.4 Step Pool ........................................................................................... 11HC-25 
11.08.1.5 Rock Vane ........................................................................................ 11HC-30 
11.08.1.6 Spur Dikes ........................................................................................ 11HC-38 
11.08.1.7 Constructed Riffles............................................................................ 11HC-47 
11.08.1.8 Large Woody Debris ......................................................................... 11HC-55 

 
11.08.2 STABILIZATION MITIGATION PRACTICES........................................... 11SB-1 
11.08.2.1 Coconut Fiber (COIR) Rolls ................................................................. 11SB-2 
11.08.2.2 Vegetated Riprap ................................................................................. 11SB-5 
11.08.2.3 Willow Cuttings (Posts and Poles)........................................................ 11SB-8 
11.08.2.4 Live Fascines ..................................................................................... 11SB-12 
11.08.2.5 Live Siltation....................................................................................... 11SB-19 
11.08.2.6 Longitudinal Stone Toe ...................................................................... 11SB-23 
11.08.2.7 Vegetated Gabions ............................................................................ 11SB-29 
11.08.2.8 Vegetated Mechanically Stabilized Earth (MSE) Walls ....................... 11SB-33 
11.08.2.9 Articulated Concrete Blocks ............................................................... 11SB-42 
11.08.2.10 Brush Mattresses ............................................................................... 11SB-46 

SECTION 11.09 – 
APPENDIX 

 
11.09 APPENDIX ................................................................................................ 11A-1 

11.09.1 FIGURES AND TABLES ........................................................................... 11A-1 
 

11.09.2 EXAMPLE PROBLEM............................................................................. 11A-11 
11.09.2.1 Example Problem #1: Threshold Stream Design. ................................. 11A-11 

11.09.3 GLOSSARY ............................................................................................ 11A-45 
 

11.09.4 REFERENCES ....................................................................................... 11A-50 
 

11.09.5 ABBREVIATIONS ................................................................................... 11A-53 
 

 

CHAPTER 12 – AQUATIC ORGANISM PASSAGE DESIGN 
 

SECTION 12.01 – INTRODUCTION 

12.01 INTRODUCTION ......................................................................................... 12-3 
 

SECTION 12.02 – DATA REQUIREMENTS 
 

      12.02                 DATA REQUIREMENTS………………………………………………………….12-4 

12.02.01 Bankfull width ............. ………………………………………………………….12-4 
12.02.02 Bankfull flow depth ..... ………………………………………………………….12-4 
12.02.03 Stream bed material (e.g., sand, gravel, cobble, bedrock)…………………12-4 



TDOT DESIGN DIVISION DRAINAGE MANUAL 
July 29, 2025 

xxxviii 

 

 

12.02.04 D50 bed material size and particle size distribution ..………………………12-5 
12.02.05 Existing stream impediments (perched outlet, erosion, blockage) ............ 12-5 

12.02.06 Crossing hydrology as required in Ch. 4 of the TDOT Drainage Manual ... 12-5 

 
SECTION 12.03 – GUIDELINES AND CRITERIA 

 
12.03                 GUIDELINES AND CRITERIA.…………………………………………………..12-5 

12.03.01 Guidelines by Project Type ....................................................................... 12-5 
12.03.01.01 Routine Maintenance Projects ............................................................. 12-5 
12.03.01.02 Rehabilitation or Reconstruction Projects (Along Existing Alignments) . 12-6 

12.03.01.03 Projects on a New Alignment ............................................................... 12-7 
12.03.02 AOP Design Responsibility ....................................................................... 12-7 

12.03.02.01 Size ...................................................................................................... 12-8 
12.03.02.02 Slope .................................................................................................... 12-8 

12.03.02.03 Headwall ............................................................................................... 12-8 
12.03.02.04 Shape ................................................................................................... 12-8 
12.03.02.05 Velocity ................................................................................................. 12-8 

 
SECTION 12.04 – DESIGN PROCEDURES 

 
12.04                 DESIGN PROCEDURES ............................................................................. 12-9 
12.04.01 AOP Design steps .................................................................................... 12-9 

12.04.02 Recessed Pipe Culverts ........................................................................... 12-9 
12.04.02.01 HEC-26 HY-8 Method ........................................................................ 12-10 

12.04.03 Slab Bridge and bridges ......................................................................... 12-13 
12.04.04 Box Bridge .............................................................................................. 12-13 
12.04.05 Bridge Crossing AOP Design Considerations ......................................... 12-14 

12.04.06 Substrate Restoration Guidance ............................................................. 12-14 

12.04.06.01 Material Specification for Substrate Restoration ................................. 12-14 
12.04.06.02 Substrate Restoration Sequence of Construction ............................... 12-16 

12.04.07 Transitional Sections .............................................................................. 12-19 
12.04.07.01 Scour protection ................................................................................. 12-19 
12.04.07.02 The substrate restoration ................................................................... 12-19 
12.04.07.03 Low flow channel design .................................................................... 12-19 

 



TDOT DESIGN DIVISION DRAINAGE MANUAL 
July 29, 2025 

xxxix 

 

 

SECTION 12.05 – DOCUMENTATION PROCEDURES 
 

      12.05                 DOCUMENTATION PROCEDURES ......................................................... 12-19 
12.05.01 Recessed/Embedded Pipe Culvert/Box Bridge ....................................... 12-20 

12.05.02 Natural Bottom Slab Bridge .................................................................... 12-20 
12.05.03 AOP Design Data ................................................................................... 12-20 

 
SECTION 12.06 – ACCEPTABLE SOFTWARE 

 
       12-06                ACCEPTABLE SOFTWARE ...................................................................... 12-21 

 
SECTION 12.07 – APPENDIX 

 

       12-07              APPENDIX .................................................................................................. 12-21 
12.07.01 EXAMPLE PROBLEMS............................................................................ 12-21 
12.07.01.01 EXAMPLE PROBLEM #1: RECESSED PIPE CULVERT ...................... 12-21 
12.07.01.02 EXAMPLE PROBLEM #2: RECESSED BOX CULVERT ...................... 12-28 

 

CHAPTER 13 – POST-CONSTRUCTION STORMWATER QUALITY 
 

SECTION 13.01 – INTRODUCTION 

13.01 INTRODUCTION………………………………………………………………..13-5 

13.01.01 Application of Permanent Stormwater Standards………………………...13-5 
13.01.02 SCM Project Applicability Decision Concurrence………………………..13-12 

 
SECTION 13.02 – DOCUMENTATION PROCEDURES 

13.02            DOCUMENTATION PROCEDURES………………………………………...13-14 
13.02.01             Inspection and Maintenance Note on Plans………………………………13-15 
13.02.02 SCM Nomenclature………………………………………………………….13-15 

 
SECTION 13.03 – FUNDAMENTALS OF 

STORMWATER QUALITY TREATMENT 



TDOT DESIGN DIVISION DRAINAGE MANUAL 
July 29, 2025 

xl 

 

 

13.03   FUNDAMENTALS OF STORMWATER QUALITY TREATMENT.……….13-16 

13.03.01           Treatment Type……………………………………………………………….13-16 

SECTION 13.04 – WATER QUALITY TREATMENT VOLUME 

13.04            WATER QUALITY TREATMENT VOLUME………………………………...13-21 
13.04.01            Water Quality Treatment Volume Determination…………………………13-23 

13.04.02     Treatment Train………………………………………………………………13-24 

SECTION 13.05 – TYPES OF STORMWATER CONTROL MEASURES (SCMs) 

13.05             TYPES OF STORMWATER CONTROL MEASURES (SCMs)………….13-26 
13.05.01             Vegetated Filter Strip (D-SCM-1)………………………………………….13-26 

13.05.02 Grass Swales (D-SCM-2)…………………………………………………...13-27 
13.05.03 Bioswales (D-SCM-3 and D-SCM-4)………………………………………13-29 

SECTION 13.06 – ACCEPTABLE SOFTWARE 

13.06               ACCEPTABLE SOFTWARE…………………………………………………13-33 

SECTION 13.07 – APPENDIX 

       13.07              APPENDIX..…………………………………………………………………….13-34 

       13.07.01              Glossary……………………………………………………………………..13-39 
       13.07.02              References…………………………………………………………………..13-42 

13.07.03              Abbreviations………………………………………………………………..13-44 
 
 

LIST OF TABLES 

Table 13-1………………………………………………………………13-13 

Table 13-2………………………………………………………………….13-18 

Table 13-3………………………………………………………………….13-18 

Table 13-4………………………………………………………………….13-19 

Table 13-5………………………………………………………………….13-22 

Table 13-6………………………………………………………………….13-29 

Table 13-7………………………………………………………………….13-31 



TDOT DESIGN DIVISION DRAINAGE MANUAL 
July 29, 2025 

xli 

 

 

 
 

 LIST OF FIGURES 

Figure 13-1…………………………………………………………………13-10 

Figure 13-2…………………………………………………………………13-11 

Figure 13-3…………………………………………………………………13-24 

Figure 13-4………………………………………………………………13-31 
 


	DESIGN DIVISION DRAINAGE MANUAL
	LIST OF TABLES



