Table of Contents
1.	Introduction	1
1.1	Purpose	1
1.2	Contents	1
1.3	Objectives	2
1.4	Criteria Summary	2
1.4.1	Drainage Design and Technical Criteria	2
1.4.2	Minor and Major Drainage Systems	3
1.4.3	Storm Runoff Computation	4
1.4.4	Detention	4
1.4.5	Flood Corridor Management	4
1.4.6	NPDES Construction Site Activities	5
1.4.7	Post Construction Stormwater Quality	5
1.4.8	Drainage Easements	5
1.5	Submittals	6
1.6	Software	6
1.7	References	6
2.	Hydrology	7
2.1	Overview	7
2.1.1	Hydrologic Method Selection	7
2.1.2	Frequency Design Criteria	7
2.2	Rational Method	8
2.2.1	Concept and Equation	8
2.2.2	Application	8
2.2.3	Common Errors and Limitations	14
2.3	NRCS Unit Hydrograph Method	14
2.3.1	Concepts and Equations	14
2.4	References	22
3.	Pavement Drainage and Storm Sewer	23
3.1	Overview	23
3.2	Pavement Drainage Criteria	23
3.2.1	Return Period	23
3.2.2	Spread and Cross Street Flow	23
3.2.3	Longitudinal Grade	24
3.2.4	Cross Slope	24
3.2.5	Curb and Gutter	24
3.3	Gutter Flow Calculations	24
3.4	Stormwater Inlets	25
3.4.1	Overview	25
3.4.2	Grate Inlets	25
3.4.3	Curb Inlets	26
3.5	Storm Sewer	29
3.5.1	Overview	29
3.5.2	Design Criteria	29
3.5.3	Capacity Calculations	31
3.5.4	Energy Grade Line and Hydraulic Grade Line	32
3.5.5	Manholes	32
3.6	References	32
4.	Open Channels	33
4.1	Overview	33
4.2	Open Channel Flow	33
4.2.1	Critical Depth	34
4.2.2	Froude Number	35
4.2.3	Manning’s Equation	35
4.3	Open Channel Design Criteria	35
4.3.1	General Criteria	35
4.3.2	Channel Transitions	36
4.3.3	Return Period Design Criteria	36
4.3.4	Velocity Limitations	36
4.3.5	Freeboard	36
4.3.6	Grade Control Structures	37
4.3.7	Manning’s Equation	37
4.3.8	Flow in Bends	41
4.3.9	Shear Stress	41
4.4	Construction and Maintenance Considerations	46
4.5	References	46
5.	Design of Culverts	47
5.1	Overview	47
5.2	Engineering Design Criteria	47
5.2.1	Return Period	47
5.2.2	Headwater Elevation	48
5.2.3	Tailwater Elevation	48
5.2.4	Inlet and Outlet Control	48
5.2.5	Culvert Shape, Cross Section, and Material	50
5.2.6	Velocity	51
5.2.7	Culvert Sizes	51
5.2.8	Manning’s n Values	51
5.2.9	Length, Slope, and Alignment	51
5.2.10	Multiple Barrels and Spans	51
5.2.11	End Treatments	52
5.2.12	Culvert Inlet Configurations	52
5.2.13	Broken-back Culverts	54
5.2.14	Debris Control	55
5.2.15	Anchorage	55
5.2.16	Fill Heights and Loading Requirements	56
5.2.17	Storage Routing	56
5.3	References	56
6.	Energy Dissipation	57
6.1	Overview	57
6.2	Design Criteria	57
6.2.1	Dissipator Type Selection	57
6.2.2	Design Limitations	58
6.2.3	Design Options	58
6.2.4	Related Designs	59
6.3	Design Procedures	60
6.4	References	60
7.	Storage Facilities	61
7.1	Overview	61
7.2	Detention and Retention	61
7.2.1	Computer Programs	62
7.2.2	Plan Review	62
7.2.3	Ownership and Maintenance of Storage Facilities	62
7.3	Design Criteria	62
7.3.1	General Criteria	62
7.3.2	Release Rate	63
7.3.3	Storage Volume	63
7.3.4	Grading and Depth	63
7.3.5	Outlet Works	63
7.3.6	Location and Downstream Analysis	64
7.4	General Hydraulic Procedure	64
7.5	Safe Dams Act	65
7.6	Maintenance Considerations	65
7.7	Protective Treatment	66
7.8	Trash Racks and Safety Grates	66
7.9	References	66
8.	EROSION AND SEDIMENT CONTROL	67
8.1	Purpose and Scope	67
8.1.1	General Information for SWPPPs	67
8.1.2	Common SWPPP Objectives	68
8.2	SWPPP Requirements for Construction Activity	69
8.2.1	Summary of Required SWPPP Items for Construction Activity	70
8.2.2	SWPPP Development – Site Assessment and Planning	72
8.2.3	SWPPP Erosion and Sediment Control Requirements	74
8.2.4	Good Housekeeping Requirements	76
8.3	Best Management Practice (BMP) Selection	79
8.3.1	Steps in Selection of Control Measures	79
8.4	Erosion and Sediment Control Best Management Practices	82
8.4.1	Safety Fence	82
8.4.2	Stabilized Construction Entrance	82
8.4.3	Construction Road Stabilization	82
8.4.4	Silt Fence	83
8.4.5	Storm Drain Inlet Protection	83
8.4.6	Culvert Inlet Protection	84
8.4.7	Temporary Diversion Dike	84
8.4.8	Temporary Fill Diversion	85
8.4.9	Check Dams	85
8.4.10	Level Spreader	85
8.4.11	Temporary Slope Drain	86
8.4.12	Temporary Vehicular Stream Crossing	86
8.4.13	Turbidity Curtain	86
8.4.14	Temporary Sediment Trap	87
8.4.15	Temporary Sediment Basin	87
8.4.16	Dust Control	87
8.4.17	Vegetative Stream Bank Stabilization	88
8.4.18	Topsoiling	88
8.4.19	Temporary Seeding	89
8.4.20	Permanent Seeding	89
8.4.21	Sodding	89
8.4.22	Mulching	90
8.4.23	Soil Stabilization Blankets and Matting	90
8.4.24	Preserving Natural Vegetation	91
8.4.25	Wattles	91
8.4.26	Compost Socks	92
8.4.27	Compost Berm	92
8.4.28	Compost Blanket	93
8.4.29	Wheel Wash Area	93
8.4.30	Soil Binders	94
8.5	Good Housekeeping Best Management Practices	95
8.5.1	Construction Scheduling and Sequencing	95
8.5.2	Sanitary Waste Management	96
8.5.3	Solid Waste Management	96
8.5.4	Material Delivery and Storage	97
8.5.5	Street Cleaning/Sweeping	99
8.5.6	Vehicle and Equipment Fueling	100
8.5.7	Concrete Washout	101
8.6	SWPPP Inspection and Maintenance Procedures	103
8.7	References	104

9.	Post-Construction Best Management Practices	105
9.1	Overview	105
9.1.1	Clean Water Act Requirements	105
9.2	Applicability	105
9.3	General Planning and Design Guidelines	106
9.3.1	Ownership and Maintenance of Best Management Practices	106
9.4	Design Criteria	106
9.4.1	New Development	107
9.4.2	Redevelopment	107
9.4.3	Percentile Rainfall Event	107
9.4.4	Minimum Design Criteria	108
9.5	Platting and Site Plan Review	110
9.5.1	Procedures	110
9.5.2	Submittals	110
9.5.3	Off-Site Stormwater Mitigation	112
9.6	Post-Construction Stormwater BMPs	112
9.6.1	BMP Selection	113
9.7	Maintenance of Controls	114
9.8	Landscaping	114
9.9	References	114

List of Figures
Figure 2‑1.	Intensity-Duration-Frequency Curves	11
Figure 2‑2.	Unit Peak Discharge, qu	21
Figure 3‑1.	Depressed Curb Inlet	27
Figure 3‑2.	Curb Inlet Opening Configurations	29
Figure 4‑1.	High Shear Stress Zone in Bends	42
Figure 5‑1.	Example Inlet Control Flow Condition	49
Figure 5‑2.	Typical Outlet Control Flow Conditions	49
Figure 5‑3.	Single Broken-back Culvert	54
Figure 5‑4.	Double Broken-back Culvert	55

List of Tables 
Table 2‑1.	Recommended Hydrologic Methods	7
Table 2‑2.	Design Frequency Criteria	8
Table 2‑3.	Maximum Sheet Flow Lengths	9
Table 2‑4.	Manning’s Roughness Coefficients for Sheet Flow	10
Table 2‑5.	Velocity Equations for Shallow Concentrated Flow	10
Table 2‑6.	Rainfall Intensity Tabular Data	11
Table 2‑7.	Runoff Coefficients for Developed Areas	12
Table 2‑8.	Runoff Coefficients for Undeveloped Areas	13
Table 2‑9.	24-Hour Accumulated Rainfall Total	14
Table 2‑10.	Curve Numbers for Developed Areas1	16
Table 2‑11.	Curve Numbers for Undeveloped Areas1	17
Table 3‑1.	Allowable Maximum Street Encroachment	23
Table 3‑2.	Allowable Maximum Cross-Street Flow	24
Table 3‑3.	Manning’s n Values for Street and Pavement Gutters	25
Table 4‑1.	Open Channel Manning’s Roughness Coefficients	38
Table 4‑2.	Ratios of Channel Side to Bottom Shear Stress	42
Table 4‑3.	Ratios of Channel Bend to Bottom Shear Stress	43
Table 4‑4.	Typical Ratios of Effective to Bottom Shear Stress	44
Table 4‑5.	Typical Permissible Shear Stresses for Bare Soil and Stone Linings	45
Table 5‑1.	Factors Affecting Inlet and Outlet Control	50
Table 5‑2.	Equivalent Pipe Cross Sections	50
Table 5‑3.	Entrance Loss Coefficients, Outlet Control	53
Table 6‑1.	Requirements for Energy Dissipation	57
Table 8‑1	Erosion Control BMP Selection Matrix	80
Table 8‑2	Sediment Control BMP Selection Matrix	81
Table 9‑1.	Rainfall Depth (P) By Region for Defined Percentile Rainfall Events	108
Table 9‑2.	Water Quality Discharge Rate (Qwq) for Selected Impervious Areas by Region	109
Table 9‑3.	BMP Design Guidance for Various Regulatory Agencies	113
	Page 1
