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A

Additional Hydraulic Structures, 1100
Adjustments to NOAA Atlas 2, 504
Adoption Authority (General Provisions), 101
Acronyms and Abbreviations, 105
Alluvial Fans (Development of), 1400
Introduction, 1401
Analysis Requirements, 1403
Peninsula Development, 1404
Additional Considerations, 1404
Alluvial Fan Flood Protection Measures, 1405
Whole Fan Protection, 1405
Subdivision of Localized Protection, 1405
Single Lot or Structure Protection, 1406
Example Application, 1406
Introduction, 1406
Example Development, 1406
Example Analysis, 1407
Alluvial Fans (Drainage Policy), 320
Anti-Dune Trough Depth, 718
Appurtenances, (Channel), 778
Aprons (Baffled-USBR Type IX), 1110
Assumptions (Storm Runoff), 610
Awards (Limitation of Tort Damage), 417

B

Bank Lined Channels, 713
Basin Characteristics (Storm Runoff), 603
Basin/Subbasin Sizing (Storm Runoff), 616
Bend Losses, 814
Bend Scour, 718
Bends, 768,772
Breach of Express/Implied Warranty, 409
Bridges, Culverts and, 319, 1000
Bridges, Design Standards for, 1008
Bridge Sizing Criteria, 1009
Velocity Limitations, 1009
Bridge Hydraulics, 1009
Hydraulic Analysis, 1009
Inlet and Outlet Configuration, 1009
Example Application, 1009
Example: Culvert Sizing, 1010
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C

Calculations Addendum (Hydrologic/Hydraulic), 212
Calculations Exemption for a Technical Drainage Study, 212
Channel Drops and Energy Dissipation Structures, 1102
Channel Drop Structures, 1103
Sloping Riprap Drop Structures, 1103
Criteria, 1103
Channel Routing of Hydrographs, (Storm Runoff) 621
Kinematic Wave Method, 623
Muskingum-Cunge Method, 624
Muskingum Method, 621
Channels (Open), 700
Introduction, 706
Open Channel Hydraulics, 706
Uniform Flow, 707
Uniform Critical Flow Analysis, 708
Gradually Varying Flow, 709
Rapidly Varying Flow, 710
Transitions, 710
Introduction, 710
Maximum Permissible Velocities, 711
Design Sections and Standards for Natural Channels, 712
Introduction, 712
Natural Unencroached Channels, 712
Natural Encroached Channels, 713
Bank Lined Channels, 713
Partially Lined Channels, 713
Natural Channel Systems 714
Natural Channel Morphology and Response, 715
Slope, 715
Degradation and Aggradation, 715
Anti-Dune Trough Depth, 718
Bend Scour, 718
Contraction Scour, 720
Local Scour, 723
Total Scour, 730
Scour Below Channel Drops, 730
Design Considerations, 732
Stable Channel, 732
Design Discharge, 732
Sediment Supply (Upstream Reach), 732
Bed Form Roughness, 733
Erodable Sediment Size, 734
Data Requirements, 735
Design Procedure, 736
Floodplain Management of Natural Channels, 737
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Design Sections and Standards for Improved Channels, 738
Introduction, 738
Permanent Unlined Channels, 739
Non-Reinforced Vegetation Lined Channels, 739
Design Parameters, 740
Longitudinal Channel Slopes, 740
Roughness Coefficient, 740
Cross Sections, 740
Low Flow Channel or Underground Low Flow Storm Drain, 740
Bottom Width, 740
Flow Depth, 741
Side Slopes, 741
Vegetation Lining, 741
Establishing Vegetation, 741
Riprap Lined Channels, 741
Types of Riprap, 742
Loose Riprap, 742
Grouted Riprap, 742
Riprap Material, 743
Bedding Requirements, 743
Granular Bedding, 743
Filter Fabrics, 744
Channel Linings, 745
Roughness Coefficients, 745
Rock Sizing and Lining Dimensions, 747
Edge Protection, 750
Channel Bend Protection, 750
Transitions Protection, 751
Concrete Cutoff Walls, 751
Gabion Lined Channels, 751
Soil-Cement, 752
General Parameters, 752
Design Parameters, 752
Code Requirements, 753
Mix Design, 753
Proportioning, 753
Testing, 753
Lining Section, 754
General, 754
Grade Control Structures, 754
Cross Drainage, 754
Stairstep Method, 755
Plating Method, 755
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Placement, 755
Subgrade Preparation, 755
Mixing, 755
Compaction, 756
Construction Joints, 756
Finishing, 756
Curing and Cracking, 757
Curing, 757
Shrinkage Cracking, 757
Concrete Lined Channels, 757
Design Parameters, 758
Code Requirements, 758
Concrete Lining Section, 758
Concrete Joints, 759
Concrete Finish, 760
Concrete Curing, 760
Reinforcement Steel, 760
Earthwork, 761
Bedding, 761
Underdrain and Weepholes, 761
Roughness Coefficients, 762
Low Flow Channel, 762
Concrete Cutoffs, 762
Minor Drainage Channels, 762
Special Consideration for Super-Critical Flow, 763
Hot Weather Concreting Procedures, 763
General, 763
Preparation for Placing and Curing, 764
Construction Practices and Measures, 764
Curing, 764
General, 764
Water Method, 765
Other Channel Linings, 765
Hydraulic Design Standards for Improved Channels, 766
Sub-Critical Flow Design Standards, 766
Transitions, 766
Transition Energy Loss, 767
Transition Length, 768
Bends, 768
Freeboard, 769
Super-Critical Flow Design Standards, 769
Super-Critical Transitions, 769
Contracting Transitions, 770
Expanding Transitions, 772
Bends, 772
Spiral Transition Curves, 772
Freeboard, 773
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Super-Elevation, 773
Slug Flow, 774
Channel Appurtenances, 778
Low Flow Channel or Storm Drain, 778
Maintenance Access Road, 779
Safety Requirements, 781
Outlet Protection, 782
Configuration of Protection, 782
Rock Size, 782
Extent of Protection, 784
Multiple Conduits, 785
Example Applications, 785
Example: Degradation and Aggradation, 785
Example: Super-Critical Contracting Transition, 792
Civil Law Rule, 402, 404
Clark County Public Works - County Policies (Local Entity Criteria), 1610
CN Determination, 609
Common Enemy Doctrine, 402
Conceptual Drainage Study, 202
Conceptual Drainage Study (Letter Contents), 203
Construction Permits, 215
Cross Flow, 903
Culverts and Bridges (Drainage Policy), 319
Culverts and Bridges, 1000
Introduction, 1002
Design Standards for Culverts, 1002
Culvert Sizing Criteria, 1002
Design Frequency, 1002
Allowable Cross Street Flow, 1003
Minimum Size, 1003
Construction Materials, 1003
Velocity Limitations and Outlet Protection, 1003
Headwater Criteria, 1004
Alignment, 1004
Temporary Crossing, 1005
Multiple Barrel Culverts, 1005
Culvert Hydraulics, 1005
Inlet Control Condition, 1006
Outlet Control Condition, 1006
Hydraulic Data, 1008
Inlet and Outlet Configuration, 1008
Structural Design, 1008
Design Standards for Bridges, 1008
Bridge Sizing Criteria, 1009
Velocity Limitations, 1009
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Bridge Hydraulics, 1009

Hydraulic Analysis, 1009

Inlet and Outlet Configuration, 1009
Example Application, 1009

Culvert Sizing (Example), 1010

D

Dam Safety, 1213
Damages (Punitive), 412
Debris Control Structures and Basin, 1302
Introduction, 1302
Debris Racks, 1303
Debris Risers, 1303
Debris Cribs, 1303
Debris Dams and Basins, 1304
Sizing of Control Structures and Basins, 1304
Sediment Sources, 1305
Types of Methods for Predicting Sediment Yield, 1305
The Universal Soil Loss Equation, 1306
The Modified Universal Soil Loss Equation, 1308
Total Sediment Yield, 1309
Siting of Control Structures and Basins, 1310
Debris (Sedimentation and), 904
Debris and Sedimentation, 1212
Trash Racks, 1212
Sedimentation, 1212
Depth-Area Reduction Factors, 504
Design Flow Rates, 1113
Design Guidelines and Standards (Detention/Retention), 1203
Design Sections and Standards for Natural Channels, 712
Design Sections and Standards for Improved Channels, 738
Design Standards and Considerations, 1213
Dam Safety, 1213
Grading Requirements, 1213
Depth Limits, 1213
Trickle Flow and Basin Dewatering, 1213
Embankment Protection, 1213
Maintenance Requirements, 1213
Local Detention Basin Siting Guidelines, 1214
Design Standards for Bridges, 1008
Design Standards for Culverts, 1002
Design Storms, 505
General (Rainfall), 505
Design Storm Distribution (6-Hour), 505
Design Storm Events, 315
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Detention, 1200
Introduction, 1202
Definition of Regional Facilities, 1202
Definition of Local Facilities, 1202
Local Minor Facilities, 1202
Local Major Facilities, 1202
Detention/Retention Design Guidelines and Standards, 1203
Regional Detention, 1203
Local Detention, 1204
Local Minor Detention, 1204
Local Major Detention, 1205
Local Minor Retention, 1205
Hydrologic Design Methods and Criteria, 1207
Inflow Hydrograph, 1207
HEC-1 Method, 1207
Modified Rational Method, 1207
Detention Basin Design Outflow Limitations, 1208
Regional Facilities, 1208
Local Facilities, 1208
Hydrologic Calculation Methods, 1208
HEC-1 Method, 1208
Rational Method, 1209
Hydraulic Calculations, 1209
Low Flow Ouitlets, 1209
Minimum Conduit Size, 1210
Flow Calculations, 1210
Spillways, 1211
Sizing Requirements, 1211
Flow Calculations, 1212
Debris and Sedimentation, 1212
Trash Racks, 1212
Sedimentation, 1212
Design Standards and Considerations, 1213
Dam Safety, 1213
Grading Requirements, 1213
Depth Limits, 1213
Trickle Flow and Basin Dewatering, 1213
Embankment Protection, 1213
Maintenance Requirements, 1213
Local Detention Basin Siting Guidelines, 1214
Water Quality, 1214
USEPA Regulations, 1214
Example Applications, 1214
Example: Detention Pond Outlet Sizing, 1214
Example: Rational Formula Detention Method, 1216
Discretionary Immunity (NRS 41.032), 415
Drainage (Diversion of), 305
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Drainage Facilities Maintenance, 314
Drainage Impact on Street Maintenance, 904
Pavement Deterioration, 904
Sedimentation and Debris, 904
Landscaped Areas, 905
Drainage Impacts on Streets, 901
Sheet Flow, 902
Gutter Flow, 902
Storm Duration, 903
Temporary Ponding, 903
Cross Flow, 903
Parking Lots and Driveways, 903
Drainage (Improvements), 306
Drainage Law, 400
Breach of Express/Implied Warranty, 409
Introduction, 401
Civil Law Rule, 402, 404
Common Enemy Doctrine, 402
Fraud/Misrepresentation, 409
Historical Evolution of Surface Water Drainage Law, 401
Inverse Condemnation - Eminent Domain, 418
Limitation of Tort Damage Awards, 417
Negligence, 408
Nevada Drainage Law, 403
NRS 41.032 - Discretionary Immunity, 415
NRS 41.033 - Failure to Inspect, 416
Nuisance, 411
Punitive Damages, 412
Reasonable Use Rule, 403, 405
Sovereign Immunity, 414
Strict Liability, 412
Surface Waters - Private Development, 408
Surface Waters - Government Entity Liability, 414
Trespass, 410
Drainage Plan, 204, 211
Drainage Planning and Submittal, Section 200
Drainage Planning Submittal and Review, 307
Drainage Policy, 300
Introduction, 302
Basic Principles, 303
Stormwater Drainage System, 303
Multi-Purpose Resource, 303
Water Rights, 303
Jurisdictional Cooperation, 304
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Regional and Local Planning, 304
Reasonable Use of Drainage, 304
Increase in Rate of Flow, 305
Change in Manner of Flow, 305
Diversion of Drainage, 305
Regional Master Planning, 306
Local Master Planning, 306
Drainage Improvements, 306
Drainage Planning Submittal and Review, 307
Floodplain Management, 308
FEMA Map Revisions and Amendments, 309
Map Revisions, 310
Map Amendments, 310
Levee Freeboard Criteria, 311
Vertical Control (NGVD 29 vs. NAVD 88)
Stormwater Runoff Detention, 312
Stormwater Runoff Retention, 313
Water Quality, 313
Drainage Facilities Maintenance, 314
Technical Criteria, 315
Stormwater Management Technology, 315
Design Storm Events, 315
Stormwater Runoff Determination, 316
Streets, 317
Culverts and Bridges, 319
Floodproofing, 320
Alluvial Fans, 320
Drainage Study Information Form, 202
Conceptual, 202
Technical, 205
Driveways (Parking Lots and), 903
Dry Extended Detention Pond, 1512,
Description of Facility, 1512
Water Quality Benefits, 1512
Design Criteria, 1513
Maintenance, 1514

E

Eminent Domain (Inverse Condemnation), 418
Energy Dissipation Structures, 1110
Energy Loss Calculations, 812
Enforcement Responsibility (General Provisions), 102
Erosion and Sedimentation, 1300
Debris Control Structures and Basins, 1302
Introduction, 1302
Debris Deflectors, 1302
Debris Racks, 1303
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Debris Risers, 1303
Debris Cribs, 1303
Debris Dams and Basins, 1304
Sizing of Control Structures and Basins, 1304
Sediment Sources, 1305
Types of Methods for Predicting Sediment Yield, 1305
The Universal Soil Loss Equation, 1306
The Modified Universal Soil Loss Equation, 1308
Total Sediment Yield, 1309
Siting of Control Structures and Basins, 1310
Control of Erosion From Construction Activities, 1310
Introduction, 1310
References, 1311
Erosion, Sediment, and Debris Control Plans, 1312
Performance Standards, 1314
Example Applications (6-Hour Design Storm Distribution), 505, 507
Example: Muskingum-Cunge Routing Wave Method, 636

F

FEMA Map Revisions and Amendments, 309
First Flush Diversion System, 1511
Description of Facility, 1511
Water Quality Benefits, 1511
Design Criteria, 1511
Flood Protection Measures (Alluvial Fan), 1405
Floodplain Management, 308
Floodproofing (Drainage Policy), 320
Flow, Analysis (Uniform Critical), 708
Flow, (Change in Manner of), 305
Flow, (Gradually Varying), 709
Flow, (Rapidly Varying), 710
Flow, (Increase in Rate of), 305
Flow, (Uniform), 707
Fraud/Misrepresentation, 409
Freeboard, 769, 773
Frequency Curves (Time-Intensity/Rational Method), 505
Frequency Maps (Rainfall Depth-Duration), 502
Froude Number Basins (Low-USBR Type 1V), 1112

G

Gabion Drops, 1108
Design Criteria, 1108
General Provisions, Section 100
Title, 101
Glossary, 108
Governmental Entity Liability (Surface Waters) 414
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Graphical Peak Discharge Method (Storm Runoff), 614
Gutter Flow, 902

H

Headwater Criteria, 1004
Henderson, City of, Local Entity Criteria, 1601
Hydraulic Calculations, 1209
Low Flow Ouitlets, 1209
Minimum Conduit Size, 1210
Flow Calculations, 1210
Spillways, 1211
Sizing Requirements, 1211
Flow Calculations, 1212
Hydraulic Design, 1113
Hydraulic Evaluation, 905
Hydraulic Structures (Additional), 1100
Introduction, 1102
Channel Drops and Energy Dissipation Structures, 1102
Channel Drop Structures, 1103
Sloping Riprap Drop Structures, 1103
Criteria, 1103
Vertical Riprap Drop Structures, 1105
Gabion Drops, 1108
Design Criteria, 1108
Straight Drop Spillways, 1110
Baffled Aprons (USBR Type IX), 1110
Energy Dissipation Structures, 1110
Types of Energy Dissipation Structures, 1111
Stilling Basins With Horizontal Sloping Aprons, 1111
Short Stilling Basin (USBR Type 1ll), 1112
Low Froude Number Basins (USBR Type IV), 1112
Impact Stilling Basin (USBR Type VI), 1112
Hydraulic Design, 1113
Riprap Protection, 1113
Design Flow Rates, 1113
Trajectory Transition Section, 1113
Example Applications, 1114
Example: Sloping Riprap Drop Structure, 1114
Example: Vertical Riprap Drop Structure, 1115
Example: Vertical Gabion Drop Structure, 1116
Example: Impact Stilling Basin, 1118
Hydrographs, Channel Routing of (Storm Runoff), 621
Muskingum Method, 621
Kinematic Wave Method, 623
Muskingum-Cunge Method, 624
Hydrographs, Reservoir Routing of, 624
Modified Puls Method, 625

Adopted August 12, 1999 HYDROLOGIC CRITERIA AND DRAINAGE DESIGN MANUAL

SI-11



Subject Index

Hydrologic/Hydraulic Calculations Addendum, 212
Hydrologic Design Methods and Criteria, 1207
Inflow Hydrograph, 1207
HEC-1 Method, 1207
Modified Rational Method, 1207
Detention Basin Design Outflow Limitations, 1208
Regional Facilities, 1208
Local Facilities, 1208
Hydrologic Calculation Methods, 1208
HEC-1 Method, 1208
Rational Method, 1209

Impact Stilling Basin, (USBR Type VI), 1112
Impact Stilling Basin Example, 1118
Implementation (General Provisions), 103
Improvement Plans, 213
Immunity, 414

Sovereign, 414

Discretionary - NRS 41.032, 415
Industrial Permits, 215
Infiltration Basin, 1503

Description of Facility, 1503

Water Quality Benefits, 1504

Design Criteria, 1504

Maintenance, 1505
Infiltration Trench, 1506

Description of Facility, 1506

Water Quality Benefits, 1506

Design Criteria, 1507

Maintenance, 1508
Inlet Control Condition, 1006
Inlet and Outlet Configuration, 1008
Inlet Losses, 815
Inlet Spacing, 817
Inspect (Failure to - NRS 41.033), 416
Interpretation (General Provisions), 102
Inverse Condemnation (Eminent Domain), 418

J
Junction and Manhole Losses, 814

Jurisdiction (General Provisions), 101
Jurisdictional Cooperation, 304
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K

Kinematic Wave Method (Storm Runoff), 620
Basic Concepts, 620
Solution Procedure, 620
Statistical Analysis - Example: Kinematic Wave Method, 634

L

Landscaped Areas, 905
Letter Contents (Conceptual Drainage Study), 203
Levee Freeboard Criteria, 311
Liability, 412

Strict, 412

Governmental Entity Liability - Surface Waters, 414
Limitation of Tort Damage Awards, 417
Limitations on Methodology (Storm Runoff), 616
Local Detention, 1204
Local Entity Criteria, 1600

City of Henderson, 1601

City of Las Vegas, 1605

City of North Las Vegas, 1608

Clark County Public Works, County Policies, 1610
Local Facilities (Definition of), 1202
Local Major Detention, 1205
Local Major Facilities, 1202
Local Minor Detention, 1205
Local Minor Facilities, 1205
Local Minor Retention, 1205
Local Master Planning, 306
Local Scour, 723

M

Maintenance Access Road, 779
Manholes, 810
MANUAL, 101
Purpose, 101
Development, 103
Updates, 103
Adoption, 104
Studies, Reconciliation of Pre- and Post, 104
Map Amendments, 310
Map Revisions, 310
Master Drainage Study, 216
Maximum Permissible Velocities, 711
McCarran Airport Rainfall Area Rainfall Data, 506
Methodology (Storm Runoff), 610, 614
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Modified Rational Formula Method, 610
Multi-Purpose Resource, 303
Muskingum-Cunge Routing Wave Method, 636

N

Natural Encroached Channels, 713

Natural Unencroached Channels, 712

Natural Channel Systems, 714

Natural Channel Morphology and Response, 715
Negligence (Drainage Law), 408

Nevada Department of Transportation Criteria, 215
Nevada Drainage Law, 403

NGVD 29 vs. NAVD 88 (Vertical Control), 311
NOAA Atlas 2 (Adjustments to), 504

North Las Vegas, City of (Local Entity Criteria), 1608
NPDES Permits, 214

NRS 41.032 - Discretionary Immunity 415

NRS 41.033 - Failure to Inspect, 416

Nuisance (Drainage Law), 411

O

Open Channels, 700

Outlet Configuration (Inlet and), 1008
Outlet Control Condition, 1006
Outlet Losses, 815

Outlet Protection, 782

P

Parcel Map Studies, 205
Parking Lots and Driveways, 903
Partially Lined Channels, 713
Pavement Deterioration, 904
Peninsula Development, 1404
Permits, 214

NPDES, 214

Construction, 215

Industrial, 215
Pipe, 809

Size, 809

Material and Shape, 809

Joint Sealants and Gaskets, 810
Pipe Form Losses, 813

Expansion Losses, 813

Contraction Losses, 813
Pipe Friction Losses, 812
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Ponding (Temporary) 903
Porous Pavement, 1508
Description of Facility, 1508
Water Quality Benefits, 1508
Design Criteria, 1509
Maintenance, 1510
Precipitation Losses (Storm Runoff), 607
Introduction, 607
Private Development (Surface Waters), 408
Punitive Damages, 412
Purpose, (General Provisions), 101

Q

R

Rainfall, 500
Introduction, 502
Rainfall Depth-Duration-Frequency Relations, 502
Rainfall Depth-Duration-Frequency Maps, 502
Rainfall Depths for Durations From 1- to 6- Hours, 503
Adjustments to NOAA Atlas 2, 504
Depth-Area Reduction Factors, 504
Design Storms, 505
General, 505
6-Hour Design Storm Distribution, 505
Time-Intensity-Frequency Curves for Rational Method, 505
General, 505
Time-Intensity-Frequency Curves, 506
Rainfall Data for McCarran Airport Rainfall Area, 506
General, 506
Rainfall Depth-Duration-Frequency, 506
Time-Intensity-Frequency Data, 506
Example Applications
Introduction, 506
Example: 6-Hour Design Storm Distribution, 507
Example: Time-Intensity-Frequency Curves, 508
Rainfall Intensity (Storm Runoff), 610
Rational Method (Time-Intensity Frequency Curves for), 505
Rational Formula Method (Modified), 610
Application of the Modified Rational Formula Method, 612
Assumptions (Storm Runoff), 610, 617
Limitations of Methodology (Storm Runoff), 611
Major Storm Analysis, 612
Methodology (Storm Runoff), 610
Statistical Analysis - Example: Modified Rational Formula Method, 629
Reasonable Use of Drainage, 304
Reasonable Use Rule, 403, 405
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References, (See References Section)
Regional and Local Planning, 304
Regional Detention, 1203
Regional Facilities (Definition of), 1202
Regional Master Planning, 306
Reservoir Routing of Hydrographs, (Storm Runoff) 624
Modified Puls Method, 625
Review and Approval (General Provisions), 103
Riprap Protection, 1113
Runoff Coefficient (Storm Runoff), 612
Rule, 404
Civil Law, 402, 404
Reasonable Use, 403, 405

S

Safety Requirements, 781
SCS Curve Number Method (Storm Runoff), 608
SCS TR-55 Method (Storm Runoff), 613
Basin/Subbasin Sizing, 616
Graphical Peak Discharge Method, 614
Limitations on Methodology, 616
Methodology, 614
Tabular Hydrograph Method, 615
SCS Unit Hydrograph Method (Storm Runoff), 617
Assumptions, 617
Lag Time, 618
Methodology, 617
Roughness Factor, 619
Subbasin Sizing, 619
Statistical Analysis - Example: SCS Unit Hydrograph Method, 629
Statistical Analysis - Example: SCS TR-55 Graphical Peak Flow Method, 632
Unit Storm Duration, 619
Sheet Flow, 902
Sloping Riprap Drop Structures, 1103
Sovereign Immunity, 414
Scour, 718
Bend, 718
Contraction, 720
Local, 723
Total, 730
Below Channel Drops, 730
Sedimentation, 1212
Sedimentation and Debris, 904, 1212
Sediment Supply (Upstream Reach), 732
Slope (Open Channels), 715
Slug Flow, 774
Spillways, (Straight Drop), 1110

Adopted August 12, 1999 HYDROLOGIC CRITERIA AND DRAINAGE DESIGN MANUAL SI-16



Subject Index

Spiral Transition Curves, 772
Standard Forms (See Standard Forms Section)
Standard Form 1 - Drainage Study Information Form
Standard Form 2 - Drainage Submittal Checklist
Standard Form 3 - Precipitation Depth Versus Return Period
Standard Form 4 - Time of Concentration and HEC-1 Input
Standard Form 5 - Tabular Hydrograph Discharge Summary
Standard Form 6 - Storm Sewer Hydraulic Calculations
Standard Form 7 - Culvert Rating
Statistical Analysis (Storm Runoff), 625
Example Applications, 627
Example: Time of Concentration (Urban), 627
Example: Modified Rational Formula Method, 629
Example: SCS Unit Hydrograph Method, 629
Example: SCS TR-55 Graphical Peak Flow Method, 632
Example: Kinematic Wave Method, 634
Stilling Basins With Horizontal Sloping Aprons, 1111
Storm Duration, 903
Storm Events (Design), 315
Storm Runoff (600)
Introduction (Storm Runoff), 603
Basin Characteristics, 603
Time of Concentration, 603
Urbanized Basins, 605
Precipitation Losses, 607
Introduction, 607
SCS Curve Number Method, 608
CN Determination, 609
Modified Rational Formula Method, 610
Methodology, 610
Assumptions, 610
Limitations on Methodology, 611
Rainfall Intensity, 611
Runoff Coefficient, 612
Application of the Modified Rational Formula Method, 612
Major Storm Analysis, 612
SCS TR-55 Method, 613
Methodology, 614
Graphical Peak Discharge Method, 614
Tabular Hydrograph Method, 615
Limitations on Methodology, 616
Basin/Subbasin Sizing, 616
SCS Unit Hydrograph Method, 617
Methodology, 617
Assumptions, 617
Lag Time, 618
Roughness Factor, 619

Adopted August 12, 1999 HYDROLOGIC CRITERIA AND DRAINAGE DESIGN MANUAL

SI-17



Subject Index

Unit Storm Duration, 619
Subbasin Sizing, 619
Kinematic Wave Method, 620
Basic Concepts, 620
Solution Procedure, 620
Channel Routing of Hydrographs, 621
Muskingum Method, 621
Kinematic Wave Method, 623
Muskingum-Cunge Method, 624
Reservoir Routing of Hydrographs, 624
Modified Puls Method, 625
Statistical Analysis, 625
Example Applications, 627
Example: Time of Concentration (Urban), 627
Example: Modified Rational Formula Method, 629
Example: SCS Unit Hydrograph Method, 629
Example: SCS TR-55 Graphical Peak Flow Method, 632
Example: Kinematic Wave Method, 634
Example: Muskingum-Cunge Routing Wave Method, 636
Storm Sewer Systems, 800
Introduction, 803
Design Parameters, 804
Allowable Storm Sewer Capacity, 804
Allowable Storm Sewer Velocity, 804
Manning’s Roughness Coefficient, 805
Storm Sewer Layout, 805
Vertical Alignment, 805
Minimum and Maximum, Cover, 805
Manhole and Junction Spacing, 806
Horizontal Alignment, 806
Utility Clearances, 806
Water Mains, 807
Sewer Mains, 807
Allowable Storm Inlet Types and Capacity Factors, 807
Other Closed Conduit Criteria, 808
Angle of Confluence, 808
Connector Pipe and Depth Calculation, 808
Construction Standards, 809
Pipe, 809
Size, 809
Material and Shape, 809
Joint Sealants and Gaskets, 810
Manholes, 810
Storm Sewer Inlets, 810
Storm Sewer Outlets, 810
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Storm Sewer Hydraulics, 811
Hydraulic Analysis, 811
Pressure Flow Analysis, 811
Partial Full Flow Analysis, 812
Energy Loss Calculations, 812
Pipe Friction Losses, 812
Pipe Form Losses, 813
Expansion Losses, 813
Contraction Losses, 813
Bend Losses, 814
Junction and Manhole Losses, 814
Inlet Losses, 815
Outlet Losses, 815
Storm Inlet Hydraulics, 815
Inlets on Continuous Grade, 816
Inlets in a Sump Condition, 817
Inlet Spacing, 817
Storm Sewer System Design, 817
Initial Storm Sewer Sizing, 818
Final Storm Sewer Sizing, 818
Example Application, 819
Introduction, 819
Example: Storm Sewer Hydraulic Analysis, 819
Example: Grate Inlet Hydraulic Analysis, 823
Stormwater Drainage System, 303
Stormwater Management Technology, 315
Stormwater Runoff Detention, 312
Stormwater Runoff Retention, 313
Stormwater Runoff Determination, 316
Stormwater Runoff/Multi-Purpose Resource, 303
Streets, 900
Introduction, 901
Function of Streets in the Drainage System, 901
Drainage Impacts on Streets, 901
Sheet Flow, 902
Gutter Flow, 902
Storm Duration, 903
Temporary Ponding, 903
Cross Flow, 903
Parking Lots and Driveways, 903
Drainage Impact on Street Maintenance, 904
Pavement Deterioration, 904
Sedimentation and Debris, 904
Landscaped Areas, 905
Street Classification and Allowable Flow Depth, 905
Hydraulic Evaluation, 905
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Example Application, 906
Introduction, 906
Example: Allowable Flow in 100 Foot ROW Street, 906
Submittal and Review Process (Drainage Planning and Submittal), 201
Study Contents, (Conceptual Drainage), 202
Study Contents, (Technical Drainage), 205
Study Contents, (Master Drainage), 216
Structural Best Management Practices, 1500
Introduction, 1502
Infiltration Basin, 1503
Description of Facility, 1503
Water Quality Benefits, 1504
Design Criteria, 1504
Maintenance, 1505
Infiltration Trench, 1506
Description of Facility, 1506
Water Quality Benefits, 1506
Design Criteria, 1507
Maintenance, 1508
Porous Pavement, 1508
Description of Facility, 1508
Water Quality Benefits, 1508
Design Criteria, 1509
Maintenance, 1510
First Flush Diversion System, 1511
Description of Facility, 1511
Water Quality Benefits, 1511
Design Criteria, 1511
Maintenance, 1511
Dry Extended Detention Pond, 1512
Description of Facility, 1512
Water Quality Benefits, 1512
Design Criteria, 1513
Maintenance, 1514
Vegetated Swale, 1514
Description of Facility, 1514
Water Quality Benefits, 1514
Design Criteria, 1515
Maintenance, 1516
Water Quality Inlet, 1516
Description of Facility, 1516
Water Quality Benefits, 1516
Design Criteria, 1517
Maintenance, 1518
Surface Waters, 408
Private Development, 408
Governmental Entity Liability, 414
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Tabular Hydrograph Method (Storm Runoff), 615
Technical Criteria (Drainage Policy), 315
Technical Drainage Study (Study Contents), 205
Time-Intensity-Frequency Curves (Rational Method), 505
Time-Intensity-Frequency Data, 506
Time of Concentration (Storm Runoff), 603

Statistical Analysis - Example: Time of Concentration (Urban), 627
Title (General Provisions), 101
Tort Damage Awards (Limitation of), 417
Trajectory Transition Section, 1113
Trash Rack, 1212
Trespass (Drainage Law) 410

U

Underdrain and Weepholes, 761
Uniform Critical Flow Analysis, 708
Uniform Flow (Open Channels), 707
Unit Storm Duration, 619

Urbanized Basins, 605

USEPA Regulations, 1214

\Y,

Variance Procedures (General Provisions), 102
Vegetated Swale, 1514

Description of Facility, 1515

Water Quality Benefits, 1514

Design Criteria, 1515

Maintenance, 1516
Velocities, (Maximum Permissible), 711
Velocity Limitation and Outlet Protection, 1003
Vertical Control (NGVD 29 vs. NAVD 88), 311
Vertical Riprap Drop Structure, 1105
Vertical Riprap Drop Structure Example, 1115
Vertical Gabion Drop Structure Example, 1116

w

Warranty (Breach of Express/Implied) 409

Water, Historical Evolution of Surface Water (Drainage Law), 401
Water Rights, 303

Water Quality, 313, 1214
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Description of Facility, 1516
Water Quality Benefits, 1516
Design Criteria, 1517
Maintenance, 1518
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