City of Minot
Storm Water Management Plan
Volume 3: Storm Water Design Standards Manual

V3

STORM WATER DESIGN STANDARDS MANUAL
TABLE OF CONTENTS
Chapter 1

Chapter 2

Chapter 3

GENERAL PROVISIONS
1.1

CONCEPT...........................................................................................................
1.1.1 Preface .............................................................................................. 1-1
1.1.2 Glossary ........................................................................................... 1-2
1.1.3 General Requirements ...................................................................... 1-9

1.2

STORM WATER MANAGEMENT POLICY
1.2.1 General Policy ................................................................................ 1-13
1.2.2 Conformance with Other Ordinances and Regulations .................. 1-14

1.3

STORM WATER DESIGN OBJECTIVES
1.3.1 Introduction .................................................................................... 1-17
1.3.2 Water Quantity ............................................................................... 1-17
1.3.3 Water Quality ................................................................................. 1-18
1.3.4 Erosion and Sedimentation ............................................................ 1-18
1.3.5 Operation and Maintenance ........................................................... 1-19

1.4

MINOR AND MAJOR DRAINAGE SYSTEMS ....................................... 1-19

1.5

WATER QUALITY .................................................................................... 1-20

STORM WATER MANAGEMENT PLAN REPORT
2.1

PURPOSE AND CERTIFICATION............................................................. 2-1

2.2

CONTENTS
2.2.1 Text .................................................................................................. 2-1
2.2.2 Discussion of Plan Contents............................................................. 2-4
2.2.3 Plan Drawings and Maps ................................................................. 2-5
2.2.4 Construction Drawings and Specifications ...................................... 2-8
2.2.5 Record Drawings .............................................................................. 2-8
2.2.6 Drawing Certification....................................................................... 2-8
2.2.7 Developer’s Agreement.................................................................... 2-9

STORM WATER HYDROLOGY
3.1

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

3.2

DESIGN FREQUENCIES
3.2.1 Minor System Facilities ................................................................... 3-2
3.2.2 Major System Facilities.................................................................... 3-2

3.3

RAINFALL
3.3.1 Introduction ...................................................................................... 3-3
3.3.2 Design Storms .................................................................................. 3-4
3.3.3 Intensity-Duration-Frequency Curves .............................................. 3-4

-ii

Chapter 4

3.4

PEAK DISCHARGE HYDROLOGY
3.4.1 Selection of Methodology ................................................................ 3-4
3.4.2 NRCS T.R. No. 55 ........................................................................... 3-4

3.5

HYDROGRAPH HYDROLOGY
3.5.1 Selection of Methodology ................................................................ 3-5
3.5.2 NRCS TR No. 55 ........................................................................... 3-10
3.5.3 Win TR-55 ..................................................................................... 3-10
3.5.4 NRCS TR-20 .................................................................................. 3-12
3.5.5 U.S. Army Corps of Engineers HEC-1 .......................................... 3-12
3.5.6 U.S. Army Corps of Engineers HEC-HMS.................................... 3-13
3.5.7 Storm Water Management Model (SWMM) ................................. 3-13
3.5.8 Other Methods................................................................................ 3-13

3.6

HYDROGRAPH ROUTING
3.6.1 General ........................................................................................... 3-14
3.6.2 Channel Routing ............................................................................ 3-14
3.6.3 Pond and Reservoir Routing .......................................................... 3-16

3.7

COMPUTER PROGRAMS ........................................................................ 3-16

STORM SEWER DESIGN
4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8

Chapter 5

STORM SEWER INLET DESIGN
5.1
5.2
5.3
5.4
5.5
5.6

Chapter 6

INTRODUCTION ......................................................................................... 4-1
LOCATION OF STORM SEWERS ............................................................. 4-1
PIPE MATERIAL ......................................................................................... 4-2
PHYSICAL REQUIREMENTS ................................................................... 4-2
HORIZONTAL ALIGNMENT AND SIZE CRITERIA .............................. 4-3
MANHOLES AND JUNCTIONS ................................................................ 4-5
OUTLETS ..................................................................................................... 4-5
HYDRAULIC DESIGN ................................................................................ 4-6

INTRODUCTION ......................................................................................... 5-1
DEFINITIONS ............................................................................................. 5-1
ABBREVIATIONS ....................................................................................... 5-1
INLET LOCATION AND SPACING .......................................................... 5-2
INLET STANDARDS .................................................................................. 5-2
INLET HYDRAULICS
5.6.1 Flow Interception ............................................................................. 5-2
5.6.2 Reduction Factors............................................................................. 5-3
5.6.3 Inlet Capacity ................................................................................... 5-3

HYDRAULIC DESIGN OF STREETS, CURB AND GUTTER
6.1

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

6.2

FUNCTION OF STREETS IN STORM WATER SYSTEM ....................... 6-1

6.3

STORM WATER IMPACT ON STREETS ................................................. 6-1

-iiii

6.3.1
6.3.2
6.3.3
6.3.4
6.3.5
6.3.6

Chapter 7

Introduction ...................................................................................... 6-1
Sheet Flow........................................................................................ 6-2
Gutter Flow ...................................................................................... 6-2
Storm Duration ................................................................................. 6-2
Ponding ............................................................................................ 6-3
Cross Flow ....................................................................................... 6-3

6.4

STREET CLASSIFICATION ....................................................................... 6-4

6.5

HYDRAULIC EVALUATION
6.5.1 Allowable Capacity for Minor Storm............................................... 6-5
6.5.2 Allowable Capacity for Major Storm ............................................... 6-5
6.5.3 Rural Streets ..................................................................................... 6-6

OPEN CHANNEL DESIGN
7.1

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

7.2

OPEN CHANNEL TYPES
7.2.1 General ............................................................................................. 7-1
7.2.2 Natural Channels .............................................................................. 7-1
7.2.3 Artificial Channels ........................................................................... 7-2
7.2.3.1 Grass-Lines Channels.......................................................... 7-2
7.2.3.2 Concrete-Lined Channels .................................................... 7-2
7.2.3.3 Rock-Lined Channels .......................................................... 7-2
7.2.3.4 Other Lining Types ............................................................. 7-2

7.3

HYDRAULICS OF OPEN CHANNELS
7.3.1 Introduction ...................................................................................... 7-3
7.3.2 Uniform Flow ................................................................................... 7-6
7.3.3 Uniform/Critical Flow .................................................................... 7-10
7.3.4 Gradually Varied Flow ................................................................... 7-11
7.3.5 Rapidly Varied Flow ...................................................................... 7-14
7.3.6 Gradient Control and Energy Dissipation ...................................... 7-15
7.3.6.1 Weir Flow ......................................................................... 7-15
7.3.6.2 Hydraulic Jump ................................................................. 7-15

7.4

DESIGN STANDARDS
7.4.1 Introduction .................................................................................... 7-19
7.4.2 Floodplain Considerations ............................................................. 7-19
7.4.3 Natural Channels ............................................................................ 7-19
7.4.4 Artificial Channels ......................................................................... 7-20
7.4.4.1 Grass-Lined Channels ....................................................... 7-20
7.4.3.2 Concrete-Lined Channels .................................................. 7-30
7.4.3.3 Rock-Lined Channels ........................................................ 7-34
7.4.3.4 Roadside Ditches ............................................................... 7-34
7.4.3.5 Other Channel Linings ...................................................... 7-37

-iiiiii

7.4.5

7.4.6

7.4.7

Chapter 8

Gradient Control Structures ........................................................... 7-38
7.4.5.1 General .............................................................................. 7-38
7.4.5.2 Sloping Channel Drop Structures...................................... 7-40
7.4.5.3 Vertical Channel Drop Structures ..................................... 7-46
7.4.5.4 Other Types of Channel Drop Structures .......................... 7-50
Energy Dissipation Structures ........................................................ 7-51
7.4.6.1 Criteria for Use .................................................................. 7-51
7.4.6.2 Types of Energy Dissipators ............................................. 7-51
7.4.6.3 Hydraulic Design .............................................................. 7-53
7.4.6.4 Pipe Outlet Type Basins .................................................... 7-56
Channel Erosion Protection - Riprap ............................................. 7-58
7.4.7.1 General .............................................................................. 7-58
7.4.7.2 Ordinary Riprap ................................................................ 7-58
7.4.7.3 Wire Enclosed Rock .......................................................... 7-61
7.4.7.4 Bedding Requirements ...................................................... 7-61
7.4.7.5 Ordinary Riprap Channel Linings ..................................... 7-66
7.4.7.6 Wire Enclosed Riprap Channel Linings ............................ 7-69
7.4.7.7 Erosion Protection at Culvert Outlets................................ 7-72

CULVERT AND BRIDGE DESIGN
8.1

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

8.2

DESIGN STANDARDS FOR CULVERTS
8.2.1 Culvert Materials .............................................................................. 8-1
8.2.2 Culvert Location and Alignment ...................................................... 8-1
8.2.3 Physical and Structural Requirements.............................................. 8-2
8.2.4 Inlet and Outlet Requirements.......................................................... 8-3
8.2.5 Hydraulic Criteria............................................................................. 8-3
8.2.5.1 Sizing Criteria ..................................................................... 8-3

8.3

CULVERT HYDRAULICS
8.3.1 Introduction ...................................................................................... 8-4
8.3.2 Inlet Versus Outlet Control .............................................................. 8-4
8.3.3 Nomograph Methods ........................................................................ 8-5
8.3.4 Computer Software .......................................................................... 8-7

8.4

DESIGN STANDARDS FOR BRIDGES
8.4.1 State Standards ................................................................................. 8-8
8.4.2 Bridge Sizing Criteria ...................................................................... 8-8
8.4.3 Velocity Limitations......................................................................... 8-8
8.4.4 Hydraulic Analysis ........................................................................... 8-8
8.4.5 Inlet and Outlet Configuration ......................................................... 8-8

-iviv

Chapter 9

Chapter 10

STORM WATER DETENTION
9.1

INTRODUCTION ......................................................................................... 9-1

9.2

DESIGN STANDARDS
9.2.1 State Water Commission .................................................................. 9-3
9.2.1.1 State Engineer's Office ........................................................ 9-3
9.2.1.2 Dam Safety Standards ......................................................... 9-4
9.2.2 Embankment ................................................................................... 9-4
9.2.2.1 Side Slopes and Slope Stability........................................... 9-4
9.2.2.2 Seepage Control .................................................................. 9-4
9.2.2.3 Material and Compaction Requirements ............................. 9-5
9.2.2.4 Freeboard and Depth Requirements .................................... 9-5
9.2.2.5 Embankment Protection ...................................................... 9-6
9.2.2.6 Foundation Design .............................................................. 9-6
9.2.3 Outlet Works .................................................................................... 9-7
9.2.3.1 General ................................................................................ 9-7
9.2.3.2 Outlet Configuration ........................................................... 9-7
9.2.3.3 Structure Materials .............................................................. 9-8
9.2.3.4 Structural Requirements .................................................... 9-12
9.2.4 Emergency Spillway ...................................................................... 9-12
9.2.4.1 General .............................................................................. 9-12
9.2.4.2 Configuration .................................................................... 9-12
9.2.4.3 Design Considerations ...................................................... 9-12

9.3

HYDRAULIC DESIGN CRITERIA
9.3.1 Local ("On-site") and Regional Detention ..................................... 9-13

9.4

STORM WATER MANAGEMENT PLAN REQUIREMENTS ............... 9-13

WATER QUALITY PROTECTION
10.1

INTRODUCTION
10.1.1 Hydrologic Impacts ........................................................................ 10-1
10.1.2 Urban Non-point Source Pollutants ............................................... 10-1
10.1.3 Pollutant Delivery Process ............................................................. 10-4

10.2

CONTROLS FOR WATER QUALITY PROTECTION
10.2.1 Objectives....................................................................................... 10-5
10.2.2 Source Controls .............................................................................. 10-6
10.2.3 Site Controls ................................................................................... 10-7
10.2.4 Detention Controls
10.2.4.1 Dry Pond Detention ...................................................... 10-10
10.2.4.2 Wet Pond Detention ...................................................... 10-10
10.2.4.3 Wetland Detention ........................................................ 10-13

10.3

IMPLEMENTATION OF STORM WATER QUALITY
CONTROLS .............................................................................................. 10-14

-vv

Chapter 11

Chapter 12

EROSION AND SEDIMENTATION CONTROL
11.1

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

11.2

DESIGN CRITERIA
11.2.1 General ........................................................................................... 11-1
11.2.2 Definitions ...................................................................................... 11-2
11.2.3 Requirements.................................................................................. 11-2

11.3

DESIGN REQUIREMENTS
11.3.1 Temporary Erosion and Sedimentation Control............................. 11-5
11.3.2 Permanent Erosion and Sediment Control ..................................... 11-7

11.4

STORM WATER DISCHARGE PERMIT REQUIREMENTS
11.4.1 General ........................................................................................... 11-9
11.4.2 Basic Requirements ........................................................................ 11-9

11.5

EROSION AND SEDIMENTATION CONTROL PLAN
11.5.1 Temporary Erosion and Sedimentation Control Plan
11.5.1.1 Goal ............................................................................... 11-10
11.5.1.2 Assigning Responsibility .............................................. 11-10
11.5.1.3 Plan Contents ................................................................ 11-10
11.5.1.4 Final Plans and Specifications ...................................... 11-11
11.5.1.5 Plan Retention ............................................................... 11-11
11.5.1.6 Changes to the Temporary Erosion
and Sedimentation Control Plan................................... 11-11
11.5.2 Permanent Erosion and Sedimentation Control Plan
11.5.2.1 Goal ............................................................................... 11-11
11.5.2.2 Assigning Responsibility .............................................. 11-12
11.5.2.3 Plan Contents ................................................................ 11-12
11.5.2.4 Final Plans and Specifications ...................................... 11-14
11.5.2.5 Plan Retention ............................................................... 11-14
11.5.2.6 Changes to the Permanent Erosion and
Sedimentation Control Plan ........................................ 11-14

STORM WATER/DRAINAGE EASEMENTS
12.1
12.2
12.3
12.4

Chapter 13

GENERAL REQUIREMENTS .................................................................. 12-1
EASEMENT FOR STORM SEWER ......................................................... 12-1
EASEMENT FOR STORM SEWER AND
SURFACE WATER DRAINAGE .............................................................. 12-5
EASEMENT FOR SURFACE WATER DRAINAGE ............................... 12-9

OPERATION AND MAINTENANCE
13.1

INTRODUCTION ....................................................................................... 13-1

13.2

OPERATION AND MAINTENANCE OBJECTIVES .............................. 13-1

13.3

OPEN CHANNEL STORM WATER FACILITIES .................................. 13-2
13.3.1 Access ............................................................................................ 13-2

-vivi

13.3.2 Post Construction and Operation Stage.......................................... 13-3
13.3.3 Rehabilitation Stage ....................................................................... 13-4
13.4

PIPED STORM WATER FACILITIES
13.4.1 Design and Construction Stage ...................................................... 13-4
13.4.2 Post Construction and Operation ................................................... 13-5
13.4.3 Rehabilitation Stage ....................................................................... 13-6

13.5

STORM WATER DETENTION FACILITIES
13.5.1 Design and Construction Stage ...................................................... 13-6
13.5.2 Post Construction and Operation Stage.......................................... 13-8
13.5.3 Rehabilitation Stage ....................................................................... 13-9

Chapter 14

DESIGN REFERENCES

Chapter 15

FORMS

Chapter 16

CURRENT FEE SCHEDULE

Chapter 17

CITY OF MINOT STANDARD SPECIFICATIONS

Chapter 18

STORM WATER MANAGEMENT ORDINANCE

-viivii

FIGURES
Figure No.
Figure No.
Figure No.
Figure No.

3.1
3.2
3.3
3.4

Hydrograph Analysis Concepts..................................................................... 3-7
Runoff Hydrograph Components .................................................................. 3-8
Basic Hydrograph Analysis Procedure ......................................................... 3-9
Hydrograph Routing.................................................................................... 3-15

Figure No.
Figure No.
Figure No.
Figure No.
Figure No.

4.1
4.2
4.3
4.4
4.5

Discharge of Circular Pipe ............................................................................ 4-4
Hydraulic Properties Circular Pipe ............................................................. 4-11
Hydraulic Properties Arch Pipe................................................................... 4-12
Design Example - Storm Sewers Plan ......................................................... 4-18
Design Example - Storm Sewers Profile ..................................................... 4-19

Figure No. 5.1
Figure No. 5.2

Figure No. 5.6
Figure No. 5.7
Figure No. 5.8

Nomograph for Capacity of Gutter for Straight Crown ................................ 5-7
Interception Ratio for Standard Curb-Opening Inlet on
Continuous Grade............................................................................. 5-8
"K" Values for Type B Inlet on Continuous Grade....................................... 5-9
"K" Values for Driveway Grate Inlet .......................................................... 5-10
Capacity of Standard Single Type (A, B, C) Inlets
At a Low Point ............................................................................... 5-11
Capacity of Curb-Opening Inlet at a Low Point ......................................... 5-12
Capacity of Grates for Ponding Conditions ................................................ 5-13
Nomograph for Capacity of Gutter for Straight Crown ................................ 5-7

Figure No. 6.1
Figure No. 6.2
Figure No. 6.3

Nomograph for Flow in Triangular Gutter .................................................... 6-7
Allowable Gutter Capacity - Minor Storm .................................................... 6-8
Allowable Gutter Capacity - Major Storm .................................................... 6-9

Figure No.
Figure No.
Figure No.
Figure No.
Figure No.
Figure No.
Figure No.
Figure No.
Figure No.
Figure No.
Figure No.
Figure No.
Figure No.
Figure No.
Figure No.
Figure No.
Figure No.
Figure No.
Figure No.
Figure No.
Figure No.
Figure No.

Typical Erosion Control Mattresses .............................................................. 7-4
Flow Conditions ............................................................................................ 7-5
Critical Depth for Trapezoidal and Circular Sections ................................. 7-12
Flow Geometry of a Straight Drop Spillway .............................................. 7-18
Roughness Coefficient for Grassed Channels ............................................. 7-23
Typical Grassed Lined Channel Section Type A ........................................ 7-24
Typical Grassed Lined Channel Section Type B ........................................ 7-25
Roadside Ditch Sections.............................................................................. 7-36
Generalized Profiles of Rip Rap Drop Structures ....................................... 7-39
Sloping Riprap Channel Drop ..................................................................... 7-42
Vertical Riprap Channel Drop..................................................................... 7-48
USBR Type III Stilling Basin ..................................................................... 7-52
USBR Type IX Stilling Basin ..................................................................... 7-54
USBR Type VI Stilling Basin ..................................................................... 7-55
Design Data - USBR Type Stilling Basins.................................................. 7-57
Filter Fabric Placement Details ................................................................... 7-68
Toe Protection for Rock Lined Channels .................................................... 7-71
Gabion and Slope Mattress Lining Configurations ..................................... 7-73
Conduit Outlet Erosion Protection .............................................................. 7-74
Riprap Erosion Protection at Circular Conduit Outlet ................................ 7-76
Riprap Erosion Protection at Rectangular Conduit Outlet .......................... 7-77
Expansion Factor for Circular Conduits...................................................... 7-80

Figure No. 5.3
Figure No. 5.4
Figure No. 5.5

7.1
7.2
7.3
7.4
7.5
7.6
7.7
7.8
7.9
7.10
7.11
7.12
7.13
7.14
7.15
7.16
7.17
7.18
7.19
7.20
7.21
7.22

-viiiviii

Figure No. 7.23

Expansion Factor for Rectangular Conduits ............................................... 7-81

Figure No.
Figure No.
Figure No.
Figure No.
Figure No.
Figure No.
Figure No.
Figure No.
Figure No.
Figure No.
Figure No.
Figure No.
Figure No.
Figure No.
Figure No.
Figure No.
Figure No.
Figure No.
Figure No.
Figure No.
Figure No.

Culvert Rating ............................................................................................. 8-11
Inlet and Outlet Conditions for Culverts ..................................................... 8-12
Inlet Control Nomograph - Circular Pipe .................................................... 8-13
Inlet Control Nomograph - Box Culverts .................................................... 8-14
Inlet Control Nomograph - CSP Arch ......................................................... 8-15
Inlet Control Nomograph - RCP Arch ........................................................ 8-16
Inlet Control Nomograph - SPP Arch ......................................................... 8-17
Inlet Control Nomograph - RCP Ellipse ..................................................... 8-18
Hydraulics of a Culvert Under Outlet Condition ........................................ 8-19
Outlet Control Nomograph - Circular CSP ................................................. 8-20
Outlet Control Nomograph - Circular RCP................................................. 8-21
Outlet Control Nomograph - Box Culverts ................................................. 8-22
Outlet Control Nomograph - CSP Arch ...................................................... 8-23
Outlet Control Nomograph - RCP Arch ...................................................... 8-24
Outlet Control Nomograph - SPP Arch....................................................... 8-25
Outlet Control Nomograph - RCP Ellipse................................................... 8-26
Critical Depth Curves - Circular Pipe ......................................................... 8-27
Critical Depth Curves - CSP Arch .............................................................. 8-28
Critical Depth Curves - RCP Arch .............................................................. 8-29
Critical Depth Curves - SSP Arch ............................................................... 8-30
Critical Depth Curves - RCP Ellipse ........................................................... 8-31

8.1
8.2
8.3
8.4
8.5
8.6
8.7
8.8
8.9
8.10
8.11
8.12
8.13
8.14
8.15
8.16
8.17
8.18
8.19
8.20
8.21

Figure No. 9.1
Figure No. 9.2
Figure No. 9.3

Detention Pond Outlet Configurations - Type 2 Outlet ................................ 9-9
Detention Pond Outlet Configurations - Type 3 Outlet .............................. 9-10
Detention Pond Outlet Configurations - Type 4 Outlet .............................. 9-11

Figure No.
Figure No.
Figure No.
Figure No.
Figure No.

Impact of Paved Surfaces on Runoff........................................................... 10-2
Dry Detention Pond................................................................................... 10-11
Extended Detention Pond .......................................................................... 10-11
Wet Detention Pond .................................................................................. 10-12
Typical Design of Wet Detention Pond .................................................... 10-12

10.1
10.2
10.3
10.4
10.5

-ixix

TABLES
Table No. 3.1

Precipitation Events and Frequency - City of Minot..................................... 3-4

Table No. 4.1
Table No. 4.2
Table No. 4.3

4.5
4.6
4.7
4.8

Minimum Radius for Radius Pipe ................................................................. 4-3
Manhole and Inlet Spacing............................................................................ 4-5
Permissible Velocities for Channels with Erodible Linings,
Based on Uniform Flow in Continuously Wet, Aged Channels ...... 4-7
Permissible Velocities for Channels Lined with Uniform
Strands of Various Grass Covers, Well Maintained......................... 4-8
Storm Sewer Energy Loss Coefficient (Expansion, Contraction) ............... 4-13
Storm Sewer Energy Loss Coefficient (Bends) .......................................... 4-15
Manhole and Junction Losses ..................................................................... 4-16
Design Example - Storm Sewers ................................................................. 4-20

Table No. 5.1

Inlet Capacity Reduction Factors .................................................................. 5-3

Table No. 6.1
Table No. 6.2

Allowable Cross Street Flow......................................................................... 6-3
Allowable Pavement and Encroachment and
Depth of Flow for Minor Storm Runoff ........................................... 6-4
Allowable Depth of Flow and
Inundated Area for 100-Year Storm Runoff .................................... 6-4

Table No. 4.4
Table No.
Table No.
Table No.
Table No.

Table No. 6.3

Table No.
Table No.
Table No.
Table No.
Table No.
Table No.
Table No.
Table No.
Table No.
Table No.
Table No.
Table No.
Table No.

7.1
7.2
7.3
7.4
7.5
7.6
7.7
7.8
7.9
7.10
7.11
7.12
7.13

Uniform Flow for Trapezoidal Channels ...................................................... 7-8
Uniform Flow for Circular Sections.............................................................. 7-9
Flow Profile Computation (Direct Step Method) ........................................ 7-13
Weir Flow Coefficients ............................................................................... 7-17
Manning's n-Values for Open Channels...................................................... 7-32
Roadside Ditch Capacities .......................................................................... 7-35
Sloping Riprap Channel Drop Design Chart ............................................... 7-41
Vertical Riprap Channel Drop Design Chart .............................................. 7-47
Classification and Gradation of Ordinary Riprap........................................ 7-60
Standard Gabion Baskets (English Sizes) ................................................... 7-62
Gradation for Granular Bedding ................................................................. 7-64
Thickness Requirements for Granular Bedding .......................................... 7-65
Riprap Requirements for Channel Linings.................................................. 7-70

Table No. 8.1

Hydraulic Data for Culverts .................................................... 8-9 through 8-10

Table No. 10.1

Typical Impervious Area Percentages ......................................................... 10-1

-xx

CHAPTER 1
GENERAL PROVISIONS

1.1

CONCEPT

1.1.1

Preface

The City of Minot has prepared this Storm Water Design Standards Manual (Manual) to guide and assist
persons needing to comply with its Storm Water Management Ordinance. The development of the Storm
Water Management Ordinance and the Storm Water Design Standards Manual for the City of Minot and
its extraterritorial jurisdiction was a major step in solving existing and future drainage problems in the
Minot area. The City's Storm Water Management Ordinance requires the development of Storm Water
Management Plans and the acquisition of Storm Water Management Permits for most types of land
disturbing activities within the City and its extraterritorial jurisdiction. The Storm Water Management
Ordinance outlines application procedures, plan review procedures, approval standards, as well as permits,
enforcement, and penalties. This Storm Water Design Standards Manual provides guidelines to implement
the Storm Water Management Ordinance. As such, this Storm Water Design Standards Manual is
intended to be flexible and is subject to revision as conditions or criteria change in the future. The goals
set forth for the preparation of the Manual were:
1.

To unify standards and improve the quality of drainage evaluations and storm water
facility design by providing specific and detailed criteria and standards for projects in the
City of Minot.

2.

To reduce the effort required to prepare and review Storm Water Management Plans by
simplifying methodologies and procedures.

3.

To provide the information necessary to prepare and to review the Storm Water
Management Plan and design within a single document that is complete, organized, and
easily referenced.

4.

To provide storm water evaluation and design standards that will prevent future storm
water problems and enhance the urban environment within the goals and objectives of the
City of Minot.

The philosophy behind the selection of material included in the Storm Water Design Standards Manual
was based upon the following assumptions:
1.

The design engineer and reviewer are assumed to have a basic knowledge and
understanding of open channel hydraulics, storm sewer hydraulics, and urban hydrologic
techniques.

2.

A need exists for a self-contained document to minimize time expended by design
engineers and review engineers, and to minimize conflicting constraints that develop
when the data to be used are not clearly specified.

1-1

3.

A need exists for strict criteria in certain areas, but allowance must be made for design
flexibility in other areas, within acceptable limitations.

4.

In certain areas of the City, more detailed or stricter criteria may be required due to the
nature of particular storm water problems in those areas.

5.

Throughout the Manual, emphasis must be placed on simplifying procedures to minimize
the time required to prepare and to review Storm Water Management Plans.

In summary, the major emphasis for this Storm Water Design Standards Manual was directed toward
organizing the Manual to gain widespread use and acceptance, simplifying procedures to minimize the
efforts of the design and the review engineer, incorporating stringent and specific local requirements, and
consistency with local standards and procedures.
1.1.2

Glossary

The following terms, phrases, and words, or their derivatives, have been reproduced herein from the Storm
Water Management Ordinances adopted by the City of Minot. Additional terminology has been included
to provided clarity and consistency. They shall have the meanings as stated in this section. When
inconsistent with the context, words used in the present tense include the future tense. Words in plural
number include the singular number, and words in the singular number include the plural number. The
word "shall" is always to be considered mandatory, never permissive. Users of this Manual are
encouraged to use these terms, phrases, and words in all reports, storm water management plans, or other
correspondence with the City of Minot.
"Agricultural Land Use" - The use of land for planting, growing, cultivating and harvesting crops
for human or livestock consumption and pasturing or yarding of livestock.
"Applicant" - Any person wishing to obtain a building permit, special use permit, zoning change,
subdivision approval, and/or storm water plan or permit.
"Base Flood" - The flood having a one percent chance or probability of being equaled or exceeded
in any given year (i.e., 100-year flood).
“Best Management Practices (BMP)” – BMPs are measures designed to 1) prevent pollutants
from leaving a specific area; 2) reduce or eliminate the introduction of pollutants; 3) protect
sensitive areas and 4) prevent the interaction between precipitation and pollutants.
"Board" - Minot City Council.
"City" - The City of Minot or City Council of the City of Minot.
"City Engineer" - The City Engineer of the City of Minot or authorized agent.
"Control Measure" - A practice or combination of practices to control erosion and attendant
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pollution, see also Best Management Practices.
"Conveyance Structure" - A pipe, open channel, or other facility that transports runoff from one
location to another.
"Detention Facility" - A natural or manmade structure, including wetlands used for the temporary
storage of runoff and which may contain a permanent pool of water, or may be dry during times
of no runoff.
"Development Properties" - Lands and properties located within an approved storm water
management plan or permit boundary.
"Developer" - A person, firm, corporation, sole proprietorship, partnership, federal or state
agency, or political subdivision thereof engaged in a land disturbance and/or land development
activity.
"E.P.A." - United States Environmental Protection Agency.
"Erosion" - Any process that wears away at the surface of the land by the action of water, wind,
ice, or gravity. Erosion can be accelerated by nature and human activities.
"Erosion and Sediment Control Plan" - A written description of the number, locations, sizes, and
other pertinent information about best management practice methods designed to meet the
requirements of this ordinance.
"Extraterritorial Jurisdiction" – The area outside of the City limits over which the zoning authority
of the City may be extended under state law, and over which it has in fact been extended by
ordinance.
“FEMA” - The Federal Emergency Management Agency.
"Flood Fringe" - That portion of the flood plain outside of the floodway.
"Floodplain" - The areas adjoining a watercourse or water basin that have been or may be covered
by a base flood.
"Floodplain Management" - The regulation of the nature and location of construction on (or other
occupancy of) lands subject to inundation by floodwaters, so that foreseeable (probable) flooding
damages will have an average annual risk smaller than some preselected amount. Floodplain
management consists of technical and nontechnical studies, policies, management strategies,
statutes and ordinances that collectively manage floodplains along rivers, streams, major
watercourses, outfalls, or other conveyances. The federal government normally plays a major role
in floodplain planning and management, whereas in urban storm water management and design,
local governments dominate the decision-making process.
"Floodway" - The channel of the water course, the bed of water basins, and those portions of the
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adjoining flood plains that are reasonably required to carry and discharge floodwater and provide
water storage during a base flood.
"Hydric Soils" - Soils that are saturated, flooded, or covered by water long enough during the
growing season to develop anaerobic conditions in the upper part of the soil profile. These soils,
under natural conditions, are either saturated or inundated long enough during the growing season
to support the growth and reproduction of hydrophytic vegetation.
"Hydrophytic Vegetation" - Macrophytic plant life growing in water, soil, or on a substrate that is
at least periodically deficient in oxygen as a result of excessive water content.
"Impervious Area" - Impermeable surfaces, such as pavement or rooftops, which prevent the
infiltration of water into the soil.
"Land Development Activity" – The act of subdivision or platting properties for personal use,
value enhancement or for the purposes of resale. This shall also include the construction and/or
demolition of buildings, structures, roads, parking lots, paved storage areas, and similar facilities.
"Land Disturbing Activity" - Any manmade change of the land surface including removing
vegetative cover, excavating, filling, grading, mining, dredging, and drilling, but not including
agricultural land uses such as planting, growing, cultivating and harvesting of crops; growing and
tending of gardens; and harvesting trees.
"Landowner" - Any person holding title to or having a divided or undivided interest in land.
"Land User" - Any person operating, leasing, renting, or having made other arrangements with a
landowner by which the landowner authorizes use of their land.
"Local Detention" - Detention provided to serve only the developing area in question and no areas
outside of the development boundaries. This is also known as on-site detention.
"Local Drainage System" - The storm drainage system which transports the minor and major
Storm Water runoff to the major storm water system and serving only the property within the
development boundaries. This is also known as the on-site drainage system.
“Lowest floor” - The lowest floor of the lowest enclosed area, and includes a basement. An
unfinished or flood resistant enclosure, usable solely for parking of vehicles, building access or
storage, in an area other than a basement area, is not considered a building’s lowest floor,
provided that such enclosure is not built so as to render the structure in violation of the applicable
non-elevation design.
"Major Storm Water System" - The portion of the total storm water system that collects, stores,
and conveys runoff that exceeds the capacity of the minor system. The major watercourses are
readily recognizable natural or improved channels that convey runoff that exceeds the capacity of
the Minor Drainage System, including emergency overflow facilities. It transports the minor and
major storm water runoff and serves more than the area within the development boundaries. The
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major system is usually less controlled than the minor system, and will function regardless of
whether or not it has been deliberately designed and/or protected from encroachment, including
when the minor system is blocked or otherwise inoperable. The major storm water system is
usually evaluated for the 100-year runoff event.
"Management Practice" - A practice or combination of practices to control erosion and water
quality degradation.
"Minor Storm Water System" - The portion of the total drainage system that collects, stores and
conveys frequently occurring runoff, and provides a relief from nuisance and inconvenience. This
system has traditionally been carefully planned and constructed, and normally represents the
major portion of the urban drainage infrastructure investment. The degree of inconvenience the
public is willing to accept, balanced against the price it is willing to pay, typically establishes the
drainage capacity or design recurrence frequency of a minor system. Minor systems include roof
gutters and on-site drainage swales, curbed or side swaled streets, Storm Water inlets,
underground storm sewers, open channels and street culverts. Generally, the minor storm water
system corresponds to the minor (or ordinary) storm recurring at regular intervals, generally from
two (2) to ten (10) years.
"Multiple-Purpose Facility" - An urban storm water facility that fulfills multiple functions, such as
enhancement of runoff quality, erosion control, wildlife habitat, or public recreation, in addition to
its primary purpose of conveying or controlling runoff.
"National Pollution Discharge Elimination System (NPDES) Permit" - Any permit or requirement
enforced by the North Dakota State Department of Health pursuant to the Clean Water Act as
amended for the purposes of regulating Storm Water discharge.
“Noncompliance Fee”: The fee assessed as a penalty to a Permittee, Developer or their
Contractor(s) for noncompliance with the provisions and/or conditions of an approved storm
water management plan and/or permit or the violation of any other provisions contained in this
storm water ordinance.
"On-Site Detention" - Detention provided to serve only the developing area in question and no
areas outside of the development boundaries. It is also referred to as local detention.
“On-Site Drainage System”: a.k.a. Local Drainage System
"Outfall Facility" - Any channel, storm sewer, or other conveyance system into which a storm
drain or storm drainage system discharges.
"Outlet" - Any discharge point from a watershed including storm sewers and combined sewer
overflows into a watercourse, pond, ditch, lake or other body of surface or groundwater.
"Owner or Occupant" - Any person owning or using a lot, parcel of land, or premises connected to
and discharging Storm Water into the storm water system of the City, and who pays for and is
legally responsible for the payment of storm water rates or charges made against the lot, parcel of
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land, building or premises, if connected to the Storm Water system or who would pay or be
legally responsible for such payment.
"Permanent Development" - Any buildings, structures, landscaping and related features
constructed as part of a development project approved for construction under a storm water plan
or constructed prior to the passage of this ordinance.
"Permanent Facilities" - Those features of a storm water management plan which are part of any
natural or constructed storm water system that requires periodic or minimal maintenance to retain
their operational capabilities. This includes but is not limited to storm sewers, infiltration areas,
detention areas, channels, streets, etc.
"Permittee" - Any person who applies for and receives approval of storm water plan and/or permit
from the City.
"Person" - Any individual, corporation, partnership or any other entity, public or private, capable
of owning, occupying or developing land.
"Private Drainage Channel" - A drainage channel on privately-owned land or easement which
eventually discharges runoff into a public drainage channel or public storm sewer.
"Private Storm Sewer" - A storm sewer located on privately-owned land or easement which
eventually discharge runoff into a public drainage channel or public storm sewer.
"Public Drainage Channel" - A drainage channel located entirely within publicly owned land or
easements.
"Public Storm Sewer" - A storm sewer located entirely within publicly owned land or easements.
"Regional Detention" - Detention facilities provided to serve an area outside the development of
boundaries. A regional detention site generally receives runoff from multiple storm water
sources.
"Regional Flood" - A flood that is representative of large floods known to have occurred generally
in the state and recently characterize what can be expected to occur on an average frequency in
the magnitude of a 100-year recurrence interval. See also Base Flood.
"Retention Facility" - A natural or manmade structure that provides for the storage of all or a
portion of storm water runoff by means of creating a permanent pool of water (i.e., wet pond).
"Runoff" - The precipitation, water flowing over the ground surface and into open channels,
underground storm sewers, and detention or retention ponds.
"Sediment" - Solid material or organic material that, in suspension, is being transported or has
been moved by air, water, gravity, or ice, and deposited at another location.
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"Site" - The area included in the legal description of the parcel of land on which storm water
alteration activities, either projected or ongoing, require the submission an approval of a storm
water management plan pursuant to the land development or land disturbing activity is proposed
in the storm water plan or permit application.
"Stabilize" - To make the site steadfast or firm, minimizing soil movement by mulching and
seeding, sodding, landscaping, placing concrete, gravel, or other measures.
"State" - The State of North Dakota.
"Storm Sewer" - A pipe or conduit for carrying storm waters, surface runoff, street and wash
waters, and drainage, excluding sewage and industrial wastes.
"Storm Water Detention" - Temporary storage of storm water runoff in ponds, parking lots,
depressed grassy areas, roof tops, buried underground tanks, etc., used to delay and attenuate flow
for future, controlled release.
"Storm Water Management" - The planned set of public policies and activities undertaken to
regulate runoff and reduce erosion, and maintain or improve water quality under various specified
conditions within various portions of the drainage system. It may establish criteria for controlling
peak flows and/or runoff volumes, for runoff detention and retention, or for pollution control, and
may specify criteria for the relative elevations among various elements of the drainage system.
Storm water management is primarily concerned with limiting future flood damages and
environmental impacts due to development, whereas flood control aims at reducing the extent of
flooding that occurs under current conditions.
"Storm Water Management Criteria" - Specific guidance provided to the engineer/designer to
carry out drainage and storm water management policies. An example might be the specification
of local design hydrology and use of the design storm.
“Storm Water Management Permit” – A permit issued by the City Engineer in accordance with
the requirements of Minot Ordinance Chapter 28.1, Section 28.1-81. Permits are generally issued
after the approval and acceptance of the Storm water Management Plan in accordance with Minot
Ordinance Chapter 28.1, Section 28.1-81. A permit must be acquired prior to initiating land
development, land distribution, or other activities which result in an increase in storm water
quantities, degradation of storm water quality, or restriction of flow in any storm sewer system,
open ditch or natural channel, storm water easement, waterbody or wetland outlet within the
City’s jurisdiction.
“Storm Water Management Plan” – A document containing the requirements of Minot Ordinance
Chapter 28.1, Section 28.1-21 that when implemented will provide solutions to storm water
management problems that may occur as a result of the proposed development or land distributing
activity. A Storm Water Management Permit is not required as part of, but may be included in a
Storm Water Management Plan.
"Storm Water Management System" - Physical facilities that collect, store, attenuate, convey, and
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treat storm water runoff. These facilities normally include detention and retention facilities,
streets, storm sewers, inlets, open channels, and special structures, such as inlets, manholes, and
energy dissipaters.
"Storm Water Retention" - Storage designed to eliminate or reduce the frequency of subsequent
surface discharge. Wet ponds are the most common type of retention storage (though wet ponds
may also be used for detention storage).
"Structure" - Anything manufactured, constructed, or erected which is normally attached to or
positioned on land, including portable and permanent structures, earthen structures, roads, parking
lots, and paved storage areas.
“Undeveloped Land” – Land that in its native state has not been impacted by significant land
disturbance activities, annexed into the City or subdivided into multiple ownership lots and is
typically zoned agricultural.
"Unpolluted Water" - Any water of a quality equal to or better than the effluent criteria in effect,
or water that would not cause violation of receiving water quality standards and would not benefit
by discharge into a sanitary sewer and subsequent processing through a wastewater treatment
facility.
"Urban Area" - Land associated with, or part of, a defined city or town. This title of the Code of
Ordinances applies to urban or urbanizing, rather than rural areas.
"User" - Any person who discharges, causes, or permits the discharge of storm water into the
City's Storm Water management system.
"User Fee" - A fee levied on users of a storm water management system for the user's
proportionate share of the cost of operation and maintenance (including replacement) of such
works.
“Violation” – The willful or negligent act of noncompliance with the conditions attached to an
approved storm water plan and/or permit, or any other provisions contained in this ordinance,
subject to enforcement and penalty or noncompliance fees.
“Watercourse” – The natural path for the flow of water where there is sufficient natural and
accustomed runoff to form and maintain a distinct and defined channel or an open channel facility
that has been constructed for such purpose. This shall include any easements which have been
obtained for the purposes of runoff conveyance.
“Water Resource District” – The Ward County Water Resource District.
“Watershed Master Plan” – The plan that a professional engineer formulates to manage storm
water runoff for a large watershed or drainage basin (refer to Minot Ordinance Chapter 28.1,
Section 28.1-45, Subsection 3, for examples). It typically addresses such subjects as
characterization of the existing and future site development, land uses and grading plan, peak
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flow rates of runoff, flow duration, runoff volumes for various return frequencies, locations,
criteria and sizes of detention or retention ponds and conveyances, runoff control features,
land parcels, easement locations, opinions of probable costs, measures to enhance runoff
quality, salient regulations and how the plan addresses them, and consistency with secondary
objectives such as public recreation, aesthetics, public safety, and groundwater recharge. This
plan is either included as an integral part of a Storm Water Management Plan or it may be
developed by the City Engineer to establish compliance criteria to regulate land development
activities within a given watershed, provided the plan is reviewed and approved by the City
Council after allowing public comment.
“Wet Pond” – A Retention Facility which includes a permanent pool of water used for the
purposes of providing for the treatment of storm water runoff.
"Wetlands" - Lands transitional between terrestrial and aquatic systems where the water table is
usually at or near the surface or when the land is covered by shallow water. Lands which meet all
of the following criteria are deemed to be wetlands:
a.
b.

c.
1.1.3

They are comprised predominantly of hydric soils;
They are inundated and saturated by the surface or groundwater at a frequency
and duration sufficient to support a prevalence of hydrophytic vegetation
typically adapted for life in saturated soil conditions; and
They exhibit a prevalence of hydrophytic vegetation under normal circumstances.

General Requirements

Projects to control or collect storm water runoff within the City of Minot shall be designed within the
guidelines and information set forth within this Manual. Failure to do so may result in the denial of a
storm water management plan or permit applied for in accordance with the Storm Water Management
Ordinance. The concepts provided herein represent the current standards within the industry and the field
of professional design practice. Since this field is dynamically changing, this Manual is not all-inclusive
and other methods and design concepts can be submitted. However, approval of other methods or design
concepts are subject to the discretion and approval of the City Engineer. Such methods will require
justification for their use and verification of the intended purpose and results. The design engineer is
encouraged to use cost-effective designs, the most appropriate design methods, and good engineering
judgment. The design engineer shall be guided by the following requirements:
1.

Design data provided by the design engineer should demonstrate that storm water
management investigations include:
a.
b.
c.
d.

The function of the streets as part of the storm water conveyance system.
Assurance that gutters and intakes are adequate to prevent excessive flooding of
streets and parking areas.
Assurance that culverts and storm sewer pipes are designed to sufficient size and
hydraulic capacity.
Assurance that adequate overland relief is present for storm events larger than the
design storm, or that an adequate storage volume and a release system is
provided to accommodate a 100-year flood event with a minimum of 1 foot of

1-9

e.
f.

freeboard between the lowest floor of a structure and the 100-year flood
elevation of all adjacent storm water management facilities and any City or
County adopted Flood Inundation Areas.
Assurance that all permanent storm water facilities shall have a maximum drain
down time of 72 hours.
Assurance that street grades are coordinated with lot drainage and that lot
drainage slopes will not be less than 0.5%.

2.

An evaluation should be made of storm water management alternatives to manage the
runoff resulting in the selection of the optimum design which strikes a balance between
initial capital costs, operation and maintenance costs, public convenience and safety, and
environmental protection.

3.

Runoff analysis should be based upon the proposed or projected land use, and should take
into consideration all contributing runoff from areas outside of the immediate project
area.

4.

All undeveloped land lying outside of the study area should be considered as fully
developed based upon the Watershed Master Plan for the area, if one exists. The
probable future flow pattern in undeveloped areas should be based on existing natural
topographic features (existing slopes, watercourses, etc.). Average land slopes in both
developed and undeveloped areas may be used in computing runoff, however, for areas in
which drainage patterns and slopes are established, these should be utilized.

5.

Flows and velocities which may occur at a design point when the upstream area is fully
developed should be considered. Drainage facilities should be so designed that such
increased flows, velocities and durations will not cause erosion and/or sedimentation
damage.

6.

Streets should not be used as floodways for the initial storm runoff. The primary use of
streets should be for the conveyance of traffic. The computed amount of runoff in streets
should not exceed the requirements set forth herein.

7.

The use of on-site detention and natural watercourses is recommended and encouraged
whenever possible. The relocation of a natural watercourses or a substantive change in a
watershed boundary will not be approved unless such change is shown to be without
unreasonable hazard and liability, substantiated by thorough analysis and investigation.

8.

Restrictive covenants (agreements or contracts), surface flow easements and
impoundment easements may be required to be executed and recorded to provide for the
protection and maintenance of drainage swales and drainage detention areas within builtup areas. In the use of natural channels, the design engineer may be required to show that
the project will have minimum disruption of the existing environment, and covenants
may be required by the City Engineer to be executed and recorded to provide this
protection.
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9.

In the design of storm water management systems, consideration should be given to both
surface and subsurface water sources. Subsurface drainage systems should be designed
where required and should not allow flow over sidewalks or onto streets after completion
of the project.

10.

Land grading of the project site should be performed to take advantage of existing
contours and minimize soil disturbance. Steep slopes should be avoided. If steep slopes
are necessary, an attempt should be made to save natural grasses, shrubs, and trees on
these slopes and reestablish ground cover and permanent erosion control measures as
soon as possible.

11.

During construction grading phases, temporary diversions, contour furrows, terraces and
other remedial conservation practices should be used to reduce erosion and excessive
water drainage to downstream adjacent properties. Sediment traps and basins should be
used at the lower end or along watercourses and provisions should be made for their
maintenance.

12.

The planning and design of drainage systems should be such that problems are not
transferred from one location to another. Under no circumstance shall significant
drainage be diverted and/or released overland to a downstream property at points not
receiving such drainage prior to the proposed development. Also, flows shall not be
concentrated onto downstream properties where sheet flow previously existed, unless it is
determined these properties can accommodate these flows without adverse impacts.

13.

Where a proposed development or land disturbing activity discharges into an existing
storm drain, the developer shall provide to the City the hydraulic capacity of that drain
and computations for that capacity.

14.

The peak discharge from any development site shall not be greater than the peak leaving
the site prior to development.

15.

In the event that runoff from a proposed land disturbing activity has in the past
discharged directly into a relatively large body of water, such as a river, or has or could
discharge to such bodies of water via a ditch or pipeline sized to accommodate
anticipated increased runoff in the proposed land development, then it shall be the sole
decision of the City Engineer to permit or not permit such increased runoff to said bodies
of water from the proposed land disturbing activity. If said body of water is in the extra
territorial jurisdiction or outside the city limits, the Water Resource District shall be
consulted before any permit is approved for the land disturbing activity.

16.

Floodplain information (floodway, base flood elevation, and floodway fringe) will be
required on all preliminary and final drainage plans when known, and should include the
area inundated by the major storm runoff. Developers must include the 100-year flood
elevations and easements from all proposed storm water system improvements on final
site plans, in addition to floodplain areas designated by the City and the Federal
Emergency Management Agency. Lands that lie within "flood hazard zones" as shown on
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the appropriate maps prepared by the Federal Emergency Management Agency, shall
comply with the regulations of the National Flood Insurance Program. The City of Minot
may designate floodplains in areas not shown on the Flood Insurance mapping, using
approximate or detailed methods of study.
17.

The lowest floor of a structure shall be at least:
a.
1 foot above the 100-year floodplain of adjacent storm water management
facilities; and
b.
1 foot above any applicable Regulatory floodplain(s) (FEMA, City of Minot,
Ward County, etc.).

18.

All permanent storm water facilities shall have a maximum drain down time of 72 hours.

19.

Where a Watershed Master Plan is available, the flow routing for both the minor storm
and major storm runoff events should conform to said plan. Drainage easements
conforming to the master plan will be required and shall be designated on all drainage
drawings and subdivision plats.

20.

Any proposed building or construction of any type of structure including retaining walls,
fences, etc., or the placement of any type of fill material which will encroach on any
utility or drainage easement, requires written approval of the City Engineer. The function
of the drainage easement (conveyance, ponding, etc.) shall not be impaired, nor shall
drainage from adjacent areas be impeded.

21.

All storm water management systems, including collection, conveyance and restrictions
(i.e., detention/retention), not located on city property, shall be so located in a dedicated
public right-of-way or easements approved by the City. All drainage right-of-way or
easements shall be shown on construction plans and on the final subdivision plat.

22.

The design for storm water management facilities should be in conformance with the
following guidelines:
a.
b.
c.
d.
e.
f.

23.

Requirements and standards of the North Dakota State Water Commission.
Requirements and standards of the North Dakota Department of Health.
Design standards and construction specifications of the City of Minot.
The most current plumbing code.
The requirements and standards of the North Dakota State Department of
Transportation, where applicable.
In case of conflict between the above design standards, the most restrictive
requirement should apply.

No polluted water or water from a polluted source shall be discharged into any storm
water management system. This includes wash water and interior building drainage
water. Snow disposal sites or runoff from irrigation systems may be included under
special circumstances.
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24.

National Pollutant Discharge Elimination System (NPDES) permit. The North Dakota
Department of Health administers the NPDES program and permit requirements for storm
water discharges within the State of North Dakota. The design of storm water
management facilities shall comply with the requirements and standards of the North
Dakota Department of Health for storm water discharge permits. See Chapter 11 of this
Manual for specific details regarding the permit requirements for erosion and
sedimentation control.

1.2

STORM WATER MANAGEMENT POLICY

1.2.1

General Policy

The City of Minot's adopted Storm Water Management Ordinance and Storm Water Design Standards
Manual are based upon a set of policies outlined as follows:
1.

The City of Minot considers storm water to be an integral part of the overall urban
system, and shall require storm water management planning for all developments or land
disturbing activities to include the allocation of space for storm water management
facility construction and maintenance, which may entail the dedication of right-of-way
and/or easements.

2.

The City promotes unified storm water drainage efforts through an integrated Storm
Water Management Plan.

3.

The City of Minot encourages the development of local storm water master plans for
local flood control facilities which are compatible with regional master plans. These
local storm water master plans shall also set forth site requirements for new development
and identify required public improvements.

4.

The City recognizes that runoff volumes will increase with further development of
contributing watersheds. However, the City will require that peak runoff rates not exceed
existing conditions and/or not exceed the capacity of downstream conveyance facilities.
Runoff rates shall be controlled by the use of a regional or on-site detention facility.

5.

The City promotes the infiltration (or other abstraction) of storm water runoff, where
feasible and appropriate, to reduce runoff rates and promote water quality. When
infiltration devices are used, drawdown must occur within 72 hours of the storm event.

6.

Subwatershed discharge rates and flood storage volumes shall be consistent with an
approved storm water management plan, or a regional storm water management plan
adopted by the City of Minot.

7.

Storm water management improvements shall be designed based on the critical storm
event for the drainage area.

8.

Storm water conveyance systems shall be designed to insure flood protection for the
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improved area and for all receiving water resources downstream.

1.2.2

9.

The City requires the optimal use of lakes, ponds, and wetlands throughout the City for
storing storm water runoff and improving water quality and other amenities.

10.

Storm water discharges may be routed to water treatment ponds, or other acceptable
facilities before discharging to lakes, streams, or wetlands.

11.

The City requires the submission and implementation of an erosion and sediment control
plan to prevent erosion or sedimentation from land disturbance activities.

12.

The City requires the design of storm water management facilities for new development
to incorporate water quality treatment.

13.

The City requires that property owners or developers be responsible for the maintenance
of all privately-owned on-site drainage facilities including, but not limited to, inlets,
pipes, channels, and detention basins, unless modified by separate agreement. Should the
property owner or developer fail to adequately maintain said facilities, the City shall have
the right to enter said property, upon notice, for the purposes of maintenance. All such
maintenance costs shall be assessed against the owner.

14.

The City will provide for the revision of its storm water ordinance and encourage changes
to the Storm Water Design Standards Manual as new technology is developed and
experience gained in the use of these standards.

15.

The City shall require all new development or land disturbing activities to provide for the
planning, design, and construction of storm water management facilities for both the
minor and major storm events, and include emergency flow paths for flows exceeding the
major storm event. The minor storm event shall have a recurrence interval of 2 to 10
years, depending on the degree of protection required. The major storm event shall have
a recurrence interval of 100 years.

16.

The City shall require all Storm Water Management Plans, studies, and construction
plans/specifications to be reviewed and approved by the City Engineer.

17.

The City encourages the flood proofing of existing structures located within a designated
floodplain area which are not built in conformance with the adopted floodplain
regulations.

Conformance with Other Ordinances and Regulations

It is the policy of the City of Minot to be in conformance with other ordinances and regulations in the
vicinity of Minot. These existing ordinances and regulations of local, state, and federal jurisdictions are as
follows:
1.

City of Minot. The City of Minot has a number of ordinances which are organized as the
City of Minot Code of Ordinances, which contains various Chapters divided into various
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articles. The Storm Water Management Ordinance falls under Chapter 28.1 of ordinance
No. 1149 of the Zoning Ordinance which is a supplement to the Code of Ordinances, and
contains general principles and definitions that are applicable to other chapters in the
Code of Ordinances and Zoning Supplement. Chapter 31 of the Code of Ordinances
discusses the definitions of various utilities such as water, sanitary sewer, and storm
sewers. Reference is made to other articles for several concepts of establishing a storm
sewer development fee.
The Zoning Supplement contains special overlay zones which contain special definitions
and regulations. Of particular interest is Chapter 20, Flood Protection Requirements.
Chapter 28 contains all regulations governing the subdivision of land for development
purposes. The provisions within these chapters are directly related to the storm water
management ordinances contained herein.
2.

Ward County. Ward County has jurisdiction for all county road systems, and aids
townships in the administration of township road systems. Because county and township
roads cross natural and manmade drainage systems, it is necessary to provide for bridges
or culverts to pass the required drainage flows through the road embankment. The Ward
County Engineer has the responsibility for determining the required waterway area and
hydraulic capacity of drainage structures placed in the county road system.

3.

Ward County Water Resource District. The Ward County Water Resource District is
responsible for general water management and drainage activities within the County. The
City of Minot has agreed to provide the Ward County Water Resource District with
copies of storm water management plans and permit applications affecting lands located
outside the city limits. The District, upon review of said applications, may present
written comments and recommendations to the City Engineer for consideration and
possible inclusion in any approved permit. The District will also be provided information
on any plan or application within the city limits which may result in measurable increases
in storm water runoff, outside of the City limits, as determined by the City Engineer.

4.

State of North Dakota. The State of North Dakota has several agencies and commissions
which directly or indirectly affect storm water management through regulation and permit
authority. These agencies include:
a.

State Water Commission: The State Water Commission has broad and general
powers with respect to controlling the appropriation of groundwater and surface
water within the State, coordination of large-scale drainage activities,
development of flood control projects, and serves as a point of contact with
federal agencies in water resource development projects. The State Engineer has
the authority to grant permits for appropriation of water, drainage projects, the
design and construction of dams, and other water control projects.

b.

North Dakota Department of Health: The North Dakota Department of Health
has overall responsibility for community water supply, waste water disposal,
solid waste management, and river and lake water quality standards within the
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State. In many instances, the State Health Department administers federal
pollution control and water quality management programs. These include the
National Pollution Discharge Elimination System (NPDES) permits, and storm
water management permits mandated by the Clean Water Act.

5.

c.

North Dakota Department of Transportation: The North Dakota DOT has
responsibility for the development of major highway systems and airport
development within the State. The NDDOT designs and constructs many
facilities which impact the drainage of water within any given locale. As
highways cut across drainage paths, bridges, culverts and other water handling
facilities must be developed in such a fashion that they do not hinder existing or
planned drainage patterns.

d.

State Historical Society: The State Historical Society has responsibility for
administering federal regulations pertaining to the protection of cultural and
archaeological sites of significance. Any construction project which may impact
designated significant archaeological or cultural sites must receive a clearance
from the State Historical Preservation Officer.

Federal. There are several federal agencies which have rules, regulations, or administer
laws impacting storm water management within the City. These agencies include:
a.

Environmental Protection Agency: The Environmental Protection Agency has
responsibility for administering federal laws pertaining to control of water
pollution, solid waste management, the quality of water supplies, and other areas
including noise and air pollution. In the State of North Dakota, the State Health
Department has been designated to administer several federal programs which
fall under the EPA. These include storm water management criteria contained
within the Federal Clean Water Act.

b.

U.S. Army Corps of Engineers: The U.S. Army Corps of Engineers has
responsibility for regulating and permitting activity within the navigable waters
of the United States. In the City of Minot, the Souris River is a navigable
waterway falling under the Corps' jurisdiction for regulation and permit
authority. The Corps of Engineers is also responsible for administering Section
404 of the Clean Water Act which prohibits the placement of fill material in a
waters of the United States without a permit issued by the Corps of Engineers.
Therefore, any work involving storm water management which affects waters of
the United States within the City or its extraterritorial limits may fall under the
Corps' jurisdiction and could require a permit from the Omaha District Corps of
Engineers.

1.3

STORM WATER DESIGN OBJECTIVES

1.3.1

Introduction
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Storm water management policy is implemented through the establishment of goals, which in turn are
supported by specific objectives. The goals and the objectives of Minot's Storm Water Management
Ordinance and the Storm Water Design Standards Manual are intended to provide a reasonable,
manageable, and enforceable approach to controlling undesirable impacts from urban Storm Water runoff
in an environmentally responsible manner. These impacts include, but are not limited to, increased runoff
volumes, flood peaks, flow duration, increased soil erosion, sedimentation, and water quality degradation.
The Storm Water Design Standards Manual outlines methods by which persons applying for a storm
water management permit and submitting a Storm Water Management Plan can comply with the goals and
objectives outlined in the following paragraphs.
1.3.2

Water Quantity

Goal: Storm Water design considerations should focus on the prevention of damage to the
development site, streams, watercourses, streets, and public and private property.
1.

Emphasis should be placed on the detention, storage, and infiltration of runoff with the
requirement of not increasing the discharge rate downstream from that which is existing
prior to development unless it discharges into a regional detention pond. The City
encourages infiltration at regional ponding facilities where soil conditions allow; in
situations where infiltration is not feasible, extended detention or filtration should be
performed.

2.

Peak runoff resulting from the 2-year, 5-year, 10-year, and 100-year 24-hour storm
events and the 10-day snowmelt event shall not be increased from developing properties
except where the City has provided sufficient downstream flood detention facilities for
the development or redevelopment area’s proposed land use and area of imperviousness
(as determined by the City Engineer).

3.

Developers shall evaluate the feasibility of infiltrating, or otherwise retaining, a volume
equivalent to 1 inch of runoff from the impervious area of the project, in situations where
downstream volume capacity issues exist (as determined by the City Engineer).
Developers shall demonstrate the infeasibility of infiltration using soil testing or soil site
index data.

4.

The capacity of downstream conveyance systems shall be analyzed and their adequacy
determined based on runoff from the development as fully improved.

5.

Local detention will be required when designated in a Regional Storm Water Master Plan
to reduce the peak runoff rate in regional facilities.

6.

The use of streets for Storm Water drainage is allowable within specific limitations, as
called for in the Storm Water Design Standards Manual.

7.

Retain the 100-year flood flows within dedicated streets, storm sewer easements, streams,
and within public properties, with the exception of a natural river and streams with
designated floodplains and floodways.
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8.

1.3.3

The City discourages the use of wet ponds where alternative storm water management
techniques are feasible.

Water Quality

Goal: Storm water management planning and design shall protect and/or enhance the quality of
storm water runoff.
1.

Design storm water management facilities which enhance the quality of storm water
runoff.

2.

Promote the utilization of infiltration systems for the management of both water quantity
and water quality.

3.

Require treatment of a volume equivalent to 1 inch of runoff from impervious area of the
project (for new development) and encourage the use of the following methods to achieve
water quality goals, in order of decreasing preference:
a.
b.
c.

1.3.4

Infiltration or other abstraction’
Filtration
Extended detention

4.

Encourage the utilization of grassed or other buffer areas for runoff quality management.

5.

Promote the utilization of "dry pond" detention to enhance water quality; the City
discourages the use of wet ponds where alternative storm water management techniques
are feasible.

Erosion and Sedimentation

Goal: To reduce or eliminate the potential for soil erosion and sedimentation through proper storm
water management planning and design.
1.

Require flows to be discharged to downstream properties at non-erosive velocities and
depths of flow.

2.

Maintain the flow of storm water runoff within its natural drainage path unless reasonable
use is demonstrated otherwise.

3.

Require construction operations to utilize techniques such as silt fences, on-site sediment
detention ponds, or other "best management practices" (BMPs) to prevent erosion of
recently disturbed areas.

4.

Insure the establishment of vegetation and/or other land cover as quickly as possible after
completion of any land disturbing activity.

1-18

5.

1.3.5

Reduce or eliminate sedimentation in storm water discharge outlets during and after
development.

Operation and Maintenance

Goal: Storm water management facilities should be designed for operational reliability, minimum
maintenance, and the ability to function as intended.

1.4

1.

Require all storm water management facilities to be designed to minimize facility
maintenance as well as to provide ease of maintenance.

2.

Require that all storm water management facilities have documented operations and
maintenance procedures and responsibilities.

3.

Require that all storm water management facilities be provided with reasonable access for
maintenance.

4.

A minimum 30-foot wide storm water easement shall be provided for all publicly and
privately-maintained drainage facilities.

MINOR AND MAJOR DRAINAGE SYSTEMS

Every urban area has two separate and distinct drainage systems, whether or not they are actually planned
or designed. One is the Minor Drainage system, and the other is the Major Drainage System.
The Major Drainage System is designed to convey runoff from the 100-year recurrence interval flood to
minimize health and life hazards, damage to structures, and interruption to traffic and services. In the City
of Minot and its extraterritorial jurisdiction, a major drainage system is defined as any watershed with a
named river or stream, natural or manmade, as its primary conveyance feature. For application purposes,
only the following names shall be used in this Storm Water Design Standards Manual:
1.
2.
3.
4.
5.
6.

First Larson Coulee
Gassman Coulee
Livingston Coulee
Puppy Dog Coulee
Second Larson Coulee
Souris “Mouse” River

The Minor Drainage System is designed to transport the runoff from a 2 to a 10-year recurrence interval
flood, depending upon land use, with minimal disruption to the urban environment. The design of the
Minor Drainage System shall also account for the conveyance of the 100-year recurrence interval flood
event. Minor storm water drainage can be conveyed in the curb and gutter area of the street or roadside
ditch, by storm sewer piping, channel, or other conveyance facilities. A Minor Drainage System within
the City of Minot and its extraterritorial jurisdiction is considered to be any subwatershed located within a
Major Drainage System having as its primary conveyance feature a tributary to the named river or stream
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and/or a constructed storm sewer system and associated surface flow corridor.
A typical drainage system within a subdivision would consist of flow in the storm sewer and allowable
flow in the gutter, which in combination would carry the flows from the minor storm without effects of
detention. These flows would be discharged to a larger sewer system or an open channel, having capacity
adequate for larger floods. As the storm intensity increases, storm water detention should be used to
reduce the developed flood peaks to predevelopment levels. During the calculation of the major storm
runoff, the benefits of upstream on-site detention can be accounted for during the routing of flood peaks
through the development.
1.5

WATER QUALITY

Storm water runoff in urban and non-urban areas has generally been recognized as having inferior quality.
Pollutants in the storm water runoff from urban areas consist of street, household, and commercial litter;
soil erosion; lawn and garden litter; chemicals and salts from winter ice control; pesticides, hydrocarbons,
heavy metals, herbicides, fertilizers, and bacteriological pollutants. Rural runoff pollutants consist of sand
and silt erosion, fertilizers, and bacteriological elements. Industrial area pollutants consist of silts,
hydrocarbons, heavy metals, salts, and other chemicals.
The water quality goals and objectives for the City of Minot are not intended to compare or analyze
detailed storm water runoff with specific testing requirements in order to set criteria. General criteria are
established by the North Dakota Department of Health and should be referenced and used accordingly,
based on project size and complexity. The City of Minot requires storm water quality treatment as part of
new development projects and encourages measures in the design of all storm water management systems
which will not only prevent introduction of additional pollutants, but will improve overall water quality,
and to maintain water quality downstream from any land disturbing activities.
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CHAPTER 2
STORM WATER MANAGEMENT PLAN

2.1

PURPOSE AND CERTIFICATION

A Storm Water Management Plan is a document prepared by the design engineer to comply with the City
of Minot's Storm Water Management Ordinance. The purpose of the Storm Water Management Plan is to
document methodology, assumptions, and analyses used to arrive at specific solutions to storm water
management problems that may occur as a result of the proposed development or land disturbing activity.
The Plan must include an adequate description of the topography to verify all conclusions regarding site
drainage. Unless already known, the capacity of downstream structures must be thoroughly analyzed to
determine their ability to convey the post development discharge.
The Storm Water Management Plan shall be reviewed and approved by the City Engineer prior to the
preparation of final construction drawings and the commencement of any land disturbing activities.
Approval of the Storm Water Management Plan shall constitute only a conceptual approval and shall not
be construed as approval of specific design details. The design engineer may be required to submit the
Storm Water Management Plan to other Federal, State and Local agencies. Other agencies which may
require a storm water management plan as part of their permit application process include the North
Dakota State Water Commission, the North Dakota Department of Health, the U.S. Army Corps of
Engineers, and the Ward County Water Resource District.
Certification of the Storm Water Management Plan by a Professional Engineer Registered in the State of
North Dakota is required to document that the Plan has been developed using acceptable design criteria,
following generally accepted engineering practice as provided for in this Manual or as approved by the
City Engineer.
2.2

CONTENTS

2.2.1

Text

The following information must be considered in the preparation of Storm Water Management Plans. This
list is based on the City’s Storm Water Management Ordinance (see Chapter 28) and is provided as the
minimum information required on every Storm Water Management Plan. Existing and proposed
conditions for each development or land disturbing activity will require analysis unique to that area and
that specific project. Smaller projects requiring less area may require less information than larger projects.
Some areas will have unique natural features that must be addressed in more detail, relative to other
projects. This information does not preclude the utilization of methods or topics other than those referred
to in the outline, nor does it relieve the designer of the responsibility to analyze problems not specifically
mentioned.
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Depending upon the complexity of the project or land disturbing activity, the Storm Water Management
Plan may range in size from a simple letter with attached drawings to a formal Engineer's Report of much
greater magnitude and detail. An operations and maintenance plan is required as part of all Storm Water
Management Plans. The extent of a plan required for a specific project must be coordinated with and
approved by the City Engineer. Upon completion of the project, the City Engineer may require that the
Storm Water Management Plan initially submitted be revised to reflect any changes or modifications to the
project carried out during its construction.
The Storm Water Management Plan must be submitted with a completed Storm Water Management Plan
Checklist (see Chapter 15). Completion of the checklist helps ensure a complete submittal and allows
reviewers of the Storm Water Management Plan to easily reference the critical information. Items to be
included in the Storm Water Management Plan (and included in the checklist) include:
1. Existing Conditions Site Plan including any immediately adjacent areas, showing:
A. Name and contact information of the developer, owner and engineer and the number of
sheets;
B. North arrow;
C. Scale (plan view at 1 inch = 50 feet or larger scale);
D. The section, township, and range of the project site and the location of the tract by an
insert or other map at a scale sufficient to clearly identify the location of the property and
giving such information as the lot and block number, street address, the names and
numbers of adjoining roads, railroads, utilities, subdivisions, towns, and districts or other
defining landmarks;
E. The existing topography with a contour interval appropriate to the topography of the land,
but in no case having a contour interval greater than two feet. All elevations must be
provided in NGVD 1929 datum;
F. A watershed boundary map illustrating the project site location as a subwatershed within
the watershed of the larger or major drainage basin;
G. A delineation of streams, rivers, public waters and the presence or absence of wetlands
located on and immediately adjacent to the site, including depth of water, a general
description of vegetative cover found within the site, a statement of general water quality,
if applicable, and any classification given to the water body by state or federal agencies;
H. The location and dimensions of existing storm water drainage systems and the natural
drainage patterns on and immediately adjacent to the site delineating in which direction
and at what rate storm water is conveyed from the site, identifying the receiving stream,
river, public ditch, or wetland, and setting forth those areas of the unaltered site where
storm water collects or passes;
I. A description of the soils on the site, including a map indicating soil types of the areas to
be disturbed, containing information on the suitability of the soils for the type of
development proposed, potential for erosion, the type of storm water management system
proposed, and any remedial steps to be taken by the developer or their contractor to
render the soils suitable;
J. A depiction of the current extent of vegetative cover and a clear delineation of any
vegetation proposed for removal;
K. A description or indication of the current land use of the area in which the site is located;
L. A depiction of the 10 year and 100-year (BFE) floodplains, flood fringes, and floodways,
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including water surface elevations (shown in NGVD29 datum), any floodplain
easements; and a
M. A generalized description of groundwater elevation data and the estimated ground
water table in relation to surface contours (i.e. NRCS Depth of Water Table
information found on its Web Soil Survey).
2. Construction Site Plan showing:
A. Locations and dimensions of all proposed land disturbing activities and any phasing or
scheduling of those activities;
B. Approximate locations of all temporary soil or dirt stockpile areas;
C. Location and description of all construction site erosion control measures necessary to
meet the requirements of the City’s Storm Water Management Ordinance;
D. A schedule of anticipated starting and completion dates for each land disturbing activity,
including the installation of construction site erosion control measures needed to meet the
requirements of the City’s Storm Water Management Ordinance; and
E. Provisions for maintaining the construction site erosion control measures prior to, during,
and after construction.
3. Final Site Plan on same scale as the map of the existing conditions showing:
A. The proposed final grading plan shown at contours at the same interval as the existing
conditions or as required to clearly indicate the relationship of the proposed changes to
existing topography and remaining features, and showing rear yard grading in sufficient
detail to determine the direction of rear and side yard drainage from each parcel in
NGVD29 datum;
B. A landscape plan, drawn to an appropriate scale, including dimensions and distances and
the location, type, size and description of proposed landscape materials which will be
added to the site as part of the development;
C. A drainage plan of the developed site delineating the direction and at what rate storm
water runoff will be conveyed from the site, delineating the direction of flow from the
rear and side yard of each parcel, and identifying the areas of the site where storm water
will be collected;
D. The proposed size, alignment, and intended use of any structures to be erected on the site;
E. A clear delineation and tabulation of all existing and proposed impervious areas,
including a description of the surfacing material to be used;
F. A delineation of easements provided for drainage, including areas of flow or detention
inundated in the 100-year storm event, the corresponding water surface elevations,
recorded easements provided for access to inspect and maintain storm water management
facilities, off-site flowage easements (upstream and downstream), as well as any City- or
FEMA-designated floodplains;
G. A depiction of the 10 year and 100-year (BFE) floodplains, flood fringes, and floodways
including water surface elevations (shown in NGVD29 datum), any floodplain
easements; and
H. Any other information pertinent to the particular project which, in the opinion of the
applicant, is necessary for the review of the project.
4. Narrative Analysis discussing:
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A.
B.
C.
D.
E.
F.
G.
H.
I.

Pre and post development hydrologic and hydraulic analysis;
Erosion and sedimentation control during and after construction;
Protective measures for proposed and existing structures, and water quality concerns;
Feasibility of on-site infiltration to reduce runoff volume and address water quality
concerns;
A discussion as to how the storm water management plan applies or observes the
principles and procedures set forth in Subdivision B;
Planned maintenance;
Maintenance agreement;
Certification by Professional Engineer; and
Compliance with City ordinances.

5. Operations and Maintenance Plan including:
A. An inspection schedule for all storm water management facilities, acknowledging the
City’s right to inspect all storm water management facilities;
B. Description of and schedule for regular maintenance;
C. Criteria for determining the need for non-regular maintenance;
D. Clear definition of the party responsible for inspection and maintenance;
E. A letter of acknowledgement or maintenance agreement signed by the developer or agent
who will perform the planned maintenance activities;
F. Discussion of access considerations for all permanent storm water management facilities;
and a
G. Signed agreement acknowledging the developer’s responsibility to provide final grading
plans to all property owners in the development.
6. Completed Storm Water Management Plan Checklist including:
A. Page numbers for all required components of the storm water management plan;
B. Summary of project site impervious area; and a
C. Summary of hydrologic modeling of existing and proposed conditions.
2.2.2

Discussion of Plan Contents

The first section of the Plan (Section 1) contains information describing the location and existing condition
of the property or land(s) to be disturbed. The Plan should include a general description of the project
including the purpose and function. The potential impact of the project to existing drainage patterns in the
area shall be described in the appropriate narrative analysis (Section 4) and Final Site Plan (Section 3).
The Plan shall illustrate the overall hydrologic setting of the project in relation to downstream property
and receiving waters for the proposed drainage improvements and provide information on the contributing
drainage area to the project outlet for both pre- and post-project conditions. Section C (and the narrative
analysis of hydrologic impacts) should include an assessment of upstream development activity which
considers changes to land use and the hydrologic condition for the contributing drainage area.
The Plan shall cite the regulations and design criteria utilized for the proposed project in the appropriate
narrative analyses (Section 4). Hydrologic criteria shall include drainage areas, watershed soils, pre- and
post-project land use, runoff coefficients, rainfall intensity, and design frequencies. The hydraulic criteria
are then described for the design of the storm water conveyance facilities. These criteria include
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maximum allowable headwater, maximum allowable outlet velocities, detention pond storage and release
requirements, maximum capacity and freeboard of open channels, maximum capacity of street-curb and
gutter systems, conformance with floodplain and floodway criteria, and hydraulic design for erosion and
sedimentation control.
The narrative analysis (Section 4) should document the specific design assumptions, requirements, and
methodologies. Generally, the existing drainage patterns, site specific storm water problems, and
proposed storm water improvements are addressed with reference to the minor drainage system, the major
drainage system, and water quality concerns. Documentation of the detailed design for each specific storm
water facility can then be discussed. Documentation for erosion and sediment control designs are
generally done for two conditions. Temporary facilities are required during project construction, when the
site is in its most vulnerable condition. Permanent erosion and sediment control facilities are designed to
accommodate the proposed development after it is completed and in operation. An important part of the
storm water facility design is the analysis of outlet adequacy. In order to comply with storm water
management policy, this analysis must be made to determine the ability of the downstream outlets to
accommodate any changes to hydrologic loadings due to post-development watershed conditions.
The Storm Water Management Plan must include a statement of compliance with the standards outlined in
the Storm Water Design Standards Manual and Storm Water Management Ordinances (Section 4). The
Storm Water Management Plan shall also provide recommendations as to the most optimal set of actions
which constitute the proposed Storm Water Management Plan for the project.
The Plan shall include an operations and maintenance plan for storm water management facilities included
in the proposed project (Section 5). The operations and maintenance plan includes an inspection schedule
for all facilities and acknowledges the City’s right to inspect facilities. The operations and maintenance
plan includes a schedule of regular maintenance activities and criteria for determining the need for nonroutine maintenance. The plan identifies parties responsible for the activities described therein, and
discusses access considerations for all permanent storm water management facilities. The Plan must
include a letter of acknowledgement or maintenance agreement signed by the developer or agent who will
perform the planned maintenance activities.
The Storm Water Management Plan should contain tables of data, charts, and graphs supporting the
information and conclusions presented in the plan. Detailed calculations for the hydrology, hydraulics,
erosion and sediment design may be included as appendices to the plan. The Storm Water Management
Plan should include any additional items not included in the checklist that are necessary or beneficial to
the City’s review of the proposed project.
2.2.3

Plan Drawings and Maps

Drawings and maps are critical elements of the Storm Water Management Plan. Drawings and maps are
required for all levels of Storm Water Management Plans, including those as brief as a letter. At a
minimum, the Storm Water Management Plan shall contain the following information:
1.

Existing conditions site plan: A map of existing site conditions showing the site itself
and immediately adjacent areas, including:
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a.

The name and contact information of the applicant, and the number of sheets;

b.

North arrow;

c.

Scale of drawing represented by a bar scale (plan view drawn at 1” – 50’ or
larger scale);

d.

The section, township and range, and the location of the tract by an insert map at
a scale sufficient to clearly identify the location of the property and giving such
information as the names and numbers of adjoining waterways, roads, railroads,
utilities, subdivisions, towns, and districts or other defining landmarks;

e.

Existing topography (in NGVD 1929 datum) with a contour interval appropriate
to the topography of the land, but in no case having a contour interval greater
than two feet;

f.

A watershed boundary map illustrating the project site location as a
subwatershed within the watershed of the larger or major drainage basin.

g.

A delineation of streams, rivers, public waters and the presence or absence of
wetlands located on and immediately adjacent to the site, including depth of
water, a general description of vegetative cover found within the site, a statement
of general water quality, and any classification given to the water body by state
or federal agencies;

h.

Location and dimensions of existing storm water drain systems and natural
drainage patterns on and immediately adjacent to the site delineating in which
direction and at what rate storm water is conveyed from the site, identifying the
receiving stream, river, public drainage channel, public storm sewer, or wetland,
and setting forth those areas of the unaltered site where storm water collects or
passes;

i.

A description of the soils on the site, including a map indicating soil types of the
areas to be disturbed, containing information on the suitability of the soils for the
type of development proposed, potential for erosion, the type of storm water
management system proposed, and any remedial steps to be taken by the
developer to render the soils suitable.

j.

Current extent of vegetative cover and a clear delineation of any vegetation
proposed for removal;

k.

The current land use of the area in which the site is located; and

l.

The 10-year and 100-year floodplains, flood fringes, and floodways (including
water surface elevations shown in NGVD29 datum) any floodplain or drainage
easements; and
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m.

2.

3.

A narrative of groundwater information and the estimated ground water table in
relation to surface contours (i.e. NRCS Depth of Water Table information found
on its Web Soil Survey).

Construction Site Plan: A Construction Site Plan shall be provided, including:
a.

Locations and dimensions of all proposed land disturbing activities and any
phasing or scheduling of those activities;

b.

Approximate locations of all temporary soil or dirt stockpile areas;

c.

Location and description of all construction site erosion control measures
necessary to meet the requirements of the City’s Storm Water Management
Ordinance;

d.

A schedule of anticipated starting and completion dates for each land disturbing
activity, including the installation of construction site erosion control measures
needed to meet the requirements of this ordinance; and

e.

Provisions for maintaining the construction site erosion control measures prior
to, during, and after construction, including a final seeding or stabilization plan.

Final Site Plan: A Plan of Final Site Conditions on the same scale as the existing site
map showing the proposed site changes shall be provided including:
a.

The proposed final grading plan shown at contours at the same interval as
provided above or as required to clearly indicate the relationship of the proposed
changes to existing topography and remaining features, and sufficient to
delineate rear yard drainage from each parcel (and no greater than 2 feet);

b.

A landscape plan, drawn to an appropriate scale, including dimensions and
distances and the location, type, size and description of proposed landscape
materials which will be added to the site as part of the development;

c.

A drainage plan of the developed site delineating the direction and at what rate
storm water runoff will be conveyed from the site, identifying the areas of the
site where storm water will be collected, and indicating the direction of flow
from the rear and side yard of each parcel;

d.

The proposed size, alignment, and intended use of any structures to be erected on
the site;

e.

A clear delineation and tabulation of all existing and proposed impervious areas,
including a description of the surfacing material to be used; and

f.

A delineation of easements provided for drainage, including areas of flow or
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detention inundated in the 100-year storm event, the corresponding water surface
elevations, recorded easements provided for access to inspect and maintain storm
water management facilities, off-site flowage easements (upstream and
downstream), as well as any City- or FEMA-designated floodplains;

2.2.4

g.

A depiction of the 10-year and 100-year floodplains (base flood), flood fringes,
and floodways, including water surface elevations shown in NGVD29 datum,
and floodplain easements; and

h.

Any other information pertinent to the particular project which, in the opinion of
the applicant, is necessary for the review of the project.

Construction Drawings and Specifications

Where storm water management improvements are to be constructed in accordance with the approved
Storm Water Management Plan, the construction plans and specifications shall be submitted to the City
Engineer for review and approval prior to construction. The information required for the construction
drawings and specifications shall be in accordance with sound engineering principles, the Storm Water
Design Standards Manual, the City’s Standard Construction Specifications, including the latest addenda,
and City requirements for subdivision designs. Construction documents shall include geometric,
dimensional, structural, foundation, bedding, hydraulic, landscaping, and other details as needed to
construct the storm water management facility. The approved final Storm Water Management Plan shall
be included as part of the construction documents for all of the facilities affected by the project.
2.2.5

Record Drawings

Record drawings shall be prepared upon completion of construction of all storm water management
facilities. The record drawings shall be clearly noted as such, dated, and reflect the true after-construction
condition of the development. Record drawings shall be based on an as-built survey performed by the
developer and shall be certified by a Professional Engineer registered in the State of North Dakota. The
developer shall submit the record drawings to the City. The record drawings must be accompanied by an
updated Storm Water Management Plan demonstrating that the storm water management features, as
constructed, meet the requirements of the approved Storm Water Management Plan.
2.2.6

Drawing Certification

In addition to the Storm Water Management Plan, all associated plan drawings construction drawings,
construction specifications, and record drawings shall contain a certification by a Professional Engineer
Registered in the State of North Dakota. This certification shall be affixed to all reports and drawings in
accordance with the requirements of Title 28 of the North Dakota Century Code, which governs the
registration and practice of professional engineers and land surveyors in North Dakota.
2.2.7

Developer’s Agreement

The City reserves the right to require a Developer’s Agreement as part of the Storm Water Management
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Plan and may exercise this right based on review of the operations and maintenance plan included in the
Storm Water Management Plan. The Developer’s Agreement shall include the operation, inspection, and
maintenance requirements of the proposed project, and specify the authority of the City in situations where
the developer (or other party responsible for maintenance, as identified in the Developer’s Agreement or
Storm Water Management Plan fails to fulfil the agreed-upon operation, inspection, and maintenance
responsibilities. The Developer’s Agreement provides additional assurance that storm water management
facilities will continue to perform as intended regardless of the developer’s future circumstances.
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CHAPTER 3
STORM WATER HYDROLOGY

3.1

INTRODUCTION

This chapter provides the criteria and methodology for determining the storm water runoff design peak
flow rates, durations and volumes to be used in the preparation of the Storm Water Management Plan,
drainage studies, plans, and storm water management facility design. Since rainfall and resultant runoff
are generally considered randomly occurring events, hydrologic design generally incorporates a risk-based
approach. That is, facilities are designed to pass flow rates with a specified frequency or probability of
occurrence. Therefore, the first section of this chapter discusses design frequencies for minor and major
storm water management facilities. Rainfall characteristics in the vicinity of the City of Minot are
discussed next. Since the determination of peak discharges is the most common hydrologic requirement
for most storm water management facilities, a special section has been devoted to its determination in this
chapter. NRCS methods are suggested as the preferred approaches. For more sophisticated structures, the
development of storm water hydrographs is required. Several methods are presented as documented by
the NRCS and the Corps of Engineers. These methods provide for the development of hydrographs,
channel routing, and reservoir or pond routing. The chapter concludes with a brief discussion of
groundwater hydrology and available computer software.
The storm runoff peak, flow duration, volume, and timing provide the basis for planning, design, and
construction of storm water management facilities. The best method for determining storm water runoff is
to measure the runoff from a flood with a known intensity and recurrence interval. Since this approach is
seldom practical, various analytical methods have been developed which predict the storm runoff from
preselected hydrologic conditions (independent of chance). These methods are referred to as deterministic
models. Other methods evaluate measured past trends to predict future trends, which are referred to as
probablistic methods (dependent on chance such as a statistical analysis).
The methodologies presented in this chapter are not intended to preclude the use of other methods.
However, the designer is advised to secure approval of the City Engineer before utilizing hydrologic
methods unique to the City of Minot and the State of North Dakota.
3.2

DESIGN FREQUENCIES

The selection of the design frequency for a specific storm water management system is dependent upon
location and use of that system. For example, an isolated residential area with limited traffic can tolerate
minor street flooding for short to long durations, while a heavily utilized commercial area cannot. In fact,
even short duration flooding on smaller events can result in major traffic delays, congestion, and possibly
a public safety and health concern. The following section outlines the City's general criteria which shall
be used to develop the Storm Water Management Plan for any given area or project.

3-1

3.2.1

Minor System Facilities

Generally, minor storm water management system facilities are designed to manage storm events
occurring at regular intervals, generally between 2- and 10-year events. The minor storm water
management system should be designed to provide protection against regularly recurring damage, to
reduce street maintenance costs, to provide an orderly urban drainage system, and to provide convenience
to urban residents. Storm sewer systems consisting of underground piping, natural drainage ways, and
other required appurtenances should be considered as part of the minor storm water drainage system.
Storm sewers should have a capacity to convey a 2-year storm event for residential areas, and a 5-year
storm event for commercial or industrial areas fully developed conditions, with all flows being contained
within the pipe. Culverts should have a capacity to convey the 10-year storm event without the headwater
depth exceeding the diameter of the culvert and a 50-year storm without the headwater depth exceeding 1
foot over the top of the culvert. These culvert criteria include consideration and use of upstream storage.
Streets, curb and gutter systems should have a capacity for a design storm equal to a 2-year to a 10-year
return period, depending upon street classification and land use. Generally, local street systems should be
designed for a 2-year to a 5-year event with no curb overtopping and the flow being allowed to spread to
the crown of the street. Collector streets should be designed for a 2- to a 10-year design storm with no
curb overtopping and the flow spread leaving at least one lane free from water. Minor arterials should be
designed for a 10-year event with no curb overtopping and the flow spread leaving at least one lane free of
water in each direction. Major arterials or freeways (controlled access) should be designed for a 10-year
storm event with no encroachment allowed on any of the traffic lanes.
Detention basins should have the capacity to regulate at least a 10-year storm event at critical duration.
The critical duration of a storm event corresponds to the storm duration producing the maximum water
surface elevation in the detention pond after flood routing the inflow hydrograph through the pond. In
some cases, detention basins are designed to regulate a variety of storm events up to and including the
100-year event. However, this design capability is heavily dependent upon contributing watershed and
topography of the detention site. In all cases, the top of the detention basin should be a minimum of one
foot above the 100-year water surface elevation as it is routed through the detention basin.
Ditches and open channels may be designed for a variety of capacities. Ditches which serve as primary
surface water collectors in the upper portions of a drainage system will be considered minor drainage
facilities. In such a case, they should have the capacity to convey a 50-year storm event within the banks
of the channel. Surface water flowage easements, sufficient to contain a 100-year runoff event, should be
provided for all designed drainage ways and natural systems intended to be used for storm water
conveyance on the project site.
3.2.2

Major Storm water Management System Facilities

Major storm water management systems generally include natural or artificial channels, and regional
detention facilities. In addition, the major storm event may have to be conveyed through some minor
system facilities without hindrance. In such cases, provisions must be made for the 100-year storm event
to flow overland through the area served by a minor system without damaging private property.
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Streets, and curb and gutter systems are minor storm water management system components which are
required to pass a major storm event within certain limitations. In all cases, the major storm event used for
this analysis is the 100-year event. For local and collector streets, 100-year events shall be passed such
that residential dwelling, public, commercial and industrial buildings should not be inundated at the
ground line unless adequately floodproofed. The depth of water over the gutter flow line shall not exceed
the public right-of-way or a maximum depth of 18 inches whichever is less.
For arterial streets and freeways, a 100-year event shall be managed in such a way that residential
dwellings, public, commercial and industrial buildings shall not be inundated at the ground line unless
adequately floodproofed. In addition, the depth of water at the street crown shall not exceed six inches in
order to allow the operation of emergency vehicles. The depth of water over the gutter flow line shall not
exceed 18 inches.
Culverts and bridges should be analyzed for the major storm event (100-year event) such that the
discharge is conveyed through the structure without the headwater exceeding a depth one foot below the
elevation of the roadway. In addition, floodplain regulation standards require that any structure placed in
the floodplain of a watercourse should not cause a stage increase to exceed one foot. In some cases, this
one-foot increase may not be acceptable and shall be reduced because of the potential for upstream
property damage. The City Engineer shall be consulted as to the floodplain requirements for a given site.
Storm water detention basins and detention dams should have the capacity to pass a 100-year storm event
at critical duration through its principal and/or emergency spillway system, without causing damage to the
embankment or downstream property. In some cases, depending upon the hazard classification of the dam
or embankment, dam safety standards may require the structure to have a larger discharge capacity
sufficient to carry a 500-year flood, a probable maximum flood, or some fraction thereof. The required
emergency spillway capacity shall be designed in accordance with the North Dakota Dam Design
Handbook, published by the North Dakota State Engineer, June 1985.
Open channel facilities serving as a regional outlet for upstream storm water drainage systems are
considered major system facilities and shall be designed for the 100-year event with one foot of freeboard
below the top of channel.
3.3.

RAINFALL

3.3.1

Introduction

Precipitation in the Minot area can vary greatly from year to year, averaging 16 inches per year. The depth
associated with a given rainfall frequency is dependent on the duration of the storm. As will be discussed
later, the selection of an appropriate storm duration is dependent upon the hydrologic characteristics of the
watershed, including its size, soils, developmental conditions, and time of concentration. Standard
duration rainfalls, such as the 6-hour or 24-hour events, are usually used for the design of regional
facilities. In hydrologic models, the methodologies developed by the National Resource Conservation
Service (NRCS) or the Corps of Engineers (COE) are commonly used. In most applications of urban
storm water hydrology, the design storm and its frequency are assumed to correspond to the design runoff
event with the same frequency.
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3.3.2

Design Storms

Table No. 3.1 presents the magnitude, duration and frequency of precipitation events which shall be used
in the design of major storm water management facilities within the City of Minot and its extraterritorial
jurisdiction. Rainfall values are derived from National Oceanographic and Atmospheric Administration
(NOAA) Atlas 14 – Volume 8, published in 2013. Snowmelt values were derived from the NRCS
Hydrology Manual for North Dakota as developed by the National Resource Conservation Service. These
values of precipitation can also be used as design input to hydrologic models such as WinTR-55 and WinTR20 (NRCS), or HEC-1, SWMM, and HEC-HMS (COE) to design storm water detention facilities. The
distribution of rainfall intensity within the design storms used for the design of storm water management
facilities shall be based on the NRCS (formerly Soil Conservation Service, or SCS) Type II distribution,
unless otherwise specified by the City.

TABLE NO. 3.1
Precipitation Events and Frequency - City of Minot
Frequency

1-Hour Rainfall*
(inches)

6-Hour Rainfall*
(inches)

24-Hour Rainfall*
(inches)

10-Day Snowmelt
(inches of moisture)

2-year

0.98

1.54

2.11

0.9

5-year

1.26

1.92

2.66

1.5

10-year

1.50

2.25

3.11

2.0

25-year

1.86

2.72

3.73

2.7

50-year

2.16

3.09

4.20

3.3

100-year

2.47

3.46

4.67

3.9

* - Precipitation totals based on National Oceanographic and Atmospheric Administration’s (NOAA)
Atlas 14 – Volume 8.
3.4

PEAK DISCHARGE HYDROLOGY

3.4.1

Selection of Methodology

Many types of storm water management facilities are designed for peak discharge loadings only. Typical
facilities designed in this manner include storm sewers, curb and gutter systems, culverts, bridges, and
open channels. There are several methodologies available to the designer in the City of Minot. The
preferred approaches include the NRCS TR55 and WinTR-55. The selection of an appropriate peak
discharge method is dependent upon the amount of data available, the size of the watershed, and the
personal preferences of the designer. In most cases, it is recommended that peak discharge hydrology be
determined by two or more methods and then compared. The final determination is made based upon the
experience and professional judgment of the designer.
3.4.2

NRCS TR-55

The National Resource Conservation Service developed TR-55 "Urban Hydrology for Small Watersheds".
TR-55 was created to address the problem of evaluating runoff from changing areas (i.e., the conversion of
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rural farm land to residential and industrial uses). As a result, TR-55 is capable of evaluating both "predevelopment" and "post-development" conditions. TR-55 was replaced by WinTR-55 to operate in the
Windows environment and to update its capabilities.
Peak discharges computed with WinTR-55 utilize methodologies from TR-20, also developed by the
NRCS. WinTR-55 can analyze watershed up to 25 square miles (16,000 acres). WinTR-55 is available
from the NRCS website
No further comment or discussion will be presented in this Manual concerning WinTR-55. The design
engineer is referred to the WinTR-55 Users Guide and documentation supporting the computer software.
3.5

HYDROGRAPH HYDROLOGY

3.5.1

Selection of Methodology

Hydrograph analysis is the most widely used method of analyzing surface runoff. A hydrograph provides
the rate of flow at all points in time during and after a storm or snowmelt event. Because a hydrograph
plots volumetric flow rates against time, integration of the area beneath a hydrograph between any two
points in time gives the total volume of water passing the point of interest during the time interval. Thus,
in addition to peak flows, hydrographs allow analysis of sizes of reservoirs, storage tanks, detention ponds,
and other facilities that deal with volumes of runoff. This is in contrast to peak discharge hydrology which
is only concerned with a determination of a peak rate of flow and the sizing of facilities to pass this peak
rate of flow. The peak rate of flow is only one component of a full discharge hydrograph.
Hydrograph analysis techniques involve transforming the rainfall excess that occurs spatially over a basin
from a specific storm event into a corresponding hydrograph at the basin outlet. A hydrograph is the time
distribution of runoff at the outlet of the basin. The volume under the hydrograph is equal to the amount
of rainfall excess that occurs over the basin. The technique used by most hydrologists and hydraulic
engineers for transforming rainfall excess to direct surface runoff is the unit hydrograph technique. Direct
runoff is that water which travels over the land surface or laterally in the surface soil to a stream channel.
The stream channel allows this flow to travel rapidly in comparison to groundwater flow. Therefore, the
direct runoff is ordinarily the most important element in the formation of flood peaks. Subsurface flow or
"base flow" into a stream, results when the groundwater table is higher than the stream surface. The
groundwater distribution to stream flow does not ordinarily fluctuate rapidly due to the medium through
which groundwater travels. Up to several weeks, or a few months, and even years in some cases, may be
required for a given accretion of groundwater to be discharged into the streams. Figure No. 3.1 illustrates
the basic procedure of developing a runoff hydrograph.
The hydrograph is usually considered as having two parts, direct runoff and base flow. The components
of a hydrograph are illustrated in Figure No. 3.2. Hydrologic studies usually require an analysis to
determine one or more components of a hydrograph. Hydrograph characteristics such as peak discharge,
time to peak, and runoff volume are based on the shape of a hydrograph, which in turn is dependent upon
precipitation patterns and basin characteristics of the watershed.
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The procedure to determine a runoff hydrograph requires:
•
•
•
•

determination of rainfall over a basin
determination of rainfall excess (loss rate analysis)
determination of the response at the outlet of a basin (unit hydrograph)
determination of base flow

Hydrograph analysis of complex watershed systems requires subdividing the watershed into subbasins,
computing the runoff hydrograph for each subbasin and then combining and translating, routing, the
hydrographs throughout the watershed. The reasons for subdividing a watershed are:
•

•

•

The watershed is large and the precipitation does not occur uniformly over the basin,
and/or basin characteristics change significantly in the system
It is desired to place less emphasis on the linear concepts of the unit hydrograph and more
on routing throughout the watershed
The flood hydrographs are to be determined at locations of interest throughout the
watershed

Figure No. 3.3 illustrates the basic hydrograph analysis procedure for a complex watershed involving more
than two subbasins. A detailed discussion of hydrograph development is beyond the scope of this Manual.
The design engineer is referred to several hydrology texts and manuals which describe the theory and
development of runoff hydrographs.
As with peak discharge hydrology, there are many methodologies available to the design engineer for the
development of runoff hydrographs for a project involving storage. Practically all of these methods
involve a unit hydrograph or dimensionless hydrograph approach. These methods include the NRCS TR55 Procedure, the NRCS WinTR-55 Procedure, the NRCS TR-20 Procedure, the U.S. Army Corps of
Engineers HEC-1 or HEC-HMS Procedure, SWMM, and many other methodologies. The selection of an
appropriate hydrograph development method is dependent upon the amount of data available, the size of
the watershed and the personal preferences of the design engineer. Practically all hydrograph development
procedures are fully automated and available through many commercial software vendors. Final
determination of a hydrograph development methodology is made based upon the experience and
professional judgment of the design engineer and the availability of various software packages.
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3.5.2

NRCS TR No. 55

The tabular method of TR No. 55, which is discussed in Chapter 5 of this technical release, was designed
for use in the following circumstances:
1.
2.
3.

for developing composite flood hydrographs at any point within any watershed.
for measuring the effects of changes in land use in subwatersheds.
Assessing the effects of structures or combinations of structures.

In general, the procedure was intended for measuring the effect on the composite flood hydrograph of
changes within subwatersheds of a larger drainage area. The input requirements for the tabular method are
minimal. The 24-hour rainfall depth (inches) for a selected exceedence probability is required. For each
subwatershed, the drainage area, the runoff curve number, and the time of concentration must be
determined. In addition, the travel time for each channel reach is necessary.
Before the method is used, the design engineer should be familiar with several limitations. First, the
constraints that were used in developing the method are important in its application. The tabular method
was developed by making numerous computer runs with the TR-20 program. In each case, a runoff
CN=75 was used, and the rainfall volumes were sufficient to yield 3" of runoff. When the tabular method
is applied to cases having characteristics that are significantly different from the conditions used in
developing the method, then the resulting hydrograph may not provide close agreement with the
hydrograph that would result from a TR-20 analysis. These assumptions are not considered to be critical
when the sole purpose of using the method is to assess the effect of changes in the watershed, such as land
use or structure changes. The difference in the before/after hydrographs is relatively insensitive to the
assumption of CN=75.
In order to make accurate assessments of watershed changes, there are certain limitations that should be
adhered to in applying the method. First, within any subwatershed there should be little variation in CN;
this does not mean that subwatersheds should have similar CNs but that each subwatershed should have
little variation in soil and land use characteristics. Second, the area of each subwatershed should be less
than 20 square miles. Third, the precipitation should be sufficient to yield runoff volumes greater than 1.5
inches, especially when CNs are less than 60. The TR-55 tabular methodology is available in an
automated version from several commercially available software sources.
3.5.3

Win TR-55

WinTR-55 is a single-event rainfall-runoff, small watershed hydrologic model. The model generates
hydrographs from both urban and agricultural areas and at selected points along the stream system.
Hydrographs are routed downstream through channels and/or reservoirs. Multiple sub-areas can be
modeled within the watershed.
A watershed consists of sub-areas (land areas) and reaches (major flow paths in the watershed). For each
sub-area, a hydrograph is generated based on land and climate characteristics. Reaches are designated as
either channel reaches, through which hydrographs are routed based on physical stream characteristics, or
as storage reaches, through which hydrographs are routed based on reservoir storage and outlet

3-10

characteristics. Sub-area and reach hydrographs are combined as needed to represent the accumulation of
flow as water moves from the upland areas down through the watershed reach network. The watershed
outlet represents the location at which all runoff from the watershed is accumulated.
Modeling watersheds properly using WinTR–55 requires understanding the relationship between
watershed sub-areas and reaches within the computer program.
Model results can be sensitive to input data. The user must ensure that all input data (whether entered
directly or implied through default values for blank data fields) are appropriate for the watershed and
conditions being analyzed.
While WinTR–55 can be used for watersheds with up to 10 sub-areas and up to 10 reaches, the simplest
run involves only a single sub-area. Data required can be directly entered on the WinTR–55 Main
Window. These data include:
• Project Identification Data
— User
— State
— County
— Project
— Subtitle
• Dimensionless Unit Hydrograph
• Storm Data Source
• Rainfall Distribution Identifier
• Sub-area Entry and Summary
— Sub-area Name
— Sub-area Description
— Sub-area Flows to Reach/Outlet
— Area (ac. or sq. mi.)
— Weighted curve number (CN)
— Time of concentration (Tc)
The user should note that sub-area entry and summary data can be entered directly into the table on the
main window, or computed elsewhere within WinTR-55. If detailed information is developed through the
other windows, the computational results are displayed here.
Accumulated runoff from all sub-areas routed through the watershed reach system, by definition, is flow at
the watershed outlet.
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3.5.4

NRCS TR-20

The TR.-20 is a computer program containing the methodologies used by the NRCS (formerly Soil
Conservation Service) as presented in the National Engineering Handbook, Section 4 - Hydrology.
TR-20 was designed to use soil and land use information to determine hydrographs for known storms, and
to perform reservoir and channel routing of the generated hydrographs. It is a single-event model, with no
provision for additional losses or infiltration between discrete storm events. The program has been used in
all 50 states by NRCS engineers and consulting engineers for flood insurance and flood hazard studies, for
the design of reservoir and channel projects, and for urban and rural watershed planning.
Surface runoff is computed from any historical or synthetic storm using the NRCS Curve Number (CN)
approach. The standard dimensionless hydrograph is used to develop unit hydrographs for each subarea in
the watershed. The excess rainfall hyetograph is constructed using the effective rain and the given rainfall
distribution. It is then applied incrementally to the unit hydrograph to obtain the subarea runoff
hydrograph for the storm.
TR-20 uses the storage-indication method to route hydrographs through reservoirs. The base flow is
added to the direct runoff hydrographs to produce the total flow rates. The program logic computes the
total flow hydrographs from each subarea, routing the flows through stream channels and reservoirs,
combining the routed hydrographs with those of other tributaries, and routing the combined hydrographs
to the watershed outlet.
Subdivision of the watershed is facilitated by determining the locations of control points. Control points
are defined as stream locations corresponding to cross-sectional data, reservoir sites, damage centers,
diversion points, gauging stations, or tributary confluences where hydrograph data may be desired.
Subarea data requirements include the drainage area, the time of concentration, the reach lengths, structure
data, and either routing coefficients for each reach or cross-sectional data along the channels. Whenever
cross-section data is provided, the model calculates the water surface elevations in addition to the peak
flow rates and time of concentration at each station.
Minimal input data requirements to TR-20 include the watershed characteristics; at least one actual or
synthetic storm including the depth, duration, and distribution; the discharge, capacity, and elevation data
for each structure; and the routing coefficient or cross-sectional data for each reach.
3.5.5

U.S. Army Corps of Engineers HEC-1

The HEC-1 computer model consists of a calling program and six subroutines. Two of these subroutines
determine the optimal unit hydrograph, loss rate, or stream flow routing perimeters by matching recorded
and simulated hydrograph values. The other subroutines perform snowmelt computations, unit
hydrograph computations, hydrograph routing and combining computations, and hydrograph balancing
computations. In addition to being capable of simulating the usual rainfall-runoff event processes, HEC-1
will also simulate multiple floods for multiple basin development plans and is able to perform an
economic analysis of flood damages.
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HEC-1 underwent revisions in the early 1970's and again in the 1980's. Several features were added
including the NRCS Curve Number method for loss rate, hydraulic routing techniques, kinematic
hydrograph routing, simulation of urban runoff, hydrograph analysis for flow over a dam or spillway,
analysis of downstream impacts, dam break analysis, multi-stage pumping plants for interior drainage, and
flood control system economics.
The HEC-1 software allows the design engineer a choice of several hydrologic or storage-routing
techniques for routing floods through stream reaches and ponds or reservoirs. All these use the continuity
equation and some form of the storage-outflow relation.
3.5.6

U.S. Army Corps of Engineers HEC-HMS

The U.S. Army Corps of Engineers’ Hydrologic Modeling System (HEC-HMS) provides a variety of
options for simulating precipitation-runoff processes. In addition to unit hydrograph and hydrologic
routing options similar to those in HEC-1, capabilities include a linear distributed-runoff
transformation that can be applied with gridded (e.g., radar) rainfall data, a simple “moisture
depletion” option that can be used for simulations over extended time periods, and a versatile
parameter optimization option. Future versions of the model will have capability for continuous
moisture accounting and snow accumulation/melt simulation.
3.5.7

Storm Water Management Model (SWMM)

The Environmental Protection Agency model, SWMM, is primarily an urban runoff simulation model.
Like other computer models developed by federal agencies, SWMM has undergone numerous
modifications and improvements since its first release. SWMM's hydrograph and routing routines are
hydraulic rather than hydrologic. A distributed parameter approach is used for subcatchments consisting
of single parking lots, city lots, and so on. Accumulated rainfall on these plots is first routed as overland
flow to gutter or storm drain inlets, where it is then routed as open or closed channel flow to the receiving
waters or to some type of treatment facility. A strength of the SWMM method is its computing of tailwater impacts.
3.5.8

Other Methods

There are several other commercially available software packages which may be used for hydrograph
development, routing, and general urban watershed analysis. Generally, these computer packages are
based upon sound hydrologic principles and provide adequate information for the design of storm water
storage facilities. Because of the great variety of hydrograph software commercially available, and
because new software is continuously under development, no attempts will be made to describe these other
methodologies.
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3.6

HYDROGRAPH ROUTING

3.6.1

General

Routing refers to the engineering procedure of tracing the movement of water throughout a hydrologic
system, which may be composed of natural streams and lakes, man made conveyance channels, and
reservoirs in addition to the natural channels. The basic scientific principles associated with routing
involve the conservation of mass and energy. In the case of water flow in natural systems, the
conservation of mass (which includes, volume conservation and time continuity) is normally the dominant
factor. Channel routing is concerned with timing and energy conservation, where as reservoir or pond
routing is most extensively concerned with volume.
The routing of flood hydrographs is required to ascertain the effect of changes within the watershed on
downstream flows and to compute flow at desired or gauged locations throughout the system, using known
flows. Figure No. 3.4 illustrates the concept of flood routing of an inflow hydrograph (at point A) to a
downstream point (point B). Routing studies are required to predict the effects of man made works on
downstream flows. For example, detention reservoirs or ponds are designed to modify the time
distribution of the system's storage and consequently also modify stream flows. Other man made works
which may be studied using routing techniques include channel modifications, levees, and flood walls.
Routing techniques may be classified into two categories - hydrologic routing and hydraulic routing.
Hydrologic routing employs the equation of continuity with either an analytic or an assumed relationship
between storage and discharge within the system. Hydraulic routing, on the other hand, uses both the
equation of continuity and an equation of motion, customarily the momentum equation. Hydraulic routing
more adequately describes the dynamics of flow then does the hydrologic routing technique.
3.6.2

Channel Routing

Hydrologic channel routing techniques are all founded on the equation of continuity. That is, inflow
volume minus outflow volume must equal the change in the storage volume within a channel reach for a
specified time interval. Several common hydrologic channel routing methods include the Muskingum
Method, Muskingum-Cunge Method, Tatum Method, Straddle-Stagger Method, and Modified-Puls
Method. All of these hydrologic routing methods are contained as optional subroutines within HEC-HMS
and other models. Hydraulic channel routing methodologies include the kinematic wave approximation,
and the Att-Kin method. The HEC-1 model contains the kinematic hydraulic routing option while the
NRCS TR-20 model contains the Att-Kin method.
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3.6.3

Pond and Reservoir Routing

A flood wave passing through a storage pond or reservoir is both delayed and attenuated as it enters and
spreads over the pool surface. Water stored in the pond is gradually released as pipe flow through the
outlet works, called principal spillways, or in extreme floods, over an emergency spillway. Routing of
floods through ponds or reservoirs is usually accomplished by hydrologic methods such as the StorageIndication Method, also called the Modified-Puls Method. Required information on the pond or reservoir
includes:
1.
2.
3.

The storage-elevation relationship.
A discharge elevation relationship.
An inflow hydrograph.

Routing calculations can be performed manually or with computer software. Most existing hydrograph
development software (i.e., HEC-1, HEC-HMS, TR-20, TR-55, Win TR-55, etc.) contains subroutines to
perform the necessary routing calculations. Design engineers are referred to several hydrology texts or
manuals which adequately define the procedures.
3.7

COMPUTER PROGRAMS

There are many computer programs and software applications which automate storm water hydrology
calculations. Most of these programs have already been described in previous sections of this chapter.
Improvements and enhancements to these computer software packages are continually being made. The
more common software packages have been described throughout this chapter. Design engineers are
cautioned to utilize software which has been tried and tested, and has found common acceptance
throughout the engineering community. However, this does not preclude the development of new and
more enhanced software packages in the future. Prior approval should be obtained from the City Engineer
before using any hydrologic software package that has not found wide acceptance throughout the
engineering community or is not presented in this manual.
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CHAPTER 4
STORM SEWER DESIGN

4.1

INTRODUCTION

The criteria presented herein shall be used in the design and evaluation of the storm sewer systems for the
City of Minot and its extraterritorial jurisdiction. The review of all storm water management planning
submittals will be based on the criteria presented in this section.
The phrase "storm sewer system" refers to the system of inlets, pipes, manholes or junctions, outlets and
other appurtenant structures designed to collect and convey the minor storm runoff event and discharge the
runoff into a Major Drainage System. The storm sewer system is a part of the Minor Drainage System,
which may also include curb and gutters, roadside ditches, swales, and channels.
The storm sewer system generally receives the most attention from the engineer and the public, since the
primary function is to collect and convey the regularly recurring storm runoff with minimal inconvenience
to the public. If the system does not function accordingly, unnecessary inconvenience and damage can
occur. The storm sewer systems must therefore be designed to minimize the nuisances of frequently
occurring runoff events.
A storm sewer system is normally required when the other parts of the Minor Drainage System (especially
the streets) no longer have the capacity to handle additional runoff. Because of this requirement, the
relationship with the Major Drainage System will affect the need for a storm sewer system. The more
extensive the Major Drainage System (i.e., channels), the less extensive is the need for the storm sewer
system, which is the largest cost component of the Total Drainage System.
Presented in this section, along with the technical criteria, is the general procedure for design and
evaluation of a storm sewer. Storm sewer inlet design is discussed in Chapter 5.
4.2

LOCATION OF STORM SEWERS
1.

Storm Sewers in Street Right-of-Way
A.

Storm sewers parallel to the street and in the right-of-way should be placed
beneath the traveled lanes, to fit specific manhole or intake connections.

B.

Storm sewers should be located in streets with adequate separation from sanitary
sewers.
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2.

4.3

Storm Sewers in Easements
A.

All easements should be identified as described in Chapter 12.

B.

All easements used for the installation of storm sewer pipe should be 30 feet
wide. The pipe should be placed only on one side of a joint property line. For a
stockpile area, storm sewers placed in easements should normally be located 7.5
feet from the southern edge of the east/west easements and 7.5 feet from the
eastern edge of north/south easements. In situations where the Project Engineer
can clearly demonstrate that an easement less than 30 feet is adequate
(considering depth of storm sewer, stockpile area and maintenance access) the
City Engineer may consider such a request.

PIPE MATERIAL

Pipe material and pipe strength should be in conformance with the City of Minot's Construction
specifications Section C-4. The general criteria are listed below.
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1.

Storm sewer RCP – Shall be tongue and groove reinforced concrete (ASTM C-76) tongue
and groove or bell and spigot concrete (ASTM C-14).

2.

Storm sewer CIP – Shall be cast iron (ductile Class 50).

3.

Storm sewer PVC – Shall be PVC (ASTM D-3034-SDR.35), spiral wound PVC or PVC
corrugated sewer pipe with smooth interior wall (ASTM F-949).

4.

Storm sewer CSP – (AASHTO M-36) may be used, but not in public street right-of-way,
except for culverts beneath driveways.

5.

Footing drain sewers – VCP, ABS, PVC, CIP and DIP

PHYSICAL REQUIREMENTS
1.

Min. cover (to top of pipe) on storm sewers outside of pavement is 3'-6". Min. cover
under pavement for cross runs is 1'-6" and 3'-6" for parallel runs.

2.

Min. cover on footing drain sewers - 3'-6".

3.

Max. cover should follow the manufacturer's recommendations.

4.

Min. pipe size:
A.

Storm sewers – Minimum pipe shall be 15-inch for inlet connections and 18”
main lines. Storm sewers 12” in diameter may be used for special conditions
with special approval of the City Engineer.
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5.

B.

Footing drain sewers in public right-of-way - 8" in diameter.

C.

Building storm sewer stubs - 4" in diameter.

Crossings:
Storm sewers near water mains should have a minimum outside of pipe vertical and
horizontal separation of 1.5 feet where possible.
Storm sewer crossings of sanitary sewers should have no less than 6 inches of outside of
pipe clearance. Special structural support will be required if there is less than 18 inch
clearance. The minimum horizontal clearance should be 2 feet. Clearance refers to the
distance from the outside wall of the sewer pipe to the outside wall of the storm sewer
pipe.

6.

Minimum grade - Storm sewers and footing drain sewers.
Cross runs - grades (See Chapter 5). A minimum velocity of 3 fps is required for the
design storm.
All other sewers (See Discharge of Circular Pipe-CFS, Figure 4.1).
Building storm sewer stubs - 1/8 inch per foot.

7.
4.5

Inlet Spacing - (See Storm Sewer Inlet & Design, Chapter 5).

HORIZONTAL ALIGNMENT AND SIZE CRITERIA

Storm sewer alignment between manholes shall be straight, except when approved in writing by the City
Engineer. Storm sewers may be constructed with curvilinear alignment by the deflected straight pipe
method (as defined in Concrete Pipe Handbook published by the American Concrete Pipe Association),
pipe bends, or by radius pipe. The limitation on the radius for pulled joint pipe is dependent on the pipe
length and diameter, and amount of opening permitted in the joint. The maximum allowable joint pull
shall be 3/4-inches and is subject to prior approval of the City Engineer. The minimum parameters for
radius pipe are shown in Table 4.1. The radius requirement for pipe bends is dependent upon the
manufacturer's specifications.
TABLE 4.1
Minimum Radius for Radius Pipe
Pipe Diameter

Radius of Curvature

24" to 54"
57" to 72"
78" to 108"

28.50 ft.
32.00 ft.
38.00 ft.

Short radius bends shall not be used on sewers 21 inches or less in diameter.
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4.6

MANHOLES
1.

Location: Manholes or other maintenance access ports (inlets) will be required whenever
there is a change in size, direction, elevation, grade or a junction of two or more storm
sewers. A manhole will be required at the beginning and/or end of a curved section of a
storm sewer. When feasible, manholes should be installed at street intersections.
Manholes must be located in areas which allow direct access by maintenance vehicles.
Inlets with combined manholes will be used when the size of the connecting pipes so
indicate or when horizontal clearance is necessary behind the back of curb. The design
engineer is encouraged to combine inlets with manholes for storm sewers that are parallel
to the street. Lamp holes or clean-out structures are required at the beginning of footing
drain sewers in street right-of-way. Maintenance access ports (manholes, inlets or
combinations) will be spaced at distances not greater than shown in Table 4.2.

TABLE 4.2
Manhole and Inlet Spacing
Pipe Diameter
15" or less
18" to 21"
24" to 30"
Over 30"

4.7

Max. Spacing
400'
450'
500'
660'

2.

Minimum Manhole Drop: When there is an increase in sewer size of a smaller sewer
connected with a larger one, the invert of the smaller sewer must be raised to maintain the
same energy gradient. An approximate method of doing this is to place the 0.8 depth
point of both sewers at the same elevation. When there is a change in alignment between
storm sewers of 45 or greater, the suggested minimum manhole drop is 0.10'.

3.

Manhole Standards: Manhole materials and construction standards shall conform to the
City's Construction Specifications Section C-4, and Standard Detail Numbers 9 and 10.

OUTLETS
1.

Where a storm sewer discharges into a natural channel or irrigation ditch, an outlet
structure should be provided that will blend the storm sewer discharge into the natural
channel flow in such a way as to prevent erosion of the bed or banks of the channel. As a
minimum, all storm sewer pipe outlets with drainage ways will require flared end
sections with apron guards. Storm sewers 30" in diameter or greater discharging into
channels or ditches will require a poured footing at the outlet. Storm sewers smaller than
30" in diameter may require a poured footing depending on the channel slope and outfall
conditions.
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2.

In an instance where the discharge velocity is high (higher than those outlined in
Tables 4.3 and 4.4) or supercritical, prevention of erosion of the natural channel
bed or banks in the vicinity of the outlet might require an energy dissipating
structure, such as:
A.
B.
C.
D.
E.

4.8

Riprap.
Concrete Slab.
Gabions.
Headwalls and wing wall with stilling basins.
Soil Reinforcement

HYDRAULIC DESIGN

Storm sewers should be designed to convey the minor storm flood peaks without surcharging the sewer.
In situations where surcharging is a concern, the hydraulic grade line may be calculated by accounting for
pipe friction losses and pipe form losses. Total hydraulic losses will include friction, expansion,
contraction, bend, and junction losses. The methods for estimating these losses are presented herein.
1.

Pipe Friction Losses
The Manning's "n" values to be used in the calculation of storm sewer capacity and
velocity are shown as follows:
Type of Pipe
Vitrified clay pipe
Plastic pipe (smooth wall)
Concrete pipe
Corrugated plastic pipe
CSP (2-2/3" x 1/2" corrugations)

Manning's "n"
0.013
0.013
0.013
0.020
0.024
0.015 (spun asphalt lined)
0.027
0.032

CSP (3" x 1" corrugations)
Structural Plate
2.

Velocity within Pipe
A.
B.

Min. under 5-year design storm flow
Max. under 5-year design storm flow
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=
=

3 fps
20 fps

PERMISSIBLE VELOCITIES FOR CHANNELS WITH ERODIBLE LININGS,
BASED ON UNIFORM FLOW IN CONTINUOUSLY WET, AGED CHANNELS1
TABLE 4.3

Maximum Permissible
Velocities for--Soil type or lining (earth; no vegetation)

Clear Water
(fps)

Water carrying
fine silts
(fps)

Water carrying
sand and gravel
(fps)

Fine sand (noncolloidal)

1.5

2.5

1.5

Sandy loam (noncolloidal)

1.7

2.5

2.0

Silt loam (noncolloidal)

2.0

3.0

2.0

Ordinary firm loam

2.5

3.5

2.2

Volcanic ash

2.5

3.5

2.0

Fine gravel

2.5

5.0

3.7

Stiff clay

3.7

5.0

3.0

Graded, loam to cobbles (noncolloidal)

3.7

5.0

5.0

Graded, silt to cobbles (colloidal)

4.0

5.5

5.0

Alluvial silts (noncolloidal)

2.0

3.5

2.0

Alluvial silts (colloidal)

3.7

5.0

3.0

Coarse gravel (noncolloidal)

4.0

6.0

6.5

Cobbles and shingles

5.0

5.5

6.5

Shales and hard pans

6.0

6.0

5.0

Fabric and excelsior mat

7.0

7.0

7.0

Dry riprap/gabions

10.0

10.0

10.0

Concrete pilot channel
1

Use grass permissible velocity - Table 4.4

As recommended by Special Committee on Irrigation Research, American Society of Civil Engineers, 1926.
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PERMISSIBLE VELOCITIES FOR CHANNELS LINED WITH UNIFORM
STANDS OF VARIOUS GRASS COVERS, WELL MAINTAINED1,2
TABLE 4.4

Permissible Velocity on-Cover

Bermuda grass

Buffalo grass
Kentucky bluegrass
Smooth brome
Blue grama
Grass mixture

Lespedeza sericea
Weeping lovegrass
Yellow bluestem
Kudzu
Alfalfa
Crabgrass
Common lespedeza3
Sudangrass3

Slope Range
(Percent)

Erosion Resistant
Soils (fps)

Easily Eroded
Soils (fps)

0-5
5-10
Over 10

8
7
6

6
5
4

0-5
5-10
Over 10

7
6
5

5
4
3

0-5
5-10

5
4

4
3

0-5

3.5

2.5

4

3.5

2.5

0-5

1

From Handbook of Channel Design for Soil and Water Conservation

2

Use velocities over 5 f.p.s. only where good covers and proper maintenance can be obtained.

3

Annuals, used on mild slopes or as temporary protection until permanent covers are established.

4

Use on slopes steeper than 5 percent is not recommended.
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3.

Velocity at Outlet of Pipe
Energy dissipation should be required when discharge velocities exceed those allowed for
the downstream channel. (See Tables 4.3 and 4.4). In certain developed areas gabions
may be required by the City Engineer.
A.
B.
C.

4.

Max. with flared end section
Max. with flared end section, footing, and riprap
Max. with energy dissipation device

=
=
=

5 fps
10 fps
20 fps

Partially Full Pipe Flow
For convenience, charts for various pipe shapes have been developed for calculating the
hydraulic properties (Figures 4.2 and 4.3). The data presented assumes that the friction
coefficient, Manning's "n" value, does not vary throughout the depth.

5.

Pipe Form Losses
Generally, between the inlet and outlet, the flow encounters a variety of configurations in
the flow passageway such as changes in pipe size, branches, bends, junctions, expansions,
and contractions. These shape variations impose losses in addition to those resulting
from pipe friction. Form losses are the result of fully developed turbulence and can be
where:

HL = K V2 / 2g
HL
K
V2/2g
g

=
=
=
=

(Equation 4.1)

head loss (feet)
loss coefficient
velocity head (feet)
gravitational acceleration (32.2 ft/sec2)

The following is a discussion of a few of the common types of form losses encountered in sewer system
design.
a.

Expansion Losses
Expansion in a storm sewer conduit will result in a shearing action between the incoming
high velocity jet and the surrounding sewer boundary. As a result, much of the kinetic
energy is dissipated by eddy currents and turbulence. The loss of head can be expressed
as:

HL = Ke V21 / 2g [1 – (A1 / A2]2
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(Equation 4.2)

in which A is the cross section area, V is the average flow velocity, and Ke is the loss coefficient.
Subscripts 1 and 2 denote the upstream and downstream sections, respectively. The value of Ke is about
1.0 for a sudden expansion, and about 0.2 for a well designed expansion transition. Table 4.5 presents the
expansion loss coefficients for various flow conditions.
b.

Contraction Losses
The form loss due to contraction is:

KL = Kc V22 / 2g [A2/A1)2]2

(Equation 4.3)

where Kc is the contraction coefficient. Kc is equal to 0.5 for a sudden contracting and
about 0.1 for a well designed transition. Subscripts 1 and 2 denote the upstream and
downstream sections, respectively. Table 4.5 presents the contraction loss coefficient for
various flow conditions.
c.

Bend Losses
The head losses for bends, in excess of that caused by an equivalent length of straight
pipe, may be expressed by the relation:

KL = Kb V2 / 2g

(Equation 4.4)

in which Kb is the bend coefficient. The bend coefficient has been found to be a function
of, (1) the ratio of the radius of curvature of the bend to the width of the conduit, (2) the
deflection angle of the conduit, (3) the geometry of the cross section of flow, and (4) the
Reynold’s number and relative roughness.
Table 4.6 shows the recommended bend loss coefficients.
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d.

Junction and Manhole Losses
A junction occurs where one or more branch sewers enter a main sewer, usually at
manholes. The hydraulic design of a junction is in effect the design of two or more
transitions, one for each flow path. Allowances should be made for head loss due to the
impact of junctions. The head loss for a straight through manhole or at an inlet entering
the sewer is calculated from Equation 4.1. The head loss at a junction can be calculated
from:

H = V22 / 2g – Kj V21 / 2g

(Equation 4.3)

where V2 is the outfall flow velocity and V1 is the inlet velocity. The loss coefficient, Kj,
for various junctions are presented in Table 4.7.
e.

Storm Sewer Outlet Losses
When the storm sewer system discharges into the Major Drainage System (usually an
open channel), additional losses occur at the outlet in the form of expansion losses. For a
headwall and no wingwalls, the loss coefficient Ke = 1.0 (refer to Table 4.5), and for a
flared-end section the loss coefficient is approximately 0.5 or less.

6.

Design Example of Loss Calculations
The following calculation example, including the calculation Table 4.8, and Figures 4.4. and 4.5,
were obtained from Modern Sewer Design, AISI Wash., D.C., 1980 and edited for the calculation
of manhole and junction losses in accordance with this Section.
EXAMPLE 1: HYDRAULIC DESIGN OF STORM SEWERS
Given: a.
Plan and Profile of storm sewer (Figure 4.4. and 4.5).
b.
Station 0+00 (outfall) data as follows:
Design discharge
Invert of pipe
Diameter
Starting water surface
Area of pipe
Velocity = Q/A
Note:

(1)
(2)

Q
D
W.S.
A
V

=
=
=
=
=
=

145 cfs
94.50'
66" RCP
100'
23.76 sq. ft.
6.1 f/s

Col. #
[9]
[2]
[3]
[4]
[6]
[8]

Number in brackets refers to the columns of Table 4.8.
Sizes of the storm sewer were determined during the preliminary design
phases.
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FIND:

Hydraulic Grade Line and Energy Grade Line for storm sewer.

DISCUSSION: The following procedure is based on full-flow pipe conditions. If the pipe is flowing
substantially full (i.e., greater than 80%), the following procedures can be used with
minimal loss of assumptions. However, the designer is responsible for checking the
assumptions (i.e., check for full flow) to assure that the calculations are correct.
STEP 1:

The normal depth is greater than critical depth, dn > dc; therefore, calculations to
begin at outfall, working upstream. Compute the following parameters:
Constant value [7]:  =

2gn2
2.21

=

(2)(32.2)(0.013)2
2.21

This equation is derived from the Manning's equation by solving for velocity and
converting to velocity head.


=

0.00492

This value remains constant since the n-value does not change.
STEP 2:

Velocity head [10]:

Hv
Hv

=
=

V2/2g =
0.58

(6.1)2/(2)(32.2)

STEP 3:

Energy Grade Point,

E.G. [11]:
E.G. =
E.G. =

W.S. + Hv
100.58

=

100 + 0.58

For the initial calculation, the Energy Grade Line is computed as described above. For
subsequent calculations, the equation is reversed, and the water surface is calculated as
follows (see Step 12):
W.S.

=

E.G. - Hv

This equation is used since the losses computed in Step 8 are energy losses which are
added to the downstream energy grade elevation as the new starting point from which the
velocity head is subtracted as shown above.
STEP 4:

Skin Friction:
Sf value [12]: Sf =  Hv/R4/3 = (0.00492)(0.58)/(1.375)4/3
NOTE: R = the hydraulic radius of the pipe.
Sf = 0.0019
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STEP 5:

Avg. Sf [13]: Average skin friction: This is the average value between Sf of the station
being calculated and the previous station. For the first Station, Avg. Sf = Sf.
Beginning with Column [13], the entries are placed in the next row since they represent
the calculated losses between two stations.

STEP 6:

Enter sewer length, L, in column [14].

STEP 7:

Friction loss Hf [15]:

STEP 8:

Calculate the form losses for bends, junctions, manholes, and transition losses (expansion
or contraction) using equations 4.1, 4.2, 4.3, 4.4, and 4.5. The calculation of these losses
is presented below for the various sewer segments, since all the losses occur for one
sewer segment in different sewer segments and vary in type.

(a)

Kb Hv, where the degree of bend is 60
0.20 (Table 4.6 - Case I, 85% factor for 60 curve)
(0.20)(0.58) = 0.12, enter in column 16.

=
=
=

Ke Hv -1 [1 - (A1/A2)]2
1.06 (Table 4.5) for D2/D1 = 1.5, and = 45
(1.06)1.29 [1 - (15.9/23.76)]2 = 0.15, enter in column
19

=
=
=

Km Hv
0.05 (Table 4.7, Case I)
(0.05)(1.29) = 0.06, enter in column 18

Station 4 + 55.5 to 4 + 65.5 (junction)
Hj
Kj
Hj

(e)

=
=
=

Station 3 + 55.5 (manholes, straight through)
Hm
Km
Hm

(d)

(Avg. Sf)(L)
(0.0019)(110)
0.21

Station 2 + 48 to 2 + 55.5 (transition: expansion)
HL
Ke
HL

(c)

=
=
=

Station 1 + 10 to 1 + 52.4 (bend)
Hb
Kb
Hb

(b)

Hf
Hf
Hf

=
=
=

Hv - 2 - Kj Hv - 1
0.62 (Table 4.7, Case III), o = 30
1.29 - (.62) (0.99) = 0.68, enter in column 17

Station 5 + 65.5 to 5 + 75.5 (junction) - since there are two laterals, the loss is
estimated as twice the loss for one lateral
Kj
H

=
=

0.33 (Table 4.7, Case III), o = 70
0.99 - (0.33) (0.64) = 0.78 for one lateral
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STEP 9:

Sum all the form losses from columns [15] through [19] and enter in column [20]. For
the reach between Station 0+00 to 1+10, the total loss is 0.21.

STEP 10:

Add the total loss in column [20] to the energy grade at the downstream end (Sta. 0+00)
to compute the energy grade at the upstream end (Sta. 1+10 for this example).
E.G. (Upstream)

=
=
=

E.G. (Downstream) + TOTAL LOSS
100.58 + 0.21
100.79 (Column 11)

STEP 11:

Enter the new invert [2], pipe diameter D[3], pipe shape [5], pipe area A, [6], the compute
constant from Step 1 in column [7], the computer velocity V in column [8], the new Q
[9], and the computed velocity head Hv [10].

STEP 12:

Compute the new water surface, W.S., for the upstream station (1+10 for this example).
W.S.

STEP 13:

=
=
=

E.G. - H
100.79 - 0.58
100.21 (column 4)

Repeat Steps 1 through 12 until the design is complete. The hydraulic grade line and the
energy grade line are plotted on the profile (Fig. 4.5).

DISCUSSION OF RESULTS:
The Hydraulic Grade Line (HGL) is at the crown of the pipe from Station 0+00 to 2+48. Upstream of the
transition (Station 2+55.5) the 54" RCP has a greater capacity (approximately 175 cfs) at the slope than
the design flow (145 cfs). The pipe is therefore not flowing full but is substantially full (i.e., 145/175 =
0.84 greater than 0.80). The computed HGL is below the crown of the pipe. However, at the outlet, the
actual HGL is higher, since the outlet of the 54" RCP is submerged by the headwater for the 66" RCP. To
compute the actual profile, a backwater calculation would be required; however, this accuracy is not
necessary for storm sewer design in most cases.
At the junction (Station 4+55.5), the HGL is above the top of the pipe due to the losses in the junction. In
this case, however, the full flow capacity (100 cfs) is the same as the design capacity, and the HGL
remains above and parallel to the top of the pipe. A similar situation occurs at the junction at Station
5+65.5.
If the pipe entering a manhole or junction is at an elevation significantly above the manhole invert, a
discontinuity in the Energy Grade Line (EGL) may occur. If the EGL of the incoming pipe for the design
flow condition is higher than the EGL in the manhole, then a discontinuity exists, and the higher EGL is
used for the incoming pipe.
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CHAPTER 5
STORM SEWER INLET DESIGN
5.1

INTRODUCTION
1.

A storm inlet is an opening into a storm sewer system used to collect or intercept
storm water runoff. There are four basic types of inlets:
A.
B.
C.
D.

Curb-gate opening
Curb opening
Combination inlets (Type A, B, or C Street inlet with manhole)
Grate inlets (Parking lot or ditch inlet)

In addition, inlets may be further classified as being on a continuous grade or in a low point. The
term "continuous grade" refers to an inlet so located that the grade of the street has a continuous
slope past the inlet and therefore ponding does not occur at the inlet. The "sump" or "low point"
condition exists whenever water is restricted to the inlet area because the inlet is located at a low
point. A low point condition can occur at a change in grade of the street from positive to negative
or due to the crown slope of a cross street when the inlet is located at an intersection.
5.2

5.3

DEFINITIONS
1.

Design flow shall be defined as that quantity of water at a given point calculated from the
design storm runoff. For gutter applications, the design flow shall include bypass flow
from upstream inlets.

2.

Bypass flow is defined as the flow in the gutter that is not intercepted by a given inlet.
Bypass flow is calculated by subtracting the allowable or intercepted capacity of the
given inlet from the design flow assigned to that inlet. Bypass flow shall be added to the
design storm runoff for the next downstream inlet. At a minimum, inlets at a low point
shall have a design capacity equal to the assigned storm discharge plus upstream bypass
flows.

ABBREVIATIONS
a=
d=
h=
H=
K=
L=
n=
Q=
QCO=
QG =
QI =
RF =
SL =
ST =
T=

Inlet Depression in Inches
Depth of Flow in Gutter at Face of Curb
Height of the Curb Opening
Total Head in Feet = d + a in Feet
Value Used in Equation Q = Kd (See Figures 5.5 and 5.6)
Length of Curb Opening in Feet
Manning's Roughness Coefficient
Discharge in cfs
Flow Intercepted by the Curb Opening
Flow Intercepted by the Grate
Allowable Flow Intercepted by the Inlet
Reduction Factor
Longitudinal Street Slope
Transverse Street Slope or Crown
Spread of Water in Gutter From Face of Curb in Feet
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5.4

Z=
1/ST = Reciprocal of Transverse Slope
INLET LOCATION AND SPACING

Street inlets for storm water shall be located upgrade from intersections, past sidewalks, and outside of
intersection radii. At least one inlet shall be located and installed at the low point of street grades.
The optimum spacing of storm water inlets is dependent upon several factors, including traffic
requirements, contributing land use, street slope, and distance to the nearest outfall. The suggested sizing
and spacing of inlets is based upon the interception rate of 50 to 100% of the design flow. The most
downstream inlet in a development shall be designed to intercept 100% of the flow. Considerable
improvements and overall inlet system efficiency can be achieved if inlets are located in the sumps created
by street intersections. Maximum spacing of inlets is 600 feet.
5.5

INLET STANDARDS

Storm water inlets shall be designed and constructed in accordance with the City of Minot's Construction
Specifications; Section C-4; and Standard Detail Nos. 2-5.
Precast concrete shall be used on shallow inlet structures when the depth from the gutter flow line to the
pipe invert does not exceed 40". Concrete poured walls are allowed for all other inlet structures. Cure
time is required for poured wall inlets unless high early strength concrete is used, or concrete beams are
taken. Restrictions on the number of pipe connections and angle of entry may be imposed on precast
concrete inlets without combination manholes.
Manhole/inlet combinations may be required if utility locations and/or pipe size show a need for the
manhole. Inlets with combined manholes will be used when the size of connecting pipes so indicate or
when horizontal clearance is necessary behind the back of curb.
5.6

INLET HYDRAULICS

5.6.1

Flow Interception

There are three types of inlets: curb opening, grated, and combination grate and curb opening. Inlets are
further classified as being on a "continuous grade" or in a "sump".
The term "continuous grade" refers to an inlet so located that the grade of the street has a continuous slope
past the inlet, and therefore ponding does not occur at the inlet. The capacity of the inlet is dependent
upon many factors, including gutter slope, depth of flow in the gutter, height and length of curb opening,
street cross slope, and the amount of depression at the inlet. In addition, all of the gutter flow will not be
intercepted and some flow will continue past the inlet area (i.e., inlet bypass). The amount of bypass must
be included in a drainage facility evaluation, as well as the design of the inlet.
The "sump" condition exists whenever water is restricted to the inlet area because the inlet is located at a
low point. A sump condition can occur at a change in grade of the street from positive to negative, or at an
intersection due to the crown of the slope of a cross street. The capacity of the inlet in a sump condition is
dependent on the depth of ponding above the inlet. Typically, the problem consists of estimating depth of
flow required to intercept a given flow amount.
Storm sewer inlets shall be designed to intercept design flow with the following allowable bypass from the
system:
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5.6.2

1.

Streets on Continuous Grade - The downstream inlet or inlets shall be designed to
intercept no less than 50% of the design flow.

2.

Temporary Dead-End Streets on Down Grade - Unless otherwise approved by the
City Engineer, all storm sewer inlets shall be designed to intercept no less than
100% of the design flow.

3.

Permanent Dead-End Streets on Down Grade and Low Points - Inlets shall be designed to
intercept no less than 100% of the design flow. Depending on downstream conditions,
the City Engineer may require oversizing inlets at low points.

Reduction Factors

The capacity of an inlet is decreased by such factors as debris plugging, pavement overlaying, etc.
Therefore, the allowable capacity of an inlet shall be determined by applying the applicable reduction
factor from the following table to the theoretical capacity calculated from the design procedures outlined
in this section. These reduction factors are based on vane grates which are required on all curb grate inlets
within the street. Other inlet grates may be approved by the City Engineer outside of the street right-ofway.
TABLE NO. 5.1
Inlet Capacity Reduction Factors

5.6.3

Inlet Type
A, B, C

Location
Continuous Grade
Low Point

Min. Reduction Factor
90% VANE GRATES
80% VANE GRATES

Curb Opening

Continuous Grade
Low Point

80% CURB ONLY
INLETS

Grate Only

Continuous Grade
Low Point

75%
65%

Inlet Capacity
1.

Capacity of Gutter for Straight Crown
Figure 5.1 is the nomograph used to determine the gutter capacity for a straight crown or
segmented straight crown. Figure 5.1 can also be used to approximate the capacity of
curved crowns.
EXAMPLE 5.1

Give n:

SL
ST
n
Q
d
T

Find:
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=
=
=
=
=
=

4.0%
2.5%
0.016
2.5 cfs
depth of flow
spread of water from face of curb

Calculate the value of "Z" which is the reciprocal of the transverse slope (ST). Z = 1/ST =
1/.025 = 40. Calculated the ratio Z/n = 40/0.016 = 2500. Connect the Z/n ratio (2500)
and the channel slope (SL = 4.0%) with a straight line. This will give a point of
intersection on the turning line. Connect this point and the discharge (2.5 cfs) with a
straight line and read the depth at the face of curb d = 0.171 feet. Calculate the value of
the spread using the equation:
T
T
2.

=
=

Zd
40 (0.171) = 6.84 feet

Capacity of Type B Inlet on a Continuous Grade:
The allowable capacity of a Type B inlet on a continuous grade shall be determined by
the following equation:
QI

=

Kd5/3 RF

(Equation 5.1)

Figure 5.3 is used to determine "K" for a vane grate and includes the curb hood.
Figure 5.4 gives "K" for a driveway condition where no curb hood can be used.
The appropriate reduction factor from Table 5.1 must then be applied to obtain the actual
flow intercepted by the inlet.
EXAMPLE 5.2

Given: Street conditions as per Example 5.1 i.e.
26' B/B Street
d = 0.171 feet
S = 4.0%
Find: Flow intercepted by Standard
Type "B" inlet (QI)

Enter Figure 5.3 with the transverse slope (ST approximated for the B/B width of the
street on the figure); extend horizontally to the longitudinal slope (S = 4.0%); extend
vertically downward and read the value of "K" equal to 26.5. The reduction factor for a
standard inlet on a continuous grade is 90% (from Table 5.1).
QI = Kd5/3 RF
QI = 26.5 (0.1715/3) 0.90 = 1.26 cfs
3.

Capacity of Standard Curb-Opening Inlet on a Continuous Grade
Figure 5.2 is used to determine the interception ratio of the inlet. This theoretical
interception ratio (QI/Q) multiplied by the design flow in the gutter and the reduction
factor equals the flow intercepted by the inlet.
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EXAMPLE 5.3

Given: 26' B/B Street
Q = 2.5 cfs
SL = 4%
Find:

QI = Flow Intercepted by Standard Inlet

From Example 5.1: d = 0.171 feet and T = 6.84 feet. Enter Figure 5.2 with T=6.84;
extend vertically to the curve for SL = 4.0%; horizontally to the interpolated curve for ST
= 2.50%; extend vertically and read the intercept ratio QI/Q = 0.24.
QI = QI/Q (Q) RF
QI = 0.24 (2.5) 0.9 = 0.54 cfs
4.

Capacity of Type A, B, and C Inlets at a Low Point
Figure 5.5 is used to determine the capacity Q of a Standard Type A or F inlet at a low
point. The appropriate reduction factor must be applied to the results.
EXAMPLE 5.4

Given: 26' B/B Street - Residential
S = 2% from East
S = 1% from West
60' Vertical Curve
Q = 3 cfs from East in each gutter
Q = 5 cfs from West in each gutter
Find:

QI for Type A inlet w/vane grate

Enter Figure 5.5 width d-max. allowable for 26' B/B street, (6"). Extend vertically
downward from the Standard Type A vane grate curve and read the value of 7.2 cfs.
QI= 7.2 (.80) = 5.76 cfs = QI maximum allowable.
Since QI is less than Q = 8 cfs additional inlets must be constructed to intercept flow so
that flooding beyond the allowable limit on the design event does not occur.
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EXAMPLE 5.5

Given: Same as previous except Qtotal = 10 cfs
Find:

d, if one Standard Type A inlet is built.

Calculate the actual flow in the gutter (if the inlet is partially clogged) so that the
inlet will intercept 8 cfs.
Q=
QI
=
10.0
=
12.5 cfs
RF
0.80
The Q required is off the graph on Figure 5.5. Therefore, the equations shown must
be used.
12.5 = 10.59H1/2 + 8.25H3/2 where H = d + a
H = .63 ft.
d = H - a = .63 - .17 = .46 ft.
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CHAPTER 6
HYDRAULIC DESIGN OF STREETS, CURB AND GUTTER
6.1

INTRODUCTION

The criteria presented in this section shall be used in the evaluation of the allowable drainage
encroachment within public streets. The review of all planning submittals will be based on the criteria
contained herein.
6.2

FUNCTION OF STREETS IN THE STORM WATER SYSTEM

Urban and rural streets, specifically the curb and gutter or the roadside ditches, are part of the Minor
Drainage System. When the drainage in the street exceeds allowable limits, a storm sewer system or an
open channel is required to convey the excess flows. The streets are also part of the Major Drainage
System when they carry floods in excess of the minor storm, subject to certain limitations. However, the
primary function of urban streets is for traffic movement, therefore their drainage functions are subservient
and must not interfere with the traffic requirements.
Design criteria for the collection and moving of runoff water on public streets is based on a reasonable
frequency and magnitude of traffic interference. That is, depending on the character of the street, certain
traffic lanes can be fully inundated once during the minor design storm return period. However, during
less intense storms, runoff may also inundate traffic lanes but to a lesser degree. The primary function of
the streets for the Minor Drainage System is therefore to convey the nuisance flows quickly and efficiently
as practical to the storm sewer or open channel drainage without interference with traffic movement. For
the Major Drainageway System, the function of the streets is to provide an emergency passageway for the
flood flows with minimal damage to the urban environment.
6.3

STORM WATER IMPACTS ON STREETS

6.3.1

Introduction
Storm water runoff can influence the traffic function of a street in the following ways:
1.
2.
3.
4.
5.
6.

Sheet flow across the pavement.
Flow in the gutter.
Duration of the storm.
Ponded water.
Flow across traffic lanes.
Deterioration of the street.

To minimize the drainage impact on the streets, each of the above factors must be understood and
controlled to within acceptable limits. The effects of the above factors are discussed in the following
sections.
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6.3.2

Sheet Flow

Rainfall on the paved surface of a street or road must flow overland in what is referred to as sheet flow
until it reaches a channel. In streets which have curbs and gutters, the curb and gutter become the channel,
while on roads which have a drainage ditch, the ditch becomes the channel. The depth of sheet flow will
be essentially zero at the crown of the street and will increase in the direction of the curb and gutter or
channel.
Traffic interference due to sheet flow is by hydroplaning or by splash. Hydroplaning occurs when vehicle
tires become supported by a film of water which acts as a lubricant between the pavement and the vehicle.
This phenomenon generally occurs at higher speeds associated with arterials and freeways and can result
in loss of vehicle control. The potential for hydroplaning is decreased by increasing the street cross slope
to drain runoff more quickly.
Splashing of the sheet flows interferes with traffic movement by reducing visibility. Increasing the cross
slope of the street crown will also reduce the splash potential. The crown slope must be kept within
acceptable limits to prevent the sideways slipping of traffic during icy conditions. In general, a 2 percent
cross slope is the minimum desirable slope.
6.3.3

Gutter Flow

Water which enters a street as sheet flow from the pavement surface or as overland flow from adjacent
land area will flow in the gutter of the street until reaching some outlet, such as a storm sewer inlet or a
channel. As the flow progresses downhill and additional areas contribute to the runoff, the width of flow
will increase and progressively infringe upon the traffic lane. If vehicles are parked adjacent to the curb,
the flow width will have little influence on traffic capacity until it exceeds the width of the vehicle by
several feet. However, on streets where parking is not permitted, the flow width can significantly effect
traffic movement after exceeding only a few feet into the street, because the flow encroaches on a moving
lane rather than a parking lane. Field observations indicates that drivers will tend to crowd adjacent lanes
to avoid curb flow. This creates a traffic hazard when it contributes to the potential for an increase in
accidents during rainstorms.
As the flow width increases, the traffic must eventually move through the inundated lanes progressively
reducing traffic speeds and movement as the depth of flow increases. Whereas some drainage effects on
traffic movement are acceptable, emergency vehicles (i.e., fire equipment, ambulances, police vehicles)
must be able to travel the streets, such as by moving along the street crown. Therefore, certain limitations
on the allowable depth of flow in the street are required.
6.3.4

Storm Duration

Storm duration also plays a role in the drainage impact on the streets. The high intensity, short duration
thunderstorms typical in north-central North Dakota generally do not influence traffic for more than 30
minutes per storm, and often do not occur during high traffic volume periods. Therefore, increased flow
depths are tolerable for the shorter flood periods.
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6.3.5

Ponding

Storm runoff ponded on the street, due to grade changes or intersecting street crowns, affects traffic
movement by increasing flow depths and duration at the greater depths. Ponding is also localized and
vehicles may enter the ponded area at high speeds unaware of the problem until too late. Ponding will
often bring traffic to a complete halt to negotiate the ponded area without stalling the vehicle, resulting in
severely reduced traffic movement. Therefore, depths of ponding must be controlled similar to gutter flow
and in some cases eliminated on high traffic volume streets.
6.3.6

Cross Flow

Whenever storm runoff, other than sheet flow, moves across a traffic lane, traffic flow is affected. The
cross flow may be caused by superelevation of a curve, by the intersection of two streets, by exceeding the
capacity of the higher gutter on a street with cross flow, or simply poor street design. The problem
associated with this type of flow is the same as for ponding in that it is localized in nature and vehicles
may be traveling at high speed when they reach the location. If the speed limits are slow and the traffic
volume is light, then the influence of cross street flow may be within acceptable limits.
Cross street flow at critical designated locations and cross section (called cross pan) can occur by two
separate means. One is runoff which has been flowing in a gutter and then flows across the street to the
opposite gutter or inlet. The second case is flow from some external source, such as a drainageway or
conduit, which will flow across the crown of the street when the conduit capacity beneath the street is
exceeded. If the inundated area exceeds the street right-of-way, flow easements must be obtained. The
maximum allowable cross street flow depth based on the worst condition shall not exceed the limitation
stipulated in the following table.

Table No. 6.1
Allowable Cross Street Flow
Initial Design
Storm Runoff

100-Year Design
Storm Runoff

Local

6" depth at crown
or in cross pan

9" depth at crown
or in cross pan

Collector

Where cross pans allowed,
depth of flow shall not
exceed 3"

6" depth at crown
or in cross pan

Arterial

None

3" or less over crown

Classification
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6.4

STREET CLASSIFICATION

The streets in Minot are generally classified for drainage use as local, collector, arterial, or freeway,
sometimes according to the average daily traffic (ADT) for which the street is designed. The larger the
ADT, the more restrictive is the allowable drainage encroachment into the driving lanes.
Presented in Table No. 6.2 is the street classification (i.e., arterial, collector, etc.) and the maximum
allowable pavement encroachment and depth of flow for the minor storm runoff. Table No. 6.3 presents
the allowable depth of flow and inundated area for the major storm runoff (100-year).
Table No. 6.2
Allowable Pavement and Encroachment and
Depth of Flow for Minor Storm Runoff
Street Classification

Maximum Encroachment*

Local

No curb overtopping. Flow may spread to crown of street.

Collector

No curb overtopping. Flow spread must not encroach to within 8 feet of the
centerline of a two-lane street. The flow spread for four-lane streets must
leave the equivalent of two 12 feet driving lanes clear of water; one lane in
each direction.

Arterials
(2, 3, or 4-lane)

No curb overtopping. Flow spread must not exceed 10 feet from the
face of the curb on the outside lane. For special conditions, when an inlet is
necessary in a raised median, the flow spread should not exceed 4 feet from
the face of the median curb for an inside lane.

Freeways

No encroachment on driving lanes is allowed on any traffic lane.

*Where no curbing exists, encroachment shall not extend past property lines.

Table No. 6.3
Allowable Depth of Flow and
Inundated Area for 100-Year Storm Runoff
Street Classification

Allowable Depth and Inundated Area

Local and Collector

The inundated area should not exceed the street right-of-way and the depth of
water above the street crown should not exceed 6 in., whichever is less.

Arterial

The inundated area should not exceed the street right-of-way and the depth of
water above the street crown should not exceed 3 in., whichever is less.
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6.5

HYDRAULIC EVALUATION

6.5.1 Allowable Capacity for Minor Storm
The storm sewer system shall commence upstream from the point where the maximum allowable
encroachment occurs. All storm sewers shall have the capacity to carry a two-year (residential area) or a
five-year (commercial and industrial areas) storm within the pipe.
The allowable minor storm capacity of each street section is calculated using the modified Mannings
formula.
Q = (0.56) (Z/n)S1/2 Y(8/3)
where

(Equation 6.1)

Q = discharge in cfs
Z = 1/Sx, where Sx is the cross slope of the pavement (ft./ft.)
Y = depth of water at face of curb (feet)
S = longitudinal grade of street (ft./ft.)
n = Mannings roughness coefficient

The solution to the above equation can also be obtained through the use of the nomograph of Figure No.
5.1, reproduced in this chapter as Figure No. 6.1.
When the allowable pavement encroachment has been determined, the theoretical gutter carrying capacity
for a particular encroachment shall be computed using the modified Manning's formula for flow in a small
triangular channel as shown in Figure No. 6.1. An "n" value of 0.016 shall be used unless special
considerations exist.
The allowable capacity for each street cross-section has been calculated and is presented in Figure No. 6.2.
The calculations were performed for various allowable flow depths and street slopes. A Mannings nvalue of 0.016 was used for the gutter and street flow areas. The theoretical capacity was calculated and
then the reduction factor was applied to reduce the potential for damage from regular recurring storm
runoff and to prolong the life of the pavement.
6.5.2 Allowable Capacity for Major Storm
The allowable street capacity for the major storm is calculated using Mannings formula (Chapter 7) by
first dividing the street cross section into the pavement area and sidewalk/grass area and then computing
the individual flow contributions. The capacity calculations were performed for each street cross section
and for various allowable flow depths and street slopes and plotted in Figure No. 6.3. A Mannings n-value
of 0.016 for the pavement area and 0.025 for the sidewalk/grass area was used to determine the capacity.
The reduction factor was also applied to reduce the allowable storm runoff in the street. The backslope
from the curb was assumed to be 2 percent until reaching the street ROW limits. The maximum allowable
depth at the gutter is 12 inches, but the street capacity is generally limited by the ROW.
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6.5.3 Rural Streets
Rural streets are characterized by roadside ditches rather than curb and gutters for urban streets. The
capacity is limited by the depth in the ditch and the maximum flow velocity. For the initial storm, the 5year flow depth in the ditch shall not exceed 18 inches due to the geometry limitations (Figure No. 7.8).
The capacity of the ditch is presented in Table No. 7.6 and is limited also by the maximum allowable
Froude Number.
For the major storm, the capacity limitation is also controlled by the ditch geometry and the ROW of the
street. The allowable capacity for the major storm is the same as for the initial storm unless additional
ROW is provided and the backslope from the ditch will contain all the flows within the ROW.
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CHAPTER 7
OPEN CHANNEL DESIGN
7.1

INTRODUCTION

This section presents the technical criteria for the hydraulic evaluation and hydraulic design of open
channels including natural channels, grass, concrete or rock lined channels, and roadside ditches. A
separate section is provided for the design of gradient control and energy dissipation structures, rock
riprap, and vegetation for erosion protection. The individuals using this Manual are assumed to
possess a working knowledge of hydraulics and have storm water drainage evaluation experience. The
user is encouraged to review the many referenced materials for additional information.
The open channel is generally the primary conveyance facility for the Major Drainage System (except
for the roadside ditch). The selection of the type, capacity, and location for a major drainage channel
will have a significant effect on the requirements for the minor system. If the historic or natural
drainage path is selected for the open channel route, the construction costs for the major system can be
minimized. Using the historic drainage route with minimum alteration of the existing natural channel
is recommended for all drainage ways. In some instances, however, the land use of the property can be
improved by relocating or straightening the natural drainage path, thereby improving the economic and
development aspects of the project. Altering the channel alignment and shape may require the addition
of grade control sections to control the resulting changes in flow velocities.
7.2

OPEN CHANNEL TYPES

7.2.1

General

The channels in the Minot area are defined as natural or artificial. Natural channels include all water
courses that have developed by the erosion process such as Gassman Coulee, First Larson Coulee,
Second Larson Coulee, Livingston Coulee, and Puppy Dog Coulee and their tributaries. Artificial
channels are those constructed or significantly altered by human efforts including drainage ditches,
roadside ditches, and grassed channels through the many subdivisions.
7.2.2

Natural Channels

The hydraulic properties of natural channels vary along the channel reach and can be either controlled
to the extent desired or altered to meet given requirements. The initial decision to be made regarding a
natural channel is whether or not it can be protected from erosion due to high velocity flows, or
protected from excessive silt deposition due to low velocities.
Many natural channels in urbanizing or urbanized areas have mild slopes, are reasonably stable, and
are not in a state of serious degradation or aggregation. However, if a natural channel is to be used for
carrying the additional storm runoff from an urbanized area, the altered nature of the runoff peaks and
volumes from urban development can and will cause erosion. Therefore, a hydraulic analysis will be
required for all natural channels in order to identify the potential for erosion. Some on-site
modifications to the natural channel may also be required to assure a stabilized condition.
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The investigations necessary to assure that a natural channel is adequate are different for every
waterway. The design engineer must prepare cross sections of the channel, define the water surface
profile for the minor and major design flood, investigate the bed and bank material to determine
erosion tendencies, and study the bank slope stability of the channel under various flow conditions.
Supercritical flow does not normally occur in natural channels, but calculations must be made to insure
such flows do not occur.
7.2.3

Artificial Channels

7.2.3.1 Grass Lined Channels
The grass will stabilize the bed and slopes of the channel, consolidate the soil mass of the bed, check
the erosion on the channel surface, and control the movement of soil particles along the channel
bottom. The channel storage, lower velocities, and the greenbelt multiple-use-benefits obtained create
significant advantages over other artificial channels.
The presence of grass in channels creates turbulence which results in loss of energy and increased flow
retardance. Therefore, the design engineer must give full consideration to sediment deposition and
scour, as well as hydraulics.
7.2.3.2 Concrete Lined Channels
The concrete lining must be designed to withstand the various forces and actions which tend to overtop
the bank, deteriorate the lining, erode the soil beneath the lining, and erode unlined areas.
The City of Minot Public Works department prefers the use of concrete lined channels from an
operations and maintenance standpoint.
7.2.3.3 Rock Lined Channels
Rock lined channels are constructed from ordinary riprap or wire enclosed riprap (i.e., gabions). The
rock lining increases the turbulence resulting in a loss of energy and increased flow retardance. The
rock lining also permits higher design velocities and therefore, a steeper design slope than for grass
lined channels. Rock linings are also used for erosion control at culvert/storm sewer outlets, at sharp
channel bends, at channel confluences, and at locally steepened channel sections.
If the project constraints dictate the use of a riprap or wire enclosed riprap lining, such use shall be
allowed only upon approval of the City Engineer. Riprap for the purposes of local erosion control is
permitted, subject to the criteria in this Manual.
7.2.3.4 Other Lining Types
A slope revetment mattress may consist of double layers of woven fabric forms placed on the slope to
be protected and filled with concrete or grout. This type of forming system is simple, fast, and
economical technique for the placement of concrete for slope protection both above and below the
water without the need for dewatering. The performance characteristics and cost advantages make the
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process adaptable to stabilizing and protecting shorelines, levees, dikes, canals, holding basins, and
similar erosion control projects.
These systems make use of the pressure injection of fluid fine-aggregate concrete into flexible fabric
forms. Controlled bleeding of mixing water through the porous fabric produces all the desirable
features of low water/cement ratios mortar - rapid stiffening, high strength, and exceptional durability.
For normal installations, the fabric forms, prefabricated to job specifications and dimensions, are
simply spread over the terrain, which has received minimal grading. The fabric form is then pumped
full of mortar. This same concept can be used where slide problems are caused by eroding of the toe of
the slopes, and where access is difficult for placement of riprap. See Figure No. 7.1 for typical sections
of mattresses.
There are several manufacturers of synthetic fabrics for erosion protection. Included in this category of
channel lining are the products which consist of discrete blocks on a continuous fabric backing. The
use of synthetic fabric for lining of channels within the City of Minot is restricted to areas where the
ROW constraints prohibit the use of a grass lined section. Such use shall be allowed only upon
approval of the City Engineer.
7.3

HYDRAULICS OF OPEN CHANNELS

7.3.1

Introduction

An open channel is a conduit in which water flows with a free surface. The hydraulics of an open
channel can be very complex, encompassing many different flow conditions from steady state uniform
flow to unsteady, rapidly varied flow. Most of the problems in storm water drainage involve uniform,
gradually varied (GVF) or rapidly varied (RVF) flow states. An example of these flow conditions is
illustrated in Figure No. 7.2. The calculations for uniform and gradually varied flow are relatively
straightforward and are based upon similar assumptions (i.e., parallel streamlines). Rapidly varied
flow computation, (i.e., hydraulic jumps and flow over spillways) however, can be very complex and
the solutions are generally empirical in nature.
Presented in this section are the basic equations and computational procedures for uniform, gradually
varied, and rapidly varied flow. The user is encouraged to review the numerous hydraulics textbooks
available for a more detailed discussion.
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7.3.2

Uniform Flow

Open channel flow is said to be uniform if the depth of flow is the same at every section of the channel.
For a given channel geometry, roughness, discharge and slope, there is only one possible depth for
maintaining uniform flow; the normal depth. For a prismatic channel (i.e., uniform cross section) the
water surface will be parallel to the channel bottom for uniform flow.
Uniform flow rarely occurs in nature and is difficult to achieve in a laboratory, because not all of the
parameters remain exactly the same. However, channels are designed assuming uniform flow as an
approximation, which is adequate for planning purposes.
The computation of uniform depth for the City of Minot shall be based upon the Manning's formula as
follows:

where:

Q

=

(1.49/n) AR2/3 S1/2

Q
n
A
R
P
S

=
=
=
=
=
=

Discharge in cfs
Roughness coefficient
Area in square feet
Hydraulic radius, A/P in feet
Wetted perimeter, feet
Slope of the energy grade line (EGL) in feet/feet

(Equation 7.1)

For prismatic channels, the EGL slope and the bottom slope are assumed to be the same.
For convenience, tables have been prepared using the Manning's formula for various uniform cross
sections to compute uniform flow conditions given any four of the following parameters: D, b, Q, n, S.
For trapezoidal sections, Table No. 7.1 can be used and for circular sections, Table No. 7.2 can be
used. The use of the tables is illustrated by the following example:
Example No. 7.1:

Uniform Flow for Trapezoidal Channel

Given:

Channel bottom width b = 10-feet
Side slopes (Z) = 4:1
Slope (S) = 0.005
Discharge Q = 400 cfs

Find:

Normal depth D, compute the following parameters:

Step 1:

Estimate roughness coefficient, n = 0.032 for this example as a typical starting value.

Step 2:

Qn/b8/3S1/2 = (400)(0.032)/(10)8/3 x (.005)1/2 = 0.39

Step 3:

Enter Table 7.1 with the value of 0.39 under the Column for Z = 4 and read the
corresponding value of D/b, interpolate if necessary D/b = 0.328
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Step 4:

Compute normal depth D
D = (0.328)(b) = (0.328)(10)
D = 3.28 feet

Step 5:

Compute the velocity, velocity head and specific energy
Flow Area at D = 3.28, A = 75.8 ft2
V = Q/A = 400 cfs/75.8 ft2
V = 5.28 fps
Velocity head (hv) = V2/2g = (5.28)2/2(32.2) = 0.43
Specific energy (E) = D+hv = 3.28 + 0.43
E = 3.71 feet

Step 6:

Compute hydraulic radius (R) and check assumed n-value using Figure No. 7.5.
R = 2.05 for D = 3.28
RV = (2.05)(5.28) = 10.8
From Figure No. 7.5 for Retardance C, read the value of 0.032, which is equal to the
assumed value. If the computed n-value was different (i.e., + 0.001), another n-value
would be selected and steps 1 to 6 repeated. Also note that since the problem was to
determine the normal depth, Retardance curve "C" was used. If the maximum
velocity is to be found, curve "D" would be used (see Section 7.4).

The above parameters are important in the hydraulic evaluation of open channels as will be seen in
subsequent sections. The design engineer should be aware that roughness conditions greater than those
assumed will cause the same discharge to flow at a greater depth, or conversely that flow at the
computed depth will result in less discharge. In addition, obstructions in the channels cause an
increase in depth above normal and must be taken into account by providing for freeboard (see Section
7.4).
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7.3.3

Uniform/Critical Flow

The critical state of flow through a channel is characterized by several important conditions:
1.
2.
3.
4.
5.

Specific energy; E, is a minimum for a given discharge
The discharge is a maximum for a given specific energy
The specific force is a minimum for a given discharge
The velocity head is equal to half the hydraulic depth in a channel of small slope
The Froude Number is equal to 1.0

If the critical state of flow exists throughout an entire reach, the channel flow is critical and the channel
slope is at critical slope Sc. A slope less than Sc will cause subcritical flow. A slope greater than Sc
will cause supercritical flow. A flow at or near the critical state is unstable because minor changes in
specific energy, such as from channel debris, will cause a major change in depth.
The criteria of minimum specific energy for critical flow results in the definition of the Froude Number
(F) as follows:

F

where:

=

F
V
g
D
A
T

V/gD

=
=
=
=
=
=

Equation 7.2

Froude Number
Velocity (fps)
Acceleration of gravity (ft/sec2)
Hydraulic Depth (ft) = A/T
Channel flow area (ft2)
Top width of flow area (ft)

When F is equal to 1.0, the flow is critical. The Froude Number should be calculated for the design of
all open channels to check the flow state.
The computation of the critical flow state for trapezoidal and circular section can be performed with the
use of Figure No. 7.3. The use of Figure No. 7.3 is illustrated by the following example:
Example No. 7.2:

Critical Flow Computation for Trapezoidal Channel

Given:

Channel conditions for Example No. 7.1

Find:

Froude Number and critical flow state

Step 1:

Calculate Froude Number
D = A/T = 75.8/36.2 = 2.09 feet

F

=

V/gD =

5.28/(32.2)(2.09)
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=

0.6V

Since F is less than 1.0, the flow is subcritical
Step 2:

Calculate section factor Z

Z

=

Q/g =

400 cfs/(32.2)

=

70.5

Step 3:

Z/b5/2 = 70.5/105/2 = 0.22

Step 4:

Enter Figure No. 7.3 with Z/b5/2 = 0.22 for a channel side slope (z = 4) and read the
value for y/b
y/b = 0.26

Step 5:

Calculate critical depth
y = (0.26)(b) = (0.26)(10) = 2.6 feet
The remaining channel parameters (i.e., S, A, V, hv, E) can be computed from the
channel geometry and using Table No. 7.1
S
A
V
hv
E

=
=
=
=
=

0.0166 ft/ft
53.0 ft2
7.54 fps
0.88 ft
3.48

Note that the specific energy, E, for critical flow is less than the specific energy at
normal depth.
7.3.4

Gradually Varied Flow

The most common occurrence of gradually varied flow in storm drainage is the backwater created by
culverts, storm sewer inlets, or channel constrictions. For these conditions, the flow depth will be
greater than normal depth in the channel and the water surface profile must be computed using
backwater techniques
Many computer programs are available for computation of backwater curves. Commonly used
programs include SWMM and HEC-RAS, River Analysis System, developed by the U.S. Army
Corps of Engineers. HEC-RAS is the program recommended for floodwater profile computations
in the City of Minot. This program will compute water-surface profiles for natural and manmade
channels using the Standard Step Method. HEC-RAS was developed by the Corps of Engineers to
replace the HEC-2 program.
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For prismatic channels, the backwater calculation can be computed manually using the Direct Step
Method. For an irregular non-uniform channel, the Standard Step Method is used, which is a more
tedious iterative process. The use of HEC-RAS is recommended for non-uniform channel analysis.
The Direct Step Method can be used for prismatic channels in the City of Minot and is illustrated by
the following example:
Example No. 7.3:

Direct Step Backwater Calculation

Given:

Channel condition in Examples No. 7.1 and 7.2, a culvert with a headwater depth of
5.0-feet at the entrance.

Find:

The water surface profile from the culvert upstream to where the flow depth reaches
normal depth.

Step 1:

Set up Table No. 7.3. Fill in the parameters at the top of the table.

Step 2:

Starting with y = 5.00 feet (culvert headwater) compute Columns 2, 3, and 4 from the
channel geometry.

TABLE NO. 7.3
FLOW PROFILE COMPUTATION
(Direct Step Method)
Direct Step Backwater Calculation Example 10
Q = 400, n = .032, So = 0.005,  = 1.0, yc= 2.60, yn= 3.28
V2/2g
(5)

E
(6)

E
(7)

Sf
(8)

A
(2)

R
(3)

V
(4)

5.00

150.0

2.93

2.67

0.111

5.111

--

0.0007871

--

--

--

--

4.80

140.2

2.83

2.85

0.126

4.426

0.185

0.0009392

0.0008632

0.0041368

45

45

4.60

130.6

2.73

3.06

0.146

4.746

0.180

0.0011358

0.0010375

0.00329625

45

90

4.40

121.4

2.62

3.29

0.168

4.568

0.178

0.0013867

0.0012613

0.0037388

48

178

4.20

112.6

2.52

3.55

0.196

4.396

0.172

0.0017004

0.0015436

0.0034565

50

188

4.00

104.0

2.42

3.85

0.230

4.230

0.166

0.0021105

0.0019055

0.0030946

54

242

3.80

95.8

2.32

4.18

0.271

4.071

0.159

0.0026315

0.0023710

0.0026290

60

302

3.60

87.8

2.21

4.56

0.323

3.923

0.148

0.0033407

0.0029861

0.0020139

73

375

3.40

80.2

2.11

4.99

0.387

3.787

0.136

0.0042545

0.0037976

0.0012024

113

488

3.30

76.6

2.06

5.22

0.423

3.723

0.064

0.0048067

0.0045306

0.0004694

136

624
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Sf
(9)

X
(11)

y
(1)

So-Sf
(10)

X
(12)

Sf

Step 3:

=

X

n2V2
2.22 R 4/3

=

E
So - Sf

Compute Columns 5 through 12 as follows:
Col. 5:

Velocity head, (alpha assumed equal to 1.0).

Col. 6:

Specific energy in feet obtained by adding Column 1 and 5.

Col. 7:

Change in specific energy in feet equal to the difference between the
E value in Column 6 and that of the previous step (not applicable for
first row).

Col. 8:

Friction slope computed using the equation at the bottom of the table.

Col. 9:

Average friction slope between this row and previous row (not
applicable for the first row).

Col. 10:

Difference between the bottom slope and average friction slope of
Column 9 (not applicable for first row).

Col. 11:

Length of the reach in feet between consecutive rows, computed by
the equation at the bottom of the table (not applicable for the first
row).

Col. 12:

Accumulated distance from the starting point.

Step 4:

Decrease Column 1 depth (Y) by small amount (i.e., 2 to 4%) and enter in Column 1
row 2. Repeat steps 2 and 3 for the new depth.

Step 5:

Continue steps 2, 3, and 4 until the depth in Column 1 equals the normal depth (+ 0.05
feet). The plot of the depth (Column 1) versus distance (Column 23) is the water
surface profile.

7.3.5

Rapidly Varied Flow

Rapidly varied flow (RVF) is characterized by very pronounced curvature of the streamlines. The
change in curvature may become so abrupt that the flow profile is virtually broken, resulting in a state
of high turbulence. Whereas there are several mathematical solutions to some cases of RVF, design
engineers have generally relied on empirical solutions of specific problems. The two cases of RVF
(weir flow and hydraulic jump) occurring commonly in storm drainage will be discussed in the next
section.
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7.3.6

Gradient Control and Energy Dissipation

7.3.6.1 Weir Flow
The common use of weirs in storm drainage analysis is for spillway outlets in detention ponds (Chapter
12 Detention). The general form of the equation for horizontal crested weirs is:

where:

Q

=

CLH3/2

Q
C
L
H

=
=
=
=

discharge (cfs)
weir coefficient
horizontal length of weir crest (feet)
total energy head (feet)

(Equation 7.3)

Another common weir is the v-notch, whose equation is as follows:
Q

=

2.5 tan (/2)H5/2

(Equation 7.4)

Where  = angle of the notch at the apex (degrees)
When designing or evaluating weir flow conditions, the effects of submergence must be considered. A
single check on submergence can be made by comparing the tailwater to the headwater depth as
illustrated in the figure on Table No. 7.4. The coefficients to be used in Equation 7.3 are also listed on
Table No. 7.4.
7.3.6.2 Hydraulic Jump
In urban hydraulics, the hydraulic jump may occur at grade control structures (i.e., check drops), inside
the storm sewers or concrete box culverts, or at the outlet of an emergency spillway for detention
ponds. The evaluation of hydraulic jumps is important since there is a loss of energy and the
occurrence of erosive forces associated with a jump. For hard-lined facilities, such as pipes or concrete
channels, the forces and the change in energy can affect the structural stability or the hydraulic capacity
of the conveyance facility. For grass lined channels, the erosive forces must be controlled or serious
damages will result. The control is usually obtained by check drops or grade control structures which
confine the erosive forces to a riprap protected area.
The analysis of the jump inside of storm sewers is approximate due to the lack of data for circular,
elliptical or arch sections. The jump can be approximately located by intersecting the energy grade line
of the supercritical and subcritical flow reaches. The primary concerns are: (1) can the pipe withstand
the forces which may separate the joint or damage the pipe wall, and (2) will the jump affect the
hydraulic characteristics. Since the new mainline storm sewers in Minot are restricted to concrete pipe
and the velocities are limited to 15 fps (Chapter 8), then the hydraulic jump need only to be located and
the impact on the pipe capacity determined for storm sewer analysis as discussed above. The effect on
pipe capacity can be determined by evaluating the energy grade line taking into account the energy lost
by the jump. In general, for Froude Numbers less than 2.0, the loss of energy is less than 10 percent.
For long box culverts, with a concrete bottom, the concerns of the jump are the same as for storm
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sewers. However, the jump can be adequately defined for box culverts/sewers and for spillways using
the jump characteristics of rectangular sections. A detailed evaluation of the hydraulic jump is beyond
the scope of this Manual and the user is referred to many available references for computational
procedures. The calculations are to be included, when necessary, with the required Storm Water
Management Plan submittals. (see Chapter 2).
The hydraulic jump conditions at vertical check drops have been defined using experimental data. The
aerated free-falling nappe in a vertical check drop will reverse the curvature and turn smoothly into
supercritical flow on the apron (see Figure No. 7.4) which may form a hydraulic jump downstream.
Using the experimental data, the flow geometry can be described by functions of the drop number (Dn)
defined as:
Dn

=

(q2 / gh3)

(Equation 7.5)

Where q is the discharge per unit width of the crest of overfall (cfs/ft), g is the acceleration of gravity,
and h is the height of drop (feet). The functions are:
Ld/h
dp/h
d1/h
d2/h

=
=
=
=

4.3 Dn 0.27
1.00 Dn 0.22
0.54 Dn 0.425
1.66 Dn 0.27

(Equation 7.6)
(Equation 7.7)
(Equation 7.8)
(Equation 7.9)

Where Ld is the drop length (the distance from the drop wall to the position of the depth d1), yp is the
pool depth under the nappe, d1 is the depth at the toe of the nappe or the beginning of the hydraulic
jump, and d2 is the tailwater depth sequent to d1. L is the length of the hydraulic jump and may be
determined as outlined for stilling basins. From these equations, the drop length and design tailwater
depth may be determined. The above equations are contingent upon the length of the spillway crest
being approximately the same width as the approach channel.
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7.4

DESIGN STANDARDS

7.4.1

Introduction

The design standards for open channels cannot be presented in a step by step fashion because of the
wide range of options available to the engineer. Certain planning and conceptual criteria are
particularly useful in the preliminary design of a channel. Those criteria, which have the greatest effect
on the performance and cost of the channel, are discussed below.
7.4.2

Floodplain Considerations

When designing storm water management features, developers must determine the water surface
elevation and inundation easements corresponding to the 100-year, 24-hour storm event. A minimum
of 1 foot of clearance between a structure’s lowest floor and the 100-year flood elevation for adjacent
storm water detention, retention, conveyance features and all applicable regulatory floodplains (FEMA,
City of Minot, Ward County) must be maintained.
7.4.3

Natural Channels

The design criteria and evaluation techniques for natural channels are:
1.

The channel and overbank areas shall have adequate capacity for the 100-year storm
runoff.

2.

Natural channel segments which have a Froude Number greater than 0.95 for the 100year flood peak shall be protected from erosion.

3.

The water surface profiles shall be defined so that the floodplain can be zoned and
protected.

4.

Filling of the flood fringe reduces valuable channel storage capacity and tends to
increase downstream runoff peaks. Filling of the flood fringe is subject to the
restriction of floodplain regulations.

5.

Roughness factors (n), which are representative of unmaintained channel conditions,
shall be used for the analysis of water surface profiles.

6.

Roughness factors (n), which are representative of maintained channel conditions,
shall be used to determine velocity limitations.

7.

Erosion control structures, such as riprap check drops or check dams, may be required
to control flow velocities, including the initial storm runoff.

8.

Plan and profile drawings of the floodplain shall be prepared. Appropriate allowances
for future bridges or culverts, which can raise the water surface profile and cause the
floodplain to be extended, shall be included in the analysis.
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With most natural waterways, grade control structures should be constructed at regular intervals to
decrease the thalweg slope and to control erosion. However, these channels should be left in as near a
natural condition as possible. For that reason extensive modifications should not be undertaken unless
they are found to be necessary to avoid excessive erosion with subsequent deposition downstream.
Also, modification of the channel within the normal high water line will require a US Army Corps of
Engineers Section 404 permit.
The usual rules of freeboard depth, curvature, and other guidelines which are applicable to artificial
channels do not necessarily apply to natural channels. All structures constructed along the channel
shall be elevated to a minimum of 1-foot above the 100-year water surface. Consideration should be
given to the potential for water surface variability due to ice and ice jams. There are significant
advantages which may occur if the design engineer incorporates into his planning the overtopping of
the channel and localized flooding of adjacent areas which are laid out and developed for the purpose
of being inundated during the major storm runoff. The freeboard criteria can be used to advantage in
gaging the adequacy of a natural channel for future changes in runoff.
If a natural channel or water course is to be utilized as a discharge point for a development, then the
applicant shall meet with the City Engineer to discuss the concept and to obtain the requirements for
planning and design documentation. Approval of the concept and design will be made in accordance
with the requirements of Chapter 2.
7.4.4

Artificial Channels

7.4.4.1 Grass Lined Channels
Key parameters in grass lined channel design include velocity, slopes, roughness coefficients, depth,
freeboard, curvature, cross section shape, and lining materials. Other factors such as water surface
profile computation, erosion control, drop structures, and transitions also play an important role. A
discussion of these parameters is presented below.
1.

Flow Velocity and Capacity
The maximum normal depth velocity for the 100-year flood peak shall not exceed 7.0
feet per second for grass lined channels, except in sandy soil where the maximum
velocity shall not exceed 5.0 feet per second. The Froude Number (turbulence factor)
shall be less than 0.8 for all grass lined channels. Grass lined channels having a
Froude Number greater than 0.8 shall not be permitted. The minimum velocity,
wherever possible, shall be greater than 2.0-feet per second for the initial storm
runoff. All grass lined channels shall be designed to convey the 100-year flood with
adequate freeboard.

2.

Longitudinal Channel Slopes
Grass lined channels normally will have slopes of 0.2 percent to 0.6 percent. Where
the natural topography is steeper than desirable, drop structures shall be utilized to
maintain design velocities (see Section 7.4.4)
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3.

Freeboard
Except where localized overflow in certain areas is desirable for additional ponding
benefits or other reasons, the freeboard shall be:

where:

HFB

=

1.0 + V2/2g

HFB
V
g

=
=
=

freeboard height (feet)
average channel velocity (fps)
acceleration of gravity = 32.2 ft/sec2

(Equation 7.10)

The minimum freeboard shall be 1.5-feet above the computed water surface elevation.
Freeboard shall not be obtained by the construction of levees.
An approximation of the superelevation, h (ft), at a channel bend with velocity V
(fps), a centerline radius of curvature rc (ft), and top width of channel, Tw (ft), can be
obtained from the following equation:
h = V2Tw/grc

(Equation 7.11)

The freeboard shall be measured above the superelevation water surface.
4.

Curvature
The center line curvature shall have a radius twice the top width of the design flow,
but not less than 100-feet.

5.

Roughness Coefficient
The variation of Manning's "n" with retardance and the product of mean velocity and
hydraulic radius as presented in Figure No. 7.5 shall be used in the capacity
computation. Refer to Example No. 7.1 for illustration of the use of Figure No. 7.5.
Retardance curve C shall be used to determine the channel capacity, since a mature
channel (i.e., substantial vegetation with minimal pervious maintenance) will have a
higher Manning's "n" value. However, a recently constructed channel will have
minimal vegetation and the retardance will be less than the mature channel.
Therefore, retardance curve D shall be used to determine the limiting velocity in a
channel.

6.

Cross Sections
The channel shape may be almost any type suitable to the location and to the
environmental conditions. Often the shape can be chosen to suit open space and
recreational needs (refer to Figures No. 7.6 and 7.7). However, limitations within
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which the design must fall for the major storm design flow include:
a.

Trickle Channel
The base flow shall be carried in a trickle channel. The minimum capacity
shall be 1.0 percent to 3.0 percent of the 100-year flow, but not less than 1
cfs. Trickle channel shall be constructed of concrete or other approved
materials to minimize erosion, to facilitate maintenance and to aesthetically
blend with the adjacent vegetation and soils.

b.

Bottom Width
The minimum bottom width shall be consistent with the maximum depth, and
velocity criteria. The minimum width shall be 4-feet to accommodate the
trickle channel.

c.

Right-of-Way Width
The minimum right-of-way width for major drainage ways shall include
freeboard and a twelve foot (12') wide maintenance access.

d.

Flow Depth
The maximum design depth of flow (outside the trickle channel area) for the
100-year flood shall be limited to 5.0-feet in grass lined channels.

e.

Maintenance/Access Road
Maintenance access shall be provided for all major drainage ways with a
minimum width of 12-feet.

f.

Side Slopes
Side slopes shall be 4 (horizontal) to 1 (vertical) or flatter. Slopes as steep as
3:1 may be used in existing developed areas subject to additional erosion
protection and approval from the City Engineer.

7.

Grass

The grass species chosen must be sturdy, drought resistant, easy to establish and capable of
spreading. A thick root structure is necessary to control weed growth and withstand erosion.
A mixture of native and introduced grass species has been found to be satisfactory in
establishing an erosion-resistant channel lining. The Natural Resource Conservation Service
and local landscape architects can provide assistance in selecting grass mixtures which have
been successful.
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Some of the grass generally suitable for waterway use include White Dutch Clover, several
Wheatgrass species, several Grama species, two Brome Species and Perennial Ryegrass. If a
landscaped park or a maintained yard setting is desirable and an irrigation system is provided,
Kentucky Bluegrass provides an excellent cover, but requires extensive water and
maintenance, while sodding is acceptable for some applications it is generally not
recommended for use in drainage ways.
Newly constructed channels need a protective cover consisting of mulch and grass seeding
immediately after completion. If possible, seed the distributed areas with permanent grass
seed mix. To provide quick ground cover the seed mix should include a perennial ryegrass.
The perennial ryegrass germinates quickly and will not compete with the sod-forming grasses
later on. When immediate seeding of permanent grass is not practical, an annual crop may be
planted with the perennial grass seeded later in the stubble or residue. Rye, oats, or ryegrass
will provide temporary protection for waterways, though the crop should be mowed before it
matures to seed.
Seed quality is important. Grass seed may range from 20 to 100 percent purity. Seeding rates
are aimed at planting a given number of pure live seed per square foot. For additional
information on seeding rates, the reader is referred to the Natural Resource Conservation
Service.
Disturbed areas should be seeded by drilling. The drill must be a specially adapted power
drawn grass drill. In areas where access is a problem a hydraulic seeder may be used. Seeding
rates should be doubled if hydraulic equipment is used. All areas seeded should be mulched to
prevent erosion and hold moisture in the soil surface. Cutting of the grass should be planned
so that it will regrow to attain a height of at least 6-inches in November and June. Mowing
practices should encourage the establishment and spread of the grass.
General rules for an effective grass lining for a waterway area are as follows:
a.
b.
c.
d.
e.
f.
g.
h.
i.
j.
k.
l.

Strip and stockpile topsoil during construction. Use stockpiled materials in
the surface preparation prior to seeding operations.
Prepare a good, firm seedbed and use a crop residue or a mulch to protect the
waterway and grass seedlings during establishment.
Allow one year for grass to show an adequate stand.
Select a simple grass mixture that best fits the conditions of the waterway.
Use good quality seed.
Use grass origins and strains known to be adaptable.
Plant at the best date for the particular grass.
Use planting equipment and methods that give uniform distribution and
proper placement of seed.
Water grass as required to supplement rainfall until established.
Fertilize according to the needs of the grass and soil as shown by soil tests.
Overseed or repair bare spots with sod chunks or mulch as necessary.
Avoid using the waterway as a road or damaging the sod with tillage
implements.
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m.

Mow when grass can make good regrowth and restore food reserves in the
roots.

The following recommendations are made for establishing native grass cover on waterways in
the Minot area:
a.

Site and Soil Preparation
Grading and shaping should be done on the site to eliminate depressions and
other rough areas that would interfere with the seeding equipment's ability to
place the seed at proper depths and the proper row spacing.
Topsoil should be spread so that at least two inches (or more) covers all areas
to be seeded. Hard pan or compacted clay soil areas should be scarified
before spreading top soil to eliminate slippage surfaces and to promote root
penetration. All areas that will not have more than two inches of topsoil may
need to be fertilized. NRCS recommends up to 20 tons of manure to be
worked into the soil or 50 lbs of nitrogen and 50 lbs of phosphate applied per
acre prior to seeding.
A firm seed bed is essential for grass establishment and assures a shallow
precise seeding depth and seed placement in contact with moist soil. The site
should be packed firm enough so that tracks made by a person walking are
not over one-half inch deep.

b.

Protective Cover Crops
Native grass seeding can be made on sites without first planting a cover crop,
but only on sites not subject to wind or water erosion. Cover crops add a
great deal of protection to new seedlings. Mulching also provides excellent
protection and helps retain soil moisture.
Small grains (spring wheat, oats, barley) planted in the spring (before July)
should be seeded at a rate of 1-2 bushels per acre. Seeding should be
crosswise to the slope of the site. During July and August the best cover crop
choice is Sudan grass, planted at a rate of around 30 lbs per acre. Areas
seeded after August can be planted to winter wheat at the same rate as
mentioned for spring wheat. Neither cover crops nor grass seedings should
be seeded so late in the growing season that plants cannot establish adequate
root systems to survive the winter.
Cover crops will need to be mowed if they become too rank and interfere
with grass seedling growth.
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c.

Grass Seed Planting
Sites should be seeded to the selected grass mixture immediately following
the planting of the cover crop unless the site is highly erodible. If the soils
are subject to wind and water erosion, the cover crop shall be allowed a few
weeks to reach two to three inches height before seeding the grass mixture.
The "double drilling" method, in which the site is crisscrossed or seeded
twice, is recommended. If double drilled, then set the grass drill at one-half
the specified seeding rate. The seeding depth should be set at least one-half
to three-fourths inch, and the seeding rate for recommended North Dakota
native grass species should be around 15 lbs. per acre of pure live seed.
The best times of the year for planting native grass species is early spring
whenever surrounding grassland areas are beginning to green up and grow.
Early fall is also an excellent time of year for establishing native grasses.
Usually good moisture is available in late August and early September and
seedlings can become well rooted before freeze up. Worst times are probably
so late in the fall that seedlings cannot establish adequate root systems that
will carry the seedlings through the winter, or mid summer when soil
moisture levels are low and daytime temperatures and evaporation rates are
high.
On sites where grass drilling equipment cannot be used, broadcast the grass
seed at double the recommended rate and then rake, drag or very lightly disc
the site to help cover the seed.

d.

Selected North Dakota Native Grass Species
A mixture of two or more grass species should always be used unless there is
a specific reason for only one species. At least half of the species should be
the sod-forming grass varieties or species. Selected North Dakota native
species are listed below:
Sod Forming Natives

Bunchgrass Natives

Western wheatgrass
Reed canarygrass
Switchgrass
Big bluestem
Prairie sandreed
Sand bluestem
Thickspike wheatgrass

Slender wheatgrass
Green needlegrass
Little bluestem
Sideoats grama

The best choices and recommended mixture rates, from the above lists, for
planting in the Minot area are: (All weights are Pure Live Seed - PLS)
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Western wheat - 5 lbs.
Reed canarygrass (especially wet areas) - 1/2 lb.
Big bluestem (in dryer areas) - 2 lbs.

Green needlegrass - 1 lb.
Slender wheatgrass - 2 lbs.

A total of 10 1/2 lbs. (PLS) per acre.
There are times and places where mixing native and tame grasses is desirable.
Adapted North Dakota tame grasses are listed as follows:
Sod Forming Tame Grasses

Bunchgrass Tame Grasses

Smooth bromegrass
Garrison creeping foxtail
Kentucky bluegrass
Intermediate wheatgrass
Pubescent wheatgrass
Streambank wheatgrass

Canada or Mandan wildrye
Tall fescue
Hard fescue
Tall wheatgrass
Crested wheatgrass

The best choices and recommended mixture rates, from the above list, for
planting in the Minot area are:
Smooth bromegrass - 3 lbs.
Crested wheatgrass (dry areas) - 2lbs
Garrison creeping foxtail - 1/2 lb
Canada or Mandan wildrye - 1 lb
Pubescent or Intermediate wheatgrass - 4lbs.
A total of 10 1/2 lbs. (PLS) per acre.
As a general rule a mixture of 8-12 lbs. (PLS) of seed per acre for most of the
native and tame grasses listed above will provide a seeding rate of around 30
seeds per square foot, which is the desired rate for this area of North Dakota.
Legumes such as alfalfa or sweet clover are occasionally added to seed
mixtures, but should never exceed 20% of the mixture by weight.
e.

Maintenance of Seeded Sites
Weeds can be a problem which will cause loss of the new seedlings,
especially where cover crops are not used. If weeds are competing severely
with the new grass seedlings, they should be mowed short. As mentioned
above, cover crops can sometimes become so rank that they compete with the
native grass seedlings and should be mowed or can be hayed if the operation
will not cause undue disturbance to the site. Proper use of herbicides will
also control weed growth, but will not harm the grass seedlings.
Once established, native grass or mixed grass seedings will provide a wind
and water-resistant cover that will require little maintenance. An occasional
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burning every four or five years or a late season mowing or haying can be
applied after the second year of growth.
8.

Water Surface Profiles

Computation of the water surface profile shall be presented for all open channels utilizing
standard backwater methods, taking into consideration losses due to changes in velocity of
channel cross section, drops, waterway openings, or obstructions. The energy and
hydraulic gradients shall be shown on all preliminary drawings
7.4.4.2 Concrete Lined Channels
The criteria for the design and construction of concrete lined channels are presented below:
1.

Hydraulics
a.

Freeboard
Adequate channel freeboard above the designed water surface shall be
provided and shall be not less than that determined by the following:

where:

HFB

=

2.0 + 0.025V (d)1/3

HFB
V
d

=
=
=

freeboard height (feet)
velocity (fps)
depth (feet)

(Equation 7.12)

Freeboard shall be in addition to superelevation, standing waves, and/or other
water surface disturbances. These special situations should be addressed in
the Storm water Management Plan report submitted with the construction
drawings and specifications (Chapter 2).
Concrete side slopes shall be extended to provide freeboard. Freeboard shall
not be obtained by the construction of levees, and shall be contained within
the natural or excavated section.
b.

Superelevation
Superelevation of the water surface shall be determined at all horizontal
curves and design of the channel section adjusted accordingly (see Section
7.4.3.1-3).

c.

Velocities
Flow velocities shall not exceed 7 fps or result in a Froude Number greater
than 0.8 (see Section 7.3.3) during the 100-year flood for non-reinforced
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linings. Flow velocities shall not exceed 18 fps for reinforced linings during
the 100-year flood.
d.

n-Values
Refer to Table No. 7.5 for range of values, with the high value used for
capacity determination and the low value used for velocity consideration.

2.

Concrete Materials
a.
b.
c.
d.
e.
f.
g.

3.

Concrete Lining Section
a.
b.

4.

Reinforced linings shall have a minimum thickness of 7-inches.
The side slopes shall be a maximum of 1-1/2 horizontal to 1 vertical or be a
structurally reinforced retaining wall if steeper.

Concrete Joints
a.

b.
c.
d.

5.

Cement Type: II, IIA, or III
Minimum cement content: 550 lbs/C.Y.
Maximum water-cement ratio: 0.50 (6 gals. per sack)
Maximum aggregate size: 1-1/2 inches
Air content range: 4-7 percent
Slump: 2-4 inches
Minimum compressive strength (f1 c): 3250 psi at 28 days

Channels shall be continuously reinforced without transverse joints.
Expansion joints shall be installed where new concrete lining is connected to
a rigid structure or to existing concrete lining which is not continuously
reinforced.
Longitudinal joints, where required, shall be constructed on the side walls at
least 1-foot vertically above the channel invert.
All joints shall be designed to prevent differential movement.
Construction joints are required for all cold joints and where the lining
thickness changes.

Concrete Finish
The surface of the concrete lining shall be provided with a wood float finish.
Excessive working or wetting of the finish shall be avoided.

6.

Concrete Curing
All concrete shall be cured by the immediate application of a liquid membraneforming curing compound (white pigmented) upon completion of the concrete finish.
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7.

8.

Reinforcement Steel
a.

Steel reinforcement shall be grade 60 deformed bars. Wire mesh shall not be
used.

b.

Ratio of longitudinal steel area to concrete cross sectional area shall be
greater than 0.05.

c.

Ratio of transverse steel area to concrete cross sectional area shall be greater
than .0025.

d.

Reinforcing steel shall be placed at the center of the section with a minimum
clear cover of 3-inches adjacent to the earth.

Earthwork
The following areas shall be compacted to at least 90 percent of maximum density as
determined by ASTM D-1557 (Modified Proctor):

9.

a.

The 12-inches of subgrade immediately beneath concrete lining (both channel
bottom and side slopes).

b.

Top 12-inches of a maintenance road.

c.

Top 12-inches of earth surface within 10-feet of concrete channel lip.

d.

All fill material.

Bedding
Provide 6-inches of granular bedding in accordance with design procedures in Section
7.4.1.

10.

Underdrain
Longitudinal underdrains as required shall be provided on 10-foot centers and shall
daylight at the check drops. A check valve shall be provided at the outlet to prevent
backflow into the drain.

11.

Safety Requirements
a.

A 4-foot high galvanized chain link fence shall be installed to prevent access
wherever the 100-year channel lining depths exceed 3-feet. Gates, with top
latch, shall be placed at 250-feet intervals and staggered where fence is
required on both sides of the channel. Higher fences may be required near
energy dissipation structures.
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b.

Ladder-type steps shall be installed not more than 400-feet apart on
alternating sides of the channel. Bottom rung shall be placed approximately
12-inches vertically above channel invert.

7.4.4.3 Rock Lined Channels
Channel linings constructed from ordinary riprap, grouted riprap, or wire encased rock to control
channel erosion have been found to be cost effective where channel reaches are relatively short (less
than 1/4 mile). Situations for which riprap linings might be appropriate area: 1) where major flows,
such as the 100-year flood are found to produce channel velocities in excess of allowable non-eroding
values (5-feet per second for sandy soil conditions and 7-feet per second in erosion resistant soils); 2)
where channel side slopes must be steeper than 3:1; 3) for low flow channels, and 4) where rapid
changes in channel geometry occur such as channel bends and transitions. Design criteria applicable to
these situations are presented in Section 7.4.6.1. Section 7.4.6.1 is valid only for subcritical flow
conditions where the Froude Number is 0.8 or less.
7.4.4.4 Roadside Ditches
The criteria for the design of roadside ditches are similar to the criteria for grass lined channels with
modifications for the special purpose of minor storm drainage. The criteria are as follows (refer to
Figure No. 7.8):
1.

Capacity
Roadside ditches shall have adequate capacity for the 5-year storm runoff peaks.
Capacity shall be as defined in Table No. 7.6. Where the storm runoff exceeds the
capacity of the ditch, a storm water management system shall be required.

2.

Flow Velocity
The maximum velocity for the 5-year flood peak shall not exceed 5.0-feet per second.
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3.

Longitudinal Slope
The slope shall be limited by the average velocity of the 5-year flood peaks. Gradient
control structures such as check drops may be required where street slopes are in
excess of 2.5 percent. The minimum road ditch slope shall be 0.5%.

4.

Freeboard
No freeboard is required.

5.

Curvature
The minimum radius of curvature shall be 25-feet.

6.

Roughness Coefficient
Manning's "n" values presented in Figure No. 7.5 have been used in the capacity
computation for roadside ditches.

7.

Grass Lining
The grass lining shall be in accordance with Section 7.4.3.1.

8.

Driveway Culverts
Driveway culverts shall be sized to pass the 5-year ditch flow capacity without
overtopping the driveway. The minimum size culvert shall be an 18” reinforced
concrete pipe with flared end sections. More than one culvert may be required. For
areas with flat slopes and where backwater is a concern for upstream structures,
special consideration should be given to culvert sizing.

7.4.3.5 Other Channel Linings
The criteria for the design of channels with linings other than grass, rock, or concrete will be dependent
on the manufacturer’s recommendations for the specific product. The applicant will be required to
submit the technical data in support of the proposed material. Additional information or calculations
may be requested by the City Engineer to verify assumptions or design criteria. The following
minimum criteria will also apply.
1.

Flow Velocity
The maximum normal depth velocity will be dependent on the construction material
utilized. The Froude Number shall be less than 0.8.
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2.

Freeboard
Defined by Equation 7.10.

3.

Curvature
The center line curvature shall have a minimum radius twice the top width of the
design flow but not less than 100-feet.

4.

Roughness Coefficient
A Manning's "n" value range shall be established by the manufacturers data with the
high value used to determine depth/capacity requirements and the low value used to
determine Froude Number and velocity restrictions.

5.

Cross Sections
Same as for grassed lined channels, Section 7.4.3.1.

7.4.5

Gradient Control Structures

7.4.5.1 General
Hydraulic structures for the purpose of this Manual are defined as those structures which control the
storm runoff during a condition of rapid directional change, or rapid acceleration or deceleration of
velocity. Included in this category are channel drops (sometimes referred to as check drops or erosion
control devices) and energy dissipators (i.e., stilling basins).
The criteria presented in this section in many cases is generalized since each structure is unique, with
the possible exception of channel drops. The user is encouraged to coordinate with the City Engineer
when planning and designing hydraulic structures.
The most common use of channel drops is to control the longitudinal slope of grass lined channels to
keep design velocities within acceptable limits. Sloping and vertical riprap drop structures, Figure No.
7.9, are two possible types of drop structures. The following criteria will dictate the use of drop
structures for open channel flow:
1.

The use of channel drops is required when the channel would otherwise be too steep
for design conditions. All drops shall be designed to protect the upstream and
downstream channel from erosion. Drop structure analysis may be required to
determine the length of hydraulic jump and adequate erosion control measures.
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7.4.5.2

2.

Vertical drops shall be constructed of concrete or gabions.

3.

Sloped drops shall be constructed of concrete, gabions or riprap. Riprap drops shall have
a minimum of 6" thick gravel base which may require grouting. Engineering fabric under
riprap is often preferable depending on soil conditions.

4.

At drop structures both the channel bottom and banks shall be protected from erosion.

5.

Safety considerations along road sides or where recreational (off-road) vehicle use may
be anticipated.
Sloping Channel Drop Structures

The design chart for the sloping drop structure, Table No. 7.7, is based upon the unit discharge (q) of the
approach channel, the riprap classification and the slope of the drop structure, and is valid only for
subcritical flow in the approach channel (i.e., Fr < 0.8). The unit discharge is found by taking the average
or normal channel velocity (Vn) for the 100-year discharge times the normal depth of the channel (Yn).
Since the maximum for a grass lined channel in erosion resistant soils are Vn = 7 ft./sec. and Yn = 5 ft.
(Section 7.4.3.1), the maximum q allowed is q = VnYn = (7 ft./sec.)(5 ft.) = 35 cfs/ft. This q is also the
practical limit for the largest riprap specified in Section 7.4.6.1.
The design chart is also based upon a prismatic channel section throughout, from the upstream channel
through the drop to the downstream channel. The maximum (steepest) allowable side slope for the riprap
lined channel within the drop structure is 4:1. Flatter side slopes are allowable and encouraged when
available right-of-way permits.
The classification of riprap chosen for the sloping portion of the structure should be used throughout the
structure, including the upstream and downstream aprons, the channel bottom and side slopes. The riprap
should extend up the side slopes to a depth equal to 1-foot above the normal depth projected upstream
from the downstream channel, or 1-foot above the critical depth, whichever is greater. The maximum fall
allowed at any one drop structure is 4-feet from the upper channel bottom to the lower channel bottom,
excluding the trickle channel.
Where Class "H" or "VH" is specified (Table No. 7.7), Class "M" grouted riprap shall be used for sloping
check drops. See Section 7.4.6.1 for riprap requirements.
A detailed description of the drop structure and the design procedure, proceeding from upstream to
downstream, is given below and shown on Figure No. 7.10.
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1.

Criteria
a.

Approach Depth: The upstream and downstream channels will normally be grass
lined trapezoidal sections with trickle channels to convey normal low water
flows. The maximum normal depth Yn is 5 feet and the maximum normal
velocity Vn is 7-feet/sec. for erosion resistant soils and 3-feet/sec. for easily
eroded soils.

b.

Trickle Channel: The trickle channel shown in this case is a rectangular concrete
channel. The concrete channel ends at the upstream end of the upstream riprap
apron. A combination cut-off wall and foundation wall is provided to give the
end of the trickle channel additional support. The water is allowed to "trickle"
through the upstream apron and through the crest wall (discussed below). Riprap
trickle channels would simply feather into the upstream apron.

c.

Approach Apron: A 10-foot long riprap apron is provided upstream of the cutoff wall to protect against the increasing velocities and turbulence which result as
the water approaches the sloping portion of the drop structure. The same riprap
and bedding design should be used as specified for the portion of the drop
structure downstream of the cut-off wall.

d.

Crest Wall: The crest wall is a very important part of the drop structure, and has
several purposes, one of which is to provide a level rigid boundary section and
distribute the flow evenly over the entire width of the structure. This is
extremely important since the selection of the riprap is based upon the unit
discharge, and without the wall, flow concentrations could result which would
greatly exceed the design discharge.
The trickle channel is ended at the upstream end of the upstream apron to prevent
the trickle channel from concentrating additional water at a point during high
flows, thus exceeding the design unit discharge. The apron and the crest wall
combine to disperse the concentrated flow. The trickle flows must be allowed
through the crest wall to prevent ponding. A series of notches in the wall will
allow the trickle flows to do this. The size and number of notches will depend on
the design discharge of the trickle channel. Note that they are offset from the
trickle channel to permit flow of water through the upstream apron. The voids in
the riprap below the notch inverts are expected to silt in rapidly or they can be
filled at the time of construction. The crest wall can also be used to reduce or
eliminate seepage and piping along with the failures which can result from these
problems.
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The two most common types of walls used will probably be reinforced concrete
or sheet pile. The design of the wall is a structural problem which will not be
addressed here. The depth of the wall should be at least to the bottom of the
bedding material and could be deeper if necessary for the control of piping.
The top of the crest wall should be placed a distance P above the upstream
channel bottom. This is done to create a higher water surface elevation
upstream, thus reducing the drawdown effects normally caused by a drop
structure. P can be determined from Table No. 7.7 and is not considered in the
total allowable vertical drop.
e.

Chute Apron: The riprap chute portion of the drop structure and the downstream
apron can be sized using Table No. 7.7. The way to use the table is to compute q
= VnYn, enter the table at the next highest value of q in the left-hand column,
determine the allowable slopes for the three riprap classifications in the row for
that q and select the best combination of riprap classification and slope using site
and cost considerations. The length of the downstream apron LB and the depth of
the riprap Dr can also be obtained from Table No. 7.7. The riprap must be placed
on bedding and filter fabric as shown in Figure No. 7.10. The 2-foot long filter
fabric cut-offs help prevent piping failures. The riprap should extend up the side
slopes a distance of Yn + 1' as projected from the downstream channel or the
critical depth plus 1-foot, whichever is greater. The side slopes for the chute and
the downstream apron should be the same as the crest wall and upstream channel
with the exception that a riprap slope as steep as 2:1 can be used starting above
the riprap lining at the height required above. The thickness of the riprap
immediately downstream of the crest wall should be increased to DRW as shown
in Table No. 7.7. This extra thickness is necessary to protect the most critical
area of the structure. The voids in the apron can be filled during construction to
reduce ponding of low flows in the apron area.

f.

Exit Depth: The downstream channel should be the same as the upstream
channel, including a trickle channel. The trickle channel invert must be below
the top of the adjacent riprap section to insure that trickle flows will drain into
the trickle channel. For concrete trickle channels, a foundation wall similar to
the one used for the upstream trickle channel should be used. In some instances,
the wall may also be used to control seepage and piping.
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Example No. 7.4:

Sloping Riprap Channel Drop

Given:

Q = 1600 cfs
Upstream and downstream channel dimensions
bottom width = 50 ft.
S = .0043 ft./ft.
side slopes = 4:1
yc = 2.9 ft.
Yn = 4.0 ft.
Vn = 6.0 fps
Erosion resistant soils
Concrete trickle channel
Drop required = 3.0 ft.

Procedure:
Step 1:

Determine maximum unit discharge.
q = VnYn = (6.0 fps)(4 ft.) = 24 cfs/ft.

Step 2:

Select the best combination of riprap classification and chute slope from Table No. 7.7
for q = 25 cfs/ft.
The following options are available:
a.
b.
c.

Type M at 10:1 or flatter; Dr = 1.75'; Drw = 2.6'
Type H at 6:1 or flatter; Dr = 2.6'; Drw = 3.25'
Type VH at 4:1 or flatter; Dr = 3.5'; Drw = 3.5'

Substitute Type M grouted for Type H or Type VH riprap.
The best combination of riprap classification and slope will depend on many
factors such as availability and cost of the various riprap classifications and
right-of-way limitations. Remember to consider bedding and filter fabric costs.
For the sake of this example select Type M riprap grouted at a 7:1 slope.
Step 3:

Select length of downstream apron LB = 20'

Step 4:

Determine crest wall elevation.
Bottom width = 50', closest to 40'
Vn = 6 fps, halfway between 5 fps and 7 fps
Use P = 0.3'
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7.4.5.3

Vertical Channel Drop Structures

The design chart for the vertical channel drop, Table No. 7.8, is based upon the height of the drop and the
normal depth and velocity of the approach and exit channels. The channel must be prismatic throughout,
from the upstream channel through the drop to the downstream channel.
The maximum (steepest) allowable side slope for the riprap stilling basin is 4:1. Flatter side slopes are
allowable and encouraged when available right-of-way permits. The riprap should extend up the side
slopes to a depth equal to 1-foot above the normal depth projected upstream from the downstream channel.
The maximum fall allowed at any one drop structure is 4-feet from the upper channel bottom to the lower
channel bottom, excluding the trickle channel.
A detailed description of the drop structure and the design procedure, going from upstream to downstream,
is given below and shown on Figure No. 7.11.
1.

Criteria
a.

Approach Depth: The upstream channels will normally be grass lined
trapezoidal channels with trickle channels to convey normal low water flows.
The maximum normal depth Yn is 5-feet and the maximum normal velocity Vn is
7-feet/sec. for erosion resistant soils and 3-feet/sec. for easily eroded soils.

b.

Trickle Channel: The trickle channel shown in this case is a rectangular concrete
channel. The concrete channel ends at the upstream end of the upstream riprap
apron. A combination cut-off wall and foundation wall, to give the end of the
trickle channel additional support, is provided. The water is allowed to "trickle"
through the upstream apron and through the vertical wall. Riprap trickle
channels would simply feather into the upstream apron.

c.

Approach Apron: A 10-foot long apron is provided upstream of the cut-off wall
to protect against the increasing velocities and turbulence which result as the
water approaches the vertical drop. Type M riprap can be used for this apron.

d.

Crest Wall: The vertical wall should have the same trapezoidal shape as the
approach channel. The wall distributes the flow evenly over the entire width of
the drop structure. This is important to prevent flow concentrations which would
adversely affect the riprap basin.
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The trickle channel is ended at the upstream end of the upstream apron to prevent
the trickle channel from concentrating additional water at a point during high
flows, thus exceeding the design assumptions. The apron and the vertical wall
combine to disperse the flow concentrated in the trickle channel. The trickle
flows are allowed through the wall through a series of notches in order to prevent
ponding. The voids in the riprap below the notch inverts are expected to silt in
rapidly, or they can be filled at the time of construction.
The wall must be designed as a structural retaining wall. The top of the wall
should be placed a distance P above the upstream channel bottom. This is done
to create a higher water surface elevation upstream, thus reducing the drawdown
effects normally caused by a sudden drop. P can be determined from Table No.
7.8.
e.

Chute Apron: The riprap stilling basin is designed to force the hydraulic jump to
occur within the basin, and is designed for essentially zero scour. The floor of
the basin is depressed an amount B below the downstream channel bottom,
excluding the trickle channel. This is done to create a deeper downstream
sequent depth which helps keep the hydraulic jump in the basin. This
arrangement will cause ponding in the basin. The trickle channel can, depending
on the depth, relieve all or some of the ponding. The riprap can also be buried
and vegetated to reduce the ponded area to a smaller size.
The riprap basin can be sized using Table No. 7.8. The way to use the table is to
determine the required height of the drop C, the normal depths Yn and Y2. Both
channels must have the same geometry and Y2 must be equal to Yn in order to
use the table. Enter the row which contains the correct C, Vn and Yn and Y2 and
select the riprap classification and all necessary dimensions from that row.
The riprap must be placed on bedding and filter fabric as shown in Figure No.
7.11. The riprap should extend up the channel side slopes a distance of Y2 + 1'
as projected from the downstream channel. The basin side slopes should be the
same as those in the downstream channel (4:1 or flatter) up to the Y2 + 1'
location, above which riprap slopes as steep as 2:1 are allowable.

f.

Exit Depth: The downstream channel should be the same as the upstream
channel, including a trickle channel. For concrete trickle channels a foundation
wall similar to the one used for the upstream trickle channel should be used. In
some instances the wall may also be used to control seepage and piping.
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Example No. 7.5:
Given:

Vertical Riprap Channel Drop

Q = 1600 cfs
Upstream and downstream channel dimensions
bottom width = 50 ft.
side slopes = 4:1
Yn = 4.0 ft.

S = .0043 ft./ft.
Yc = 2.9 ft.
Vn = 6.0 fps

Erosion resistant soils
Concrete trickle channel
Drop required = 3.0 ft.
Procedure:
Step 1:

From Table No. 7.8, for C = 3.0', Vn = 6.0 fps and Yn and Y2 = 4.0'.
Select the riprap designation and the riprap basin dimensions.
Riprap = Type H
B = 1.0'
A = 2.5'
LB = 20'
D = 5.0'
E = 4.0'

Step 2:

Determine P = 0.1 from Table No. 7.8

Step 3:

Design retaining wall and finalize dimension

7.4.5.4

Other Types of Channel Drop Structures

When the unit discharge in the channel exceeds 35 cfs/ft., riprap drop structures will not be permitted. A
different type of channel drop and extensive channel transitioning will be required. The trapezoidal
section must first be transitioned into a vertical concrete channel. The flows are then accelerated by a
sloping concrete chute and a concrete stilling basin is constructed to dissipate the energy. The channel is
then transitioned back into the trapezoidal grass lined section.
The detailed hydraulic evaluation of the channel transitions, chute, and energy dissipators are beyond the
scope of this Manual. The design engineer is referred to the technical references in Chapter 14 for
additional information. A general discussion and design examples for energy dissipators are presented in
Section 7.4.5.
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7.4.6

Energy Dissipation Structures

7.4.6.1 Criteria for Use
Energy dissipators will be required at channel drops when the unit discharge exceeds 35 cfs/ft. and at the
outlet of culverts or storm sewers when the velocity exceeds 16 fps. The dissipators shall be constructed
of concrete and shall be one of the types of structures presented in this section.
7.4.6.2 Types of Energy Dissipators
Many stilling basins and energy-dissipating devices have been designed in conjunction with spillways,
outlet works, and canal structures, utilizing blocks, sills, or other roughness elements to impose
exaggerated resistance to the flow. The type of stilling basin selected is based upon hydraulic
requirements, available space and cost. The hydraulic jump which occurs in a stilling basin has distinctive
characteristics depending on the energy of flow which must be dissipated in relation to the depth of the
flow.
1.

Short Stilling Basin (USBR Type III): The most effective way to shorten a stilling basin
is to modify the jump by the addition of appurtenances in the basin. However, the
appurtenances should be self-cleaning or nonclogging. The recommended design for a
Type III stilling basin is shown in Figure No. 7.12. The chute blocks at the upstream end
of a basin tend to corrugate the jet, lifting a portion of it from the floor to create a greater
number of energy dissipating eddies. These eddies result in a shorter length of jump than
would be possible without them, and tend to stabilize the jump. The baffle piers act as an
impact dissipation device and the end sill is for scour control. The end sill has little or no
effect on the jump. The only purpose of the end sill in a stilling basin is to direct the
remaining bottom currents upward and away from the channel bed.
This type of basin is recommended at the outlet of a sloping channel drop when there is
adequate tailwater. For insufficient tailwater, USBR Type IX basin is recommended.

2.

Baffled Apron Stilling Basin (USBR Type IX): Baffled aprons are used to dissipate the
energy in the flow at a drop. They require no initial tailwater to be effective although
channel bed scour is not as deep and is less extensive when the tailwater forms a pool into
which the flow discharges. The chutes are constructed on an excavated slope, 2:1 or
flatter, extending to below the channel bottom. Backfill is placed over one or more rows
of baffles to restore the original streambed elevation. When scour or downstream channel
degradation occurs, successive rows of baffle piers are exposed to prevent excessive
acceleration of the flow entering the channel. If degradation does not occur the scour
creates a stilling pool at the downstream end of the chute, stabilizing the scour pattern.
The simplified hydraulic design of the baffled apron is shown on Figure No. 7.13.
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This type of basin is recommended for a channel drop where insufficient tailwater
prevents the use of a Type III stilling basin. The basin can also be used for channel drops
when adequate tailwater is available.
3.

7.4.6.3

Impact Stilling Basin (USBR Type VI): This stilling basin is an impact-type energy
dissipator, contained in a relatively small box-like structure, and requiring little or no
tailwater for successful performance. The general arrangement of the basin for various
discharges is shown on Figure No. 7.14. This type of basin is subjected to large dynamic
forces and turbulence which must be considered in the structural design. The structure
should be made sufficiently stable to resist sliding against the impact load on the baffle
wall and must resist the severe vibrations. Riprapping should also be provided along the
bottom and sides adjacent to the structure to avoid the tendency for scour of the outlet
channel downstream from the end sill when shallow tailwater exists. This type of stilling
basin is very effective at the outlet of storm drains or culverts where there is little or no
tailwater.
Hydraulic Design

1.

Open Channel Type Basins: The three different stilling basin configurations can be
divided into two categories, basins for spillways or channels (Type III or IX) and basins
for pipe outlets (Type VI). A summary of the design data for Type III and IX basins is
presented in Figure No. 7.15. The reader is referred to Reference 27 listed in Chapter 14
for a detailed discussion of the design requirements. However, the data in Figure No.
7.15 is generally sufficient for hydraulic design purposes.

2.

Baffled Apron Stilling Basin (USBR Type IX): Baffled aprons are used to dissipate the
energy in the flow at a drop. They require no initial tailwater to be effective although
channel bed scour is not as deep and is less extensive when the tailwater forms a pool into
which the flow discharges. The chutes are constructed on an excavated slope, 2:1 or
flatter, extending to below the channel bottom. Backfill is placed over one or more rows
of baffles to restore the original streambed elevation. When scour or downstream channel
degradation occurs, successive rows of baffle piers are exposed to prevent excessive
acceleration of the flow entering the channel. If degradation does not occur the scour
creates a stilling pool at the downstream end of the chute, stabilizing the scour pattern.
The simplified hydraulic design of the baffled apron is shown on Figure No. 7.13.
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7.4.6.4

Pipe Outlet Type Basins

The requirement for a stilling basin for a culvert or storm sewer outlet is dependent upon the velocity of
the flow. For velocities less than 7 fps a grassed channel with a small amount of riprap for protection
against eddy current erosion is sufficient. For velocities less than 16 fps but greater than 7 fps, a formal
riprap lining is required. For velocities greater than 16 fps, a Type VI stilling basin is recommended. The
design procedure is illustrated by the following example:
Example No. 7.6:

Impact Stilling Basin (USBR Type VI)

Given:

Pipe Dia. = 48" RCP
Q = 214 cfs
V = 17 fps < 30 fps (upper limit)
Tailwater depth = 2.5 feet
Channel slope = 1.0 percent

Solution:
Step 1:

Using the discharge (Q = 214 cfs) enter the DISCHARGE LIMITS portion of Figure No.
7.15 and read the maximum and minimum basin width.
Wmin = 12.5 ft.
Wmax = 15.0 ft.

Step 2:

From the BASIC DIMENSION portion of Figure No. 7.15 and using the discharge Q =
214 cfs, interpolate for the basin dimensions. Note that for corresponding pipe size in the
table is between a 54-inch and 60-inch diameter, which is larger than the example pipe
size of 48-inches. The basin will therefore provide ample room for the example pipe.
W = 12' - 4"
H = 10' - 3"
L = 18' - 2"
A = 7' - 8"

Step 3:

b = 10' - 6"
c = 5' - 8"
d = 2' - 4"
g = 5' - 1"

Provide minimum riprap downstream of structure a minimum distance of 3D (or 3 times
the pipe rise). Compute the velocity at the structure outlet.
3D
A
A
V
V

=
=
=
=
=
=

3 x 4' = 12' riprap length
W x tailwater depth
12' - 4" x 2.5'
30.8 ft.2
Q/A
6.9 fps
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Step 4:

Using the procedures outlined in Section 7.4.6.5 and Table No. 7.13, determine the riprap
size required
VS0.17/(Ss -1)0.66 = 6.9 (0.01)0.17/(2.5-1)0.66 = 2.4
From Table No. 7.13, the minimum riprap size is VL, which must be buried. An alternate
would be to use Type M riprap.

7.4.7

Channel Erosion Protection - Riprap

7.4.7.1 General
Riprap has proven to be an effective means to deter erosion along channel banks, in channel bottoms,
upstream and downstream from hydraulic structures, at bends, at bridges, and in other areas where erosive
tendencies exist. Riprap is a popular choice for erosion protection because the initial installation costs are
often less than alternative methods for preventing erosion. However, the design engineer needs to bear in
mind there are additional costs associated with riprap erosion protection since riprap installations require
frequent inspection and maintenance. Wire enclosed riprap (gabions) in most cases require complete
renovation every 10 to 15 years.
The use of very light (VL) or light (L) types of riprap in an urbanized area have been found to be
susceptible to vandalism. The lighter rock is easily displaced by hand and has been completely removed
from the project site in some cases.
7.4.7.2 Ordinary Riprap
Ordinary riprap, or simply riprap, refers to a protective blanket of large loose stones, which are usually
placed by machine to achieve a desired configuration. The term ordinary riprap has been introduced to
differentiate loose stones from grouted riprap and wire enclosed rock, which are discussed later.
Many factors govern the size of the rock necessary to resist the forces tending to move the riprap. For the
riprap itself, this includes the size and weight of the individual rocks, the shape of the stones
(angular/fractured vs. smooth surface), the gradation of the particles, the blanket thickness, the type of
bedding under the riprap, and the slope of the riprap layer. Hydraulic factors affecting riprap include the
velocity, current direction, eddy action and waves.
Experience has shown that riprap failures generally result from undersized individual rocks in the
maximum size range, an improper gradation of the rock which reduces the interlocking of individual
particles and improper bedding for the riprap which allows leaching of channel particles through the riprap
blanket.
1.

Rock Properties: Rock used for riprap or wire enclosed riprap should be hard, durable,
angular in shape, and free from cracks, overburden, shale and organic matter. Neither
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breadth nor thickness of a single stone should be less than 1/3 the length and rounded
stone should be avoided. The rock should sustain a loss of not more than 40 percent after
500 revolutions in an abrasion test (Los Angeles machine - ASTM C-535-69) and should
sustain a loss of not more than 10 percent after 12 cycles of freezing and thawing
(AASHTO test 103 for ledge rock procedure A). Rock having a minimum specific
gravity of 2.65 is preferred; however, in no case should rock have a specific gravity less
than 2.50. In lieu of testing requirements, rock obtained from county or NDDOT
approved quarries may be used.
Classification and gradation for riprap are shown in Table No. 7.9 and are based on
minimum specific gravity of 2.50 for the rock. Because of the relatively small size and
weight, riprap types VL and L must be buried with native topsoil and revegetated to
protect the rock from vandalism.
2.

Grouted Riprap: Grouted riprap provides a relatively impervious channel lining which is
less likely to be vandalized than dumped riprap. Grouted riprap requires less routine
maintenance by reducing silt and trash accumulation and is particularly useful for lining
low flow channels and steep banks. The appearance of grouted riprap is enhanced by
exposing the tops of individual stones and by cleaning the projecting rocks with a wet
broom. Grouted riprap should meet all the requirements for ordinary riprap except that
the smallest rock fraction (smaller than the 10% size) should be eliminated from the
gradation. A reduction of riprap size by one size designation is permitted for grouted
rock (i.e., from Type M to Type L).
As with ordinary riprap, grouted riprap should be placed on an adequate bedding. The
recommended minimum grout specifications include entrained air, a 28-day strength of at
least 2400 pounds per square inch, and a high slump (5- to 7-inches) in order to penetrate
either the full depth of the riprap layer or at least 2-feet where the riprap layer is thicker
than 2-feet. Concrete having maximum aggregate size of 3/4-inches may be substituted
for grout when using Type M riprap or larger riprap.
Weep holes should be provided at least every 4- to 6-feet at the toe of channel slopes and
channel drops to reduce uplift forces on the grouted channel lining.
The grout shall be delivered to the place of final deposit by means that will insure
uniformity and prevent segregation of the grout. Placing of grout shall be obtained by
pumping under pressure through a 2-inch maximum diameter hose to insure complete
penetration of the grout into the rock layer. A vibrator is to be employed near the nozzle
during placement to aid the flow of the grout. The excess grout shall be removed by
washing to leave a clean rock face exposed. The grouted riprap should resemble a hand
placed stone wall or fireplace rock. Grout shall fill the voids to within approximately 4inches of the riprap surface.
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7.4.7.3 Wire Enclosed Rock
Wire enclosed rock must be approved for use by the City prior to construction for public facilities. Wire
enclosed rock refers to rocks that are bound together in a wire basket so that they act as a single unit,
usually referred to as a gabion. One of the major advantages of wire enclosed rock is that it provides an
alternative in situations where available rock sizes are too small for ordinary riprap. Another advantage is
the versatility that results from the regular geometric shapes of wire enclosed rock. The rectangular blocks
and mats can be fashioned into almost any shape that can be formed with concrete. The durability of wire
enclosed rock is generally limited by the service life of the galvanized binding wire which, under normal
conditions, is considered to be about 15 years. Water carrying silt, sand, or gravel can reduce the service
life of the wire; also water which rolls or otherwise moves cobbles and large stones breaks the wire with a
hammer and anvil action and considerably shortens the life of the wire. The wire has been found to be
susceptible to corrosion by various chemical agents and is particularly affected by high sulfate soils. If
corrosive agents are known to be in the water or soil, a plastic coated wire should be specified.
Wire enclosed rock is not maintenance free and must be periodically inspected to determine whether the
wire is sound. If breaks are found while they are still relatively small, they may be patched by weaving
new strands of wire into the wire cage. Wire enclosed rock installations have been found to attract
vandalism. Flat mattress surfaces seem to be particularly susceptible to having wires cut and stones
removed. Where possible, mattress surfaces should be buried, as it has been found that wire enclosed rock
buried under a few inches of soil is less prone to vandalism. Wire enclosed rock installations require
inspection at least once a year under the best circumstances and may require inspection every three months
in vandalism prone areas. Mattresses on sloping surfaces must be securely anchored to the surface of the
soil.
Rock filler for the wire baskets should meet the rock property requirements for ordinary riprap. Minimum
rock sizes and basket dimensions are shown in Table No. 7.10. The maximum stone size should not
exceed 2/3 the basket depth or 12-inches, whichever is smaller.
7.4.7.4 Bedding Requirements
Long term stability of riprap and gabion erosion protection is strongly influenced by proper bedding
conditions. A large percentage of all riprap failures are directly attributable to bedding failures. A
properly designed bedding provides a buffer of intermediate sized material between the channel bed and
the riprap to prevent piping of channel particles through the voids in the riprap. Two types of bedding are
in common use: 1) a granular bedding filter, and 2) filter fabric.
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1.

Granular Bedding: Two methods for establishing gradation requirements for granular
bedding are described in this section. The first, a one or two layer bedding, shown in
Table No. 7.11, is adequate for most ordinary riprap, grouted riprap or wire encased
riprap applications. The second utilizes a design procedure developed by Terzaghi,
which is referred to as the T-V (Terzaghi-Vicksburg) design (Reference 10, Chap. 14).
The T-V filter criteria establishes an optimum bedding gradation for a specific channel
soil. The latter requires channel soil information, including a gradation curve, while the
Type I and Type II bedding specifications given in Table No. 7.11 are applicable whether
or not soil information is available.
The Type I and Type II bedding specifications shown in Table No. 7.11 were developed
using the T-V filter criteria and the fact that bedding which will protect an underlying
noncohesive soil with a mean grain size of 0.045 mm will protect anything finer. Since
the T-V filter criterion provides some latitude in establishing bedding gradations, it was
possible to make the Type I and Type II bedding specifications conform with most DOT
aggregate specifications. The Type I bedding in Table No. 7.11 is designed to be the
lower layer in a two layer filter for protecting fine grained soils and has a gradation
identical to concrete sand specification AASHTO M-6. Type II bedding, the upper layer
in a two layer filter, permits a slightly larger maximum rock fraction. When the channel
is excavated in coarse sand and gravel (50 percent or more by weight retained on the No.
40 sieve), only the Type II filter is required, otherwise a two layer bedding (Type I
topped by Type II) is required. Alternatively, a single 12-inch layer of Type II bedding
can be used except at drop structures. For required bedding thickness, see Table No.
7.12. At drop structures a combination of filter fabric and Type II bedding is acceptable
as an alternative to a two layer filter.
The specifications for the T-V inverse filter relate the gradation of the protective layer
(filter) to that of the bed material (base) by the following inequalities:
D15(filter)  5 d85(base)
4 d15(base)  D15(filter)  20 d15(base)
D50(filter)  25 d50(base)

(Equation 7.13)
(Equation 7.14)
(Equation 7.15)

where the capital "D" refers to the filter gain size and the lower case "d" to the base grain
size. The subscripts refer to the percent by weight which is finer than the grain size
denoted by either "D" or "d". For example, 15 percent of the filter material is finer than
D15(filter) and 85 percent of the base material is finer than d85(base)
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2.

Filter Fabric: Filter fabric is not a complete substitute for granular bedding. Filter fabric
provides filtering action only perpendicular to the fabric and has only a single equivalent
pore opening between the channel bed and the riprap. Filter fabric has a relatively
smooth surface which provides less resistance to stone movement. As a result, filter
fabric is restricted to slopes no steeper than 2.5h to lv. Tears in the fabric greatly reduce
its effectiveness so that direct dumping of riprap on the filter fabric is not recommended
and care must be exercised during construction. Nonetheless, filter fabric has proven to
be an adequate replacement for granular bedding in many instances, especially where
small quantities are required. Filter fabric provides an adequate bedding for channel
linings along uniform mild sloping channels where leaching forces are primarily
perpendicular to the fabric.
At drop structures and sloped channel drops, where seepage forces may run parallel with
the fabric and cause piping along the bottom surface of the fabric, special care is required
in the use and placement of the filter fabric. Seepage parallel with the fabric might be
reduced by folding the edge of the fabric vertically downward about 2-feet (similar to a
cutoff wall) at 12-foot intervals along the installation, particularly at the entrance and exit
of the channel reach. Filter fabric should be lapped a minimum of 12 inches at roll edges
with upstream fabric being placed on top of downstream fabric at the lap.
Fine silt and clay may clog the openings in the filter fabric, preventing free drainage and
increasing failure potential due to uplift. For this reason, a double granular filter is
recommended for fine silt and clay channel beds. See Figure No. 7.16 for details on
acceptable use of filter fabric as bedding.

7.4.7.5 Ordinary Riprap Channel Linings
Design criteria applicable to ordinary and grouted riprap channel linings are presented in this section.
The Manning's roughness coefficient (n) for hydraulic computations may be estimated for ordinary riprap
using:
n = .0395 d500.17
in which d50 = the mean stone size in feet.

(Equation 7.16)

This equation does not apply to grouted riprap (n = .023 to .030), or to very shallow flow (hydraulic radius
is less than or equal to 2 times the maximum rock size) where the roughness coefficient will be greater
than indicated by the formula (see Table No. 7.5).
1.

Rock Size and Lining Dimensions: Table No. 7.13 summarizes riprap requirements for a
stable channel lining based on the following relationship which resulted from Smith and
Murray's model studies (Reference 10, Chapter 14).
VS0.17/(d500.5 (Ss - 1)0.66) = 4.5
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(Equation 7.17)

in which,

V
S
Ss
d50

=
=
=
=

mean channel velocity in feet per second
longitudinal channel slope in feet per foot
specific gravity of rock (minimum Ss = 2.50)
rock size in feet for which 50% of the riprap by weight
is smaller.

Using the riprap classification of Table No. 7.9 for the d50 values and specific gravity of
2.5, Equation 7.17 was rearranged to relate specifically to the riprap rock type (i.e., VL,
L, M, H, and VH). Acceptable ranges of velocity and slope within the channel design
criteria (i.e., velocity, Froude Number) was established and a direct relationship between
the rock type and the flow parameters was developed. Table No. 7.13 presents the riprap
requirements for channel linings as a function of slope and velocity.
Table No. 7.13 recognizes that rock size does not need to be increased for steeper channel
side slopes, provided the side slopes are no steeper than 2h:1v (Reference 10, Chapter
14). Rock lined side slopes steeper than 2h:1v are not acceptable because of stability,
safety, and maintenance considerations. Proper bedding is required both along the side
slopes and the channel bottom for a stable lining.
The riprap blanket thickness should be at least 1.75 times d50 (at least 2.0 times d50 in
sandy soils) and should extend up the side slopes at least 1 foot above the design water
surface. At the upstream and downstream termination of a riprap lining, the thickness
should be increased 50 percent for at least 3 feet to prevent undercutting.
2.

Toe Protection: Where only the channel sides are to be lined, additional riprap is needed
to provide for long-term stability of the lining. In this case, the riprap blanket should
extend at least 3 feet below the existing channel bed and the thickness of the blanket
below the existing channel bed increased to at least 3 times d50 to accommodate possible
channel scour during floods (see Figure No. 7.17). For sandy soils, consult specific
criteria for channels on sandy soils.

3.

Channel Bends: The potential for erosion increases along the outside bank of a channel
bend due to the acceleration of flow velocities on the outside part of the bend. Thus, it is
often necessary to provide erosion protection in channels which otherwise would not
need protection. In erosion resistant soils, extra protection is not required along bends
where the radius is greater than 2 times the top width (as measured for the major flows),
but in no case less than 100 feet.
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For bank protection requirements in sandy soils, consult the specific criteria for channels
on sandy soils. However, for channels in erosion resistant soils not requiring riprap
protection along straight sections, channel bends with radii smaller than stated above
require Type L or SM9 riprap protection. Such riprap needs to be covered with native
soil and revegetated in accordance with Section 7.4.3.1. The minimum allowable radius
for a riprap lined bend is 1.2 times the top width of the design flow water surface and in
no case less than 50 feet. The riprap protection should be placed along the outside of the
bank and should extend downstream from the bend a distance equal to the length of the
bend.
Where the mean channel velocity exceeds the allowable noneroding velocity so that
riprap protection is required for straight channel sections, increase the rock size by one
category (e.g., Type L to Type M) around bends having a radius less than the greater of
the following: 2 times the top width, or 100 feet. The minimum allowable radius for a
riprap lined bend in this case is also 1.2 times the top width of the design flow water
surface.
4.

Transitions: Scour potential is amplified by turbulent eddies in the vicinity of rapid
changes in channel geometry such as at transitions and bridges. Table No. 7.13 may be
used for selecting riprap protection for subcritical transitions (Froude Numbers 0.8 or
less) by increasing the channel velocity by twenty percent (20%). Since the channel
velocity varies through a transition, the maximum velocity in the transition should be
used in selecting riprap size after it has been increased by 20%.
Protection should extend upstream from the transition entrance at least 5 feet and extend
downstream from the transition exit at least 10 feet.

7.4.7.6 Wire Enclosed Riprap Channel Linings
The geometric properties of wire enclosed rock permit placement in areas where ordinary riprap is either
difficult or impractical to place. Proper design and construction is important to successful operation and
lifetime performance. Figure No. 7.18 depicts some of the more common ways wire enclosed rock is
configured along channel banks. However, wire enclosed riprap lining shall not be used for areas exposed
to annual floods, and ordinary riprap is recommended whenever feasible.
The roughness coefficient for slope mattress linings varies from 0.025 to 0.033 depending on the
predominant rock size. An n-value of 0.028 is recommended (see Table No. 7.5) based on a rock size of
4-inches. For gabion linings a larger value of n = 0.035 is recommended due to the larger rock size.
If wire enclosed rock lining is used, the toe must be protected by placing riprap at the toe. This is needed
to protect against frequently occurring abrasion (see Figure No. 7.17).
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Where channel side slopes must exceed 2 h to 1v, gabion gaskets (G36) may be stacked to form a retaining
wall as well as erosion protection along the channel banks as shown in Figure No. 7.18. Adjacent baskets
should be tied together with heavy gauge wire and adequate protection against channel bed degradation
must be provided at the toe of the lining. Stacked baskets must be sloped, or stepped into the bank as
shown in Figure No. 7.18. Vertical stacking is not acceptable.
Channel linings should be tied to the channel banks with gabion (G36) counterforts at least every 12 feet.
Counterforts should be keyed at least 12 inches into the existing banks with slope mattress linings (see
Figure No. 7.18) and should be keyed at least 3 feet by turning the counterfort gabions end-wise when the
lining is designed to serve as a retaining wall.
Mattresses and flat gabions on channel side slopes need to be tied to the banks by 2-inch diameter steel
pipes driven 4 feet into tight soil (clay) and 6 feet into loose soil (sand) (see Figure No. 7.18). The pipes
should be located at the inside corners of basket diaphragms along an upslope (highest) basket wall, so that
the stakes are an integral part of the basket. The exact spacing of the stakes depends upon the
configuration of the baskets, however, the following is the suggested minimum spacing: stakes every 6
feet along and down the slope, for slopes 2.5 to 1 and steeper; and every 9 feet along and down the slope
for slopes flatter than 2.5 to 1. Counterforts are optional with slope mattress linings. Slope mattress
staking, however, is required, whether or not counterforts are used.
7.4.7.7 Erosion Protection at Culvert Outlets
Scour resulting from highly turbulent rapidly decelerating flow is a common problem at conduit outlets.
The following riprap protection is suggested for outlet Froude Numbers up to 2.5 (i.e., (Q/(D2.5)) or
(Q/(WH1.5)) up to 14 where the outlet of the conduit slope is parallel with the channel gradient and the
conduit outlet invert is flush with the riprap channel protection. Here Q is the discharge in cubic feet per
second, D is the diameter of a circular conduit in feet, and W and H are the width and height of a
rectangular conduit in feet.
1.

Configuration of Protection: Figure No. 7.19 illustrates a typical riprap basin at a conduit
outlet. The additional thickness of the riprap just downstream from the outlet is to assure
protection from extreme flow conditions which might cause rock movement in this
region. Note that protection is required under the conduit barrel and an end slope is
provided to accommodate degradation of the downstream channel.

2.

Rock Size: The required rock size may be selected from Figure No. 7.20 for circular
conduits and from Figure No. 7.21 for rectangular conduits. Figure No. 7.20 is valid for
(Q/(D2.5)) of 6.0 or less and Figure No. 7.21 is valid for (Q/(WH1.5) of 8.0 or less. The
parameters in these two figures are:
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a.

(Q/(D1.5)) or (Q/(WH0.5)) in which Q is the design discharge in cubic feet per
second and D is a circular conduit diameter in feet and W and H are the width
and height of a rectangular conduit in feet.

b.

Yt/D or Yt/H in which Yt is the tailwater depth in feet, D is the diameter of a
circular conduit and H is the height of a rectangular conduit in feet. In cases
where Yt is unknown or a hydraulic jump is suspected downstream of the outlet,
use Yt/D = Yt/H = 0.40 when using Figures No. 7.20 and 7.21.

c.

The riprap size requirements in Figures No. 7.20 and 7.21 are based on the
nondimensional parametric equations 7.18 and 7.19.
(Reference 10, Chapter 14)
Circular Culvert:
(d50/D)(Yt/D)1.2 / (Q/D2.5) = 0.023

(Equation 7.18)

Rectangular Culvert:
(d50/D)(Yt/H) / (Q/WH1.5) = 0.014

(Equation 7.19)

The rock size requirements were determined assuming that the flow in the culvert barrel is not
supercritical. Equations 7.18 and 7.19 can be used when the flow in the culvert is less than pipe
full and is supercritical if the value of D or H is modified for use with Figures No. 7.20 and No.
7.21. Whenever the flow is supercritical in the culvert, substitute the average depth (Da) for D and
average height (Ha) for H, in which Da is defined as:
Da = 1/2(D + Yn)

(Equation 7.20)

in which maximum Da shall not exceed D, and
Ha = 1/2(H + Yn)

(Equation 7.21)

in which maximum Ha shall not exceed H, and
Da

=

D
Ha

=
=

H
Yn

=
=

A parameter to be used in Figure No. 7.20 whenever the culvert flow is
supercritical.
Diameter of a circular culvert in feet.
A parameter to be used in Figure No. 7.21 whenever the culvert flow is
supercritical.
Height of a rectangular culvert in feet.
Normal depth of supercritical flow in the culvert.
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3.

Extent of Protection: The length of the riprap protection downstream from the outlet
depends on the degree of protection desired. To prevent all erosion, the riprap must be
continued until the velocity has been reduced to an acceptable value. For purposes of
outlet protection during major floods, the acceptable velocity is set at 5 3 fps for very
erosive soils, and 7 fps for erosion resistant soils. The rate at which the velocity of a jet
from a conduit outlet decreases is not well known. For the procedure recommended here,
the velocity decrease is assumed to be related to the angle of lateral expansions,  , of the
jet. The velocity is related to the expansion factor, (1/(2tan )), which may be determined
directly using Figures No. 7.22 and No. 7.23.
Assuming that the expanding jet has a rectangular shape:
=

(1/(2 tan ))(At/Yt - W)

In which:
L
W
Yt

At
Q
V

=
=
=
=
=
=
=

At

=

length of protection in feet,
width of the conduit in feet (use diameter for circular conduits),
tailwater depth in feet,
the expansion angle of the culvert flow.
Q/V
(Equation 7.23)
design discharge in cubic feet per second
the allowable non-eroding velocity in the downstream channel
in feet per second.
required area of flow at allowable velocity in square feet.

L

(Equation 7.22)

In certain circumstances, Equation 7.22 may yield unreasonable results. Therefore in no
case should L be less than 3D or 3H, nor does L need to be greater than 10D or 10H
whenever the Froude parameter (Q/(WH1.5)) or (Q/(D2.5)) is less than 8 or 6, respectively.
Whenever the Froude parameter is greater than these maximums, increase the maximum
L required by one-fourth D or H for each whole number the Froude parameter is greater
than 8 or 6 for rectangular or circular pipe, respectively.
4.

Multiple Conduits: The procedures outlined in the sections above can be used to design
outlet erosion protection for multi-barrel culvert installations by hypothetically replacing
the multiple barrels with a single hydraulically equivalent rectangular conduit. The
dimensions of the equivalent conduit may be established as follows. First, distribute the
total discharge, Q, among the individual conduits. Where all the conduits are
hydraulically similar and identically situated, the flow can be assumed to be equally
distributed, otherwise, the flow through each barrel must be computed. Next, compute
the Froude parameter (Qi)/(Di)2.5) (circular conduit) or (Qi)/(Wi) (Hi1.5) (rectangular
conduit), where the subscript “i” indicates the discharge and dimensions associated with
an individual conduit.
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If the installation includes dissimilar conduits, select the conduit with the largest value of
the Froude parameter to determine the dimensions of the equivalent conduit. Make the
height of the equivalent conduit, He, equal to the height, or diameter, of the selected
individual conduit. The width of the equivalent conduit, We, is determined by equating
the Froude parameter from the selected individual conduit with the Froude parameter
associated with the equivalent conduit, (Qe)/(We)((He)1.5).
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CHAPTER 8
CULVERT AND BRIDGE DESIGN
8.1

INTRODUCTION

The criteria presented in this section shall be used in the evaluation and design of culverts and bridges for
public streets, roads, and highways. The review of all planning submittals (Chapter 2) will be based on the
criteria presented herein.
Culverts are defined as a closed conduit for the passage of water under an embankment, such as a road,
railroad, or canal. The distinction between a culvert and a storm sewer is the means by which flow enters
the conduit, although culverts are also generally shorter in length than storm sewers. Runoff enters a
storm sewer by means of storm water inlets above the storm sewer, whereas runoff enters a culvert by an
open channel, generally at a similar elevation. The geometry of the inlet area plays a major role in
determining the required size or capacity of the culvert.
8.2

DESIGN STANDARDS FOR CULVERTS

8.2.1

Culvert Materials

All culverts within the City of Minot and its extraterritorial jurisdiction shall be constructed of reinforced
concrete or corrugated steel. Aluminum or plastic culverts will not be allowed unless approved by the
City Engineer. The materials, pipes, or appurtenances shall meet one or more of the following standards:
Pipe Material

Applicable Standard

Reinforced Concrete Pipe-Round
Reinforced Concrete Pipe-Elliptical
Reinforced Concrete Pipe-Joints
Reinforced Concrete Pipe-Arch
Precast Concrete Manholes
Precast Concrete Box Culverts
Concrete for Cast-in-place Culverts
Corrugated Steel Pipe-Galvanized
Corrugated Steel Pipe-Coated
Structural Plate

ASTM C-76 or AASHTO M-170
ASTM C-507 or AASHTO M-207
ASTM C-443 or AASHTO M-198
ASTM C-506 or AASHTO M-206
ASTM C-478 or AASHTO M-199
ASTM C-789/C-850 or AASHTO M-259/M-273
CDOH 601
AASHTO M-36
AASHTO M-190
AASHTO M-167

8.2.2

Culvert Location and Alignment

A culvert should ideally be located in the existing channel bed to minimize costs associated with structural
excavation and channel work. However, this is not always possible. Some streambeds are sinuous and
cannot accommodate a straight culvert. In other situations, a stream channel may have to be relocated to
avoid the installation of an inordinately long culvert. When relocating a stream channel, it is best to avoid
abrupt transitions in the stream alignment at either end of the culvert. Generally, it is best to align the
culvert to fit as nearly as possible to the natural channel alignment.
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8.2.3

Physical and Structural Requirements

Culvert inverts should be set at the design grade of the inlet and outlet channel. If a channel needs to be
cleaned and maintained from time to time, then the design channel grade may be lower than the existing
grade. Culvert inverts set too low will result in sediment deposition within the culvert barrel and result in
loss of capacity. Culvert inverts set too high above the design channel grade may result in objectionable
ponding and silt deposition upstream.
The minimum culvert longitudinal grades shall be 1%. The maximum allowable length of culvert
installations will be 200 feet, unless the additional length is approved by the City Engineer.
The culvert structural requirements shall be as follows:

8.2.4

1.

Reinforced Concrete Pipe. RCP shall be a minimum strength of Class 2 under parking
lots and shoulders and for 27 inch or larger diameters, Class 3 for diameters less than 24
inches under all streets and entrance pavement, and Class 5 under railroad tracks or
jacked pipe.

2.

Corrugated Steel Pipe. The required gage of CSP shall be approved by the City Engineer

3.

Structural Plate Pipe. The required gage for SPP or SPPA is to be approved by the City
Engineer.

4.

Minimum cover over the top of all culverts shall be 12" or as recommended by the
manufacturer.

Inlet and Outlet Requirements

For public roads and driveway culverts larger than 18", the culverts are to be designed with protection at
the inlet and outlet areas. The culvert inlet shall include a headwall with wingwalls or a flared end section.
Headwalls or end sections are to be located a sufficient distance from the edge of the shoulder or back of
walk to allow for a maximum slope of 3 horizontal to 1 vertical to the back of the structure. This distance
may be increased in order to satisfy recovery zone requirements of the NDDOT. The outlet area shall also
include a headwall with wingwalls or an end section in addition to riprap protection as required in Chapter
7, Section 7.4.6.7. When outlet velocities exceed the limitations set forth in Section 8.2.5.1.4, an energy
dissipator may be required.
8.2.5

Hydraulic Criteria

8.2.5.1 Culvert Sizing Criteria
There are three factors to be considered in the sizing of a culvert: the minimum design frequency, the
minimum culvert size, and the allowable cross street flow in the street for which the culvert is being
considered (allowable headwater elevation).
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1.

Design Frequency. The minimum design frequency for a culvert is dependent on the
drainage classification of the street and the policy set forth in Chapter 3 – Storm Water
Hydrology.

2.

Minimum Size. The minimum culvert size shall be 18-inch diameter round or a 22" x 13"
arch, or 23" x 14" elliptical.

3.

Allowable Headwater. The maximum headwater for the 100-year design flow shall be
1.5 times the culvert diameter or culvert rise dimension for shapes other than round.

4.

Allowable Cross Street Flow. When the flow in a channel exceeds the capacity of the
culvert and overtops the cross street, the flow in the street must not exceed the limits set
forth for the major storm (i.e., 100-year). If the cross street flow exceeds the limits for
the minimum design frequency and/or the minimum culvert size, then the culvert must be
increased until all criteria are met.

5.

Velocity Limitations. In designing culverts both the minimum and maximum velocities
must be considered. A minimum velocity of flow of 3-feet per second at the outlet is
recommended to assure a self-cleansing condition of the culvert.
The maximum velocity in a culvert is controlled by two factors, the channel protection
provided at the outlet and the maximum allowable headwater. If the outlet velocities are
less than 7 fps, then only the minimum amount of protection is required due to the eddy
currents generated by the flow transition. As the outlet velocities increase, additional
protection is required, such as more extensive riprap or an energy dissipation structure.
The limit placed on headwater at the entrance controls the maximum velocity that will
occur in the culvert. If all the flow depth above the top of the culvert is converted to
kinetic energy (velocity head), a theoretical maximum velocity is obtained.
The following requirements are placed on the outlet velocity of a culvert:
CULVERT OUTLET PROTECTION
F < 7 FPS
7 FPS < V < 16 FPS
Minimum
Riprap Protection
Riprap Protection
or
Energy Dissipator

6.

V > 16 FPS
Energy Dissipator

Hydraulic Data. The hydraulic data presented in Table No. 8.1 shall be used in the design
and evaluation of culverts. The culvert capacity shall be computed using the Standard
Form shown in Figure No. 8.1 or an equivalent.
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8.3

CULVERT HYDRAULICS

8.3.1

Introduction

Presented in this section are the general procedures for hydraulic design and evaluation of culverts. The
design engineer is assumed to possess a basic working knowledge of culvert hydraulics and is encouraged
to review text books and other technical literature on the subject.
8.3.2

Inlet Versus Outlet Control

There are two primary types of culvert flow, inlet control and outlet control. Under inlet control the crosssectional area of the barrel, the inlet configuration or geometry, and the amount of headwater are all
factors affecting capacity. Outlet control involves the additional consideration of the tailwater in the outlet
channel and the slope, roughness and length of the barrel. Under inlet control conditions, the slope of the
culvert is steep enough so that the culvert does not flow full and tailwater does not affect the flows.
8.3.3

Nomograph Methods
A.

Inlet Control Condition. Inlet control for culverts may occur in two ways
(see Figure No. 8.2).
1.

Unsubmerged. The headwater is not sufficient to submerge the top of the culvert
and the culvert inlet slope is supercritical. The culvert inlet acts like a weir
(Condition A, Figure No. 8.2).

2.

Submerged. The headwater submerges the top of the culvert but the pipe does
not flow full. The culvert inlet acts like an orifice.
(Condition B, Figure No. 8.2).

In the submerged inlet condition, the equation governing the culvert capacity is the
orifice flow equation:
Q = CdA 2 gh
where:

Q
Cd
A
g
h

=
=
=
=
=

(Equation 8.1)
Flow (cfs)
Orifice coefficient
Area (ft.2)
Gravitational constant
Head on culvert measured from centerline (ft.)
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The orifice coefficient, Cd, varies with head on the culvert as well as the culvert type and
entrance geometry. The inlet control rating for several culvert materials, shapes, and inlet
configurations are presented in Figures No. 8.3 to No. 8.8. These nomographs were
developed empirically by the pipe manufacturers, Bureau of Public Roads, and the
Federal Highway Administration and are recommended for use in the Minot area, rather
than the Equation 8.1, due to the uncertainty in estimating the orifice coefficient. The
orifice flow equation, however, is used to size outlets for storm water detention facilities.
Refer to Chapter 9 for a discussion of detention outlets.
B.

Outlet Control Condition. Outlet control will govern if the headwater is deep enough, the
culvert slope sufficiently flat, and the culvert sufficiently long. There are three types of
outlet control culvert flow conditions:
1.

The headwater submerges the culvert top, and the culvert outlet is submerged
under the tailwater. The culvert will flow full (Condition A, Figure No. 8.2).

2.

The headwater submerges the top of the culvert and the culvert is unsubmerged
by the tailwater (Condition B or C, Figure No. 8.2).

3.

The headwater is insufficient to submerge the top of the culvert. The culvert
slope is subcritical and the tailwater depth is lower than the pipe critical depth
(Condition D, Figure No. 8.2).
The factors affecting the capacity of a culvert in outlet control include the inlet geometry
and associated losses, the culvert material with friction losses, and the tailwater condition.
The capacity of the culvert is calculated using the conservation of energy principle
(Bernoulli's Equation). An energy balance is determined between the headwater at the
culvert inlet and at the culvert outlet, which includes the inlet losses, the friction losses,
and the velocity head (see Figure No. 8.9). The equation is then expressed as:
H
where:

=

h e + hf + hv

(Equation 8.2)

H
he
hf
hv

=
=
=
=

(Equation 8.3)

total energy head (ft.)
entrance head losses (ft.)
friction losses (ft.)
velocity head (ft.) = V2/2g

For inlet losses the governing equation is:
he

=

Ke V2/2g

(Equation 8.4)

where Ke is the entrance loss coefficient. Typical inlet loss coefficients recommended for use are
given in Table No. 8.1D.
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Friction loss is the energy required to overcome the roughness of the culvert and is expressed as
follows:
hf
where:

=

(29n2L/R1.33)(V2/2g)

n
L
R
V

=
=
=
=

(Equation 8.5)

Manning's coefficient (see Table No. 8.1)
Length of culvert (ft.)
Hydraulic radius (ft.)
Velocity of flow (fps)

Combining the Equations 8.2, 8.4, and 8.5 and simplifying the terms results in the following
equation:
H

=

(Ke + 1 + 29n2L/R1.33) (V2/2g)

(Equation 8.6)

Equation 8.6 can be used to calculate the culvert capacity directly when the culvert is flowing
under outlet conditions A or B as shown on Figure No. 8.2. For conditions C or D, the HGL at
the outlet is approximated by averaging the critical depth and the culvert diameter, which is used
if the value is greater than the tailwater depth (Tw) to compute headwater depth (Hw).
A series of outlet control nomographs for various culvert materials and shapes have been
developed by the pipe manufacturers, Bureau of Public Roads, and the Federal Highway
Administration. The nomographs are presented in Figures No. 8.10 to No. 8.16. When rating a
culvert, either the outlet control nomographs or Equation 8.6 can be used to calculate the
headwater requirements. Critical flow depths for various culvert shapes are presented in Figures
No. 8.17 to No. 8.21.
When using the outlet nomographs for corrugated steel pipe, the data must be adjusted to account
for the variation in the n-value between the nomographs and the culvert being evaluated. The
adjustment is made by calculating an equivalent length according to the following equation:
Ll
Ll
L
n
n1

=
=
=
=
=

L (nl/n)2
Equivalent length
Actual length
Value of Manning's n-value shown on Figure No. 8.1 to 8.16
Actual n-value of culvert

(Equation 8.7)

The actual n-value of the culvert can be obtained from Table No. 8.1. The n-value for the figures
is listed at the bottom of the figure, along with typical length adjustment for various n-values.
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8.3.4

Computer Software

The Federal Highway Administration has sponsored the development of a software package, HY8, which
has the ability to analyze culvert installations of all types and configurations. The procedures followed are
in accordance with Federal Highway Administration Hydraulic Design Series No. 5-Hydraulic Design of
Highway Culverts. The nomographs contained in this chapter for the design of culverts have been
extracted from HDS No. 5. Computer software performs the same analysis as with the nomograph
procedure.
The computer software HY8 is able to handle very complex culvert installation problems. Multiple pipe
installations consisting of different kinds of materials, different invert elevations, and different shaped
sections are handled with little problem. In addition, the Engineer can analyze road overtopping situations
and scour protection at culvert outlets.
The HEC-RAS computer program, developed by the U.S. Army Corps of Engineers also has the capability
to analyze most types of culverts. Other private software programs are also available for use in analyzing
culvert capacities.
8.4

DESIGN STANDARDS FOR BRIDGES

8.4.1

State Standards

Design standards for bridges within the City of Minot and its extraterritorial jurisdiction will be in
accordance with the bridge design and construction standards published by the NDDOT. Included with
these standards are criteria for geometric design of bridges, structural design, foundation design, and
hydraulic design.
8.4.2

Bridge Sizing Criteria

In addition to the criteria set forth in NDDOT Standards, the following criteria shall apply:
Low chord shall be a minimum of 1-foot above the 100-year water surface elevation or above the energy
grade line (EGL), whichever is greater. The waterway section at the bridge shall be sized so as not to
cause a significant rise (1-foot) in the 100-year water surface elevation or cause flow to accelerate to
velocities sufficient to scour and undermine the bridge abutments and wingwalls. The City Engineer
reserves the right to require lower allowable stage increases to protect upstream property.
8.4.3

Velocity Limitations

The velocity limitations through the bridge opening are controlled by the potential abutment scour and
subsequent erosion protection provided. Using the more readily available riprap Type M for the channel
lining and/or protection of the abutments and wingwalls, then the maximum channel velocity is between 8
to 10 fps depending on channel slope. For consistency with the culvert design and as a practical limit on
the flow energy, a maximum velocity of 10 fps shall be allowed through a bridge.

8-7

8.4.4

Hydraulic Analysis

The design calculations for all bridges must be prepared and certified by a Professional Engineer
Registered in the State of North Dakota. The procedures for design as outlined in the publication
"Hydraulics of Bridge Waterways" shall be used for the design and supplemented by a HEC-2 or HECRAS Backwater Analysis to verify the resulting hydraulic data.
8.4.5

Inlet and Outlet Configuration

The design of all bridges shall include adequate wingwalls of sufficient length to prevent abutment erosion
and to provide slope stabilization from the embankment to the channel. Erosion protection on the inlet and
outlet transition slopes shall be provided to protect from the erosive forces of eddy current.
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CHAPTER 9
STORM WATER DETENTION/RETENTION
9.1

INTRODUCTION

The criteria presented in this section shall be used in the design and evaluation of all detention facilities for
the City of Minot. The review of all planning submittals (Chapter 2) will be based on the criteria
presented in this section.
The main purpose of a detention facility is to store the excess storm water runoff associated with increased
basin imperviousness and to discharge this excess at a rate similar to the rate experienced from the basin
without development. The value of storm water runoff detention as part of the urban system has been
explored by many individuals, agencies, and professional societies. Detention is considered a viable
method to reduce urban drainage costs. Temporarily detaining a few acre-feet of runoff can significantly
reduce downstream flood hazards as well as pipe and channel requirements in urban areas. Storage also
provides for sediment and debris collection which helps to keep streams and rivers cleaner. Because
detention basins slow down the flow of water, particles carried with the water begin to settle out within the
pond and thereby enhance water quality. The water quality aspects of storm water detention basins are
discussed in Chapter 10 of this Manual.
There are two types of detention facilities defined for use within the City of Minot and its extraterritorial
limits. Local detention is defined as detention provided to serve only the area in question (on-site) and no
areas outside the development area boundaries (off-site). Local detention facilities consist of parking lot
storage, rooftop storage, or small grassy areas with a capacity of usually less than one (1) acre-foot of
storage. In some cases, however, local detention facilities can be larger for correspondingly larger
developments. When properly designed and maintained, local detention can provide significant benefits
for the initial or minor storm drainage system. The benefits of local detention for the major system have
been studied and preliminary data evaluations do indicate significant benefits can be achieved.
Regional detention facilities provide storage for both on-site and off-site runoff. Generally, the off-site
contributing drainage area consists of several upstream developments comprising a significant drainage
area. Because the regional detention facility serves many developments, the operation and management is
usually retained by the City or a local water management authority. Because of the public nature of such
facilities, they are usually incorporated into the park system or greenbelt area. Regional detention can
provide significant benefits for both minor and major storm drainage systems by controlling a greater
volume of storm runoff. These regional facilities also require a more formalized maintenance program
than local facilities and, therefore, the detention function is more likely to be preserved. Regional facilities
may be created prior to the full development of the tributary watershed, as opportunities allow. In such
cases, it is critical that developers work with the City to ensure that runoff from planned development is
consistent with the design capacity of the downstream regional facility.
In some instances, the detention facility effect on flood peaks can be detrimental or have no significant
benefit at all. Local and even regional detention adjacent to a major drainage is an example. Also,
detention in the lower reaches of a drainage basin may not be desirable. This detention can aggravate
downstream drainage problems by holding back storm runoff and allowing the upper basin runoff to
combine and increase the total basin flood peaks. These effects can be difficult to determine and are
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highly dependent upon the design storm assumptions.
Storm water impoundments are also classified as detention or retention facilities. In a detention facility,
the temporary storage of floodwater is usually released by a measured but uncontrolled outlet. Detention
facilities typically flatten and spread out the inflow hydrograph, lowering the peak. Retention storage is
provided in a facility without a positive outlet, or with a specially regulated outlet, where all or a portion
of the inflow is stored for a prolonged period. Infiltration basins are a common type of retention facility.
Ponds that maintain water permanently, with freeboard provided for flood storage, are probably the most
common type of retention facility.
Detention and retention facilities can further be subdivided as follows:
1.

On-Stream Storage: This is a facility that intercepts the stream flow directly. On-stream
storage occasionally is provided as an on-site facility, though it is more often an integral
part of a watershed or regional storm water management plan.

2.

On-Site Facilities: In providing for on-site facilities, special attention must be given to
the design of outlet structures for controlling runoff from rooftops, parking lots, and
swales. Because runoff volumes from such areas are small, the required outlets are also
small, which increases the potential for plugging by debris. Also, the outlet must release
temporarily stored water in a reasonable amount of time. As an example, parking lots
must drain relatively fast in order not to be a nuisance. Rooftop storage must be designed
so as to provide for structural safety if the outlets are plugged.

3.

Off-Stream Storage: This type of storage involves the diversion of flow out of the stream
into a separate storage facility. A typical example is a side channel spillway that diverts
storm flows from the stream into a storage impoundment.

4.

Conveyance Storage: Conveyance storage is an often neglected form of storage, because
it is dynamic and requires channel storage routing analysis to identify it. Slower flowing
conveyance caused by flatter slopes or rougher channels can markedly retard the buildup
of flood peaks and alter the time response of the tributaries in a watershed.

5.

Wet Basins or Dry Basins: Wet basins are detention basins designed to maintain a
permanent pool of water. In most aspects, their design is similar to other detention basins
except for the permanent pool. Wet basins are used for aesthetic or water quality
enhancement, or for the maintenance of fish and wildlife. All outlets are above the
normal level of the pool. Dry basins differ from wet basins in that their outlets are
located at the bottom of the basin, fully draining the pool between storm events.
Generally, the City prefers the use of dry ponds over wet ponds when feasible.

6.

Filtration Basins or Infiltration Basins: Infiltration basins resemble other detention basins
in most respects, though they may be built without outlets. They may retain flood flows
for a long period of time, for the purpose of encouraging infiltration into the groundwater.
Filtration basins are similar to infiltration basins, but include an outlet below the pool
elevation (i.e., underdrain) that conveys filtered storm water downstream. Infiltration
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basins and filtration basins may become dry, as there are outlets below the pool elevation.
Also presented in this section, along with the technical criteria, is the general procedure for design and
evaluation of both the local detention and regional detention facilities. Any special design conditions
which cannot or are not defined by these criteria shall be reviewed by the City Engineer before proceeding
with design. All pond designs must accommodate the operations and maintenance requirements described
in Chapter 13 of this manual.
9.2

DESIGN STANDARDS

9.2.1

North Dakota State Water Commission

9.2.1.1

State Engineer's Office

The North Dakota State Engineer, pursuant to Chapter 61-16.1 in Sections 61-16.1-38 and 61-16.1-53,
North Dakota Century Code, and the North Dakota State Water Commission, pursuant to Section 61-02-14
of the North Dakota Century Code, have the power, authority, and general jurisdiction to regulate, control,
and supervise the construction and operation of all dams within the State of North Dakota, both public and
private, which they deem necessary or advisable. Also, the State Water Commission has the power and
authority to work with the United States and any of its departments, agencies, or officers with regards to
dams, and to do what is necessary to carry out the expressed and applied purposes of Chapter 61-02, North
Dakota Century Code. For the purposes of administration, the State Engineer requires the following
permits:
1.

Construction Permit
No dams, dikes, or other devices which are capable of retaining, storing, or diverting
more than 12 1/2 acre-feet of water may be constructed in North Dakota without a permit.
An application for the construction of a dam must be submitted first to the State
Engineer. The application must be on the State of North Dakota Application to Construct
(SFN 51695) and must include complete plans and specifications for the dam or reference
to standard specifications. Upon receipt, the State Engineer will review the application,
except in unique circumstances, the State Engineer will complete an initial review within
45 days. The application, plans and specifications, along with any changes or conditions,
will then be forwarded to the Water Resource District within which the contemplated
dam is located. Within 45 days, the Water Resource District shall consider the
application and information forwarded by the State Engineer and return it to the State
Engineer with its decision and comments regarding suggested changes, conditions, and
modifications. The State Engineer makes the final decision and forwards that decision to
the applicant and the Water Resource District (61-16.1-38, NDCC).

2.

Water Permit
If water is to be appropriated for beneficial use as a result of the construction of a dam,
dike, or other device, a conditional water permit must be obtained prior to the initiation of
the construction. An application form No. 108 and instruction booklet, for the purpose of
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acquiring the conditional water permit, may be obtained from the State Engineer’s office.
Chapter 61-04, NDCC, establishes the procedures that must be followed prior to
acquiring a conditional water permit.\
3.

Other Permits
The construction of a dam or detention structure or other facility may require several
other permits. The Corps of Engineers may require permits under the authority of
Section 404 of the Clean Water Act and Section 10 of the Rivers and Harbors Act. The
North Dakota Health Department requires a permit to discharge water into a stream.
Additional information for these permits can be obtained by contacting the respective
agencies.

9.2.1.2

Dam Safety Standards

The role of individual states concerning dam safety varies from state to state. States do have regulatory
authority over dam safety, and require the owner of dams to be responsible in the design and construction,
operation, maintenance and repair of dams. The state’s role in dam safety is to regulate the construction or
enlarging of dams, repair, alteration, maintenance, operation, transfer of ownership, and abandonment in
such a manner as to best provide for public health, safety and welfare. States authority for dam safety is
contained within Chapter 61 of the North Dakota Century Code. At the federal level, the 1972 National
Dam Safety Act, Public Law 92-367, required an inventory of all nonfederal dams and a one-time
inspection of these dams nationwide. In general, the Corps of Engineers has been responsible for caring
out these inspections. In North Dakota, the State Water Commission is primarily responsible for dam
safety in all aspects including design, construction, operation and maintenance.
9.2.2
9.2.2.1

Embankment
Side Slopes and Slope Stability

Slopes on earthen embankments less than 10' in height shall not be steeper that 4 (horizontal) to 1
(vertical). For embankments greater than 10' in height, the slopes shall be such as to maintain slope
stability. For detention ponds greater than 5 feet in depth, a section of pond side slope at least 12 feet wide
must be graded no steeper than 10 (horizontal) to 1 (vertical) that facilitates access to either a maintenance
bench (minimum 12 feet wide, with sufficient linear extent and above the pond’s normal operating depth)
or the pond bottom itself, which allows equipment to access the pond bottom for required maintenance
activities. The City Engineer should be contacted for additional requirements. All earthen slopes shall be
covered with topsoil and revegetated with grass. Criteria for grass seeding are provided in Section 7.4.3.1.
Slopes on riprap earthen embankments shall not be steeper than 3 (horizontal) to 1 (vertical). For grassed
detention facilities, the minimum bottom slope shall be 0.5% measured perpendicular to the trickle
channel. For parking lot detention, the maximum bottom slope shall be 5%.
9.2.2.2

Seepage Control

A seepage control system should be provided for all dams and embankments where a reservoir pool will
be maintained for an appreciable length of time, regardless of the depth of pond, or embankment, or

9-4

foundation materials. The system should control seepage through both the embankment and the
foundation and may involve measures such as downstream pervious zones, interior drainage trenches,
drainage blankets, pressure relief drains, toe drains, impervious cutoff trenches, upstream and impervious
blankets, and other systems.
Any pipe, conduit, wall, or structure passing through the embankment should have a sufficient number of
anti-seepage collars (or devices) to increase the length of the seepage path by a minimum of 15%, with a
minimum of 2 anti-seepage collars (or devices) for each spillway, pipe, wall or structure.
9.2.2.3

Material and Compaction Requirements

All fill material for embankments shall be approved by the project engineer before placement. The fill
should be placed so that compacted layers do not exceed 6" in depth. Fill shall be compacted by
sheepsfoot or pneumatic rollers or their equivalent. The layers shall be compacted in such a manner so
that laminations do not occur between layers. Special compaction methods shall be used at pipes, walls,
abutments, or structures passing through the dam to assure compaction at these areas equal to that in the
rest of the embankment.
No trees, branches, stumps, roots, brush, or other vegetative organic material or frozen soil, ice, snow, or
other frozen materials shall be placed anywhere within the embankment during construction. No fill shall
be placed on a frozen foundation or on frozen fill.
All fill materials in an earthen embankment shall be compacted to 95% standard proctor maximum
density. However, this may vary depending on material type and embankment properties. Embankment
fill materials shall be compacted as close to the optimum moisture content as possible. However, this may
also vary depending upon material type and desired embankment properties.
9.2.2.4

Freeboard and Depth Requirements

In general, it is difficult to set specific minimum freeboard allowances because of the many factors
involved in such determinations. The design engineer will have to assess the critical parameters for each
project and develop its minimum requirement. Some projects are reasonably safe without freeboard
allowance because they are designed for overtopping, or other factors which minimize possible
overtopping. Conversely, freeboard allowances of several feet may be necessary to provide a safe
condition. Parameters that should be considered include the duration of high water levels in the pond
during the design flood; effective wind pitch and reservoir depth available to support wave generations;
the probability of high wind speed occurring from a critical direction; the potential wave runup on the dam
or embankment based on roughness and slopes; the ability of the dam to resist erosion from overtopping
waves; and ice damage.
The design engineer must calculate the water surface elevation and inundation easements corresponding to
the 100-year, 24-hour storm event for all proposed storm water management features. Structures and/or
storm water management features must be designed to maintain a minimum of 1 foot of clearance between
a structure’s lowest floor and the 100-year flood elevation for adjacent storm water detention, retention,
and conveyance features.
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The minimum freeboard required for grassed and parking lot detention facilities is 1.0 feet above the
computed 100-year water surface elevation. The minimum required freeboard for rooftop detention is 3"
above the computed 100-year water surface elevation.
The maximum depth from water surface to outlet invert for parking lot detention is 6" for the 10-year
design and 18" for the 100-year design. The maximum depth from water surface to outlet invert for
rooftop detention is 3". There is no maximum depth for grassed detention facilities as this parameter will
be governed by the site topography.
9.2.2.5

Embankment Protection

All embankment surfaces shall be protected from water, wind, and ice erosion. The protection shall cover
all areas subject to wave action under normal, severe, or unusual operating conditions. Areas of a dam
subject to concentrated foot and vehicle traffic shall have permanent erosion protection installed, such as
paths, sidewalks or steps constructed of concrete, asphalt or rock. If a vegetative cover is to be relied upon
for erosion protection, the establishment of the cover shall be considered an integral part of the
construction operation. Whenever a detention pond uses an embankment to contain water, the
embankment shall be protected from catastrophic failure due to overtopping. Overtopping can occur when
the pond outlets become obstructed or when a storm exceeding a 100-year event occurs. Failure
protection for the embankment may be provided in the form of a buried heavy riprap layer on the entire
downstream face of the embankment, or a separate emergency spillway having a minimum capacity of
twice the maximum release rate for the 100-year storm. Structures shall not be permitted in the path of the
emergency spillway or overflow. The invert of the emergency spillway shall be set equal to or above the
100-year water surface elevation.
9.2.2.6

Foundation Design

Subsurface explorations and foundations in borrow areas (drill holes, test pits, outer holes, etc.) are
required for all dams regardless of size or hazard classification. The explorations should be extensive
enough to firmly establish whether a safe dam can be built at the site and to reveal the subsurface soil,
rock, and ground water conditions. Minimum investigations should include at least three explorations
along the centerline of the dam. At least one exploration should be made at the deepest part of the
depression across which the dam will be built, and also at the location of any principal or emergency
spillways. At least one exploration should extend to a depth equal to the proposed height of the dam.
Large, or hazardous dams require much more extensive investigations. Subsurface explorations for long
dams are required at periodic intervals along the length of the dam but their spacing is dependent upon the
uniformity of the subsurface soils found at the site.
The importance of adequate foundation treatment is emphasized by the fact that approximately 40% of all
earth fill failures are attributed to foundation failures. Foundations should be designed for strength,
stability, seepage and settlement. Foundation preparation shall include stripping to include sod, topsoil, all
organic matter and all other unsuitable material. All dams should contain a cutoff or keytrench to bond the
impervious zone of the embankment to the foundation and for seepage control. Foundations should be
wide enough to allow free movement of excavation and compaction equipment. Rock foundations should
be grouted to a depth equal to the height of the dam, unless geologic conditions dictate otherwise.
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9.2.3

Outlet Works

9.2.3.1 General
Every detention facility shall be provided with sufficient discharge capacity and/or storage capacity, to
accommodate the spillway design flood without endangering the safety of the dam. An adequate spillway
system shall mean that the dam has sufficient capacity to pass back-to-back spillway design floods
occurring within a reasonable period of time.
The embankment spillway system may be either a principal spillway or principal spillway in combination
with an emergency spillway. An emergency spillway is usually required when the principal spillway is
controlled or a conduit. Emergency spillways are discussed in the next section. The principal spillway
should be a permanent non-erodible type of construction. Its principal spillway or outlet works and
associated flood storage should have sufficient capacity to pass frequently recurring floods and thus reduce
the use of the emergency spillway.
Outlet works shall include a satisfactory means of dissipating the flow at its outlet to minimize the risk of
erosion to the dam, downstream roads, bridges, or other structures and to assure conveyance of flow
without endangering the natural environment of the stream. Inlets to conduit spillway systems must be
protected by a trash rack to prevent clogging and shall be designed with antivortex devices to prevent
detrimental vortexing unless evidence can be presented establishing that they are not necessary. Antiseepage collars are required for most conduits. On any conduit where a blockage by animals can occur,
they may have to be protected by an animal guard.
Each embankment or dam should have the means to permit emergency drainage of the reservoir or pond to
an acceptable level within a reasonable period of time. In determining an acceptable level and a
reasonable time, consideration will be given to the damage potential posed by possible failure, risk and
nature of potential failure capability and stability of available drainage courses to convey the waters
released in the event of an emergency dewatering, and influence of rapid drawdown on the stability of the
dam.
9.2.3.2 Outlet Configuration
Figures No. 9.1, 9.2, and 9.3 depict four examples for detention pond outlet configurations. These
configurations are not meant to be all inclusive. There are many more outlet configurations which are
possible, depending upon the ingenuity of the design engineer.
A Type 1 outlet consists of a graded drop inlet, outlet pipe, and an overflow weir in the pond embankment.
The control for the 10-year discharge shall be at the throat of the outlet pipe under the headwater as
determined on Figure No. 9.1. The grate must be designed to pass the 10-year flow with a minimum of
50% blockage (i.e., twice the 10-year flow). Since the minimum size of the outlet pipe is 18", then a
control orifice at the entrance of the pipe may be required to control the discharge of the design flow.
The difference between the 100-year and 10-year discharge is released by an overflow weir or spillway.
The surcharge on the outlet pipe will be included in the total discharge when sizing the overflow weir or
spillway. If sufficient pond depth is available, the drop inlet and grate can be replaced by depressed inlet
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with a headwall and trash rack. Depression of the inlet is required to reduce nuisance backup flow into the
pond during trickle down flows. The maximum trash rack opening dimension shall be equal to the
minimum opening in the orifice plate.
A Type 2 outlet consists of a drop inlet with an orifice controlled inlet for the 10-year discharge and a crest
overflow and pipe inlet control for the 100-year discharge. Type 2 outlet configuration is also shown on
Figure No. 9.1. The control for the 10-year discharge occurs at the orifice opening for the head as shown
on the figure. The control for the 100-year discharge occurs at the throat of the outlet as shown on the
figure. However, the difference between the 100-year and 10-year discharge must pass over the weir and
therefore the weir must give adequate length. The effective weir length (L) occurs for three sides of the
box. To insure the 100-year control occurs at the throat of the outlet pipe a 50% increase in the required
weir length is recommended. Section 7.3.6.1 in Chapter 7 has a discussion of weir flow. In addition, the
outlet pipe must have an adequate slope to ensure throat control in the pipe.
A Type 3 outlet is shown in Figure 9.2. The Type 3 outlet is similar to the Type 2 outlet except that the
trash rack covers the entire outlet works. The 10-year and 100-year discharge control points are the same
as the control points as the Type 2 outlet.
Figure No. 9.3 shows the configuration of a Type 4 outlet. Type 4 outlet is designed for use with parking
lot detention. The outlet consists of a weir curve opening for the 10-year flow control and a weir overflow
section for the 100-year flow control. The outlet channel shall be riprapped to prevent erosion of the
berms or undermining of the curb and asphalt parking lot.
There are many other outlet configurations that can be utilized in conjunction with storm water detention
facilities. The ability of outlet facilities to convey the design discharges for the project to function as
intended must be documented in the Storm Water Management Plan. Unique outlet structures and
configurations must receive the approval of the City Engineer.
9.2.3.3

Structure Materials

The main conduit materials for outlet works is RCP. Special structures such as weirs or inlet boxes shall
be constructed of reinforced concrete. Such structures shall be sufficient to resist sliding, overturning, and
uplift.
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9.2.3.4

Structural Requirements

All outlet works structural components shall be capable of resisting design embankment loads, lateral
earth pressure forces, and anticipated hydraulic loading. Numerous references are available for
determining the class or gauge of the outlet pipe conduit. These are usually in the form of tables or charts
for various loading conditions. Special concrete structures shall be designed in accordance with standard
criteria for the design of concrete hydraulic structures. Numerous references are available for use in the
design of these facilities from the Natural Resources Conservation Service, the Bureau of Reclamation, or
the Corps of Engineers.
9.2.4
9.2.4.1

Emergency Spillway
General

The purpose of an emergency spillway is to prevent the embankment or dam from suffering a catastrophic
failure due to overtopping. As was pointed out earlier, overtopping can occur when the pond outlets
become obstructed or when a larger than a 100-year storm event occurs. The inlet or low point in an
emergency spillway should be set equal to or above the 100-year water surface elevation. Emergency
spillway discharges should be controlled or directed away from the dam so as not to endanger the stability
of the embankment and should be returned to the natural water course far enough downstream to prevent
erosion of the embankment toe.
9.2.4.2

Configuration

Emergency spillways, whenever possible, should be located away from the dam in an undisturbed area.
Topographic saddles generally make good sites. If the embankment is also used as a roadway, then a
depression in the roadway well away from the principle spillway conduit can be made to function as an
emergency spillway. The layout and profile of vegetative spillways should provide a maximum bulk of
material to ensure safety against breaching at the spillway during the passage of the emergency spillway
flood.
9.2.4.3

Design Considerations

Excavated spillways consist of three elements: the intake channel, the control channel and the exit
channel. The relationship between the water surface elevation in the pond and the discharge through the
emergency spillway should be evaluated by computing the head losses in the inlet channel upstream of the
control section. If a control section is not used, the spillway should be evaluated by computing the water
surface profile through the full length of the spillway. Subcritical flow exists in the inlet channel. The
flow conditions change to critical in the control section.
It is recommended that the inlet channel be level for a minimum distance of 30 feet upstream of the
control section. This level part of the inlet channel should be the same width as the exit channel and its
centerline should be straight and coincide with the centerline of the exit channel. A curved centerline is
permissible in the inlet channel upstream of the level section, but it must be tangent with the level section.
The centerline of the exit channel must be straight and perpendicular to the control section for a distance
equal to one half of the maximum base width of the dam. Curvature may be introduced below this point,
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provided that the flowing water will not impede on the dam should the channel fail at the curve. The exit
channel should be as long as reasonably practical. It should be of sufficient slope to ensure supercritical
flow for all discharges greater than 25% of the spillway design flood. The maximum velocity limitations
for vegetated channels shall apply to the exit channel.
9.3

HYDRAULIC DESIGN CRITERIA

9.3.1

Local (“On-site”) and Regional Detention

Minimum required volumes and maximum allowable release rates for on-site and regional detention
facilities shall be determined by hydrograph methods commonly used for analysis of floods and storm
water runoff. Typical hydrograph methods which are recognized and generally accepted include TR55Urban Hydrology for Small Watersheds (National Resource Conservation Services), TR20 - Computer
Programs for Project Formulation Hydrology (National Resource Conservation Service), and HEC-1 Flood Hydrograph Package (Corps of Engineers) and HEC-HMS – Hydrologic Modeling System (Corps
of Engineers).
The hydrograph methodology uses hydrographs computed from an acceptable hydrograph generation
package (TR20, TR55, HEC-1, HEC-HMS) to determine the minimum storage volume required for each
detention facility. The generated hydrographs are routed using methods discussed in several hydrology
general reference texts (i.e., Viessman et. al., Linsley et. al., Ponce, and McCuen). When including offsite basins that discharge from off-site detention facilities, the generated hydrographs are routed through
the facilities using the as-built storage volumes and release rates for the facility. The maximum allowable
release rates per on-site detention facilities shall be equal to the generated historic peak runoff at the
respective design points. The minimum storage volume required is the volume that results in the
maximum allowable discharge rates while maintaining minimum freeboard and building elevation
clearances. The minimum clearance between the 100-year water surface elevation of a detention basin, any
applicable regulated floodplain (FEMA, City of Minot, Ward County, etc.) and a structure’s lowest floor is
1 foot (see the City of Minot Floodplain Ordinance for other minimum clearances). Note that projects
located upstream of regional facilities may be required to meet pre-determined peak inflow and volume
requirements (or corresponding land use requirements) to remain consistent with the design of the
downstream regional facility.
It is highly recommended that project proposers obtain City approval before using methods other than
hydrograph methods for design and sizing of detention basins.
To inhibit the growth of nuisance vegetation and vector species all permanent storm water facilities
(retention and detention) shall have a maximum drain down time of 72 hours. Documentation proving
that this draw down timeframe is achieved by the proposed improvements.
9.4

STORM WATER MANAGEMENT PLAN REQUIREMENTS

The analysis and design of storm water detention facilities and the selection of facility components shall
be thoroughly documented within the Storm Water Management Plan. A copy of the project engineer's
calculations for the storm water detention facilities shall include:
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1.

Inflow Hydrographs: Stage - Storage, Stage - Discharge, and Routing Curves; and such
other routing computations which are the basis of the design.

2.

Calculations of allowable discharge, required storage volumes and calculated ponding
elevations.

3.

Such other calculations and material require to complete the design.

4.

Certification by a Professional Engineer Registered in the State of North Dakota that the
storm water detention facility design and calculations were performed by the engineer, or
under the engineer's supervision, and that the facilities and design meet the criteria of this
chapter.

Design drawings of detention basins provided with the Storm Water Management Plan Report must show
the emergency outlet and include a narrative of where the overflow volume is conveyed in case of
overflow (e.g., outlet blockage, successive storm events).

9-14

CHAPTER 10
WATER QUALITY PROTECTION
10.1

INTRODUCTION

10.1.1 Hydrologic Impacts
There are two main reasons why urban development increases pollutant loads in runoff. First, the volume
and rate of runoff are typically increased as an area is developed, providing a larger capacity to transport
pollutants. Second, some materials are typically made more available for loss in runoff as the intensity of
land use increases.
When an undeveloped area changes to support urban land uses, drastic changes in the local hydrology
result. As land is covered with roads, buildings, and parking lots, the amount of rainfall that can infiltrate
into the soil is reduced. This increases the volume of runoff from the watershed. Figure No. 10.1 shows
the relationship of runoff, infiltration, and evaporation for watersheds with varying degrees of impervious
cover. Typical impervious cover percentages are shown in Table 10.1.
Table No. 10.1
Typical Impervious Area Percentages
Land Use
Business District or Shopping Center
Residential, High Density
Residential, Medium Density
Residential, Low Density
Open Areas

Percent Impervious Cover
95-100
45-60
35-45
20-40
0-10

When an urban area is developed, natural drainage patterns are modified as runoff is channeled into road
gutters, storm sewers, and paved channels. These modifications increase the velocity of runoff, which
decreases the time required to carry it to the mouth of the watershed. This results in higher peak
discharges and shorter times to reach peak discharge. The increased volume of runoff after development is
significant because of the increased pollutant loading it can deliver, as well as potential flooding and
channel erosion problems.
10.1.2 Urban Nonpoint Source Pollutants
The major nonpoint source pollutants include sediment, nutrients, trace metals, oxygen-demanding
substances, toxic chemicals, bacteria, hydrocarbons and chloride.
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1.

Sediment. Sediment is made up of tiny soil particles that are washed or blown into lakes
and streams. It is considered to be one of the most damaging pollutants. Sediment fills in
road ditches, streams, lakes, rivers, and wetlands. It can affect aquatic life by smothering
fish larvae and eggs. Suspended soil particles cause water to look cloudy or turbid.
Excessive turbidity reduces light penetration in water, impairs site feeding fish, clogs fish
gills, and increases drinking water treatment costs. Fine sediment also acts as a vehicle to
transport other pollutants including nutrients, trace metals, and hydrocarbons to nearby
surface waters. Runoff from construction sites is by far the largest source of sediment in
urban areas under development. Another major source of sediment is streambank
erosion, which is accelerated by increases in peak rates and volumes of runoff due to
urbanization.

2.

Nutrients. Nutrients are also a major concern for surface water quality because of the
effect it can have on lakes and rivers. Nutrients, especially phosphorous and nitrogen,
can cause algal blooms and excessive aquatic plant growth in lakes and rivers. Of the
two, phosphorous is usually the limiting nutrient that controls the growth of algae. As
phosphorous loadings rise, the potential for algal blooms and accelerated lake
eutrophication also increases. The ammonium form of nitrogen can also have severe
effects on surface water quality.
The ammonium is converted to nitrate and nitrite forms of nitrogen in a process called
nitrification. This process consumes large amounts of oxygen and can result in fish kills
by lowering dissolved oxygen levels in water. These conditions can impair many
important uses of waters, including recreation, fish habitat, and water supply. The nitrate
form of nitrogen is very soluble and is found naturally at low levels in water. When
nitrogen fertilizer is applied to lawns and other areas in excess of plant needs, nitrates can
leach below the root zone, eventually reaching groundwater. Water contaminated with
high levels of nitrates presents a clear health hazard to young infants whose formula is
prepared with it.

3.

Trace Metals. Trace metals are a water quality concern because of the toxic effects they
can have on aquatic life. The most common trace metals found in urban runoff are lead,
zinc, and copper. Fallout from automobile emissions is a major source of lead in urban
areas. Lead and zinc in urban runoff have also been associated with application of sand
and salt on roads. The toxicity of trace metals in runoff varies with the hardness of the
receiving water. As the total hardness of the water increases, the threshold concentration
levels for adverse biological effects increase. Many of these metals become attached to
the fine sediment and are carried with it until the sediment settles out. When these
materials settle out, they can accumulate over a period of time to levels that are harmful
to aquatic life.

4.

Oxygen-Demanding Substances. While land animals extract oxygen from the air, aquatic
life depends on oxygen dissolved in water. When organic matter is consumed by
microorganisms, dissolved oxygen is consumed in the process. After it rains, urban
runoff can deposit large quantities of oxygen-demanding substances in lakes and streams.
The biochemical oxygen demand (BOD) of typical urban runoff is on the same order of
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magnitude as the effluent from the efficiently run secondary wastewater treatment plant.
This can create a pulse of high oxygen demand during storm runoff that can totally
deplete oxygen supplies in shallow, slow moving, or poorly flushed waters. Oxygen
depletion is a common cause of fish kills. In urban areas, pet wastes, street litter, and
organic matter are common sources of oxygen-demanding substances.
5.

Bacteria. Bacteria levels are most severe in the summer when temperatures are most
favorable for the reproduction. Studies have found that total coliform counts exceeded
EPA water quality criteria almost every time it rained. The coliform bacteria that are
detected may not be a health risk in themselves, but are often associated with other
pathogens. Pet and other animal wastes are common sources of bacteria in urban areas.

6.

Hydrocarbons. Petroleum-driven hydrocarbons are commonly found in urban runoff.
These materials initially float on water and create the familiar rainbow-colored film.
Hydrocarbons have a strong affinity for sediment and quickly become absorbed to it.
Hydrocarbons are then transported with sediment and settle out with it. Hydrocarbons
are a concern because they are known to be toxic to aquatic organisms at relatively low
concentrations. Common sources of hydrocarbons are spillage at oil storage and fueling
facilities, leakage from crankcases, and improper disposal of drain oil.

7.

Chloride. During winter conditions, salt is sometimes used to melt ice from roads,
parking lots, and sidewalks. Because it is extremely soluble, almost all salt applied ends
up in surface or groundwater. If the concentration of chloride becomes too high, it can be
toxic to many fresh water organisms. Normal application of salt to roads for de-icing is
unlikely to create toxic conditions due to elevated chloride levels. However, there have
been numerous documented cases of surface and groundwater contamination caused by
runoff from inadequately protected stockpiles of salt and sand-salt mixtures.

10.1.3 Pollutant Delivery Process
Understanding the pollutant delivery process is fundamental to nonpoint source pollution control. There
are three steps in the delivery process: availability, detachment, and transport. Most substances must go
through this entire chain before they can become pollutants. Breaking this chain at any step will prevent a
substance from being delivered to receiving waters. Some pollutants are more readily controlled at a
particular step in the delivery process. A basic understanding of this process and the characteristics of the
pollutants in question help to target Best Management Practices (BMPs) so they can prevent delivery most
effectively.

1.

Availability. Obviously a material must be available before it can become a potential
pollutant. The quantity of the material in the environment and its characteristics
determine the degree of availability. In an urban environment, the quantity of certain
pollutants in the environment is a function of the intensity of the land use. For instance, a
high density of automobile traffic makes a number of potential pollutants, such as lead
and hydrocarbons more available. Control methods, such as street sweeping, would
reduce the availability of these pollutants. Availability of a material such as fertilizer is a
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function of the quantity and the manner in which it is applied. Applying fertilizer in
quantities that exceed plant needs leaves the excess nutrients available for loss to surface
or groundwater. Reducing the availability of fertilizers through reduced use and proper
application is the best way to control nonpoint source pollution from these materials.

10.2

2.

Detachment. Detachment is the process in which materials are dislodged from their
original location and become mobile. The attachment process can be either physical or
chemical. Most physical detachment is the result of raindrop impact or overland flow. A
chemical detachment involves dissolving soluble materials or ion exchange processes.
Control of pollutant delivery in the detachment phase is most practical for materials such
as sediment when erosion control practices are used to prevent the detachment of soil
particles. Once the soil particles are detached, coarser particles can be trapped effectively
by sediment control practices. However, fine soil particles are not readily trapped except
by detention practices with very long detention times.

3.

Transport. Transport is the final phase of the delivery process. Transport involves
moving the material from its point of detachment to receiving water. In urban areas, a
large part of the runoff is transported to receiving waters over impermeable surfaces such
as streets or in storm sewers. This results in very efficient transport of pollutants to
receiving waters once they are detached. For many urban nonpoint source pollutants,
especially those associated with sediment, interrupting transport is the most practical way
to prevent their delivery to receiving waters. Detention or infiltration practices can be
effective for interrupting transport from the pollutants.

CONTROLS FOR WATER QUALITY PROTECTION

10.2.1 Objectives
Design criteria for pollutant removal is a continuous evolving process. However, it is possible to establish
some general objectives toward which design efforts may be directed in order to achieve a significant
reduction in the pollution load to downstream areas including:
1.

The most effective runoff quality controls reduces peak and volume - these are generally
infiltration controls.

2.

Filtration is an effective method to reduce pollutant load; filtration may be less effective
than infiltration, but more effective than simple detention.

3.

The next most effective controls reduce runoff peak - These controls generally involve
storage.

4.

For small runoff events (those with return intervals of less than two years), the runoff
should be retarded by detention in order to control downstream erosion.

5.

Most obnoxious pollutants in urban runoff are settleable; however, appreciable amounts
of nutrients and some heavy metals are dissolved and require treatment.
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6.

Design events for runoff quality are small frequent events (smaller than the one year
runoff event). This design approach is significantly different than that for the design of
systems to control runoff quantity, which are usually designed for large infrequent runoff
events (10, 25, 50, or 100-year event).

10.2.2 Source Controls
Source controls emphasize the prevention and reduction of nonpoint pollution by eliminating the
opportunity for pollutants on the land surface to be entrained into surface runoff. Being alert to the
presence of chemicals and pollutants in areas subjected to rainfall or runoff is the first step in source
control. Modifying the site plan and/or drainage plan is the second step toward eliminating these sources.
Source control is a difficult matter. Homeowners generally are not restricted in the application of
nutrients, herbicides, and pesticides to their yards. Chemical spillage in roadways, dustfall, etc., are also
difficult to control. Nonetheless, attention to good housekeeping practices while designing the layout of
the surface drainage system can significantly reduce the inevitable sources, and Best Management Practice
(BMP) programs now being introduced promise to reduce or eliminate some sources and their resultant
impacts on water quality. Typical housekeeping BMPs are as follows:
1.

Fertilizer Management. Fertilizer management involves control of the rate, timing, and
method of fertilizer application in urban areas so that plant nutrient needs are met while
minimizing the chance of polluting surface or groundwater. This practice is directed at
control of phosphorous and nitrogen and runoff from landscaped areas. Fertilizer
management can be an effective practice for the control of nutrients from landscaped
areas. Significant nutrient loads can result from over application of lawn fertilizer in
urban areas. Restricting the amount of fertilizer applied to the quantity needed for plant
growth will minimize the potential for surface or groundwater contamination.

2.

Litter Control. Litter control involves the removal of litter from streets and other surfaces
before runoff or wind moves these materials to surface waters. This practice will prevent
litter from becoming pollution as well as improving the aesthetics of the area. A major
source of phosphorous in urban runoff is leaves and lawn clippings. Removing these
materials before they can enter surface waters can reduce phosphorous loadings
significantly. In addition to leaves and lawn clippings, litter that should be controlled
includes pet wastes, trash, oil, and chemicals. There are two categories of litter control
programs: source reduction and removal programs. Source reduction includes recycling,
public education, and litter container placement. Litter removal programs include refuse
and leaf collection, street cleaning, and catch basin cleaning.

3.

Catch Basin Cleaning. Catch basins are chambers or sumps installed in storm sewers,
usually at the curb, which allows surface runoff to enter the sewer. These catch basins
have a low area intended to retain sediment. By trapping coarse sediment, the catch basin
prevents trapped solids from clogging the sewer or being washed into receiving waters.
However, these low areas must be cleaned out periodically to maintain their sediment
trapping ability.
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4.

Street Sweeping. Street sweeping involves the removal of grit, debris, and trash from
urban impervious areas such as streets, parking lots, and sidewalks. Streets are normally
swept with either a mechanical broom sweeper or a vacuum sweeper. If these materials
are removed from the streets where they are deposited, they are no longer available for
lost urban runoff. In most cases, the prime reason for street sweeping is for aesthetics and
urban housekeeping, rather than water quality benefits. The dominant influence on
effectiveness of street sweeping appears to be the frequency of sweeping and the interval
between storms. Semiannual street sweeping programs are recommended to remove
debris after spring snowmelt and after leaves fall in the autumn.

5.

De-icing Chemical Use and Storage. A tremendous amount of de-icing chemicals are
used each winter on roads, parking lots, and sidewalks. Sodium chloride (salt) is the
main chemical used. Proper use and storage of salt will reduce the chance of high
chloride concentration in runoff that may damage the environment. In order to prevent
chloride from entering surface or groundwater, the following practices should be used at
stockpile locations:
•

All piles should be covered with polyethylene if not stored in a shed. All
sand/salt piles should be moved to empty salt sheds or covered during the spring
and summer.

•

Any runoff from stockpiles should be contained.

10.2.3 Site Controls
Site controls are generally those controls that attempt to reduce runoff rate and volume at or near the point
where the rainfall hits the ground surface. The following types of site controls are common:
1.

Minimization of Directly Connected Impervious Area. Directly connected impervious
area (DCIA) is defined as the impermeable area that drains directly to the improved
drainage system (i.e., paved gutter, improved ditch, or pipe). The minimization of DCIA
is by far the most effective method of runoff quality control because it delays the
concentration of flows into the improved drainage system, and maximizes the opportunity
for rainfall to infiltrate at or near the point at which it strikes the ground. It should be
kept in mind that the aim of this practice is minimization of the runoff peak and volume
for small storms.

2.

Swales and Filter Strips. Swales, or grassed waterways, and filter strips are among the
oldest storm water control measures and have been used along side streets and highways
for many years. A swale is a shallow channel which has the following characteristics:
a.
b.
c.

Side slopes are flatter than 3:1;
Contains contiguous areas of standing or flowing water only following rainfall;
and
It is planted with and contains vegetation suitable for soil stabilization, storm
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water treatment, and nutrient update. The filter strip is simply a strip of land
across which storm water from a street, parking lot, rooftop, etc., flows before
entering adjacent receiving waters.
For small storms, both swales and filter strips remove pollutants from storm water by
slowing the water and settling or filtering out solids as the water travels over the grassed
area, and by allowing infiltration into the underlying soil. In general, the higher the flow
rate, the lower the efficiency. Thus, low velocity and shallow depth are key design
criteria. A swale designed with a low bottom slope and check dams will perform much
more efficiently than one without check dams. Raised driveway culverts are very
effective as check dams. For maximum efficiency of pollutant removal during small
storms, a trapezoidal swale with as large a bottom width as can be fitted into the site plan
is desirable, since this will maximize the amount of runoff and contact with the
vegetation and soil.
Design flows are calculated using equations for open channel flow, and for small frequent
runoff events. For filter strips, there are two primary design considerations. The first is
to minimize the grade and the direction of flow (i.e., terracing). The second is to make
certain that the water flowing across the strip is introduced at the upstream side of the
strip in such a way that it flows across the strip in sheet flow and does not channelize.
3.

Porous Pavement. Porous pavements have excellent potential for use on streets and
parking areas. When properly designed and carefully installed and maintained, porous
pavements can have load bearing strength and longevity similar to conventional
pavements. In addition, a porous pavement can help reduce the amount of land needed
for storm water management to preserve the natural water balance at a given site, and to
provide a safer driving surface that offers better skid resistance and reduced
hydroplaning. A porous pavement is only feasible on sites with permeable soils, fairly
flat slopes, and relatively deep water table levels. Where winter conditions are, severe,
additional considerations should be given to the structural integrity of a porous pavement
under the freeze-thaw conditions.

4.

Infiltration Devices. Infiltration devices are those storm water quality control measures
that completely capture runoff from the water quality design storm and allow it to
infiltrate into the ground. They are the most effective storm water quality control devices
that can be implemented, but they can only be used in situations where the captured
volume of water can infiltrate into the ground before the next storm, and where they will
not cause structural or groundwater pollution problems.
Infiltration devices can be either above ground infiltration basins, or buried infiltration
trenches. Among their advantages are that they can help to minimize alterations to the
natural water balance of a site, can be integrated into a site's landscaped and open areas,
and, if carefully designed, can serve larger developments.
Infiltration basins function to temporarily store storm water until it infiltrates the
surrounding ground through the bottom and sides of the basin. They can be constructed
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on-line or off-line with respect to the normal drainage path. When a basin is constructed
on-line, it is designed to capture the water quality design storm entirely. When a larger
storm occurs, it overflows the basin, which then serves as a detention pond for those
larger events. Off-line infiltration basins are designed to divert the more polluted first
flush of storm water out of the normal path and hold it for later water quality treatment.
Off-line infiltration devices are designed to store a selected volume of storm water for a
specified period of time with a predetermined infiltration rate. An off-line infiltration
basin may be designed to treat a volume equivalent to 1 inch of runoff from the project
impervious area, for example, to satisfy City water quality treatment requirements for
new development.
In general, site planning considerations for infiltration trenches are the same as for
infiltration basins. Trench bottoms should be at least four feet above the seasonal high
water table level to prevent mounding of groundwater, consequent loss of infiltration
capacity, and insect problems. Trenches should be inspected frequently within the first
few months of operation and regularly thereafter. Such inspections should be done after
large storms to check for ponding.
Infiltration devices must be designed and constructed to ensure complete drawdown
within 72 hours of the storm event.
5.

Filtration Devices. Filtration devices are similar to infiltration devices, but instead of
allowing storm water to infiltrate into the ground, storm water is infiltrated through a
filter media, captured on the other side, and conveyed downstream within the storm water
system. The filter media is often sand, and may be supplemented with materials that bind
specific pollutants. For example, including iron filings in sand filters more effectively
removes dissolved phosphorus.
Filtration devices may be used in areas where soil conditions prevent infiltration (e.g.,
low permeability, contaminated soils). Pollutant removal using filtration may be less
effective than infiltration, but is generally more effective than simple detention, which
may only remove particulate pollutants through settling.
Like infiltration devices, filtration devices can be either above ground or buried.
However, the need to provide a gradient for gravity drainage to downstream storm water
facilities may prevent the use of buried devices (or trenches). Similar to infiltration
devices, filtration devices can be designed on-line to treat the entire volume of storm
water runoff, or be designed off-line to treat a portion of the runoff.
In general, site planning for filtration devices must consider the volume of water to be
treated, the outlet elevation, the porosity of the filter material, and the allowable
drawdown time. The media in filtration basins should generally not be less than 15 inches
to provide adequate treatment. Filtration devices should be inspected frequently to ensure
filters are not clogging and ponding is not occurring.
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10.2.4 Detention Controls
10.2.4.1

Dry Pond Detention.

Detention basins designed for flood peak reduction only, without any provision for a permanent pool, is
the most common type of detention basin used. The City prefers the use of dry ponds over wet ponds,
where feasible. These basins generally are not as effective in removing pollutants as wet basins, to be
described later. This is primarily due to the short hydraulic residence time. For basins with detention
times of less than 12 hours, no more than 10% of storm water pollutants are removed, and in fact, there
may be even a negative pollutant removal rate due to the washout of pollutants captured in earlier small
storms. Figure 10.2 presents a schematic of a typical dry detention pond and summarizes typical
performance characteristics.
Performance can be improved, from the standpoint of water quality control, if certain modifications are
made to the design which differs from the typical dry detention basin. For example, the use of swales (as
pretreatment conveyances), and land infiltration will greatly improve the pollutant removal effectiveness
and life of a dry detention system. Pollutant removal in dry ponds may be enhanced by constructing a
forebay to retain an initial volume of runoff (e.g., the first inch of runoff from impervious surfaces).
Another possibility is to incorporate a shallow marsh around the outlet structure, as shown in Figure No.
10.3. It should be noted, however, that the addition of a marsh makes this control device no longer a dry
detention basin but rather a transitional device between a dry and wet detention system (i.e., extended
detention pond system).
10.2.4.2

Wet Pond Detention.

The wet pond detention system consists of a permanent water pool, an overlying zone in which design
runoff volume temporarily increases the depth of the pool while it is stored and released at the allowed
peak discharge rate, and a shallow littoral zone (the biological filter). Figure No. 10.4 illustrates the basic
components of a wet pond detention system that is used for both flood control and water quality
enhancement. Figure No. 10.5 shows an example of a wet detention pond sized for a two to four week
residence time. During storms, runoff replaces treated waters detained within the permanent pool after the
previous storm, thus making the permanent water pool volume and the vegetated littoral zone of utmost
importance for water quality enhancement. Flood detention ponds are often used in series with swale
inter-connectors. If properly designed and maintained, they can provide effective flood and water quality
protection, as well as an aesthetically pleasing wildlife habitat.
The removal of storm water pollutants in a wet detention pond system is accomplished by a number of
physical, chemical, and biological processes. Gravity settling is used to remove the heavier particles.
Chemical flocculation occurs when heavier sediment particles overtake and coalesce with smaller, lighter
particles to form larger particles. Biological removal of dissolved storm water pollutants includes uptake
by aquatic plants and metabolism by phytoplankton, and microorganisms that inhabit the bottom
sediments.

10-10

PROFILE
Weir or Orifice Set
at 100 Yr Elevation
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Maintenance for Ponds >5' Deep

ACCESS DETAIL
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<5'

10:1 Access Road
(min. 12' width)

Dry Detention Pond
Figure No. 10.2
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4:1 to 10:1 Sideslopes
(up to 3:1 for riprap
slopes)

4:1 Max. Sideslope
for Ponds <10' Deep
(up to 3:1 for riprap
slopes)
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Removal of dissolved pollutants primarily occurs during the relatively long quiescent period between
storms. Accordingly, the permanent water pool is especially vital, since it permits treatment between
storms, reduces runoff energy, and provides a habitat for aquatic plants and algae. Aerobic conditions at
the bottom of the permanent pool will maximize the uptake of dissolved pollutants (nutrients, metals) by
bottom sediments, and will minimize release from the sediments into the water.
There are three critical criteria in determining how efficiently the wet detention pond system will work.
The first critical criterion is the volume of the permanent pool, which should be sufficient to provide two
to four weeks of detention time so that algae can grow. The second key criterion is the depth of the
permanent pool, which should be greater than four to six feet, but less than 10 to 15 feet, so that the water
remains wind-mixed and the bottom sediment stays aerobic. If the bottom sediment turns anaerobic, it
will release nutrients into the overlying pool, and these nutrients will be washed out in the next rainstorm.
The third critical criterion involves the shallow littoral zone, typically concentrated around inflow points
and the outflow. This is one of the very important components of the system, since the aquatic plants
within this zone provide the biological assimilation of dissolved storm water pollutants. The littoral zone
should cover at least 30% of the pond's surface area and should have a gentle slope (6:1 or shallower) to a
depth of two feet below the control elevation. Another benefit of the flat side slopes is enhanced public
safety, especially for children.
Wet ponds should not be considered in areas where the underlying soil infiltration rate will not allow
water to remain in the pond on a permanent basis or where the rainfall is not sufficient to sustain the
necessary volume in the pool. The use of several detention ponds in series, or the separation of the pond
into multiple cells, will enhance pollutant removal and lessen maintenance tasks.
10.2.4.3Wetland Detention
Wetland treatment removal of water pollutants involves passing runoff through a natural wetland or a
constructed wetland to remove or treat the pollutants. Wetlands provide favorable conditions for removal
of pollutants from urban runoff through sedimentation and also provide an intense pool of biological
activity to use nutrients during the growing season. Wetlands can provide water quality enhancement
through sedimentation, filtration, absorption, and biological processes as well as natural flood protection.
Wetlands can be very effective for trapping urban pollutants; however, urban runoff can overload and
degrade a natural wetland. The solids that are trapped from urban runoff are deposited in the wetland
where they may be difficult to remove at a later date. Given many unknowns still associated with this
treatment practice, only relatively isolated wetlands or constructed wetlands should be used for storm
water management. Care should be taken to minimize changes in the hydro-period (the time that water
remains at a particular level in the wetland - which determines the form, function, and nature of the
wetland) caused by the addition of storm water. Finally, pretreatment practices are needed to reduce oil,
grease, and sediment levels to protect the wetland.
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10.3

IMPLEMENTATION OF STORM WATER QUALITY CONTROLS

Integrating urban runoff quality controls into a storm water management plan requires creativity. In the
ponding phase, the design engineer must constantly have in mind the four objectives of storm water
management. These are: 1) surface drainage; 2) flood control; 3) erosion and sediment control; and 4)
control of pollutants in the runoff.
The approach to storm water quality control is to minimize the adverse impacts of storm water through a
coordinated system of source controls and site controls. The storm water management system can be
viewed as a treatment train in which the individual treatment practices are viewed as cars. The first car is
source controls, followed by site controls. Grassed swales, detention ponds, wetlands, and other devices
add to the train. The more controls incorporated into the system, the better the performance of the train.
A good storm water quality management system will provide acceptable results if the following concepts
are kept in mind:
1.

Design runoff quality controls to capture small storms.

2.

Design to maximize sediment removal, and removal of other pollutants.

3.

The most effective method for reducing urban runoff pollution is to minimize directly
connected impervious area (DCI).

4.

Preferred water quality practices to treat storm water include, in order of decreasing
preference:
a.

Infiltration or other abstraction: Infiltration devices are the most effective at
providing water quality treatment, but also the most difficult to maintain.

b.

Filtration: Filtration devices are less effective than infiltration, but may be
feasible in situations where infiltration is not possible.

c.

Extended Detention: Dry detention is the easiest to design and operate, and its
effectiveness is satisfactory if properly designed. Wet detention is more difficult
to design and maintain but more efficient than dry detention, and often more
aesthetically desirable.
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CHAPTER 11
EROSION AND SEDIMENTATION CONTROL

11.1

INTRODUCTION

Each year excessive quantities of soil erode from certain areas that are undergoing development for nonagricultural uses such as housing developments, industrial areas, recreational facilities and roadways. In
addition, soils and debris are being deposited on streets from excavation and construction sites. The
resulting sediment clogs storm sewers and road ditches, causes dust and mud on streets and leaves deposits
of silt in creeks and streams, which is considered a major water pollutant.
The purpose of this chapter is to develop guidelines to minimize soil erosion and sedimentation from
occurring on urban developing land by requiring proper provisions for surface and subsurface water
disposal and the protection of soil surfaces during and after construction in order to promote the safety,
public health, convenience, and general welfare of the community.
These guidelines are not necessarily intended to replace local ordinances or state and federal requirements,
but are intended to help developers, private consultants and others who will be developing urban lands.
They should be useful in planning for soil and water conservation as an integral part of development plans,
to minimize erosion and sedimentation problems on land undergoing urban development.
11.2

DESIGN CRITERIA

11.2.1 General
Design criteria for erosion and sediment control measures and materials should be in accordance with, but
not limited to, the following:
1.

National Pollutant Discharge Elimination System (NPDES) of the Environmental
Protection Agency and as administered by the North Dakota State Health Department.

2.

North Dakota Department of Transportation Standard Specifications for Road and Bridge
Construction (current edition).

3.

The American Association of State Highways and Transportation Officials (AASHTO)
"A Guide for Highway Landscape and Environmental Design" (current edition).

4.

Other recognized design manuals for erosion and sedimentation control (i.e., Natural
Resource Conservation Service, publications, etc.).

5.

Conflict - In case of a conflict between the above design standards, the City Engineer
should be contacted for clarification.
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11.2.2 Definitions
1.

Accelerated Soil Erosion. The increased loss of land and surface (soil) occurring as the
result of a land distributing activity.

2.

Non-Erosive Velocity. The velocity of water movement that will not cause accelerated
soil erosion.

3.

Stabilization. Erosion control placement, or covering of soil to insure its resistance to
soil erosion, sliding or other earth movement.

4.

Permanent Soil Erosion Control. Those control measures which are installed or
constructed to control erosion on a permanent basis and which are maintained on a
continuous basis after completion of a project.

5.

Temporary Soil Erosion Control. Interim control measures which are installed or
constructed for the temporary control of soil erosion until the permanent soil erosion
control are established. Examples are stabilized crop seeding, sediment traps, silt dikes,
moistening of soils, etc.

6.

Sediment Traps and Basins
a.

A sediment trap ponding area is generally constructed of earth to provide an
embankment across a drainage swale. The maintenance period of a sediment trap
is based on when the exposed area has been stabilized.

b.

A sediment basin is a longer term temporary or permanent ponding area with a
controlled release structure. A series of small sediment traps may be substituted
for a sediment basin upon the approval of the City Engineer.

11.2.3 Requirements
1.

Any land disturbing activity shall be conducted in such a manner so as too effectively
reduce accelerated soil erosion and resulting sedimentation.
Before these activities, including site grubbing, commence erosion controls should be
installed on the downhill portion of the site or where erosion is a potential problem.

2.

3.

Sediment traps, perimeter dikes, sediment barriers (such as straw bale barriers and silt
fencing), and other measures intended to trap sediment within the site, drainage outlets to
the major storm water system or retention facilities must be constructed as a first step in
grading and be made functional before upslope land disturbance takes place. Earthen
structures such as dams, dikes, and diversions must be mulched within 14 calendar days
of installation. Earthen structures that will remain in place for a period exceeding one
year must be seeded and mulched. Construction of earthen structures should be
scheduled so as to allow prompt seeding during appropriate seasons.
Concentrated storm water runoff from disturbed drainage areas with ten acres of total
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tributary area or greater should pass through a temporary sediment basin providing 3,600
cubic feet of storage per acre drained. If 3,600 cubic feet per area drained is not
attainable, combinations of silt fences, multiple sediment traps, or equivalent sediment
controls are required for all side slopes and downslope boundaries of the construction
area. For 10 or fewer acres disturbed, the same controls are required except for the
sediment basin, which is optional.
Velocity dissipation devices shall be used to provide a non-erosive velocity flow to
maintain existing hydraulic conditions of watercourses.
Sediment traps will require periodic maintenance including sediment removal whenever
one-half of the sediment storage volume is filled.
The site must be inspected by a qualified person (provided by the discharger) once every
seven calendar days and within 24 hours after a rainfall of 0.5" or greater. Reports
summarizing the inspections shall be made and retained as part of the storm water
pollution prevention plan until project termination.
4.

All land disturbing activities should be designed, constructed, and completed in such a
manner that the exposure time of disturbed land should be limited to the shortest possible
period of time. Once grading operations are completed in areas of work stoppages for a
period of 21 or more calendar days, the stabilization must be initiated by the 14th
calendar day. In extremely environmentally sensitive areas, a 72-hour stabilization
period is to be used.

5.

Sediment caused by accelerated soil erosion shall be removed within 48 hours after the
heavy precipitation, snowmelt or strong winds which caused it.

6.

Any temporary or permanent facility designed and constructed for the conveyance of
water around, through, or from the land disturbing activity shall be designed to limit the
water flow to a non-erosive velocity.

7.

Temporary soil erosion control facilities shall be removed and areas of land disturbance
graded and stabilized with permanent soil erosion control measures pursuant to approved
plans and specifications.

8.

Erosion and maintenance shall be minimized by use of acceptable side slopes, rounded
and blended with natural terrain; serrated cut slopes; drainage channels designed with due
regard to width, depth, slopes, alignment, and protective treatment; inlets located and
spaced with erosion control in mind; prevention of erosion at culvert outlets; proper
facilities for ground water interception; dikes, berms, and other protective devices;
sedimentation devices to trap sediment at strategic locations; and protective ground
covers and planting.

9.

All temporary and permanent erosion sedimentation control practices must be maintained
by the Owner. Silt fences will require periodic replacement. Sediment basins will
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require periodic sediment removal. All facilities must be inspected following heavy
precipitation or snowmelt.
10.

Maximum suggested allowable rates of soil loss are as follows:
a.
b.
c.

Agricultural and Horticultural Lands - 1 to 5 tons/acre/year depending on soils.
Non-agricultural Lands - 5 tons/acre/year.
Construction Sites - 5 tons/acre/year.

To predict soil loss the "United States Department of Agricultural Handbook Number
703" provides one method. The procedure is founded on an empirical soil loss equation
called the Revised Universal Soil Loss Equation (RUSLE). The equation is believed to
be applicable wherever numerical values of its factors are available. Tables and charts as
presented in the Handbook Number 703 are to be used in the equation.
The Revised Universal Soil Loss Equation (RUSLE) is an erosion model designed to
predict the longtime average soil losses due to runoff from specific field areas. The
RUSLE was issued in January, 1997 to replace the Universal Soil Loss Equation (USLE).
The RUSLE is also applicable for such non-agricultural conditions as construction sites.
With appropriate selection of its factor values, the equation will compute the sheet and
rill erosion from rainfall and the associated runoff from the landscape profile. It
computes the soil loss for a given site as the product of five major factors whose most
likely values at a particular location can be expressed numerically. Erosion variables
reflected by these factors vary considerably about their means from storm to storm, but
effects of the random fluctuations tend to average out over extended periods. Because of
the unpredictable short-time fluctuations in the levels of influential variables, the soil loss
equation is substantially less accurate for prediction of specific events than for prediction
of longtime averages.
The soil equation is:
A = R x K x (LS) x C x P

(Equation 11.1)

Where;
A

=

annual soil loss from sheet and rill erosion in tons/acres

R

=

rainfall erosivity factor

K

=

soil erodibility factor

LS

=

slope-length factor and slope-steepness factor

C

=

cover and management factor

P

=

support practice factor
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11.3

DESIGN REQUIREMENTS

11.3.1 Temporary Erosion and Sedimentation Control
1.

Current criteria for temporary erosion and sedimentation control apply to all projects
which require temporary measures to control soil erosion. By specification the contractor
should be required to construct and maintain all erosion and sediment devices shown on
the plans and/or deemed necessary by the design engineer to effectively control pollution
of waterways and sedimentation adjacent to property.

2.

During project design, temporary erosion and sedimentation control measures shall be
considered and reviewed as to location and type. Temporary erosion and sedimentation
control measures and intended uses include but are not limited to the following:
a.

Sediment Trap, Silt Dikes and Ditches:
(1)

Set permanent inlet elevation of drainage structures and provide silt
basins below the permanent elevation. Place sediment traps ahead of
drainage structures approximately 200 feet spacing for ditch grades 1%
to 2% and the vertical height of the foreslope is 5 feet or less. The
maximum drainage area for a sediment trap is 2.5 acres at a storage
volume of 3,600 cubic feet per acre of disturbed drainage area. Multiple
sediment traps may be used to store sediment for drainage areas larger
than 2.5 acres. As an example, a site drains 7.5 acres which would
require three sediment traps at a total storage volume of 27,000 cubic
feet. One single sediment basin can be used for the same volume in this
example. Normally, a sediment basin should be used when the disturbed
drainage area equals or exceeds 10 acres.

Concentrated storm water runoff leaving a development site must be
routed through sediment traps and discharged directly into a public
storm water system, wherever practical.
Temporary channels or pipes leaving the site should be capable of
conveying the runoff from a 10-year storm without overtopping its
banks, surcharging or eroding during development of the site in
question. Permanent channels or retention facilities must be completein-place prior to completion of the site development. Temporary
channels should not be in place for more than two years prior to
constructing
a
permanent
facility.
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b.

(2)

Silt dikes may be required when the vertical height of a construction
foreslope is five feet or less and the existing ground slopes away from
the foreslope in rural areas. A silt fence shall be incorporated at the
outlet end of the silt dike. For urban areas, with slopes at 2% or greater,
a temporary silt dike should be placed parallel to the street to intercept
flows for drainage areas 10 acres or greater.

(3)

Silt ditches shall be required when the drainage from the adjacent
ground flows onto the roadway right-of-way. Generally, the silt ditch is
placed at the right-of-way line.

Silt Fence: Used when vertical height in cut or fill areas is over five feet or
where five acres and greater of concentrated or sheet flows with slopes at 2% or
greater drain to the roadway right-of-way.
(1)

Place a silt fence near the right-of-way line or a minimum of 10 feet
from the back of curb or toe of the foreslope.

(2)

Locate diagonal and individual silt fences near right-of-way line in
approximately 200 foot segments with lower end skewed toward the
roadway to intercept small concentrations of diagonal sheet flow. The
silt fence should be perpendicular to the flow.

(3)

Place silt fence around all inlets in conjunction with the construction of
the inlet.

(4)
c.

Other locations of silt fences may be necessary for the control of erosion
and may be required by the City Engineer.
Silt Fence as Ditch Checks: Construct at right angles to flow and intercept slope
area where possible.
Ditch Grade
1% to 2%
2% to 3%
3% to 4%
4% and greater

d.

Approximate Spacing
300 ft.
200 ft.
100 ft.
temporary sediment basins

Others: Other temporary controls may include, seeding, mulching, sodding,
straw bale dikes, diversions and other innovative practices or modifications to
specified practices may be used if approved by the City Engineer.
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11.3.2 Permanent Erosion and Sediment Control
1.

Current specifications for permanent erosion and sedimentation control apply to all
projects. A permanent vegetative cover should be established before the end of the
construction season or temporary erosion control is to be maintained throughout the
winter months until spring planting is established. Vegetation shall not be considered
established until ground cover is achieved, and is mature enough to control soil erosion
satisfactorily and to survive severe weather conditions. All temporary erosion and
sedimentation control measures shall be disposed of within 30 days after final site
stabilization is achieved.

2.

During project design, permanent erosion and sedimentation control measures shall be
reviewed as to location and type. Permanent erosion and sedimentation control measures
and intended uses include, but are not limited to the following:
a.

Seeding
One form of permanent erosion and sedimentation control is seeding, fertilizing
and mulching. Seed shall be sown only at times of the year when temperature,
moisture, and climatic conditions will promote germination and plant growth.
Normal permanent vegetation is generally established within at least 45 days. If
vegetation is not established in this period, the exposed areas shall be reseeded.

b.

Sodding
Sodding and fertilizing may be used for erosion and sedimentation control such
as for a buffer strip adjacent to adjoining property. Sod may also be placed in
ditch bottoms and in areas where vegetation is needed more quickly. Sodding
must be staked on slopes greater than 10%. The maximum allowable sodded
slope is 6:1 (17%).

c.

Riprap
A layer of various sized rocks (called riprap) is a popular method of controlling
erosion. The rough angular surfaces and the variety of sizes help the rocks fit
tightly together to form a dense barrier. Reference is made to Chapter 7 of this
manual for a detailed discussion of rock riprap design requirements.

d.

Gabions
Gabions (rock-filled wire baskets or mattresses) can be used in situations where
the stream banks are too steep for rip-rap or for specific control limits. They are
particularly effective for protecting the submerged part of the bank. The layer of
rock-filled baskets will continue to provide protection while adjusting itself to
shifting in the streambed. Reference is made to Chapter 7 of this manual for a
detailed discussion of gabion design requirements.
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e.

Fabric Blanket
A fabric blanket is a flexible, mesh-like material through which vegetation can
grow. It is usually about 1/2-inch thick, and consists of tightly coiled and
intertwined fibers of either nylon or excelsior. In the beginning, the fabric alone
protects the bank. As plants grow, their roots intertwine with the fabric making
an even stronger barrier.
A fabric blanket is normally used when vegetation alone can't provide enough
protection, but the erosion isn't serious enough to justify more expensive control
measures. Since it needs vegetation to be effective, it works best on the upper
bank - above the level that is normally submerged. It also works well on streams
which are dry for part of the year. The blanket system has been used on slopes
as steep as 1:1, but normal use is 2:1 and less.
The manufacturer of the fabric blanket will provide instructions on how to install
it and limits of use. Sometimes it is buried in the face of the bank a few inches.
It can also be spread on top of the soil, or used as a cover to hold down mulch.
No matter how it is used, the fabric must be securely anchored in position. The
sections of fabric should be overlapped three to six inches, and staked to the
bank. The ends of the fabric are usually buried in 12-inch deep trenches.

f.

Other
Other permanent erosion prevention measures may include, erosion control mats,
wood excelsior, jetties and other innovative practices or modifications to
specified practices may be used if approved by the City Engineer.

11.4

STORM WATER DISCHARGE PERMIT REQUIREMENTS

11.4.1 General
In October 1990, the Environmental Protection Agency (EPA) approved the Final Storm Water Rule under
the National Pollutant Discharge Elimination System (NPDES). Under this rule, qualified projects are
required to have storm water discharge permits. The EPA's original storm water regulations require that
construction activities that disturb five or more acres of land after October 1, 1992, be authorized by
NPDES Permit, administered through the North Dakota Department of Health. The second phase of the
EPA’s storm water program will similarly regulate construction activities that disturb between 1 and 5
acres. These Phase II storm water requirements will be in effect by 2003 and will need to be implemented
by the City of Minot and Ward County. The North Dakota Department of Health defines disturbed soil as
any soil that is exposed to erosive forces (i.e., wind or water). Anyone conducting a construction activity
that disturbs one or more acres of total land area is required to apply for coverage under the NPDES
Construction Storm Water Permit. Construction activity includes the following:
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•

Clearing
•
Grading
•
Excavation
•
Road building
•
Construction of:
Residential houses
Office buildings
Commercial facilities
Industrial buildings
Landfills
Airports
Feedlots

11.4.2 Basic Requirements
Storm Water NPDES Permits require that an erosion and sedimentation control plan be developed for the
project. The plan is in turn composed of a temporary erosion and sediment control plan and a permanent
erosion and sediment control plan. These erosion control plans must contain Best Management Practices
(BMPs) developed to meet the goals of each plan. An excellent reference for developing erosion and
sedimentation control plans is "Storm Water Management for Construction Activities: Developing Storm
Water Pollution Prevention Plans and Best Management Practices (EPA 832-R-92-005, September 1992)"
prepared by the EPA and distributed by the National Technical Information Service (telephone 703-4874650). This manual was developed to assist NPDES applicants with developing temporary and permanent
erosion and sedimentation control plans.
In North Dakota, applications for an NPDES Storm Water Discharge Permit are initiated by completion of
"Notice of Intent to Obtain Coverage Under NPDES General Permit for Storm Water Discharges
Associated with a Construction Activity". This form must be completed and submitted to: North Dakota
Department of Health, Division of Water Quality, PO Box 5520, Bismarck, ND 58502-5520 (telephone
701-221-5210).
11.5

EROSION AND SEDIMENTATION CONTROL PLAN

11.5.1 Temporary Erosion and Sedimentation Control Plan
11.5.1.1Goal
The goal of the Temporary Erosion and Sedimentation Control Plan is to prevent sediment from entering
waters of the state during construction. The owner shall incorporate Best Management Practices (BMPs)
into the project's final plans and specifications, which are designed to meet this goal. It is the owner's
responsibility to select the appropriate BMPs which will satisfy these requirements.
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11.5.1.2Assigning Responsibility
When developing bidding documents or other contracts, the owner must identify who will implement and
manage the erosion and sedimentation control BMPs before and during construction; and ensure that the
plan will be implemented and stay in effect until the construction project is complete, and the entire site
has undergone final stabilization. In addition, the final plans and specifications must clearly identify who
will be responsible for the maintenance requirements.
11.5.1.3Plan Contents
The Temporary Erosion and Sedimentation Control Plan, if developed as a document separate from the
project's final plans and specifications, must be prepared for the proposed project. The plan must contain
appropriate BMPs and contain standard plates and/or specifications of these BMPs.
1.

Standard plates and/or specifications must be provided for all BMPs selected by the
designer to be used on the project, and at a minimum, must include the following:
a.
perimeter sediment control
b.
placement and type of temporary cover.

2.

Where applicable, standard plates and/or specifications must also be provided for the
following:
a.
horizontal slope grading
b.
proposed stabilized vehicle entrances
c.
temporary sedimentation basins
d.
storm sewer pipe outlet energy dissipation
e.
storm sewer inlet control
f.
erosion and sedimentation control requirements for stockpile areas.

11.5.1.4Final Plans and Specifications
The above standard plates and/or specifications are to be incorporated into the project's final plans and
specifications. In addition, the final plans and specifications shall clearly denote:
1.

Location and type or the procedures to establish the location and type of all erosion and
sedimentation control BMPs.

2.

Existing and final grades, including dividing lines and direction of flow for all storm
water runoff drainage areas located within the project limits.

3.

Locations of areas not to be disturbed or areas where construction will be staged to
minimize duration of exposed soil areas.

4.

All waters of the state, including existing wetlands identified on the National Wetlands
Inventory Map, within one-half mile from the exposed construction area which will
receive direct storm water runoff from the construction site during construction.
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Where waters of the state, including wetlands, which will receive the direct runoff will
not fit on a plan sheet, they shall be identified with an arrow, indicating both direction
and distance.
5.

Timing for installation of all erosion and sedimentation control BMPs.

11.5.1.5Plan Retention
The owner shall keep a copy of the Temporary Erosion and Sedimentation Control Plan and all changes to
it for three years after completion of the construction project.
11.5.1.6Changes to the Temporary Erosion and Sedimentation Control Plan
Changes in the plan made during construction to accommodate phased construction, sequenced work,
timing issues, or changed site conditions are allowable.
11.5.2 Permanent Erosion and Sedimentation Control Plan
11.5.2.1Goal
The goal of the Permanent Erosion and Sedimentation Control Plan is to protect North Dakota water
resources from pollutants generated from a project's ultimate development's impervious surfaces, change
in land use, or changed ground cover.
11.5.2.2Assigning Responsibility
When developing bidding documents or other contract, the owner must identify who will maintain the
water quality management BMPs until construction is complete, all maintenance activities are complete
and the site has undergone final stabilization.
11.5.2.3Plan Contents
The Permanent Erosion and Sedimentation Control Plan must be prepared for the proposed project, and
may be developed as a separate document from the final plans and specifications. The plan must contain
appropriate BMPs which satisfy the above goal, and contain standard plates and/or specifications of these
BMPs. These standard plates and specifications must be incorporated into the project's final plans and
specifications. At a minimum, the plan must contain:
1.

Land feature changes (in acres) for both before and after construction:
a.
b.
c.
d.
e.

Total project area;
Total impervious surface area of the project;
Total impervious area of the project;
Total estimated impervious surface area of ultimate development;
Total estimated pervious area of ultimate development;
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2.

Standard plates and/or specifications of permanent erosions and sediment control BMPs
below:
a.

Sediment Control
Where a project's ultimate development replaces surface vegetation with one or
more acres of cumulative impervious surface and all runoff has not been
accounted for in a local unit of government's existing storm water management
plan or practice, the runoff shall be discharged to a sedimentation basin prior to
entering waters of the state.
1)

Proposed Development
Except as provided in 2) below ("Reconstruction or Work on
Existing Roadways"), the wet sedimentation basin shall be
based on the project's ultimate development and comply with
the following requirements:

2)

a)

The basin's hydraulic volume shall be sufficient to
capture 1/2 inches of runoff from the impervious
watershed area.

b)

Basins shall also provide a minimum of 250 ft.3 dead
sediment storage volume below the basin's hydraulic
volume/impervious acre drained.

c)

Basin inlets shall be placed above the sediment storage
volume.

d)

Basin outlets shall be designed to remove all suspended
solids greater than five microns with a settling velocity
of 1.3 x 10-4 ft/sec.

e)

Basin outlets shall also be designed to prevent short
circuiting and the discharge of floating debris.

f)

Basins must provide spillways to accommodate storm
events in excess of the basin's hydraulic design.

Reconstruction or Work on Existing Roadways
While recommended, the above provision for a sedimentation
basin will not be required for work on existing roadways where:
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1)

the drainage area is served by an existing storm sewer
which is day lighted off the road's right-of-way or,

2)

proximity to bedrock or vertical relief precludes it, or,

3)

existing right-of-way precludes it.
For these situations, however, the owner will be
required to incorporate other sedimentation or treatment
devices (i.e., grass swales, smaller sediment basins,
etc.).

b.

c.

Permanent Erosion Control
1)

All drainage ditches constructed to drain water from the site
after construction is complete must be stabilized.

2)

All pipe outlets must be provided with permanent energy
dissipation where the pipe's outlet velocity will exceed the
permanent cover's erosive velocity.

Treatment
The owner is required to provide treatment of storm water through the use of BMPs such
as grass swales, wetlands constructed for the purpose of treating storm water, and the
planting or development of emergent vegetation around the perimeter of the wet
sedimentation basin's sediment storage volume.

11.5.2.4FINAL PLANS AND SPECIFICATIONS
The above standard plates and/or specifications are to be incorporated into the project's final plans and
specifications. In addition, the final plans and specifications shall clearly denote:

1.

Location and type of all permanent erosion and sediment control BMPs.

2.

The plan sheets must clearly identify all waters of the state, including wetlands identified
on the National Wetlands Inventory Map within the one-half mile from the construction
area which will receive direct storm water runoff from the construction site after
construction is complete.
Where the water of the state which will receive the direct runoff and will not fit on the
plan sheet, the resource shall be identified with an arrow, indicating both direction and
distance.
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3.

Methods to be used for final stabilization of all exposed soil areas. For linear utility and
roadway projects, final stabilization is not required on agricultural land which will be
tilled within one year of project completion.

11.5.2.5PLAN RETENTION
The owner shall keep a copy of the Permanent Erosion and Sedimentation Control Plan and all changes to
it for three years after completion of the construction project.
11.5.2.6CHANGES TO THE PERMANENT EROSION AND SEDIMENTATION CONTROL PLAN
Changes in the plan made during construction to accommodate changed site conditions are allowable.
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CHAPTER 12
STORM WATER/DRAINAGE EASEMENTS
12.1

12.2

GENERAL REQUIREMENTS
1.

All easements must be mutually exclusive. Easements shall be identified as public utility
and drainage easements.

2.

All easements for the installation of storm sewer pipe should be at least 30 feet wide. The
pipe shall be placed only on one side of a joint property line to allow for placement of
excavated earth if maintenance is required. Storm sewers placed in easements shall be
located 7.5 feet from the easement line. In situations where the design engineer can
clearly demonstrate that an easement less than 30 feet is adequate (considering depth of
storm sewer, stockpile area and maintenance access), the City Engineer may consider
such a request.

3.

No landscaping except grass may be placed in the easement unless approved by the City
Engineer.

4.

No permanent structure may be placed in the easement.

5.

Fencing will not be allowed in Surface Water Drainage easements.

6.

The easement agreement must state that any temporary structures (including paving and
fencing) placed in the easement will be removed by the owner of the land when requested
by the City Engineer so that maintenance can be performed. The owner of the land must
agree to hold the City harmless for the reinstallation or replacement of structures removed
from the easement.

7.

Storm sewer pipe installation in easements between single-family residential lots may be
approved at the discretion of the City Engineer to drain a cul-de-sac or other isolated
areas which might otherwise not be drained.

EASEMENT FOR STORM SEWER

The following easement form may be used where a storm sewer is to be constructed but no surface
drainage way is required to carry storm water flows in excess of the capacity of the storm sewer. The
width must accommodate maintenance equipment and excavated earth necessary to access and to repair
the storm sewer.
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**********
EASEMENT FORM FOR STORM SEWER

KNOW ALL PERSONS BY THESE PRESENTS:
That ______________________________________________________________________________
___________________________________________________________________________________,
(hereinafter called "Grantor"), in consideration of the sum of _________________________________
___________________________________________________________________________________
to be paid by the _________________________ upon final approval and acceptance of this Easement by
the ___________________________, do hereby convey unto the City of Minot, a municipal corporation
(hereinafter called the "City") a perpetual Easement for Storm Sewer Right-of-Way under, over, through
and across the following described real estate:

(hereinafter called "Easement Area") for the purpose of the City constructing, reconstructing, repairing,
enlarging and maintaining a storm sewer, together with necessary appurtenances thereto, under, over,
through and across said Easement Area.
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This Easement shall be subject to the following terms and conditions:
1.

ERECTION OF STRUCTURES PROHIBITED. Grantor shall not erect any landscaping or
structure over or within the Easement Area without obtaining the prior written approval of the
City Engineer.

2.

CHANGE OF GRADE PROHIBITED. Grantor shall not change the grade, elevation or contour
of any part of the Easement Area without obtaining the prior written consent of the City Engineer.

3.

RIGHT OF ACCESS. The City shall have the right of access to the Easement Area and have all
rights of ingress and egress reasonably necessary for the use and enjoyment of the Easement Area
as herein described, including but not limited to, the right to remove any unauthorized
obstructions or structures placed or erected on the Easement Area.

4.

EASEMENT RUNS WITH LAND. This Easement shall be deemed to run with the land and shall
be binding on Grantor and on Grantor's successors and assigns.

5.

APPROVAL BY THE CITY. This Easement shall not be binding until it has received the final
approval and acceptance by the City.

Grantor does HEREBY COVENANT with the City that Grantor holds said real estate described in this
Easement by title in fee simple; that grantor has good and lawful authority to convey the same; and said
Grantor covenants to WARRANT AND DEFEND the said premises against the lawful claims of all
persons whomsoever.
Each of the undersigned hereby relinquishes all rights of dower, homestead and distributive share, if any,
in and to the interests conveyed by this Easement.
Words and phrases herein including acknowledgment hereof shall be construed as in the singular or plural
number, and as masculine or feminine gender, according to the context.

Signed this _____ day of _______________, ______.
__________________________________________
__________________________________________
__________________________________________
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STATE OF NORTH DAKOTA, COUNTY OF ________________, ss

On this _____ day of _______________, _______, before me the undersigned, a Notary Public in and
for the State of North Dakota, personally appeared ________________________________________
_________________________________________________________________________________
_________________________________________________________________________________
to me known to be the identical persons named in and who executed the same as their voluntary act and
deed.
________________________________________________
Notary Public in and for __________ County, North Dakota.
I, _______________________________________________________________, do hereby certify that
the within and foregoing Easement was duly approved and accepted by the
___________________________________ by Resolution and Roll Call No. ___________, passed
on the _____ day of _______________, ______, and this certificate is made pursuant to authority
contained in said Resolution.
Signed this _____ day of _______________, _______.

________________________________________________
Authorized Signature of ____________________________

**********
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12.3

EASEMENT FOR STORM SEWER AND SURFACE WATER DRAINAGE

Easements for storm sewer and surface water drainage shall be used where there is a storm sewer placed
within a watercourse, manmade or natural, and where the drainage way must be maintained to carry storm
water flow in excess of the capacity of the storm sewer. The easement width must accommodate and
contain the width and depth of flow from a 100-year storm. The easement width must also allow for
maintenance equipment. The following easement form may be used for an easement for storm sewer and
surface water drainage.
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**********
EASEMENT FOR STORM SEWER AND SURFACE WATER DRAINAGE
KNOW ALL PERSONS BY THESE PRESENTS:
That
__________________________________________________________________________________
__________________________________________________________________________________
__________________________________________________________________________________
__________________________________________________________________________________
(hereinafter

called

"Grantor")

in

consideration

of

the

sum

of

to be paid by the ___________________________________ upon final approval and acceptance of this
Easement by the ______________________________________, do hereby CONVEY unto the City of
Minot, a municipal corporation (hereinafter called "City"), a perpetual Storm Sewer Easement and a
perpetual Easement for Surface Water Drainage under, over, through and across the following described
real estate:

(hereinafter called "Easement Area") for the purpose of the City constructing, reconstructing, repairing,
enlarging and maintaining a storm sewer, together with necessary appurtenances thereto, under, over,
through and across said Easement Area as well as for the purpose of the City constructing, reconstructing,
repairing, grading, and maintaining the surface of said Easement Area in a manner that will permit the free
and unobstructed flow of surface water over the Easement Area.
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1.

ERECTION OF STRUCTURES PROHIBITED. Grantor shall not erect any structures over or
within the Easement Area without obtaining the prior written approval of the City Engineer.

2.

OBSTRUCTIONS PROHIBITED. Grantor shall not erect or cause to be placed on the Easement
Area any structure, material, device, thing, or matter which could possibly obstruct or impede the
normal flow of surface water over the Easement Area without obtaining the prior written approval
of the City Engineer.

3.

CHANGE OF GRADE PROHIBITED. Grantor shall not change the grade, elevation or contour
of any part of the Easement Area without obtaining the prior written consent of the City Engineer.

4.

RIGHT OF ACCESS. The City shall have the right of access to the Easement Area and have all
rights of ingress and egress reasonably necessary for the use and enjoyment of the Easement Area
as herein described, including but not limited to, the right to remove any unauthorized
obstructions or structures placed or erected on the Easement Area.

5.

EASEMENT RUNS WITH LAND. This Easement shall be deemed to run with the land and shall
be binding on Grantor and on Grantor's successors and assigns.

6.

APPROVAL BY CITY. This Easement shall not be binding until it has received the final
approval and acceptance by the City.

Grantor does HEREBY COVENANT with the City that Grantor holds said real estate described in this
Easement by title in fee simple; that grantor has good and lawful authority to convey the same; and said
Grantor covenants to WARRANT AND DEFEND the said premises against the lawful claims of all
persons whomsoever.
Each of the undersigned hereby relinquishes all rights of dower, homestead and distributive share, if any,
in and to the interests conveyed by this Easement.
Words and phrases herein including acknowledgment hereof shall be construed as in the singular or plural
number, and as masculine or feminine gender, according to the context.
Signed this _____ day of _______________, ______.
__________________________________________
__________________________________________
__________________________________________
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STATE OF NORTH DAKOTA, COUNTY OF ________________, ss
On this _____ day of _______________, ______, before me the undersigned, a Notary Public in and
for the State of North Dakota, personally ________________________________________________
__________________________________________________________________________________
___________________________________________________________________________________
to me known to be the identical persons named in and who executed the same as their voluntary act and
deed.
________________________________________________
Notary Public in and for __________ County, North Dakota.
I, _______________________________________________________________, do hereby certify that
the within and foregoing Easement was duly approved and accepted by the City by Resolution and Roll
Call No. ___________.

Signed this _____ day of _______________, _______.
________________________________________________
Authorized Signature of ____________________________
**********
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12.4

EASEMENT FOR SURFACE WATER DRAINAGE

Surface water drainage easements shall have an adequate width to accommodate a 100-year storm and
maintenance equipment. In addition, temporary easements may be required for construction. The
following form may be used for drainage easements where a storm sewer is not required.
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**********
EASEMENT FOR SURFACE WATER DRAINAGE
KNOW ALL PERSONS BY THESE PRESENTS:
That
__________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
(hereinafter called "Grantor") in consideration of the sum of ____________________________________
__________________________________________________________________________________
to be paid by the ___________________________________ upon final approval and acceptance of
this Easement by the ______________________________________, do hereby CONVEY unto the City
of Minot, a municipal corporation (hereinafter called "City"), a perpetual easement for Surface Water
Drainage under, over, through and across the following described real estate:

(hereinafter called "Easement Area") for the purpose of the City constructing, reconstructing, repairing,
grading, and maintaining the surface of said Easement Area in a manner that will permit the free and
unobstructed flow of surface water over the Easement Area.
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1.

ERECTION OF STRUCTURES PROHIBITED. Grantor shall not erect any structures over or
within the Easement Area without obtaining the prior written approval of the City Engineer.

2.

OBSTRUCTIONS PROHIBITED. Grantor shall not erect or cause to be placed on the Easement
Area any structure, material, device, thing, or matter which could possibly obstruct or impede the
normal flow of surface water over the Easement Area without obtaining the prior written approval
of the City Engineer.

3.

CHANGE OF GRADE PROHIBITED. Grantor shall not change the grade, elevation or contour
of any part of the Easement Area without obtaining the prior written consent of the City Engineer.

4.

RIGHT OF ACCESS. The City shall have the right of access to the Easement Area and have all
rights of ingress and egress reasonably necessary for the use and enjoyment of the Easement Area
as herein described, including but not limited to, the right to remove any unauthorized
obstructions or structures placed or erected on the Easement Area and the right to improve, repair,
and maintain the Easement Area in whatever manner necessary to provide adequate and proper
drainage and to protect the public health, safety and general welfare.

5.

EASEMENT RUNS WITH LAND. This Easement shall be deemed to run with the land and shall
be binding on Grantor and on Grantor's successors and assigns.

6.

APPROVAL BY CITY. This Easement shall not be binding until it has received the final
approval and acceptance by the City.

Grantor does HEREBY COVENANT with the City that Grantor holds said real estate described in this
Easement by title in fee simple; that Grantor has good and lawful authority to convey the same; and said
Grantor covenants to WARRANT AND DEFEND the said premises against the lawful claims of all
persons whomsoever.
Each of the undersigned hereby relinquishes all rights of dower, homestead and distributive share, if any,
in and to the interests conveyed by this Easement.
Words and phrases herein including acknowledgment hereof shall be construed as in the singular or plural
number, and as masculine or feminine gender, according to the context.
Signed this _____ day of _______________, ______.
__________________________________________
__________________________________________
__________________________________________
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STATE OF NORTH DAKOTA, COUNTY OF ________________, ss
On this _____ day of _______________, ______, before me the undersigned, a Notary Public in and for
the State of North Dakota, personally appeared
__________________________________________________________________________________
___________________________________________________________________________________

to me known to be the identical persons named in and who executed the same as their voluntary act and
deed.

________________________________________________
Notary Public in and for __________ County, North Dakota.
I, _______________________________________________________________, do hereby certify that
the within and foregoing Easement was duly approved and accepted by the City by Resolution and Roll
Call No. ___________.
Signed this _____ day of _______________, ______.
________________________________________________
Authorized Signature of ____________________________
**********
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CHAPTER 13
OPERATION AND MAINTENANCE

13.1

INTRODUCTION

All storm water management systems must be operated and maintained. A well maintained storm water
management system will be ready to convey the runoff from the next storm event with minimal damage to
storm water management facilities. A poorly maintained storm water management system may not be able
to function at its design conveyance and could be damaged by the runoff. The increases of potential repair
costs and liability exposure are less obvious, but no less serious. Minor repairs can often prolong the
service life of a facility, and can reduce the costs of future major repairs and/or replacement.
Because storm water management systems function intermittently and seldom at full capacity, it is all too
easy to defer maintenance and repair activities. The storm water management system must be actively
maintained. That is, it is too late to repair damage from the last storm or to do preventative maintenance
when a storm about to commence. Maintenance and repair activities can generally be categorized under
two categories: (1) scheduled maintenance and repair (includes mowing, trash pickup and other routine
activities associated with a normal wear of the drainage facilities), (2) unscheduled repair (includes the
repair of erosion damage, structure repair, and other activities which occur on an infrequent and
nonperiodic basis).
The City requires developers to create and submit an operations and maintenance plan as part of every
Storm Water Management Plan (see Chapter 2). The owner of storm water management facilities should
establish a routine maintenance inspection program once the facility has been constructed and placed in
service. Inspections should be conducted on an annual or semiannual basis, as well as following major
storm events. Provisions must be made for funding of both scheduled maintenance and repair activities
and unscheduled repair. In some cases, the City may additionally require a Developer’s Agreement that
specifies specific operation, inspection, and maintenance responsibilities and defines the City’s authority
should the owner fail to fulfill the agreed-upon responsibilities.
13.2

OPERATION AND MAINTENANCE OBJECTIVES

A thorough storm water management system operation and maintenance plan will provide for scheduled
maintenance activities and will also accommodate necessary unscheduled work. The general goals of an
operation and maintenance program should include the following:
1.

Participate in storm water management project planning and in design review to facilitate
maintenance activities;

2.

Participate in construction progress meetings to determine if maintenance oriented
facilities are being built as called for in the design;

3.

Inspect the facilities regularly to monitor their effectiveness and need for repairs;

4.

Prevent storm water management systems from falling into visual disrepair;
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5.

Reduce life/cycle cost through effective design review, timely maintenance activities,
documentation of crew and equipment productivity, and an analysis of repair costs and
longevity;

6.

Repair deteriorated facilities before major damage or failure occurs;

7.

Have storm water management systems repaired, cleaned, and ready to function before
the next storm event arrives; and

8.

Repair and maintain storm water management facilities as necessary to insure they are
capable of operating at full designed conveyance capability.

OPEN CHANNEL STORM WATER FACILITIES

13.3.1 Design and Construction Stage
1.

Access
Vehicle access is vital to the operation and maintainability of a storm water management
system. Ramps leading into channels and/or all-weather trails parallel along the system
are desirable and should be included in the design. Access ramps and trails should have
traffic control barriers to keep unwanted traffic from using the trails while still allowing
pedestrian movement.

2.

Side Slopes
Grass lined channels must have slopes that are steep enough to drain toward the channel
and yet are gentle enough to allow vegetation to establish and to permit mowing and
clean-up activities. Generally, side slopes of 4:1 or flatter are desirable from the
standpoint of mowing.

3.

Vandalism
Storm water management facilities can be an attractive nuisance and can be damaged by
those who use the area. Preventive measures may be necessary to keep graffiti off walls,
to keep rock riprap from being relocated, or to keep gabion baskets from being cut open.

4.

Localized Erosion
There are several locations that can suffer erosion and subsequently need increased
maintenance work. Proper design will reduce the likelihood of erosion problems. A
practical review of the project plans may reveal the need for additional erosion protection
in the following places:
a.
b.
c.
d.
e.
f.

At all transitions, such as changes in channel cross-section or channel lining;
at the outside of curves where flow velocities are higher;
at the outlet of all tributary storm sewer pipes;
on the bank opposite all tributary pipes and channels;
downstream from drop structure energy dissipation basins; and
downstream of bridges and culverts.
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5.

Trash Racks
Normally, these structures do exactly what they are designed to do, catch debris. The
bars should be spaced to allow small debris to pass through yet catch large material.
Arrange the bars to facilitate cleaning and to allow debris to float out of the water as
water level rises.

6.

Sediment Traps
If called for in the design, sediment traps will certainly need regular silt removal to
protect the downstream facilities. The sediment traps effectively reduce downstream
maintenance needs.

13.3.2 Post Construction and Operation Stage
1.

Mowing
In urbanized areas, the drainage channel should be mowed often enough to control weeds
and to show community responsibility. For native grass vegetation in a semi-arid
climate, 3 to 6 cuttings per year are satisfactory. The City should monitor those areas
mowed by others such as the Park District, business or home owners.

2.

Debris Control
Debris blockage at drainage structures often contributes to flooding problems. Trash
racks and debris traps help reduce the problem if they function properly and are regularly
cleaned. Regular debris removal along the length of the channel system also helps. This
should include trimming and thinning of trees as they encroach on the storm water
channel or if they have become overgrown.

3.

Inspection
Inspection at least annually of drainage facilities including storm sewer/drainage
easements will detail long-term changes in the system and will highlight needed
maintenance work. Inspections should also be done following major storm events.

4.

Silt Removal
Some silt accumulation in stilling basins and around channel obstructions is inevitable,
and is harmless in limited amounts. Silt should be removed if it is severe enough to alter
the water surface or to affect the function of storm water conveyance facilities such as
drop structures. Silt accumulations can also cause trouble by supporting undesirable or
obstructive vegetation.

5.

Trail and Access Repair
An annual effort to repair damaged trail sections and access ramps will result in
guaranteed maintenance access and better pedestrian use. This maintenance activity is
the responsibility of the owner/operator of the trail system.
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13.3.3 Rehabilitation Stage
The regular storm water facility inspection program will alert maintenance personnel when a system is in
need of repairs. If the problems are repaired promptly, the facility can be returned to service with little
threat of further damage or failure. Typical problem areas that signal need for rehabilitation are as
follows:

13.4

1.

Hard Lined Trickle /Low Flow Channels - Local undermining of the structure or
secondary channel erosion parallel to the main channel;

2.

Soft Lined Trickle/Low Flow Channels - Random bank failure and bottom degradation is
unsafe or threatens other improvements;

3.

Tributary Channels and Pipe Outlets - Erosion from the receiving channel leading back to
the tributary outlet and/or erosion under the outlet structure;

4.

Drop Structures and Grade Control Structures - Erosion damage in and around the energy
dissipation basin and around the outside edges of the structure. Physical damage can
occur to the structure in the form of uplifted or depressed concrete, broken gabion
baskets, and displaced riprap; and

5.

Channel Banks - Channel bottom and sides should be maintained to their original slopes.
Bank protection such as riprap, slope paving, or retaining walls can be undermined by
local scour or general degradation if not "toed-in" deep enough. Grass-lined banks can
lose vegetation cover and can suffer spot erosion that may quickly worsen.

PIPED STORM WATER FACILITIES

13.4.1 Design and Construction Stage
1.

Access
Manpower and equipment access for the full length of the pipe must be available.
Publicly owned right-of-way or easements are normally sufficient. However, it is
imperative that these easements connect to a public right-of-way, other easements, or
receiving waters and are wide enough for maintenance activities. The easement language
must be restrictive enough to prohibit undesirable activities on the land surface above the
pipe facilities.

2.

Erosion Protection
The inlets and outlets to pipe systems are subject to high velocities. Adequate protection
will usually take the form of riprap aprons, energy dissipation structures or concrete
headwalls, wingwalls and aprons. Steep earth slopes at inlet and outlet transitions
frequently need short walls to hold the soil in place.
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3.

Trash Racks
This is one of the most frequent problem areas. The design should consider the potential
debris source upstream. Designers should assume at least 50% blockage of a trash rack
when designing for the maximum storm runoff event. Another rule of thumb requires a
trash rack to have four times the clear opening area of the pipe being protected.

4.

Manholes
Manhole location and spacing are discussed in Chapter 4, Section 4.6 of this manual.
Manholes need to be accessible in all-weather conditions. Be sure access is available to
all pipes of a multi-barrel system. Drop manholes can be especially difficult when
designing for adequate access and safety.

5.

Record Drawings
It is an absolute necessity to obtain record drawings of the completed project and to
maintain them for future reference.

13.4.2 Post Construction and Operation
1.

Curb Inlet Cleaning
Because of their location and shape, inlets often trap sediment and debris. They should
be cleaned twice a year to ensure their proper function. If only one cleaning is possible, it
should occur prior to the rainy season. Cleaning should also occur following excess
rainfall events to remove debris such as leaves and branches.

2.

Debris Control
Trash racks should be cleaned regularly to keep accumulations from forming. In-pipe
debris should be removed if it is large enough to create a flow obstruction.

3.

Overflow Channel Maintenance
If the pipe system was designed with a surcharge or overflow channel (easement), it
deserves occasional attention. It must be kept clear of debris, excessive vegetation or
sedimentation, as well as monitored for alterations to the channel by adjacent owners. In
general, it should be maintained as an open channel to be ready to function when called
upon.

4.

Inspection
A regular in-pipe inspection of pipe drainage systems will detail long term changes and
point out needed maintenance work such as debris removal or pipe joint patching.
Special attention is necessary to insure the safety of the inspection personnel if the pipe is
long. Small pipes and pipes that carry continuous flow can be viewed with automated
equipment. Inspections should be done following major runoff or windy events. Inlet
grates should be checked for clogging, and catch basins and pipes for sediment/waste
blockage.
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13.4.3 Rehabilitation Stage
1.

Inlet and Outlet Structures
Local erosion due to high velocities, lack of protection, or transition turbulence will need
repair and correction.

2.

Trench Backfill
Subsidence of the trench, which can result from poor initial compaction or from pipe or
joint failure, needs to be brought to grade. Earth settlement around manholes is a
frequent indicator of compaction problems.

3.

Pipe Joints
The first sign of problems in a piped storm water system usually shows at the pipe joints.
Spalled concrete, cracks, distorted pipe geometry, backfill movement, and water inflows
occurs at the joints and are precursors of greater problems to come. If such problems are
noted at pipe joints, immediate repair action must be initiated to prevent further and
accelerated deterioration of the system.

13.5

STORM WATER DETENTION AND RETENTION FACILITIES

13.5.1 Design and Construction Stage
1.

Access
The detention structure and impoundment area should be accessible to maintenance
equipment for the removal of silt and debris, and for repair of inevitable minor erosion
problems. Easements and/or rights-of-way are required to allow access to the detention
structure and impoundment area by the owner or agency responsible for maintenance.
The owner shall install a paved access path traversing the longest dimension of the
detention structure to allow vehicle access to the entire length of the structure for
maintenance. The owner must provide access to the outlet structure.

2.

Safety
If children are apt to play in the vicinity of the detention structure and impoundment area,
installation of an attractive fence or preferably, landscaping that will discourage entry
(thick, thorny shrubs) along the periphery of the detention facilities may be advisable.
The detention facility is situated at a lower grade and adjacent to a highway installation of
a guardrail would be in order. Access to the pond bottom and outlet is especially
important.

3.

Side Slopes
Because of aesthetic requirements and the need for frequent mowing, the bank slope,
bank protection, and vegetation type are important design criteria. Flat bank slopes on
the order of 4:1 or flatter facilitate mowing and aid in reducing rill erosion. It is
important that appropriate vegetation be established as soon as possible after
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construction.
4.

Drawdown Capability
It is important that detention facilities with permanent pools have provisions for complete
drainage in order to facilitate silt removal operations. The frequency of sediment removal
will vary among facilities, depending upon the original volume set aside for sediment, the
rate of accumulation, drainage area erosion control measures and aesthetic appearance of
the pond.

5.

Silt Storage
All detention facilities should be designed with sufficient depth to allow for accumulation
of sediment over several years prior to its removal.

6.

Wet/Permanent Pool Basins
Wet basins should be of sufficient depth to discourage excessive aquatic vegetation on
the bottom of the basin. Adequate dissolved oxygen supply in ponds (to minimize
deterioration of water quality) can be maintained by artificial aeration. Use of fertilizer
and pesticides adjacent to the pond should be carefully controlled.

7.

Secondary Uses
Secondary uses of a detention facility in an impoundment area that would be
incompatible with sediment deposits should not be planned unless a high level of
maintenance will be provided. For example, planning a combination tennis
court/detention basin may not be advisable downstream from an area prone to soil
erosion. If the bottom of the detention basin is to be used for other uses, it needs special
consideration to minimize periods of wetness. It may be advisable to provide an
underground tile drainage system, if active recreation is contemplated and a flat bottom is
required.

8.

Outlet Structures
To reduce maintenance, outlet structures should be designed with nonmoving parts (i.e.,
pipes, box culverts, orifices, and weirs). Manually and/or electrically operated gates
should be avoided. To reduce maintenance, outlets should be designed with openings as
large as possible, compatible with the depth-outflow curve desired and with water
quality, safety, and aesthetic objectives in mind. One way of doing this is to use a larger
outlet pipe and construction of an orifice or v-notch weir on the headwall to reduce
outflow rates. Outlets should be robustly designed to lessen chances of damage from
debris or vandalism. The use of thin steel plates or sharp crested weirs is best avoided
because of the potential for accidents, especially with children. Thin plate orifices must
be protected with trash racks.

9.

Miscellaneous Considerations
French drains or other small underground detention facilities are almost impossible to
maintain and should not be used where sediment loads are apt to be high. Underground
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tanks or conduits designed for detention should be sized and designed to permit entrance
of mechanized equipment to remove accumulated sediment.
13.5.2 Post Construction and Operation Stage
The most important routine function of maintenance for storm water detention facilities are cutting grass
and weeds, removing sediment, repairing any erosion, and cleaning out debris. These operations must be
planned and adjusted to local conditions, such as erodability of upstream soils, prevalence of insect
vectors, and the type of outlets utilized in a particular facility.
To maintain aesthetic appeal, floating debris must be removed from the pool surface after a storm.
Therefore, to remove the debris, access must be provided for vehicles and boats. Accumulated sediment
and weed growth can be removed by dredging or by excavating equipment after dewatering.
Where pumping facilities are required, the pumphouse should be designed to provide security and
resistance to vandalism, which could include fencing and vandal/resistant doors and locks. Between storm
events, maintenance should include lubrication and operation of the pumps on a regular schedule to ensure
they will function when needed.
Outlets that are protected by a trash rack will accumulate trash during and between storm events. To
facilitate outlet operation and maintenance, trash racks should be curved or inclined so that debris tends to
ride up as the water level rises. Such design leaves the rack clear and allows easier cleaning during a
storm event. The periodic removal of debris from orifice trash racks is the single most important
maintenance aspect of any effective storm water detention program.
Outlet structures may be partially or completely plugged by a build-up of deposited sediment, by floating
plant growth, and by vegetation growing in the sediment. Sediment deposition is a natural occurrence in
basins and periodic removal of vegetation and sediment is necessary to insure that the intended hydraulic
function of the outlet is not impeded. Such activities should be anticipated during design so that both
maintenance access and a nearby waste and disposal site are provided.
Proper design of the outlet structure can minimize the need for maintenance of the discharge end. High
velocity outflow can erode the downstream outlet, foreslope, and channel. A well designed and
constructed energy dissipater, surrounded by large, well graded riprap on the foreslope and downstream
channel can do much to reduce the maintenance needed. Deep toewalls to resist scour (undercutting)
should also be provided.
All portions of the outlet structure must be accessible to vehicles, equipment, and personnel between and
during storm events. This includes the floor of the basin as well as ramps to points above the upstream
and downstream sides of the outlet structure.
Provisions to remove particulate pollution are closely related to the desirability of prolonged retention of
flood flows for flood damage reduction. From the viewpoint of capital investment, the additional water
quality control function is obtained virtually without cost. However, prolonged retention of storm flows
for either purpose requires a small outlet, which entails additional maintenance. The grass is cut
periodically as a part of general grounds maintenance. At the same time, debris should be removed in
front of the trash racks protecting small orifices.
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13.5.3 Rehabilitation Stage
With regular inspection, components of a storm water detention facility in need of repair will become
readily obvious. If the problems are repaired promptly, the facility can return to service with little threat
of further damage or failure. Listed below are several of the typical problem areas that signal the need for
rehabilitation:
1.

Upstream and Downstream Slopes
The condition of the upstream and downstream slopes of a detention facility provides
many warnings of possible future problems. Such warnings include deficient grass cover,
erosion or slides, trees growing on the slope, longitudinal and transverse cracks, deficient
riprap protection, and visual depressions, bulges or settlements. In addition, burrow holes
of small animals can lead to major piping problems for the embankment. Immediate
action must be taken to investigate and carry out necessary repairs to correct obvious
problems.

2.

Outlet Works
Concrete drainage structures in need of repair exhibit spalling, cracking, erosion, scaling,
and exposed reinforcement. Pipe joints may show displacement or offset, loss of joint
material, and leakage. Grass-lined overflow spillways should be inspected for erosion
and sloughing of slopes and the crest.

3.

Terminal Structure and Outlet Channel
Terminal structures or energy dissipaters constructed of concrete may show spalling,
cracking, erosion, scaling, or exposed reinforcement. The outlet channel should be
inspected for erosion and backcutting, sloughing, obstructions, and the need for riprap
protection.
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Chapter 16
CURRENT FEE SCHEDULE

1025 31st St SE
PO Box 5006
Minot, ND 58702
engineers@minotnd.org
Engineering Department
(701) 857-4100
STORM WATER MANAGEMENT PLAN CHECKLIST
Office Use Only

Plan Received by: ____________________________________
Fee Paid ($75 + $15/acre):

Yes

Date:_____________

No

Project Name
Site Address
A storm water management plan/permit is required for all residential projects with three or more units,
all commercial projects, and all industrial projects within the City limits and ETA. The City Engineer
will not issue a storm water permit until the storm water management plan has been reviewed and
approved by the City. The application for a storm water permit is separate from the site plan review
application, but must be submitted in conjunction with the site plan review application.This checklist
must be completed by the developer/engineer and submitted to the City with the storm water
management plan.

Waiver Request:
The developer may request that the City waive the submittal and review of a storm water management
plan if the following conditions apply (as determined by the City Engineer):
The associated plat and its storm water management plan were approved within the past 24
months and the proposed site plan construction has not caused significant changes to the
storm water management plan.
The disturbed area is less than 2,000 square feet and construction will not significantly change
the drainage patterns or imperviousness.
Note that a waiver of the storm water management plan granted by the City is not a waiver of a storm
water management permit, including, its permit fee requirements, or erosion control requirements.
Storm Water Management Plan: Items to be included in the plan

Item

YES

1. Existing Conditions: Does the storm water management plan include a map of existing
conditions containing the following items?:

A

Name, address, phone number, and email of the developer,
owner,and engineer

B

North Arrow

C

Scale (plan view drawn at 1” = 50’ or larger scale)

Revision Date: April 2015

NO

Page

Chapter 17
CITY OF MINOT STANDARD SPECIFICATIONS

The City of Minot Standard Specifications are available through the City Engineering
Department at the following address:
Minot City Engineering Department
1075 – 31st Street SE
Minot, ND 58701
Phone (701) 857-4100
http://www.minotnd.org/

CHAPTER 28.1 -- STORM WATER MANAGEMENT
DIVISION 1
GENERAL
PROVISIONS

Section 28.1-1. Purpose and Policy:
a)

b)

c)

This chapter sets forth uniform requirements for storm water management systems within
the City of Minot and its extraterritorial jurisdiction. In the event of any conflict between
the provisions of this chapter and the provisions of another applicable law, the more
restrictive standard shall prevail.
The objective of this chapter is to provide for adequate storm water system analysis and
appropriate storm water system design as necessary to protect public and private
property, water quality and existing natural resources.
The storm water management program provided for in this chapter includes all of the
following elements:
1)
Regulation of development through the issuance of storm water plans and permits.
2)
Establishment of storm water management criteria for public underground storm
sewers, artificial and natural open channel drainage systems, storm water
detention and retention ponds, and private storm water drainage systems
discharging into the public system.
3)
Monitoring and compliance mechanism.

Section 28.1-2. Definitions:
For the purpose of this chapter, the following terms, phrases, and words, and their derivatives,
shall have the meaning as stated in this section. When consistent with the context, words used in
the present tense include the future tense. Words in plural number include the singular number,
and words in the singular number include the plural number. The word "shall" is always
mandatory and the word "may" is always permissive.
Base flood means the flood having a one percent chance or probability of being equaled or
exceeded in any given year (i.e. 100-year flood).
Best management practices means measures designed to—
1)
Prevent pollutants from leaving a specific area; and
2)
Reduce or eliminate the introduction of pollutants; and
3)
Protect sensitive areas; and
4)
Prevent the interaction between precipitation and pollutants.
BMPs means best management practices.
Control measure means a practice or combination of practices to control soil erosion and
attendant pollution, see also best management practices.

Erosion means any process that wears away at the surface of the land by the action of water,
wind, ice, or gravity.
Extraterritorial jurisdiction means the area outside of the City limits over which the zoning
authority of the City may be extended under state law, and over which it has in fact been
extended by ordinance.
Flood fringe means that portion of the flood plain outside of the floodway.
Flood plain means the areas adjoining a water course or water basin that have been or may be
covered by a base flood.
Floodway means the channel of the water course, the bed of water basins, and those portions of
the adjoining flood plains that are reasonably required to carry and discharge floodwater and
provide water storage during a base flood.
Hydric soils means soils that are saturated, flooded, or covered by water long enough during the
growing season to develop anaerobic conditions in the upper part of the soil profile. These
soils, under natural conditions, are either saturated or inundated long enough during the growing
season to support the growth and reproduction of hydrophytic vegetation.
Hydrophytic vegetation means macrophytic plant life growing in water, soil, or on a substrate
that is at least periodically deficient in oxygen as a result of excessive water content.
In lieu fee means a fee which the City of Minot will accept in lieu of requiring that a storm water
management plan incorporate certain features, improvements, or facilities.
Land Disturbing Activity means any manmade change of the land surface including removing
vegetative cover, excavating, filling, grading, mining, dredging, and drilling, but not including
agricultural activities such as planting, growing, cultivating and harvesting of crops, growing and
tending of gardens, and harvesting trees.
Local detention means detention provided to serve only the developing area in question and no
areas outside of the development boundaries.
Lowest floor means lowest floor of the lowest enclosed area, and includes a basement. An
unfinished or flood resistant enclosure, usable solely for parking of vehicles, building access
or storage, in an area other than a basement area, is not considered a building’s lowest floor,
provided that such enclosure is not built so as to render the structure in violation of the
applicable non-elevation design.
Outlet means any discharge point from a watershed including storm sewers and
combined sewer overflows into a watercourse, pond, ditch, lake or other body of
surface or groundwater.
Person means any individual, corporation, partnership or any other entity, public or private,

capable of owning, occupying or developing land.
Retention facility means a natural or manmade structure that provides for the storage of all or a
portion of storm water runoff by means of creating a permanent pool of water (e.g., wet pond).
Runoff means the precipitation, water flowing over the ground surface and into open channels,
underground storm sewers, and detention or retention ponds.
Sediment means solid material or organic material that, in suspension, is being transported or has
been moved by air, water, gravity, or ice, and deposited at another location.
Site means the area included in the legal description of the parcel of land on which storm water
alteration activities, either projected or ongoing, require the submission and approval of a storm
water management plan pursuant to Section 28.1-21.
Storm sewer means a pipe or conduit for carrying storm waters, surface runoff, street and wash
waters, and drainage, excluding sewage and industrial wastes.
Storm water alteration activities mean activities which, either while being conducted, or upon
completion, or both, will result in one or more of the following:
1)
An increase in the flow or discharge, per unit of time, of storm water from a given
property.
2)
Degradation of storm runoff water quality.
3)
Restriction of flow in any storm sewer system, open ditch or natural channel,
storm water easement, water body, or wetland outlet.
Some examples of storm water alteration activities include the stripping of vegetation
from land preparatory to performing cut or fill operations thereon; building roads and
parking lots; and altering the grade of land to increase the pitch thereof.
Storm water detention means the temporary storage of storm water runoff in ponds, parking lots,
depressed grassy areas, roof tops, buried underground tanks, etc., used to delay and attenuate
flow and for future or controlled release.
Storm water management permit means a permit issued by the City Engineer pursuant to
Division 3.
Storm water management plan means a document provided for in Division 2.
Storm water management system means physical facilities that collect, store, attenuate,
convey, and treat storm water runoff. These facilities normally include detention and retention
facilities, streets, storm sewers, inlets, open channels, and special structures, such as inlets,
manholes, and energy dissipaters.
Storm water retention means storage designed to eliminate or reduce the magnitude of
subsequent surface discharge. Wet ponds are the most common type of retention storage (though
wet ponds may also be used for detention storage).

Structure means anything manufactured, constructed, or erected which is normally attached to or
positioned on land, including portable and permanent structures, earthen structures, roads,
parking lots, and paved storage areas.
Watercourse means the natural path for the flow of water where there is sufficient natural and
accustomed runoff to form and maintain a distinct and defined channel, or an open channel
facility that has been constructed for such purpose. This shall include any easements which
have been obtained for the purposes of runoff conveyance.
Watershed Master Plan means a plan that a professional engineer formulates to manage storm
water runoff for a large watershed or drainage basin (refer to Section 28.1-45, Subsection 3, for
examples). It typically addresses such subjects as characterization of the existing and future site
development, land uses and grading plan, peak flow rates of runoff, flow duration, runoff volumes
for various return frequencies, locations, criteria and sizes of detention or retention ponds and
conveyances, runoff control features, land parcels, easement locations, opinions of probable costs,
measures to enhance runoff quality, salient regulations and how the plan addresses them, and
consistency with secondary objectives such as public recreation, aesthetics, public safety, and
groundwater recharge. This plan is either included as an integral part of a Storm Water
Management Plan or it may be developed by the City Engineer to establish compliance criteria to
regulate land development activities within a given watershed, provided the plan is reviewed and
approved by the City Council after allowing public comment.
Wet pond means a retention facility which includes a permanent pool of water used for the
purposes of providing for the treatment of storm water runoff.
Wetlands means lands transitional between terrestrial and aquatic systems where the water table
is usually at or near the surface or when the land is covered by shallow water. Lands which meet
all the following criteria are deemed to be wetlands:
1)
They are comprised predominantly of hydric soils.
2)
They are inundated and saturated by the surface or groundwater at a frequency
and duration sufficient to support a prevalence of hydrophytic vegetation typically
adapted for life in saturated soil conditions.
3)
They exhibit a prevalence of hydrophytic vegetation under normal circumstances.
Section 28.1-3. Scope of Chapter:
This chapter shall apply within the City and its extraterritorial jurisdiction.
Section 28.1-4. Waiver:
The City Engineer may waive any requirement of this chapter upon making a finding that
compliance with the requirement will involve an unnecessary hardship, and the waiver of such
requirement is not contrary to the objectives in Section 28.1-1. The City Engineer may impose
conditions upon any waiver. For example, the City Engineer may require such dedication or
construction, or agreement to dedicate or construct, as may be necessary to adequately meet the
said standards and requirements.

Section 28.1-5. Mitigation Measures During Construction Activities:
Construction activities must comply with all of the following requirements (without regard as to
whether such activities are specifically addressed by, or within the scope of, a storm water
management plan or storm water management permit):
1)
Water may not be discharged in a manner that causes erosion, sedimentation, or
flooding on the site, on downstream properties, in the receiving channels, or any
wetland. Consequently, water pumped from the site shall be treated by temporary
sedimentation basins, grit chambers, sand filters, upflow chambers, hydrocyclones, soil concentrators or other appropriate controls as may be necessary to
that end;
2)
Waste and unused building materials (including garbage, debris, cleaning wastes,
wastewater, petroleum based products, paints, toxic materials, or other hazardous
materials) shall be properly contained on site, then properly disposed of off-site
and shall not be allowed to be carried by runoff into a receiving channel, storm
sewer system, or wetland;
3)
A construction site shall have roads, access drives and parking areas of sufficient
width, length and surfacing to prevent sediment from being tracked onto public or
private roadways. Any material placed by vehicles or other construction
equipment on a public or private road shall be removed (not by flushing) within
twenty – four hours;
4)
The construction contractor, including the general contractor and all
subcontractors, shall be required to control oil and fuel spills and chemical
discharges to prevent such spills or discharges from entering any watercourse,
sump, sewer system, water body, or wetland;
5)
To the extent not already addressed in the foregoing paragraphs, construction
operations must include erosion and sedimentation control measures meeting
accepted design criteria, standards and specifications contained in the Storm
Water Design Standards Manual, or in Article IV (Excavations and Water Runoff
Control) of Chapter 9 (Buildings and Housing) of the City of Minot Code of
Ordinances, whichever is the more restrictive;
6)
Any additional Federal, State, local or other regulatory requirements including
but not limited to: NPDES permit requirements, etc.; and
7)
Any additional project specific requirements deemed necessary by the City
Engineer.
Section 28.1-6. Contaminating or Degrading Storm Waters Prohibited:
No person shall dispose of—
1)

2)

Fertilizer, or other substances which can degrade the quality of storm waters, such as,
chemicals (fertilizers, herbicides, pesticides, etc.), or petroleum based products (gasoline,
oil, fuels, solvents, paints, etc.); or
Grass clippings, leaves, or other vegetative materials, on impervious surfaces or within
storm drainage systems, natural or manmade watercourses, wetlands, or wetland buffer
areas, except as may be incidental to ordinary mowing or weed control within such areas.

Section 28.1-7 -- 28.1-20. Reserved.

DIVISION 2
STORM WATER MANAGEMENT PLAN
SUBDIVISION A —IN GENERAL

Section 28.1-21. Storm Water Management Plan; When Required; Exceptions:
a)

b)
c)

Submission and approval of a storm water management plan shall be required for
premises prior to undertaking any storm water alteration activities thereon, or prior to
final plat approval of a subdivision thereof, whichever is earlier.
Subsection (a) shall not apply to any of the following:
1)
Storm water alteration activities on any part of a subdivision that is included in a
plat that has been approved by the City Council and recorded with the County
Recorder on or before the effective date of this chapter;
2)
Storm water alteration activities on individual lots or properties located within a
subdivision or plat for which a Storm Water Management Plan has already been
approved or in areas included within a Watershed Master Plan area, unless
additional impervious area is added or grading activities modify the location of
storm water discharge points;
3)
Storm water alteration activities involving the construction of a single-family or a
two- family dwelling, as long as such construction affects less than one acre of
land;
4)
Storm water alteration activities on a parcel for which a building permit has been
approved on or before the effective date of this chapter;
5)
Any utility service line installations affecting less than one acre; or
6)
Emergency work to protect life, limb, or property.
7)
Activities which the City Engineer determines will only have a de minimus effect
on the amount of storm water flow, the quality of storm water flow, and the
capacity of any existing or planned storm water system. In making such
determination the City Engineer shall examine not only the particular activities
being considered for de minimus treatment, but also the cumulative effect of all
other similar and related activities reasonably likely to occur in the future. The
applicant shall provide a technical memo with backup data to demonstrate the de
minimus effect.
A Storm Water Permit may still be required for any of the activities listed in subsection
(a) as determined by the City Engineer.
No person shall engage in storm water acceleration or alteration activities if approval of a
storm water management plan in respect to such activities is required under subsection
(a), unless such approval is excused under subsection (b) or waived under Section 28.1-4.

Section 28.1-22. Application; Application Fee; Application Review Process:
a)

A written application for approval of a storm water management plan shall be filed with
the City Engineer.

b)

c)

d)
e)

Two sets of legible printed copies and one digital copy (pdf) of the drawings, report and
any additional required information shall be submitted. Plans shall be prepared to a
scale appropriate to the site of the project and suitable for performing the review.
The application shall be accompanied by a processing and approval fee. In the case of
complex applications or regional storm water facilities, which require additional staff
review time, a secondary fee schedule will be used. Fees under this subsection shall be
established by the City Council.
The City Engineer shall approve, approve with conditions, or deny the application for
approval of the storm water management plan.
In passing judgment on a proposed storm water management plan, the City Engineer shall
consider the fidelity of the plan to the principles and procedures set forth in Subdivision
B.

Section 28.1-23. Conditional Approval of a Storm Water Management Plan:
A conditional approval of a storm water management plan as authorized by Section 28.1-22(d)
may include one or more of the following conditions:
1)
The posting of security, such as a bond, to ensure the timely and sequentially
correct performance of particular activities contemplated by the plan.
2)
The acquisition, dedication, or conveyance to the City of Minot (or any
combination of these) of certain lands or easements, or interests therein.
3)
The payment or provision of security for future payment of an in lieu fee.
Section 28.1-24. Storm Water Management Plan — Components:
A storm water management plan shall contain as much of the following data, elements, and subelements as the City Engineer shall require:
1)
Existing conditions site plan including any immediately adjacent areas, showing:
A)
Name, address, phone number, and email of the applicant and engineer;
B)
North Arrow;
C)
Scale (plan view drawn at 1” = 50’ or larger scale);
D)
The section, township, and range of the project site and the location of the tract
by an insert or other map at a scale sufficient to clearly identify the location of
the property and giving such information as the lot and block number, street
address, the names and numbers of adjoining roads, railroads, utilities,
subdivisions, towns, and districts or other defining landmarks;
E)
The existing topography with a contour interval appropriate to the topography of
the land, but in no case having a contour interval greater than two feet. All
elevations must be provided in NGVD 1929 datum and noted as such on that
map;
F)
A watershed boundary map illustrating the project site location as a
subwatershed within the watershed of the larger or major drainage basin;
G)
A delineation of streams, rivers, public waters and the presence or absence of
wetlands located on and immediately adjacent to the site, including depth of
water, a general description of vegetative cover found within the site, a statement
of general water quality, if applicable, and any classification given to the water

H)

I)

J)
K)
L)

M)

body by state or federal agencies;
The location and dimensions of existing storm water drainage systems and the
natural drainage patterns on and immediately adjacent to the site delineating in
which direction and at what rate storm water is conveyed from the site,
identifying the receiving stream, river, public ditch, or wetland, and setting forth
those areas of the unaltered site where storm water collects or passes;
A description of the soils on the site, including a map indicating soil types of the
areas to be disturbed, containing information on the suitability of the soils for the
type of development proposed, potential for erosion, the type of storm water
management system proposed, and any remedial steps to be taken by the
developer or their contractor to render the soils suitable;
A depiction of the current extent of vegetative cover and a clear delineation of any
vegetation proposed for removal;
A description or indication of the current land use of the area in which the site is
located;
A depiction of the 10-year and 100-year floodplains (base flood), flood fringes, and
floodways, including water surface elevations shown in NGVD29 datum (noted as
such on that drawing), any floodplain easements; and
A narrative of groundwater information and the estimated ground water table in
relation to surface contours (i.e. NRCS Depth of Water Table information found
on its Web Soil Survey).

2)

Construction site plan showing:
A)
Locations and dimensions of all proposed land disturbing activities and any
phasing or scheduling of those activities;
B)
Approximate locations of all temporary soil or dirt stockpile areas;
C)
Location and description of all construction site erosion control
measures necessary to meet the requirements of this ordinance;
D)
A schedule of anticipated starting and completion dates for each land
disturbing activity, including the installation of construction site erosion control
measures needed to meet the requirements of this ordinance; and
E)
Provisions for maintaining the construction site erosion control measures prior to,
during, and after construction, a final seeding and stabilization plan.

3)

Final site plan on the same scale as the map of existing conditions showing:
A)
The proposed final grading plan shown at contours at the same interval as the
existing conditions or as required to clearly indicate the relationship of the proposed
changes to existing topography and remaining features, and showing rear yard
grading in sufficient detail to determine the direction of rear and side yard drainage
from each parcel;
B)
A landscape plan, drawn to an appropriate scale, including dimensions,
distances and the location, type, size and description of proposed landscape
materials which will be added to the site as part of the development;
C)
A drainage plan of the developed site delineating the direction and at what rate
storm water runoff will be conveyed from the site, delineating the direction of

D)
E)
F)

G)

H)

flow from the rear and side yard of each parcel, and setting forth the areas of
the site where storm water will be collected;
The proposed size, alignment, and intended use of any structures to be erected
on the site;
A clear delineation and tabulation of all existing and proposed impervious
areas, including a description of the surfacing material to be used;
A delineation of easements provided for drainage, including areas of flow or
detention inundated in the 100-year storm event, the corresponding water
surface elevations, recorded easements provided for access to inspect and
maintain storm water management facilities, off-site flowage easements
(upstream and downstream), as well as any City or FEMA designated
floodplains;
A depiction of the 10-year and 100-year floodplains (base flood), flood fringes,
and floodways, including water surface elevations shown in NGVD29 datum
(noted as such on that drawing), any floodplain easements; and
Any other information pertinent to the particular project which, in the opinion
of the applicant, is necessary for the review of the project.

4)

A narrative analysis discussing:
A)
Pre and post development hydrologic and hydraulic analysis;
B)
Erosion and sedimentation control during and after construction;
C)
Protective measures for proposed and existing structures, and water quality
concerns;
D)
Feasibility of on-site infiltration to reduce runoff volume and address water
quality concerns;
E)
A discussion as to how the storm water management plan applies or observes
the principles and procedures set forth in Subdivision B;
F)
Planned maintenance;
G)
Maintenance agreement;
H)
Certification by Professional Engineer; and
I)
Compliance with City ordinances.

5)

An operations and maintenance plan including:
A)
An inspection schedule for all storm water management facilities,
acknowledging the City’s right to inspect all storm water management facilities;
B)
Description of and schedule for regular maintenance;
C)
Criteria for determining the need for non-regular maintenance;
D)
Clear definition of the party responsible for inspection and maintenance;
E)
A letter of acknowledgement or maintenance agreement signed by the developer
or agent who will perform the planned maintenance activities;
F)
Discussion of access considerations for all permanent storm water management
facilities; and
G)
A signed agreement acknowledging the developer’s responsibility to provide
final grading plans to all property owners in the development.

6)

A completed storm water management plan checklist (included in Storm Water Design
Standards Manual) including:
A)
Page numbers for all required components of the storm water management plan;
B)
Summary of project site impervious area; and a
C)
Summary of hydrologic modeling of existing and proposed conditions.

Section 28.1-25. Sign-Off by Professional Engineer:
A storm water management plan, including all maps, drawings, specifications, narrative analyses
or reports, and computations must be submitted under the seal and signature of a Professional
Engineer registered in the State of North Dakota.
Section 28.1-26 -- 28.1-40. Reserved.
SUBDIVISION B — PRINCIPLES AND PRACTICES

Section 28.1-41. Storm Water Design Standards Manual:
The storm water design standards manual, as adopted and amended by the City of Minot, is
adopted herein by reference thereto. The manual contains the principal standards and design
criteria for developing an effective and acceptable storm water management plan. The manual
contains:
1)
Details about the contents of a storm water management plans which are
additional to those set forth in this Chapter;
2)
Criteria for hydrologic evaluations, the design of storm water management system
facility components, water quality protection standards, instructions for the
development of an erosion and sedimentation control plan, and requirements for
easements and right-of-way.
3)
A discussion of operation and maintenance requirements, standard forms to be
used, and standard construction details adopted by the City.
4.)
A storm water management plan checklist that must be submitted to the City
as part of a storm water management plan.
Section 28.1-42. Planning Preferences:
The narrative analysis component of the storm water management plan shall discuss whether the
plan incorporates the following preferences in storm water management and control, or why such
preferences were deemed to be not appropriate.
This narrative shall include:
1)
The natural infiltration of precipitation and runoff on-site, if suitable soil and
geological conditions are available, using to that purpose as much natural or
vegetated area on the site as possible, while minimizing impervious surfaces, and
directing runoff to vegetated areas rather than onto adjoining streets, storm sewers

2)

3)
4)

and ditches.
The use of natural topography and land cover such as wetlands, ponds, natural
swales and depressions as they exist before development to the degree that they
can accommodate the additional water flow without compromising the integrity or
quality of these natural features.
The use of storm water detention facilities.
The use of storm water retention facilities.

Section 28.1-43. Capacity Considerations:
The storm water management plan shall:
1)
Analyze the hydraulic capacities of downstream natural channels, reaches,
storm sewer systems, and streets, in order to determine whether they have
sufficient conveyance capacity to receive and accommodate post-development
runoff discharges and volumes without causing:
A)
Channel erosion;
B)
Increased property damage; or
C)
Any increase in the established base flood plain elevation.
2)
Analyze the adequacy of any outlet used as a discharge point.
3)
Satisfy the requirement that in no circumstances shall the developed peak flow
exceed the existing peak flow for the 2-, 5-, 10-, and 100-year, 24-hour storm
events and the 100-year, 10-day snowmelt event, except where the City has
provided sufficient downstream flood detention facilities for the development or
redevelopment area’s proposed land use and area of imperviousness (as
determined by the City Engineer). For projects located within the contributing
drainage area to a regional detention facility, this requirement of no increase in
peak flow is applicable until regional detention ponds are constructed.
4)
Satisfy the requirement that hydrologic analysis performed to calculate peak flow
must utilize the Soil Conservation Service, or SCS, (now Natural Resources
Conservation Service, or NRCS) methodology, the NRCS Type II storm
distribution, and precipitation values published in the National Oceanographic
and Atmospheric Administration (NOAA) Atlas 14, Volume 8, unless otherwise
specified by the City Engineer. Additional detail is provided in the Storm Water
Design Standards Manual.
5)
Satisfy the requirement that all permanent storm water facilities (retention and
detention) shall have a maximum drain down time of 72 hours.
6)
Consider the feasibility of infiltrating or otherwise retaining a volume equivalent
to one inch of runoff from the project impervious area in situations where
downstream volume capacity issues exist (as determined by the City Engineer).
If determined to be infeasible, the rationale shall be presented in the narrative.
Section 28.1-44 Water Quality Considerations:
The storm water management plan shall satisfy the following requirements for water quality
(additional detail is provided in the Storm Water Design Standards Manual):
1)
Pre-treatment of all temporary off-site discharges during construction.

2)
3)

Implementation of all applicable erosion and sediment control devices and practices
as specified in Chapter 11 of the Storm Water Design Standards Manual.
Treatment of the first one inch of runoff from the project’s impervious area for new
development. The City encourages developers to use the following methods to
achieve water quality goals, in order of decreasing preference:
A)
Infiltration (or other abstraction)
B)
Filtration
C)
Extended detention

Section 28.1-45. Floodplain Considerations:
The storm water management plan must comply with applicable floodplain management criteria,
which include:
1)
Requirements included in the City Zoning Ordinance for areas shown on:
A)
The City flood insurance rate maps (FIRMs), and
B)
Federal Emergency Management Agency (FEMA) FIRMs.
2)
The requirement of at least one foot of clearance (freeboard) between the lowest
floor of a structure and the 100-year flood elevation of all adjacent storm water
management facilities, including:
A)
Ponds,
B)
Wetlands,
C)
Streams,
D)
Sloughs, and
E)
Overland conveyances.
3)
Requirements for projects near the following water bodies (or as determined by the
City Engineer):
 Mouse (Souris) River
 Livingston Coulee
 Gassman Coulee
 Puppy Dog Coulee
 First Larson Coulee
 Second Larson Coulee
This includes the requirement that the lowest floor of structures for all new plats
must be higher than one (1) foot above the established floodplains.
4)
The Ward County Floodplain Zoning Ordinance, if the parcel is within the
extraterritorial jurisdiction and/or discharges onto property outside the
extraterritorial jurisdiction.
Section 28.1-46. Operation, Maintenance, and Inspection Considerations:
Insofar as a storm water management plan calls for permanent improvements on private property
which are part of a storm water management system, due regard shall be paid to:
1)
The desirability of a design which minimizes the need for maintenance (design
considerations are included in the Storm Water Design Standards Manual).
2)
The right of the City Engineer to inspect such improvements from time to time
and, to that end, the need of a legal right of access to them, such as by easements

3)

4)
5)

or other property interests.
The City’s preference for a design which minimizes the extent to which storm water
management facilities are located on private lots when regional detention is
available.
The City’s requirement that developers provide final grading plans to all property
owners following completion of the project.
The right of the City Engineer to require a developer’s agreement for maintenance,
based upon review of the operation and maintenance plan included in the storm
water management plan submitted by the developer. The developer’s agreement
specifies the authority of the City should the developer fail to fulfill the agreed-upon
operation, inspection, and maintenance responsibilities.

Section 28.1-47. Construction Plans and Specifications:
When the construction of improvements called for in a storm water management plan are of
sufficient magnitude and consequence to, in his judgment, so warrant, the City Engineer shall
require that such plan include a drawing or drawings delineating the erosion and sedimentation
management plan, including details of silt fences, storm drain inlet protection, erosion control
facilities and other BMP's. In addition the construction specifications shall contain technical
provision describing erosion, sedimentation, and water control requirements to be utilized during
and after construction, as well as define the entities responsible for the installation and
maintenance of the BMP's. See Section 28.1-41.
Section 28.1-48. Other Standards:
In the event that other standards, either state or federal, apply to matters within the scope of this
subdivision, the more restrictive, or most restrictive, as the case may be, standard shall apply.
Section 28.1-49. Phasing Allowed:
On a case by case basis, and in the interest of economy and practicality, the City Engineer may
allow a storm water management plan to be submitted and approved in phases, with such interim
storm water alteration activities being performed in the interim between phases as allowed or
required in the plan itself.
Section 28.1-50. Plan-Specific Enforcement Mechanisms:
On a case by case basis, the City Engineer may require enforcement mechanisms specific to a
particular storm water management plan, which may include without limitation any of the
following:
1)
The posting of security such as a performance bond, cash bond or letter of credit.
2)
The use of the storm water management permit system provided for in Division 3.
3)
The filing of a special assessment petition with the City to guarantee construction
of storm water management facilities.
4)
The withholding of building permits until the facilities are completed or otherwise
guaranteed.

Section 28.1-51. In Lieu Fee:
The City Engineer, subject to the approval of the City Council, may approve a storm water
management plan which provides for the payment of a specified in lieu fee instead of the
provision for, and performance of, certain work which otherwise would form part of such plan.
Typically, the in lieu fee would be applied to the cost of a regional storm management plan or
project to which a sub-watershed drains. Notwithstanding the employment of such a fee, the plan
may still provide for and require the dedication or retention of easements or other interest in land
as may be necessary in the future for the full implementation of the plan.
Section 28.1-52 -- 28.1-60. Reserved.
SUBDIVISION C – PERFORMANCE

Section 28.1-61. Storm Water Management Plan Compliance:
a)

b)

c)

No person having the authority to do otherwise shall perform, or allow the performance,
of acts which are contrary to or inconsistent with an approved storm water management
plan, or fail to perform in good faith acts required by the plan.
Modifications to the storm water management design or changes to the development type
or intensity made subsequent to the approval of the storm water management plan may
require resubmittal to the City Engineer if those modifications prevent compliance with
the principles and practices listed in Subdivision B of this ordinance.
An approved storm water management plan shall be considered a covenant running with
the land, enforceable by injunctive action or otherwise by the City of Minot, or by
persons directly affected by its performance or non-performance, or the public generally.
The presence of this civil remedy shall not be construed as precluding a criminal remedy
under subsection (a) or otherwise.

Section 28.1-62. Compliance with Other Requirements:
The contents of an approved storm water management plan shall not be construed as purporting
to excuse:
1)
Requirements imposed elsewhere in this Zoning Ordinance or in the City of Minot
Code of Ordinances; and
2)
The obtaining of required permits from other governmental agencies having any
jurisdictional authority over the work to be performed. (Typically, such agencies
would include, but not limited to the Ward County Water Resource District, the
Ward County Engineer's Office, the State Water Commission and State Engineer's
Office, the North Dakota State Department of Transportation, the State Health
Department, the State Historical Preservation Office, the U.S. Army Corps of
Engineers, the U.S. Environmental Protection Agency, Federal Emergency
Management Agency, and possibly others not listed here.)

Section 28.1-63. As-Built Plan:
Upon completion of all work under an approved storm water management plan, or more
frequently as prescribed in the plan itself, the person or persons acting under the authority of
such plan shall file with the City Engineer an “as-built” survey (i.e., Record Drawings) to
document the final condition of the site. The as-built survey must include the 100-year
floodplain (including the 100-year water surface elevation), floodplain easements, and
easements provided for maintenance of storm water management facilities. The developer must
provide the City with evidence that the maintenance easements have been recorded at the
County. The as-built survey must be certified by a professional engineer, and the developer must
submit the survey to the City Engineer. The as-built survey must be accompanied by an updated
storm water management plan and include a certified statement from the professional engineer
confirming that:
1)
All storm water management facilities were constructed as identified in the approved
storm water management plan; and
2)
All field modifications have been reviewed and approved by the professional
engineer such that the modified facilities will meet the requirements of the approved
storm water management plan. Calculations or backup data shall be provided for
any modifications to the original plan.
Section 28.1-64. Right of Inspection and Access:
The City Engineer shall have the right of access, including the right of entry, and the right of
inspection of all work being performed pursuant to a storm water management plan, and
thereafter shall continue to exercise such rights to the extent so provided in the plan itself.
Section 28.1-65. Amendment of Storm Water Management Plan:
a)
b)

The City of Minot and any person subject to the obligations imposed by an approved
storm water management plan may amend the plan at any time by written agreement.
The City of Minot, pursuant to its reserved police powers, may unilaterally, after it has
provided reasonable notice and an opportunity to be heard, amend an approved storm
water management plan if it initially attempts in good faith to achieve such amendment
pursuant to subsection (a) and is unable to do so, and provided that the amendment is
designed and intended to protect the public interest and does not impose undue burdens
upon any private party who may have relied to its detriment upon the approved plan.

Section 28.1- 66 -- 28.1-80. Reserved.

DIVISION 3
STORM WATER MANAGEMENT PERMIT
Section 28.1-81. Storm Water Management Permit; When Required and Nature Thereof:
a)
b)

c)

d)

As contemplated by section 28.1-50, a storm water management permit may be required
as part of an approved storm water management plan.
The permit is designed to be used as an enforcement mechanism in those cases where
ongoing, detailed, precise, and intensive control over activities affecting the discharge of
storm water is desired. For example, such a permit may require monitoring of certain
storm water retention facilities at stated intervals using protocols and procedures set forth
in the permit.
The storm water permit shall specify the restrictions sought to be imposed thereby. A
permit runs with the property it covers and is transferable to new successors in title in its
entirety or by parcel, with each parcel being subject to the permit and any conditions
which apply to that parcel.
The storm water permit shall state as part thereof its duration, and whether it is subject to
renewal, and, if so, upon what terms and conditions.

Section 28.1-82. Amendment of Storm Water Management Permit:
a)
b)

The City of Minot and the permittee under a storm water management permit may amend
the permit at any time by written agreement.
The City of Minot, pursuant to its reserved police powers, may unilaterally, after it has
provided reasonable notice and an opportunity to be heard, amend a storm water
management permit if it initially attempts in good faith to achieve such amendment
pursuant to subsection (a) and is unable to do so, and provided that the amendment is
designed and intended to protect the public interest and does not impose undue burdens
upon the permittee.

Section 28.1-83. Enforcement of Storm Water Management Permit:
a)

b)

No permittee under a storm water management permit shall perform, or allow the
performance, of acts which are contrary to or inconsistent with the storm water
management permit, or fail to perform in good faith acts required by such permit.
An approved storm water management permit shall be considered a covenant running
with the land, enforceable by injunctive action or otherwise by the City of Minot, or by
persons directly affected by its performance or non-performance, or the public generally.
The presence of this civil remedy shall not be construed as precluding a criminal remedy
under subsection (a) or otherwise.

Section 28.1-84 to 28.1-100. Reserved.
(Supplement One)

