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[bookmark: _Ref16670617][bookmark: _Toc142306135]Introduction
This report documents the hydraulic analysis of storm drainage improvements along (highway name, vicinity, description). Information about the (study area, methodology, existing/proposed condition modeling results, etc) will be discussed.
[bookmark: _Toc142306136]Project Summary
Project XX-0-000(000)000 is currently scheduled for a MM/DD/YY plan completion date, and is anticipated to be constructed during the YYYY construction season(s). The proposed project includes (provide a summary of the scope of work of the proposed project. 
Note any proposed improvements to existing pavement, lighting, signals, pedestrian/bike facilities, water main, storm sewer, lift stations, and sanitary sewer. Describe any major changes in drainage patterns from existing and proposed conditions).

[bookmark: _Toc31208658][bookmark: _Toc31209191][bookmark: _Toc31209357][bookmark: _Toc31209523][bookmark: _Toc31209689][bookmark: _Toc31209855][bookmark: _Toc31210021][bookmark: _Toc31210189][bookmark: _Toc31208659][bookmark: _Toc31209192][bookmark: _Toc31209358][bookmark: _Toc31209524][bookmark: _Toc31209690][bookmark: _Toc31209856][bookmark: _Toc31210022][bookmark: _Toc31210190][bookmark: _Toc31208662][bookmark: _Toc31209195][bookmark: _Toc31209361][bookmark: _Toc31209527][bookmark: _Toc31209693][bookmark: _Toc31209859][bookmark: _Toc31210025][bookmark: _Toc31210193][bookmark: _Toc31208663][bookmark: _Toc31209196][bookmark: _Toc31209362][bookmark: _Toc31209528][bookmark: _Toc31209694][bookmark: _Toc31209860][bookmark: _Toc31210026][bookmark: _Toc31210194][bookmark: _Toc31208664][bookmark: _Toc31209197][bookmark: _Toc31209363][bookmark: _Toc31209529][bookmark: _Toc31209695][bookmark: _Toc31209861][bookmark: _Toc31210027][bookmark: _Toc31210195][bookmark: _Toc31208665][bookmark: _Toc31209198][bookmark: _Toc31209364][bookmark: _Toc31209530][bookmark: _Toc31209696][bookmark: _Toc31209862][bookmark: _Toc31210028][bookmark: _Toc31210196][bookmark: _Toc31208666][bookmark: _Toc31209199][bookmark: _Toc31209365][bookmark: _Toc31209531][bookmark: _Toc31209697][bookmark: _Toc31209863][bookmark: _Toc31210029][bookmark: _Toc31210197][bookmark: _Toc31208667][bookmark: _Toc31209200][bookmark: _Toc31209366][bookmark: _Toc31209532][bookmark: _Toc31209698][bookmark: _Toc31209864][bookmark: _Toc31210030][bookmark: _Toc31210198][bookmark: _Toc31208668][bookmark: _Toc31209201][bookmark: _Toc31209367][bookmark: _Toc31209533][bookmark: _Toc31209699][bookmark: _Toc31209865][bookmark: _Toc31210031][bookmark: _Toc31210199][bookmark: _Toc31208669][bookmark: _Toc31209202][bookmark: _Toc31209368][bookmark: _Toc31209534][bookmark: _Toc31209700][bookmark: _Toc31209866][bookmark: _Toc31210032][bookmark: _Toc31210200][bookmark: _Toc31208670][bookmark: _Toc31209203][bookmark: _Toc31209369][bookmark: _Toc31209535][bookmark: _Toc31209701][bookmark: _Toc31209867][bookmark: _Toc31210033][bookmark: _Toc31210201][bookmark: _Toc31208671][bookmark: _Toc31209204][bookmark: _Toc31209370][bookmark: _Toc31209536][bookmark: _Toc31209702][bookmark: _Toc31209868][bookmark: _Toc31210034][bookmark: _Toc31210202][bookmark: _Toc31208672][bookmark: _Toc31209205][bookmark: _Toc31209371][bookmark: _Toc31209537][bookmark: _Toc31209703][bookmark: _Toc31209869][bookmark: _Toc31210035][bookmark: _Toc31210203][bookmark: _Toc31208673][bookmark: _Toc31209206][bookmark: _Toc31209372][bookmark: _Toc31209538][bookmark: _Toc31209704][bookmark: _Toc31209870][bookmark: _Toc31210036][bookmark: _Toc31210204][bookmark: _Toc31210205][bookmark: _Toc142306137][bookmark: _Ref16671149][bookmark: _Ref16671157]Background
[bookmark: _Toc142306138][bookmark: _Toc14276859][bookmark: _Toc31210206]Project Location
The proposed project is located in City, North Dakota along Highway ##, as shown in Figure 1. The section of Highway ## being evaluated is classified as a (insert Functional Classification).
[image: Aerial map showing a section of Cass County with labeled streets and highways, highlighting a study area along Highway 81B between 10th Avenue and 12th Avenue. The map includes a scale bar, north arrow, and an inset locator map of Cass County within North Dakota, indicating the transportation study focus.]
[bookmark: _Toc137631712]Figure 1: Project Location Map
[bookmark: _Toc142306139]Project Construction History
Provide a history of the existing drainage system, including dates the system was installed and any major modifications to the system since the date of initial construction.
[bookmark: _Toc142306140]Existing Conditions
Provide a summary of the condition of the existing roadway and storm system. Make note of any history of flood concerns with the existing system and the existing system’s design flood frequency event, if known.

[bookmark: _Toc142306141]Design Criteria & Approach
[bookmark: _Toc142306142]Methodology
Describe the modeling used for the analysis and any software utilized. Describe any design standards (NDDOT Design Manual, ND Administrative Code 89-14, HEC-22, etc) used for the analysis. Note the allowable design spread used for inlet design calculations (Chapter V-03.02.04 of the NDDOT Design Manual). Describe discharge methods utilized (i.e. Rational Method/SCS Runoff Method/Other) and the sources of any data collected for the model such as ground survey, topographic maps, LiDAR, on-site inspections, soils information, and rainfall data used for the analysis (typically NOAA Atlas 14). Indicate vertical datum used (i.e. NGVD 29/NAVD 88) used for elevations provided in the analysis.
[bookmark: _Toc142306143]Minimum Flood Frequency
As per Article 89-14 of the North Dakota Administration Code (ND Stream Crossing Standards), based on the functional classification of (insert classification) for Highway ##, a ##-year minimum design flood frequency was used for this analysis. (If portions of the storm drain system are located at an underpass, make note of what design event was used for the sections of the system contributing flow to the underpass, which typically has a higher minimum design flood frequency). The minimum design flood frequency requirements as stated by ND Administrative Code 89-14 are shown below in Figure 2.
[image: Table presenting the design flood frequency of various stream crossings based on the roadway classification and system. ]
[bookmark: _Toc137631713]Figure 2: Minimum Design Flood Frequency


[bookmark: _Toc88554343][bookmark: _Toc88574533][bookmark: _Toc142306144]Floodplain/Floodway/Permitting
[bookmark: _Hlk142901484]Note whether the project is located within a floodplain/floodway or discharges into one. If applicable, include a figure of the FIRM map in the appendices. Document any necessary permits or environmental requirements such as floodway authorization, floodplain, sovereign lands, 404 permits, etc. 
[bookmark: _Toc142306145]Hydrology
Drainage areas were mapped using (digital terrain models, on-site topographic survey, topographic maps, LiDAR data, on-site inspections, etc). The mapped areas are shown in the appendices and have been labeled with the corresponding Times of Concentration, Runoff C/Curve Number values, and drainage structures that the areas drain towards.
[bookmark: _Toc142306146]Assumptions
In accordance with Chapter V of the NDDOT Design Manual, the following design approach and assumptions were used for analysis of the proposed storm system: (Note – assumptions provided below are for an example project. Add, modify, or delete assumptions applicable to the relevant project below and in accordance with NDDOT Design Manual.)
· A runoff coefficient of 0.90 was assumed for pavement land use areas.
· For inlet design, a minimum time of concentration of 5 minutes was assumed for basins with impervious surfaces, and 10 minutes for pervious surfaces.
· For trunk line design, a minimum time of concentration of 10 minutes was assumed for basins with impervious surfaces, and 15 minutes for pervious surfaces. 
· A Manning’s n value of 0.012 was assumed for smooth-walled storm drain pipe.
· The velocity of flow in the storm drain should not be less than 3 ft/sec.
· Storm drain pipes should generally not exceed 80% full by depth.
· A minimum diameter of 15 inches was assumed for proposed storm drain pipe.
· Manhole spacing should generally be limited to a maximum of 400 feet.
· Manholes were sized as per guidance in V-03.03.06 of the NDDOT Design Manual.
· For multi-lane roads (excluding at underpasses), an allowable spread width of 7.5 feet (shoulder width plus one-half driving lane) was used where longitudinal grades exceeded 1.0%. For longitudinal grades of 1.0% or flatter, an allowable spread width of 13.5 feet (shoulder width plus full driving lane) was used.
· For multi-lane roads through an underpass, an allowable spread was utilized to provide one drivable lane in each direction, which is equal to an allowable spread width of 25.5 feet for this project. 


[bookmark: _Toc142306147]Results
[bookmark: _Toc142306148]Existing Conditions Modeling
Note: Typically, Existing Conditions Modeling may be omitted from analysis if the storm system does not increase discharges into an existing downstream storm system and is not located within a FEMA Flood Zone. In such instances, contact NDDOT Bridge Division to determine whether Existing Conditions Modeling is warranted, and provide a brief justification here if Existing Conditions Modeling was omitted from the analysis. If Existing Conditions Modeling is warranted, provide a summary of the results as described in the paragraph below.
Describe in detail the model results for the existing conditions. Discuss roadway profile and allowable spread for inlets on current system. Include typical sections of existing roadway sections. Indicate the assumed outfall conditions used for the model (i.e., was a free outfall or constant tailwater used, or does the system drain into an existing storm system). Make mention of any areas exceeding current design standards (including inlet spread requirements and storm pipes at pressure flow or surcharging out of inlets/manholes). Include HGL profile of existing storm trunk line, if available. Include existing drainage area maps and summary tables of the drainage areas, inlets, and storm drain pipes in the appendices. Add summary of existing lift station hydraulics, if applicable.
[image: The image shows a cross-sectional layout of the existing typical road section with detailed lane widths, slopes, and material thicknesses. ]
Figure 3: Existing Typical Section
[bookmark: _Toc142306149]Proposed Conditions Modeling
Describe in detail the model results for the proposed conditions. Discuss roadway profile and allowable spread for inlets on proposed system. Include typical sections of proposed roadway sections. Indicate the assumed outfall conditions used for the model (i.e., was a free outfall or constant tailwater used, or does the system drain into an existing storm system). Note any storm drain pipes at pressure flow or surcharging out of drainage structures and provide an explanation. Include HGL profile of proposed storm trunk line. Include proposed drainage area maps and summary tables of the drainage areas, inlets, and storm drain pipes in the appendices. Add summary of proposed lift station hydraulics, if applicable. Summarize what impact, if any, that the project will have on storm systems downstream of the project section.
[image: The image shows a cross-sectional layout of the proposed typical road section with detailed lane widths, slopes, and material thicknesses. ]
Figure 4: Proposed Typical Section

[bookmark: _Toc142306150]Summary of Recommendations
Provide a brief summary of the existing storm system and the impact the proposed changes will have on the corridor and downstream of the corridor.


[bookmark: _Toc142306151]City Cost Participation Summary
Appendix V-03D of the NDDOT Design Manual states that the Department and cities share drainage costs for storm drain trunk lines on a percentage basis in proportion to their contributions to the total flow rate for any contributing areas outside of the project corridor. The general guidance defines the project corridor as the area that lies within one city block on either side of the highway, or where city blocks don’t exist, up to a distance of 450 feet from centerline of the project highway/street. (Note that the computed project corridor flow rates should include all contributing discharges within the one city block (or 450 feet) region along the specified highway that contribute drainage towards the trunkline, regardless of longitudinal proximity to the begin/end limits for the given project. Refer to example layout map in the Appendices for further information.)
Determine whether offsite drainage areas increase the total flow rate intercepted by the trunk line, then choose/modify the appropriate paragraph below to indicate whether additional city cost participation is required on this project.
Based on a preliminary analysis of the contributing drainage areas at this site, all the contributing drainage appears to be within one city block of the project corridor. Therefore, additional city participation for trunk line costs is not anticipated for this project.
OR
To determine the proportion of flows resulting from adjacent city drainage, two proposed conditions models were created. One model contained just the project corridor flow rates, while the other model included flow rates from the combined project corridor and adjacent city areas. A summary table of the City Cost Participation is shown in Appendix E.
[bookmark: AppendixA]Appendix A: Site Layout
Include a layout of the existing and proposed storm systems (including Section 55 preliminary plan sheets if prepared), with storm sewer structures properly labeled as per guidance given in V-03.01.03 of the NDDOT Design Manual:
Manholes in a storm drain system should be labeled numerically in the plans, with manhole numbers increasing in the direction of increasing plan stationing. Inlets should be labeled with the number of the associated manhole that they drain to, along with an alpha designation. As an example, the first inlet at the beginning of a project might be Inlet 1A. If an Inlet-Special (as shown on Standard Drawing D-722-1B) will be installed and will function also as a manhole for the trunk line, then it should be labeled with a sequential number and alpha (typically “A”). For example, the third manhole in a trunk line, if it is an Inlet-Special, would be labeled “3A”.
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[image: The map shows an aerial image of a roadway location. The image shows out the proposed storm sewer layout. The location of curb and gutter, driveways, sidewalk, ada ramps, a north arrow, and the county are also included. ]

[bookmark: AppendixB]Appendix B: Drainage Area Maps
Include maps of the drainage areas. Ensure drainage areas are labeled to match the corresponding inlets that they drain to (i.e., the area draining towards Inlet “1A” should be labeled as drainage area “1A”, etc).


[image: Aerial map showing proposed drainage area layout for a residential neighborhood with labeled plots indicating acreage, time of concentration (TOC) in minutes, and runoff coefficient (C) values. Map includes a compass rose for orientation, street names, and shaded drainage zones highlighting specific data for each plot.]

[bookmark: AppendixC]Appendix C: Existing Conditions Results
Note: if no Existing Conditions Modeling was performed, this appendix may be omitted.
[bookmark: _Hlk158898723]Include completed Existing Drainage Area, Inlet, and Storm Drain Pipe Summary Tables (as provided in Urban Storm Drainage Calculations Spreadsheet on NDDOT References and Forms page). Additional printouts from modeling such as HGL profiles, hydrographs, and lift station calculations may be included here as well.


[bookmark: AppendixD]Appendix D: Proposed Conditions Results
Include completed Proposed Drainage Area, Inlet, and Storm Drain Pipe Summary Tables (as provided in Urban Storm Drainage Calculations Spreadsheet on NDDOT References and Forms page). Additional printouts from modeling such as HGL profiles, hydrographs, and lift station calculations may be included here as well.


[image: Table summarizes drainage area data for multiple locations, including acreage, rational C value, time of concentration, rainfall intensity, peak discharge, and design event. ]

[image: Table from an Example Project that identifies all the storm system data calculation outputs, and dimensions for all the inlet structures]
[image: Table from an Example Project that identifies all the storm system data calculation outputs, and dimensions for all the pipes and connecting structures]
[bookmark: AppendixE]Appendix E: City Cost Participation
Include completed City Cost Participation Layout Map & City Cost Participation Summary (if applicable) as provided in Urban Storm Drainage Calculations Spreadsheet.


[image: Example map view of cost responsibilites between different entitys ].

[image: Example Project showing a table summarizing city cost participation for a project, detailing federal, state, and city contribution percentages and funding splits for specific storm system items]

[bookmark: AppendixF]Appendix F: FEMA FIRM Maps
If the project is located within or discharges into a floodplain/floodway, include FEMA FIRM Maps here.
[image: This is a Snipped Image from FEMA's Website of there Flood Maps]
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State Highway System County
Urban System Rural System Rural System

Type of Urban Principal Arterial Minor Major Major Off

Crossing Regional Roads Interstate Other Arterial Collector Collector System
Bridges & 25 year? 25 year? 50 year? 50 year? 50 year? 25 year? 25 year>® | 15 year?®
Reinforced
Concrete Boxes
Roadway 25 year? 25 year? 50 year? 25 year? 25 year? 25 year? 25 year®? | 15 year?®®
Culverts
Storm Drains 10 year' 5 year' 10 year? 10 year? 10 year? 10 year?
Underpass Storm | 25 year' 25 year' 50 year? 25 year? 25 year? 25 year?
Drains

'Discharges must be computed using the rational method or other recognized hydrologic methods.

2Discharges must be computed using United States geological survey report 2015-5096 or other recognized hydrologic
methods.

3If an overflow section is provided, the pipes and the overflow section, in combination, must pass the appropriate design
event within the headwater limitations provided in this chapter.

“Off system roads include all township roads.

°For township roads, the recurrence interval is 10 years.

History: Effective May 1, 2001; amended effective July 27, 2001; January 1, 2015; January 1, 2023.
General Authority: NDCC 24-02-01.1, 24-02-01.5, 61-03-13
Law Implemented: NDCC 24-03-06, 24-03-08, 24-06-26.1

89-14-01-04. Floodplain consideration - Upstream development.

All stream crossings must comply with applicable floodplain regulations and regulatory floodway
requirements per North Dakota Century Code chapter 61-16.2. If a stream crossing is being replaced
and buildings or structures are located upstream from the crossing, the stream crossing must not be
reconstructed in a manner that increases the likelihood of impacts to those upstream buildings or
structures, even if the capacity of the crossing being replaced was greater than the capacity otherwise
required by this chapter. Any stream crossing constructed as part of a newly constructed roadway must
be constructed to pass the federal emergency management agency identified one-percent annual-
chance flood event flow without the resulting increase in headwater impacting any existing buildings or
structures. Structures, for the purposes of this section, include grain bins, silos, feedlots, and corrals.
Structures do not include pasture fencing.

History: Effective May 1, 2001; amended effective January 1, 2015; January 1, 2023.
General Authority: NDCC 24-02-01.1, 24-02-01.5, 61-03-13
Law Implemented: NDCC 24-03-06, 24-03-08, 24-06-26.1

89-14-01-05. Allowable headwater.

The allowable maximum headwater when passing the design discharge must be measured from
the bottom of the channel. For arch pipes, the maximum allowable headwater must be based on the
rise of the pipe, and the pipe size category must be the equivalent round pipe size. For multiple pipe
installations, the pipe diameter used to calculate the allowable headwater must be the diameter of the
largest pipe. Tailwater resulting from downstream conditions, either natural or manmade, must be
accounted for in the determination of the crossing's capacity and the resulting headwater. Additional
guidance is provided in the North Dakota department of transportation design manual. If a crossing
results in less than one-half foot [15.24 centimeters] of headloss when passing the appropriate design
discharge, this section does not apply.
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Drainage Areas Summary Table

Time of Rainfall

Drainage Area | Rational C | Concentration | Intensity | Peak Discharge

Location (acres) Value {min) (in/hr) (cfs) Design Event
1A
1B
1C
1D
2A
2B
3A
3B

4A

4B

6A

6B
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Inlet Summary Table

Input Discharges Pavement/Gutter Info Slotted Drain/Inlet Info Inlet Calculations
Longitudinal | Pavement Gutter Slot Inlet Inlet Allowable | Computed
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Storm Drain P| e Summary Table

Pipe i Pipe 80% Full | Calculated
Start Diameter | Invert Invert Pipe Velocity | Depth |Flow Depth
Plpe ID Node (in) (Start) (Stop) Material

MH-1 __

1A CB-1A . . X Concrete . | X 1.65
1B CB-1B - . . . Concrete
CB-1C . . . Concrete

_
2A CB-2A MH-2 15 895.36 895.16 0.018 Concrete 0.012 2.69 6.62 1 0.51
_

MH-3 0012

cB-3A | MH-3 89521 | 89501 | 0016 | Concrete | 0.012 2.37 6.07 1 0.48
CB38 | MH3 895.21 | 894.91 001 | concrete | 0.012 2.76 0.55
- 893.75 | 89301 o012 | 923 | 724 _

0.035 Concrete 0.012 1
0.013 Concrete 0.012 . . 1 0.47
1

0.004 Concrete 0.012 1.18
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CB-6A MH-6 896.26 896.06 0.035 Concrete 0.012 2.28 7.99 1 0.44
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City Cost Participation Summary Table

Praoject Participation:

Item Description Unit Cost
PIPE CONDUIT 15IN-STORM DRAIN $90.00
714 4101 |PIPE CONDUIT 18IN-STORM DRAIN $100.00
714 4107 |PIPE CONDUIT 24IN-STORM DRAIN $115.00
714 4112 |PIPE CONDUIT 30IN-STORM DRAIN $165.00
714 4117 |PIPE CONDUIT 36IN-STORM DRAIN $350.00
714 4121 |PIPE CONDUIT 42IN-STORM DRAIN $250.00
714 4124 |PIPE CONDUIT 36IN-JACKED OR BORED $1,100.00
PIPE CONDUIT ARCH 51IN X 31IN

Trunk Line Cost Participation:
Corridor (1) (2)
Size Length | Total Flow | Total Flow | Flow | City Percentage City Cost City Cost City Cost
(inches) (cfs) (Q Participation) Total Cost (Q Participation) | (Project Participation) (1+2) State Cost | Federal Cost
42 33.25 29.96% $2,500.00 $748.89 $175.11 $924.00 $157.60 $1,260.80

122 334 14.27 29.93% $30,500.00 $9,130.17 $2,136.98 $11,267.15 | $1,923.29 $15,386.28
162 33.59 [1433 29.90% $40,500.00 $12,111.12
29.88% $27,000.00 $8,068.00 $1,893.20 $9,961.20 $1,703.88 $13,631.04

29.85% $28,500.00 $8,508.08 $1,999.19 $10,507.27 | $1,799.27 | $14,394.18
29.82% $33,000.00 $9,842.11 $2,315.79 $12,157.89 | $2,084.21 | $16,673.68

362 32.9 14.5 30.59% $398,200.00 $121,812.24
503 2265 |13.39 37.15% $553,300.00 | $205,568.45 $34,773.15 $240,341.61] $31,295.84 | $250,366.71
154 21.98 [13.44 37.94% $53,900.00 $20,452.17
46 19.45 [13.15 40.34% $16,100.00 $6,494.33 $960.57 $7,454.89 | $864.51 | $6,916.09
128 15.57 [12.88 45.27% $21,120.00 $9,561.53
221 13.67 |13.01 48.76% $36,465.00 $17,781.47 $1,868.35 $19,649.82 | $1,681.52 | $13,452.14
126 8.22 7.57 47.94% $14,490.00 $6,946.76
68 4.03 5.06 55.67% $7,820.00 $4,353.05 $346.70 $4,699.74 | $312.03 $2,496.21

$1,263,395.00 Total Costs:| $523,580.02| $73,981.50 | $591,851.98
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