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Review from FHWA Resource center staff and Michigan Division office
Sample plans and calculations provided in December 2020
Interviews complete in January 2021

• Various MDOT and EGLE staff

Final report March 2021
15 observations and recommendations

FHWA Hydraulic Program Review
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Program Manager Consultant (PMC) added in Fall 2022 to help 
address findings and with Drainage Manual Updates
On-going Research Projects

• MTU – Update of Michigan Hydrologic Procedures
• Pooled Fund

• Non-stationarity with USGS gages
• CFD modeling for efficiency of storm sewer grates

FHWA Hydraulic Program Review
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Observation 1 – Design standards in MDOT Drainage Manual
• No design standards or definition for “temporary” drainage assets
• Standards for Federally funded LAP projects?
• Look at risk-based design standards – HEC-17

FHWA Hydraulic Program Review
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FHWA Hydraulic Program Review
AASHTO Drainage Manual (2014): FHWA’s HEC-17 (2016):

FHWA’s HEC-18 (2011):



FHWA Hydraulic Program Review
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Observation 2 – Outdated Rainfall Data Use
• “Computing Flood Discharges for Small Ungaged Watersheds” (Sorrell) 

utilizes outdates rainfall (Bulletin 71 vs. Atlas 14)
• Joint research project between MDOT & EGLE to update.

• MTU kickoff in November 2021

FHWA Hydraulic Program Review
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Observation 2 – Outdated Rainfall Data Use
• MDOT to adopt Atlas 14 for rainfall tables

• Will go live in October 2023
• No longer will have 10 climate zones
• Point precipitation downloaded in CSV format from NOAA website
• May break this data down to County or Town/Range (1,240 townships)
• Should be able to plug data into ORD Drainage & Utilities

FHWA Hydraulic Program Review
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Observation 3 – MDOT staff unaware of Hydrologic Policies
• 23 CFR 650.115

• 50 year (2%) min. for Interstates
• P.A. 451 of 1994

• Part 31
• Executive Orders

• State EO 1977-4, updated with EO 2001-5
• State Flood Hazard Mitigation Plan

• Establishes 100 year (1%) as baseline for hazard protections
• 5-year plan (current 2019-2024)

FHWA Hydraulic Program Review
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Observation 3 – MDOT staff unaware of Hydrologic Policies
• Executive Orders

• Federal EO 11988
• Established the National Flood Insurance Program

• Federal EO 13690
• Federal Flood Risk Management Standard

• FHWA Task Order 5520
• Preparedness/Resilience to Extreme Weather

FHWA Hydraulic Program Review



12

Observation 4 – Timeframes when Hydraulic Unit is brought into 
Design Process

• Seeking input in scoping process/call for projects
• Early input for culvert call

FHWA Hydraulic Program Review
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Observation 5 – Hydraulic and Scour Reports
• Recommendations to combine

• Still need to be separate for Part 31 review
• Review of LAP hydraulic reports missing critical information:

• Location, topography, road classification, modeling assumptions
• LAP scour

• Missing references to scour equations and pertinent information from 
calculations

FHWA Hydraulic Program Review
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Observation 6 – Information on Bridge sheets
• Proposed updates to the Hydraulic and Scour summary tables in 5D and 6B 

in the Drainage Manual. 

FHWA Hydraulic Program Review
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FHWA Hydraulic Program Review
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Observation 7 – Bridge Foundation Design Process
• Drainage Manual 6D updated with comments from BOBS
• Will have Drainage PMC review before publishing

FHWA Hydraulic Program Review
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Observation 8 – Scour Calculations Quality Assurance
• Concerns on who is performing QAQC on Federally funded LAP projects.

• LAP QA contract
• Hydraulic PMC contract as backup

FHWA Hydraulic Program Review
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Observation 9 – 2D Hydraulic Models
• Recommend more use of 2D hydraulic models

• Drainage Manual to include more language of 2D modeling
• Becoming standard for scour modeling for multispan structures
• Links to HDS-7 and “Two-Dimensional Hydraulic Modeling for 

Highways in the River Environment” in the Drainage Manual

FHWA Hydraulic Program Review
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Observation 10 – Scour Plan of Action (POA) Reports
• Risk based approach for prioritizing POA’s

• POA breakout group
• MDOT’s Vulnerability & Criticality spreadsheet

FHWA Hydraulic Program Review
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Observation 11 – Not clear on who is responsible for ownership of 
POA’s

• Drainage Manual 6D updates
• SI&A updates

FHWA Hydraulic Program Review
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Observation 12 – Recoding of NBIS Item 113 after mitigation
Observation 13 – Installation of countermeasures that do not meet 
HEC-23 guidance

• Survey of Midwestern States
• Softened language on requirements for Item 113 = 7
• POA’s required for LAP owned bridges for Item 113 = 7
• Updates included in SI&A manual

FHWA Hydraulic Program Review
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• Observation 14 & 15 – Training
• Recommend additional training in hydraulics/hydrology in MDOT and LAP staff
• Training of Road Design Staff 

• Unclear if road design engineers understand the concepts of roadway hydraulic 
calculation. Road designers see value in more frequent training.
• Design Basic Training – MDOT wiki
• NHI Training 

• Software
• Staff not utilizing free FHWA software. Staff utilizing spreadsheets for storm sewer design.

• ORD updates
• Hydraulic toolbox
• HY-8

FHWA Hydraulic Program Review
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Drainage Manual Update

Drainage Manual Contributors / Partners
1. MDOT (Including LAP)

2. FHWA

3. EGLE

4. Research 
• Michigan Tech
• USGS

5. PMC Team
• Wade Trim
• Spicer Group
• Great Lakes Engineering Group
• GeoTran Consultants
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Current Drainage Manual published in 2006 
• Focused on MDOT trunkline

Entire manual is being reviewed and updated
• FHWA, MDOT comments, hydraulic circulars, other 

DOT manuals, research

Stakeholder input
• Local Agency Program Unit, Office of Rail

New topics / chapters
• Drainage report outlines
• Master glossary
• Advanced hydraulics
• Coastal chapter

Drainage Manual Update
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Drainage Manual Update
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Drainage Manual Update
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1. Hydrology
2. Tunnel Hydraulics
3. Computational Fluid Dynamic Modeling (CFD)
4. 2-Dimensional Modeling
5. Coastal Engineering

Advanced Hydraulics Updates and Additions
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1. Adoption of Atlas 14 rainfall totals and 
distribution

2. EGLE - Computing Flood Discharges for 
Small Ungaged Watersheds spreadsheet
• Should be used with Bulletin 71 rainfall data for now
• Using current spreadsheet with Atlas 14 rainfall data 

estimates unrealistically high peak discharges
• MTU updating EGLE spreadsheet 

• (will be updated at a later time to incorporate Atlas 14)

Advanced Hydraulics - Hydrology

NOAA National 
Weather Service
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1. Recent MDOT projects have included 
large storage and conveyance tunnels

2. Tunnel design should include the 
following
• Tunnel surge analysis with appropriate 

software
• Drop shaft design to manage hydraulic 

energy and entrained air
• Venting analysis

a) Volumetric displacement
b) Surge wave

Advanced Hydraulics – Tunnel Hydraulics

Modernize I-75
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Illinois Transient Model Simulation Tunnel Surge Analysis
Evaluate potential 
formation of surge waves
Test alternatives to mitigate 
surge
Verify tunnel storage 
requirements
Calculate venting 
requirements

Advanced Hydraulics – Tunnel Hydraulic Analysis
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1. Identify drop shaft type
• Direct vs. offline
• Vortex
• Plunge
• Helicoidal
• Baffle

2. Drop shaft design should be based on
• Standard design
• CFD modeling 
• Physical modeling

3. Drop shaft must
• Manage hydraulic energy
• Manage air entrainment

Advanced Hydraulics – Tunnel Drop Shaft Design

Flow-3D
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1. Applied for bridge scour design
• Complex bridges
• Extreme skew
• Multi span
• Split flow

2. FHWA does not recommend HEC-
RAS 2D

3. Sedimentation and River 
Hydraulics (SRH-2D)
• Available from Aquaveo - Surface-Water 

Modeling System (SMS)

Advanced Hydraulics – 2-Dimensional Modeling
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Recent high great lakes levels have drawn attention to Michigan's coasts. 

Advanced Hydraulics – Coastal Engineering

I-94BL
Benton Harbor

M-25
Bluff Erosion



Advanced Hydraulics – Coastal Engineering
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1. Manual update may include a coastal 
engineering chapter

2. Additional chapter may include:
• Required freeboard for extreme great lake levels
• Revetment design
• Wave height estimates
• Seiche
• Ice dams

Advanced Hydraulics – Coastal Engineering

National Park Service

Seiche



Questions?
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