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FHWA Hydraulic Program Review

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

Interviews complete in January 2021
e Various MDOT and EGLE staff

Final report March 2021
15 observations and recommendations



FHWA Hydraulic Program Review

Program Manager Consultant (PMC) added in Fall 2022 to help
address findings and with Drainage Manual Updates

On-going Research Projects
e MTU - Update of Michigan Hydrologic Procedures

e Pooled Fund

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



FHWA Hydraulic Program Review

Observation 1 - Design standards in MDOT Drainage Manual
* No design standards or definition for “temporary” drainage assets
e Standards for Federally funded LAP projects?
* Look at risk-based design standards - HEC-17



FHWA Hydraulic Program Review

AASHTO Drainage Manual (2014): FHWA's HEC-17 (2016):
Table 9-1. Design Storm Selection Guidelines

Roadway Classification Excefdlence Return Period
i Probability (%) (Year)
Interstate, Freeways (Urban/Fuoral)® 2% 30
Principal Arterial 2% 30
Minor Arterial System with ADT =3,000 VPD 2% 30
Minor Arterial System with ADT = <3,000 VFD 4% 25
Collector System with ADT >3,000 VPD 4% 23
Collector System with ADT =<3 000 VPD 10% 10

Local Road S}rsl&m 20%—-10% 5-10

am! depressed rmdnmrs shm:ld a]sa be d&ﬁl‘E;ﬂBd ‘m ac«::crmmadate the two pe:r{:Eﬂt ﬂnnd ‘W!:m:re no Embanl':mgnt m'erﬂcmr
relief iz available, dra.l.naﬂe structuras should be desizned for at lzast the one percent or 100-yr event.

FHWA's HEC-18 (2011):



FHWA Hydraulic Program Review

Pipe Sizing

Spread, On Grade

Spread, Sag

Return Period Min. tc (min) Design Return Max Design Return Max
Interstate, Freeways (Urban/Rural) 10 15 10 Shoulder 50 Shoulder®
Depressed Interstate, Freeway 50 10 50 Shoulder 50 Shoulder®
MDOT owned with pump station at outlet 50 10 50 Shoulder® 50 Shoulder®
Principal Arterial 10 15 10 Shoulder® 50 shoulder®
Minor Arterial System with ADT=>3000 VPD 10 15 10 Shoulder® 50 Shoulder®
Minor Arterial System with ADT<3000 VPD 10 15 10 Shoulder® 50 Shoulder®
Minor Arterial System with ADT<3000 VPD, non-MDOT 10 15 10 Shoulder®" 50 Shoulder®"
Collector System with ADT=3000 VPD 10 15 10 Shoulder®" 10 1/2 driving lane
Collector System with ADT<3000 VPD 10 15 10 Shoulder®" 10 1/2 driving lane
Local Road System’ 5-10 15 5-10 1/2 driving lane 5-10 1/2 driving lane




FHWA Hydraulic Program Review

Observation 2 - Outdated Rainfall Data Use

e “Computing Flood Discharges for Small Ungaged Watersheds” (Sorrell)
utilizes outdates rainfall (Bulletin 71 vs. Atlas 14)

e Joint research project between MDOT & EGLE to update.
e MTU kickoff in November 2021



FHWA Hydraulic Program Review

Observation 2 - Outdated Rainfall Data Use
e MDOT to adopt Atlas 14 for rainfall tables
e Will go live in October 2023
* No longer will have 10 climate zones
e 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

Observation 3 - MDOT staff unaware of Hydrologic Policies
e 23 CFR 650.115
e 50 year (2%) min. for Interstates
e PA. 451 of 1994
e Part 31
e Executive Orders
e State EO 1977-4, updated with EO 2001-5
e State Flood Hazard Mitigation Plan
e Establishes 100 year (1%) as baseline for hazard protections
e 5-year plan (current 2019-2024)



FHWA Hydraulic Program Review

Observation 3 - MDOT staff unaware of Hydrologic Policies
e Executive Orders

 Federal EO 11988
e Established the National Flood Insurance Program

e Federal EO 13690
* Federal Flood Risk Management Standard

e FHWA Task Order 5520
 Preparedness/Resilience to Extreme Weather



FHWA Hydraulic Program Review

Observation 4 - Timeframes when Hydraulic Unit is brought into
Design Process
e Seeking input in scoping process/call for projects
e Early input for culvert call



FHWA Hydraulic Program Review

Observation 5 - Hydraulic and Scour Reports
e Recommendations to combine
e Still need to be separate for Part 31 review
* Review of LAP hydraulic reports missing critical information:
e Location, topography, road classification, modeling assumptions
e LAP scour

* Missing references to scour equations and pertinent information from
calculations



FHWA Hydraulic Program Review

Observation 6 - Information on Bridge sheets

 Proposed updates to the Hydraulic and Scour summary tables in 5D and 6B
in the Drainage Manual.
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LOCATION

STRUCTURE NUMEBER

Stream:
County:

EXISTING (ft)

PROPOSED (ft)

CHANGE

CONTROL SECTION

JOB NUMBER

CULVERT TYPE

SPAN

LOCATION

RISE

WATERCOURSE

LENGTH

TOWNSHIP

ENTRANCE TYPE

COUNTY

U/S INVERT ELEV

DISCHARGE

D/S INVERT ELEV

10-YEAR

U/S FLOWLINE

50-YEAR

D/S FLOWL.

100-YEAR

Ee:

0.5

ADDITIONAL INFORMATION

SD-YEAR

DEAIMNAGE AREA

VELOCITY AT OUTLET

METHOD OF ANAT YSIS

HEADWATER

100-YEAR

VELOCITY AT OUTLET

HEADWATER

S0-YE AND 100-YEAR FLOOD ELEVATIONS ARE FOE. COMPARISON ONLY

Mote:
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SUMMARY OF HYDRAULIC ANALYSIS
EXISTING PROPOSED
FLOOD | DISCHARGE WATER | VELOCITY | WATER | VELOCITY | WATERWAY | CHANGE IN
DATA (CFS) SURFACE ATD/S SURFACE ATD/S | AREAATD/S WSEL
ELEV. AT FACE ELEV. AT FACE FACE FROM U/S
U/SFACEOF | (FT/S) | U/SFACEOF | (FT/S) (SQ.FT) FACE OF
STRUCTURE STRUCTURE PROPOSED
(FT) (FT) STRUCTURE
ET)
10-YEAR
50-YEAR
100-YEAR
S00-YEAR
PROPOSED BRIDGE AREA BELOW LOW CHORD IS xxx SQUARE FEET
SUMMARY OF SCOUR ANALYSIS
FLOOD ABUT. A ABUT. B PIER 1 PIER 2 PIER 3
DATA ELEVATION | ELEVATION | ELEVATION | ELEVATION | ELEVATION
(FT) (FT) (FT) (FT) (FT)
100-YEAR | DESIGN
S00-YEAR | CHECK
OVERTOP
ITEM 113 RATING -
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Observation 7 - Bridge Foundation Design Process
e Drainage Manual 6D updated with comments from BOBS
e Will have Drainage PMC review before publishing
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Observation 8 - Scour Calculations Quality Assurance

e Concerns on who is performing QAQC on Federally funded LAP projects.
 LAP QA contract
* Hydraulic PMC contract as backup



FHWA Hydraulic Program Review

Observation 9 - 2D Hydraulic Models
e Recommend more use of 2D hydraulic models
* Drainage Manual to include more language of 2D modeling
e Becoming standard for scour modeling for multispan structures

e Links to HDS-7 and “Two-Dimensional Hydraulic Modeling for
Highways in the River Environment” in the Drainage Manual



FHWA Hydraulic Program Review

Observation 10 - Scour Plan of Action (POA) Reports
e Risk based approach for prioritizing POA’s
 POA breakout group
e MDOT’s Vulnerability & Criticality spreadsheet



FHWA Hydraulic Program Review

Observation 11 - Not clear on who is responsible for ownership of
POA’s

e Drainage Manual 6D updates

e SI&A updates



FHWA Hydraulic Program Review

Observation 12 - Recoding of NBIS Item 113 after mitigation

Observation 13 - Installation of countermeasures that do not meet
HEC-23 guidance

e Survey of Midwestern States

e Softened language on requirements for ltem 113 =7

e POA’s required for LAP owned bridges for Item 113 =7

e Updates included in SI&A manual
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e QObservation 14 & 15 - Training
e Recommend additional training in hydraulics/hydrology in MDOT and LAP staff
e 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.

e Design Basic Training — MDOT wiki
 NHI Training
e Software
e Staff not utilizing free FHWA software. Staff utilizing spreadsheets for storm sewer design.
e ORD updates

e Hydraulic toolbox
e HY-8



Drainage Manual Update

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

2. FHWA
3. EGLE
4

Research
e Michigan Tech
e USGS

5. PMC Team

 Wade Trim

e Spicer Group

* Great Lakes Engineering Group
e GeoTran Consultants



Drainage Manual Update

Current Drainage Manual published in 2006
e Focused on MDQOT trunkline

Entire manual is being reviewed and updated
e FHWA, MDOT comments, hydraulic circulars, other
DOT manuals, research
Stakeholder input
e Local Agency Program Unit, Office of Rail

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




Drainage Manual Update

Appendix 6-D Stakeholder Input Drainage Manual
- & Chapter 7 Chapter 3 MTU & USGS Research Release
Feb Spring October 1 Feb

2023 2023 2023 2025



Drainage Manual Update



Advanced Hydraulics Updates and Additions

Hydrology

Tunnel Hydraulics

Computational Fluid Dynamic Modeling (CFD)
2-Dimensional Modeling

o B~ W P

Coastal Engineering



Advanced Hydraulics - Hydrology

1. Adoption of Atlas 14 rainfall totals and
distribution

2. EGLE - Computing Flood Discharges for
Small Ungaged Watersheds spreadsheet

e Should be used with Bulletin 71 rainfall data for now

e Using current spreadsheet with Atlas 14 rainfall data
estimates unrealistically high peak discharges

e MTU updating EGLE spreadsheet
e (will be updated at a later time to incorporate Atlas 14)

NOAA National
Weather Service

PDS-based p i q y i with 90% 1ce intervals m:hes)'I
o Average recurrence interval (years)

1 2 5 10 25 50 100 200 500 1000

i 0.286 0.336 0.424 0.502 0.618 0.713 0.813 0,920 1.07 1.19
0.228-0.369) || (0.268-0.435) || (0.337-0.550) || (0.396-0.855) | (0.472-0.41) || (0.529-0.983) | (0.581-1.15) (0.625-1.34) (0.699-1.60) (0.753-1.80)

Oomin 0.418 0.492 0.621 0.735 0.904 1.04 1.19 1.35 1.57 174
0.334-0.541) || (0.392-0.637) || (0.493-0.508) || (0.580-0.958) | (0.691-1.23) (0.775-1.44) 0.851-1.68) (0.919-1.98) (1.02-2.34) (1.10-2.63)

Sommin 0.510 0.600 0.757 0.897 1.10 1.27 145 I 1.91 212
(0407-0659) | (0.478-0.776) || (0.601-0982) (0.707-1.17) (0.843-1.50} (0.945-176) (1.04-2.05) (112-239) (125-2.86) (134-321)

S0min 0.743 0.871 1.10 1.30 1.60 1.85 2.1 2.39 279 3.1
{0593-0.961) (0.694-1.13) (0.870-1.42} (1.02-1.89) (122-218) (137-2.55) (151-2.99) (163-348) (182-417) (1.97-470)

S0 0.965 114 143 1.70 2.09 242 276 3.43 3.65 4.06
{0.770-1.25) (0.904-1 47) (1.14-1.86) (134-221) (160-2.85) (1.80-3.34) (188-3.91) (2 14-4 55) (2.38-5 46) (257-614)

o 119 1.40 177 2.10 2.59 2.99 3.41 3.87 4.51 501
- {0.953.151) (113.1.78) (1.42.228) (158.2.70) (2003 48) (2.25.4.07) (2.47-4.77) (2 67-556) (2.98-5 66) (3.21-750)

. 131 155 1.96 233 238 3.33 3.81 4.32 5.03 561
(1.07-1.66) (1.26-1.96) (1.59.2 49 (188.2.97) (224.384) (2524 50) (2.77-5.28) (3.00-5 16) (3.35.7 40) (361-833)

o 154 1.81 2.29 272 3.38 3.93 4.52 5.18 6.07 6.30
(1.27-1.92) (149-2.25) (1.88-2.85) (2.22-3.41) (2.67-4.46) (3.02.5.25) (3.346.20) (3.63-729) (4.08-8.83) (4.42.9.99)

120 1.80 208 261 311 3.89 4.57 5.30 6.12 7.29 8.25
(1.51-2.20) (1.74-2.55) (217321 (2.57-3.84) (3.13-5.09) (3.56-6.04) (3.97-7.21) (4.36-6.57) (4.96-10.5) (5.42.12.0)

. 2.08 238 2.95 351 4.41 5.20 6.08 7.06 2.49 9.67
(1.76-2.51) (2.01-2.86) (2.49-3.57) (2.94-4.27) (3.61-5.71) (4.11-6.81) (4.61-8.13) (5.10-9.79) (5.85-12.1) (6.42-13.9)

o 2.39 271 3.33 3.94 4.92 5.78 6.75 7.83 9.42 10.7
2y (2.05-2.84) (2.323.21) (2.84-3.96) (3.34-4.71) (4.08-6.28) (4.63-7.47) (5.19-8.97) (5.72-10.7) (6.57-13.3) (7.20-15.2)

T 2,63 2.95 3.58 4.20 5.20 6.08 7.07 8.18 .80 11
2y (2.28-3.08) (2.55-3.46) (3.08-4.21) (3.58-4.97) (434-6.57) (491-7.78) (5.47-9.31) (6.02-11.1) (6.88-13.7) (753-15.7)

P 2.83 3.16 379 a4 5.42 6.31 7.30 8.41 10.0 114
2y (2.47-3.30) (2743 68) (3.28-4 43) (3.78-5.19) (455-6.80) (512-8.01) (5.67-0.55) (8.21-11.4) (7.07-14.0) (772-16.0)

. 334 3.69 4.36 5.01 6.03 6.93 7.92 2.02 10.6 1.9
i (2.94-3 84) (3.24-425) (3.82-5.04) (435-5.81) (5.10-7 44) (5 67-8.66) (6.21-10.2) (672-12.0) (754-148) (B17-16.6)

1o 378 418 4.92 5.62 6.69 7.62 8.64 9.75 114 12.7
ay (3.35-4 31) (3.70-477) (433-563) (4.91-5.48) (5.69-8 15) (8 27-9.42) (6.81-11.0) (7.30-12.9) (8 11-155) (872-17.5)

20g 5.08 5.65 6.64 7.53 8.85 9.95 111 123 14.1 155
2y (4.56.5 68) (5.06-8.33) (5.93.7 47) (6.68.8.53) (7.58-10.5) (826.12.0) (8.84-13.9) (93316 0) (10.1-18.9) (10.8-21.1)

g 6.20 6.01 211 9.15 10.6 1.8 13.1 144 16.2 17.6
2 (5.61-6.87) (6.25.7.66) (7.31.9.03) (8.18.10.2) (916-12.5) (9.90-14.1) {10.5-16.2) (10813 4) (117215) (123.218)

s5e 7.67 8.54 9.96 1.1 12.8 14.1 15.3 16.6 18.4 19.7
| mota4n (7.799.38) (9.05-11.0) (10.1-12.4) (11.1-14.8) (11.8-16.6) (12.318.7) (127-21.1) (13.4-24.1) (13.5-26.5)

0.0, 8.97 9.95 115 12.8 14.5 15.8 17.0 18.3 19.9 210
gl | ICELR ) (8.13-10.9) (10.5-126) (116-14.1) (12.6-16.6) (13.3-18.4) (13.8-20.6) (140-2239) (145-25.9) (148-28.1)

" Precipitation frequency (PF) esfimates in this table are based on frequency analysis of partial duration series (PDS).
Numbers in parenthesis are PF estimates at lower and upper bounds of the 90% confidence interval. The probability that precipilation frequency estimates (for a given duration and average
recurrence interval) will be greater than the upper bound (or less than the lower bound) is 5%. Estimates at upper bounds are nat checked against probable maximum precipitation (PMP)

estimates and may be higher than currently valid PMP valugs.
Flease refer to NOAA Allas 14 document for more information.




Advanced Hydraulics - Tunnel Hydraulics

1. Recent MDOT projects have included
large storage and conveyance tunnels

2. Tunnel design should include the
following

* Tunnel surge analysis with appropriate
software

e Drop shaft design to manage hydraulic
energy and entrained air

e Venting analysis
a) Volumetric displacement
b) Surge wave

Modernize |-75



Advanced Hydraulics - Tunnel Hydraulic Analysis

IIIinpis Transiept quel Simulation Tunnel Surge AnalyS|S

ik 9

Evaluate potential

formation of surge waves

B e e Test alternatives to mitigate

surge

— i == Verify tunnel storage

REREEEREER RS RN

e A== requirements

E

g ~ | Calculate venting

requirements



Advanced Hydraulics - Tunnel Drop Shaft Design

1. ldentify drop shaft type

. Direct vs. offline

e Vortex

e Plunge

e Helicoidal
 Baffle

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

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




Advanced Hydraulics - 2-Dimensional Modeling

1. Applied for bridge scour design
e Complex bridges
e Extreme skew
e Multi span
e Split flow

2. FHWA does not recommend HEC-
RAS 2D

3. Sedimentation and River
Hydraulics (SRH-2D)

e Available from Aquaveo - Surface-Water
Modeling System (SMS)



Advanced Hydraulics - Coastal Engineering

Recent high great lakes levels have drawn attention to Michigan's coasts.

|-94BL
Benton Harbor




Advanced Hydraulics - Coastal Engineering T———

Summer 2020
582.4°

Lake Michigan Monthly Average Level - Calumet 1903 to 2023
583

Historic Average

582

581

580

579 i

578

Lake Level NAVDSS (ft)
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Advanced Hydraulics - Coastal Engineering

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

e Seiche
e |[ce dams
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