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Massachusetts
Rivers & Roads Training

Tier 2A:  Bridges, Culverts and 
Geomorphic Compatibility



• Undersized structures

• Channel and floodplain impacts 

• Geomorphic compatibility

• MassDOT Stream Crossing Handbook

Topics



Culvert Damages

(MMI, 2017)

Deerfield River Watershed Pilot Study



Altering the Cross Section

(ANR, 2015)



Altering the Profile

(ANR, 2015)

Consistent Energy Gradient

Even distribution of sediment



Dynamic Equilibrium

(Lane, 1955; Rosgen and Silvey, 1996)



Excessive Upstream Sedimentation

Source: Strahler, 1952; FISRWG, 1998
(ANR, 2015)



Excessive Downstream Scour

Outlet Perch

(ANR, 2015)



Geomorphic Compatibility

(MMI, 2008)



Geomorphic Compatibility

(MMI, 2008)
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Undersized culverts
Bell Rock Road over Middle Brook
Fall River, MA



SSP Mapping for Asset Resiliency

(MMI, 2016)



.

The Clear Flow Fairy Tale

The Large Wood and Sediment Reality



The Scary Part of Reality



Range of Vertical Adjustment

(Nyman and MassDOT, 2018 (Draft))



SedimentDesign Flow

Structures should be designed to pass what?

What is the MA standard for structure width?

Fish and Wildlife

Click For Answer

Large Wood

Click For Answer

1.2 x WbkfClick For Answer

Click For Answer Click For Answer

Questions



Regulatory Context – Stream Crossing Standards

1. Federal
• US Army Corps of Engineers General Permit for MA

2. Massachusetts
• Wetlands Protection Act Regulations
• 401 Water Quality Certification Regulations

3. MA River and Stream Crossing Standards
• Full compliance for new structures
• Maximum extent practicable for replacements 
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Bankfull Width

1.2 x Bankfull Width

Stream Crossing Standards



Open Area

Open Area (m2)
Structure Length (m)

=   Openness Ratio (m)

Openness Ratio (m) > 0.25m for General Standards
> 0.50m to 0.75m for Optimum Standards

Stream Crossing Standards



Preserve existing stream bed (preferred);  
or if necessary, 

Provide for bed material comparable to natural channel  
and that results in similar depths and velocities at a variety 
of flows.

Stream Crossing Standards



Culvert with Stream Simulation

Provide for bed material comparable to natural channel 
and that results in similar depths and velocities at a variety 

of flows.

1.2 x Bankfull Width

Stream Crossing Standards



Importance of Alternative Analysis

MA WPA 310 CMR 10.53(8):
• The potential for downstream flooding;
• Upstream and downstream habitat (in-stream habitat, wetlands);
• Potential for erosion and head-cutting;
• Stream stability;
• Habitat fragmentation caused by the crossing;
• The amount of stream mileage made accessible by the 

improvements;
• Storm flow conveyance;
• Engineering design constraints specific to the crossing;
• Hydrologic constraints specific to the crossing;
• Impacts to wetlands that would occur by improving the crossing;
• Potential to affect property and infrastructure; and
• Cost of replacement.
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Originally published 2010
• Response to unregulated 

“Stream Crossing 
Standards”

Since then:
• Stream Crossing Standards 

codified into regulations
• Municipalities requesting 

guidance / assistance on 
culvert & small bridge 
projects
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MassDOT Stream Crossing 
Handbook



Updated Handbook (2019):
• Technical, practical focus 
• Current best crossing practices 
• Current stream crossing 

regulations
• Climate resilient design
• Technical guidance for 

municipalities
• Prototype design templates
• Publication pending
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MassDOT Stream Crossing 
Handbook



Range of Design Approaches
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Prototypical Culvert and Small Bridge Plan Templates
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Embedded Precast Concrete Pipe

http://www.downeastlakes.org/MassDOT



Comprehensive Environmental Inc.
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Embedded Reinforced Concrete Box Culvert



Precast Concrete 3-Sided Box Culvert

MassDOT
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MassDOT
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Precast Concrete Arch



• MassDOT review of new / replacement structures >10’

• Design Requirements & Submittals guidance:
• https://www.mass.gov/files/documents/2017/11/08/SmallBridgeProg

_requirements_new_or_replacement.pdf

• Provides requirements, by Roadway Functional Class, for:
• Hydraulic Design
• Geotechnical Design
• Structural Design
• Construction Details
• Design Review Submittals
• Other considerations
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Chapter 85 Bridge Review



Chapter 85 Review
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Mitchel Brook, Conway Road, Whately, MA

(Google, 2018)



(AR and MADER, 2016)



(AR and MADER, 2016)



(AR and MADER, 2016)



(AR and MADER, 2016)



(AR and MADER, 2016)



(AR and MADER, 2016)



(MMI, 2018)



(MMI, 2018)



(MMI, 2018)



(MMI, 2018)



(MMI, 2018)


