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Restrict aquatic organism passage
(AOP) to spawning, feeding, and
cold-water habitat

Restrict wildlife passage
Reduce stream connectivity
Extreme low flow

Restrict sediment transport
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Create high flow velocities
Cause road flooding
Clogging/debiris
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Create significant backwater during
flooding events

Cause road washouts
Create scour and erosion

Create exireme low flows
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Project Goc

Create hydraulic models for about 20,000
sfream crossing sites in Massachusetts

Develop culvert designs to convey flood
flows and meet the Massachusetts Stream
Crossing Standards

Publish culvert designs on USGS StreamStafts

Assist MassDEP in facilitating stream crossing
replacement projects
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Unnamed Tributary to Manhan River, Southampton, MA
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GIS-Based Hydraulic Model Development — '

Lidar Derived Elevation Data
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Unnamed Tributary to Manhan River, Southampton, MA




GIS-Based Hydraulic Model Development — Cross m
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Equations (Bent‘and Waite,
2013)
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equations for estimating peak flows
(Zarriello, 2017)

« Estimate 10-, 4-, 2-, and 1-percent
annual exceedance probability
(AEP) flood flows (10-, 25-, 50-, and
100-, and recurrence intervals)

« Equations based on drainage areaq,
mean basin elevation, and storage
(water bodies and wetlands)
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Unacceptable
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Hydraulic

Design Flow
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flood flow)
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Preliminary BN ™ T -
Culvert Designs

« Culverts types:
» 3-sided box “
-+ 3-sided arch |
- Embedded pipe

« Convey 10-, 4-, 2-,
and 1-percent AEP
flood flows :

* Meef stream
crossing standards

Elevation ()

Elevation (ft)

Elevation (1)

i

US Army Corps
of Engineers.




Hydraulic Models

Manning's n-values of 0.045 for channel
and 0.10 for overbank

Elevwation (ft)

Freeboard of at least 1 ft, and 2 ft if
specified by MassDOT Chap. 85 Section 35

Precast concrete sizes for box and pipe
culverts

Arch sizes limited to those in HEC-RAS

Stream crossing sites with drainage areas <
or = 2 mi?and < 20% impervious area

Minimum spans:

 10% AEP = 0.8 x BFW

4% AEP = 0.9 x BFW

« 2% and 1% AEP = 1.0 x BFW
« SCS=1.2xBFW
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Box Culvert

WS 0.2 percent AEP
WS 1 percent AEP
WS 2 percent AEP
WS 4 percent AEP

"WS 10 percent AEP

Ground

Elevation (1)
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of Engineers
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Box Culvert
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WS 4 percent AEP
WS 10 percent AEP
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3.0 Reach 3.0
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3.0 Reach 3.0

Legend

L
WS 0.2 percent AEP
WS 1 percent AEP

Baseline 2- and 1-percent AEP

:z ::::::z flood flow design B OX C U Ivert

WS 10 percent AEP

Elevation (ft)

80

Main Channel Distance (ft)

US Army Corps
of Engineers:




Unacceptable Maximum Extent Practicable (MEP)

Replacement Baseline « Habitat Quality Stream
in-kind MassDOT « Stream Crossing
Hydraulic connectivity Standards
Design Flow Design
(10-, 4-, 2- or 1-
percent AEP

flood flow)
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Unacceptable Maximum Extent Practicable (MEP)

Replacement Baseline « Habitat Quality
in-kind MassDOT « Stream
Hydraulic connectivity
Design Flow
(10-, 4-, 2- or 1-
percent AEP

flood flow)

Stream
Crossing

Standards
Design
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Step 1: Zoom in to level 15 or greater to enable
the delineation tool
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STREAMSTATS WEB APPLICATION

Box Arch Pipe

Disclaimer for preliminary culvert designs:

The intent of this 100l is to provide a preliminary design. Not all design consideration (i.e. specific bathymetric elevations, backwater effect, freeboard, adjacent structures, soil type, scour, channel migration, etc.) could be incorporated into this preliminary
design tool. Field review and verification should be performed, and the final design should be reviewed by a licensed engineer

Preliminary 3-Sided Box Culvert Design meeting the 10- and 25-Year Flood Flows and Stream Crossing Standards

Download HEC-RAS files

& Download~

Parameter Name 10-Yr Flow 25-Yr Flow Meets SCS Unit

Box Culvert Span @ 6.0 7.0 1.0 Feet

Box Culvert Height @ 2.0 20 Feet

Box Culvert Length @ 455 455 455 Feet

Box Culvert Area @ 120 14.0 220 Square Feet
Box Culvert Material @ Concrete Concrete Concrete

Box Culvert Upstream Channel Invert Elevation @ 385.8 385.8 385.8 Feet - NAVD88
Box Culvert Downstream Channel Invert Elevation @ 384.4 3844 3844 Feet - NAVD88

Box Culvert Road Deck Elevation @ 389.3 389.3 389.3 Feet - NAVD88

Box Embedment @ None None None
Box Substrate @ Natural Natural Natural
Box Span Ratio @ 07 08 13

Box Openness Ratio @ 0.26 031 048

Hydraulic Model Citations

Messachusetts Stream Crossing Gitation

Sturtevant, L.P., and McCarthy, B.A., 2024, Massachusetts stream crossing project data web map service: U.S. Geological Survey data release, https://doi.org/10.5066/P9BLICW4.

https://streamstats.usgs.gov/ss/




Comparison of GIS- and Field-Based Hydraulic Mc

Have 46 comparison sites with both GIS- and field-based hydraulic models across Massachusetts

Comparing selected model inputs and outputs, such as thalweg elevations, water-surface
elevations, velocities, culvert dimensions, efc.
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Difference in Culvert Span, Rise, and diameter, in feet

N=120

OBox O AI‘Ch o Pipe [0 Box Span [1Box Rise [1 Arch Span [ Arch Rise [ Pipe Diameter - Span [ Pipe Diameter - Rise - Embedded

Provisional Data — Subject to Revision — Do Not Copy or Release



USGS Team

USGS StreamStats and WIM Teams

Mass DEP and UMass Teams
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