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Rhode Island Stream Crossings

® Approximately 3,578 miles of riverine ecosystems

in Rhode Island

¢ Currently an estimated 4,300+ road and railroad crossings

affecting Rhode Island streams.

Many crossings do not allow for the natural movement of
water, sediment, and migratory species due to poor

hydraulic and ecological design.

® Common problems at existing crossings

® Clogging, high or low velocities, perched crossings,

. . . Example of undersized crossin
ponding or flooding, scour, undersized and unnatural or P 8

no bed material. (%QZ:




Purpose of the Manual

® Provide specific standards for Rhode Island streams
® Required for all RIDOT-owned road-stream crossings (%OT
¢ Strongly encouraged for other Rl state agencies, municipalities, St
oad-stream Crossing
regulators, and stream crossing designers Design Manual
. . . . . . ‘.‘Au'giust2021 - mw::——?'b -
® Avoid “in-kind” replacement with more holistic - R
approach
[ J

Enhance aquatic organism passage (“AOP”) and stream

continuity

Provide safer, cost-effective, low maintenance, and resilient

stream crossings

cedlor
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Development of the Manual

Literature Review

VHB team reviewed 30+ documents on industry

standards, state guidance, and the most recently available

research.

Stakeholder Meetings

Members from EPA, National Marine Fisheries Service,
National Park Service, Rl Coastal Resources Management
Council, Rl Department of Environmental Management,
U.S. Army Corps of Engineers, and U.S. Fish and Wildlife

Service.

o RHODE ISLAND

U.S.
FISH & WILDLIFE
SERVICE

Driven fo get you there



When are you expected to use the Manual?

® Now! Effective 10/15/21

The Manual must be used to design all RIDOT-owned

stream crossings (new, replacement, or retrofit)

® Replacement/Retrofit Process: Ross Siream Crossiog

® 1.RIDOT 2019 Stream Assessment Handbook (not

required but highly encouraged)

¢ 2. Design using the new Manual

® 3. Re-Assess with RIDOT 2019 Assessment Handbook

® Emergency replacement projects

Use the Manual when feasible with RIDOT approval

cedlor
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Key Methods

Build Upon RIDOT
Assessment Handbook

IHJ

Design
Manual

Design Framework from
Regional Stream Crossing
Manuals

%

Structural and
Environmental
Considerations

Base Requirements upon
the RIDOT Highway
Functional Classification

Retrofit Guidance

[€

N

o7
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What this Manual I1s Not:

@ A design guide for stormwater and other drainage pipes
@ A replacement for the RIDOT Bridge Inspection Manual, the RIDOT Linear

Stormwater Manual, or the Rhode Island Stormwater Design and Installation

Standards Manual

@ A guide for structural or geotechnical design and analysis of bridges, arches,

or culverts
(X) An assessment guide for prioritizing stream crossing replacement

@ A stream crossing permitting guidebook — RIDEM will evaluate each crossing

on a case-by-case basis and there may be additional requirements
O A guide for floodplain management or analysis

cedlor
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The Design Standards

® Two levels of Design Standardsfor each Design Criteria:

New or replacement crossings should always aim to meet

the Optimal Standard for each Design Criteria.

With RIDOT approval: A crossing may meet the Optimal

Standard for some Design Criteria and only meet the -

- for other Design Criteria.

® Focuson “Stream Simulation” Design

Approach from USFS Stream Simulation document (2008)

Goal to create a stream crossing that mimics the
characteristics of the natural channel in as many facets as

possible.

cedlor
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Able to meet
Optimal
Standards?

Yes

Design to Optimal
Standards

No

Approval from
RIDOT to not meet
Optimal Standards

Design to Base
Standards

The Design Standards

Replacement
Crossing
(or Retrofit)

Able to meet
Optimal
Standards?

Yes No

Approval from
RIDOT to not meet
Optimal Standards

Design to Optimal
Standards

Able to meet
Base Standards?

Approval from
RIDOT to not meet
Base Standards

Design to
Base Standards
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The Design Criteria

Design Approach

Structure Type

Channel Velocity

Climate Change

Crossing Profile

Embedment &
Substrate

©
G)
©

©

Hydraulic Modeling

Openness Ratio

Stream Crossing Span

Structural Stability

Tidal/Coastal
Modeling

Reporting
Requirements
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Design Criteria — 1. Design Approach

i RIDOTA /
Optimal Standard Base Standard recuned

® USFS Stream Simulation ® AOP Design

® Modified Hydraulic Design

Y

topographic floodplain

A

< hydrologic floodplain >

- ? &
bankfull width f

bankfull

T elevation

bankfull depth

v
R,
Source: FISRWG, 1998 'dOT
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Design Criteria — 2. Structure Type

Optimal Standard Base Standard "0 reove
® Bridge, 3-sided box culverts, open- ® Pipe culvert or box culvert with
bottom/arch culverts embedment

Bridge

cedlor
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Design Criteria — 3. Channel Velocities

Optimal Standard

RIDOT Approval
Base Standard " T.

® Velocity within the swimmable range of
(AOP) target species (or comparable to a
reference reach) at bankfull flow and

range of base flows (if no target species).

® Include AOP study for target species

(when applicable).

Velocity comparable to natural

channel at bankfull flow.

Juvenile brook trout (Source: RIDEM) ('dOT
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Design Criteria — 4. Climate Change

Requires the proposed design to pass the future Design Storm according based upon span & the highway functional classificatio n of the roadway.

Highway Functional Classification® Flood Frequency Requirements’ Design Storm Freeboard Requirements Climate Change Projection Horizon®*'""

Span Less than 10 feet
All Classes = = Design Storm: 10% AEP Mo freeboard required Pass the design storm for the projections of the end
- Design Scour: 4% AEP l_::f the ;eruice life: 75-year Horizon (unless crossing
» Check Scour: 2% AEP @ 's atypical)
= Climate Check: 4% AEP
Span 10 to 20 feet
Rural Minor Collector = Design Storm: 10% AEP 1-foot Pass the design storm for the projections of the end
Rural Local = Design Scour: 4% AEP of the service life
@ Urban Collector/Local Bike =+ Check Scour: 2% AEP }i?i;vailable)
or Walking Path =+ Climate Check: 4% AEP
Rural Major Collector | = Design Storm: 4% AEP Z zg’:”fosl:f‘fiic"e"ﬁf‘;t 2-feet Pass the dgsiglj storm for the projections of the end
Urban Minor Arterial » Design Scour. 2% AEP ;’); rl;l::’;savailable) of the service life
* Check Scour: 1% AEP
- Climate Check: 2% AEP If Available
Rural Principal Arterial =+ Design Storm: 2% AEP 2-feet Pass the design storm for the projections of the end
Rural Minor Arterial  » Design Scour: 1% AEP of the service life
Urban Principal Arterial ' = Check Scour: 0.5% AEP
Or Any Structure on the NHS = Climate Check: 1% AEP
Span 20 feet or Greater

Example: If the crossing is a 15-foot span Rural Major Collector with a planned construction year of 2025 and a service life of 75-years, then the
Climate Change Projection Horizon is 75-years, and the designer must find the most applicable and up-to-date sea level rise and precipitation
projections for the year 2100 and design the crossing to pass the 2100 4% AEP tidal event (if tidally influenced) and the R’

o7
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2100 4% AEP precipitation event. [f 2100 projections are not available, the Climate Check Event is utilized, the project

must pass the Current Day 2% AEP Check flood.
Recommended Projection Sources: RI CRMC, RI Climate Change Office, IPCC, NOAA, NECASC




Design Criteria — 5. Crossing Profile

Optimal Standard

RIDOT Approval

Base Standard Required

Crossing profile to match existing
natural stream using reference reach

and vertical adjustment potential (VAP).

Crossing profile to match existing
natural stream grade upstream and/or

downstream of the crossing location.

TOF OF BANK=
UPPER VAP LINE

CHANNEL
PROFILE

STREAMBED

\ LOWER VAP LINE

MEDIUM WOODY DEBRIS PARTIALLY
PLUGS CULVERT

BACKWATER SEDIMENT T

1.5 LOG

2' POOL NEAR
TREE ON BANK

CULVERT OUTLET PLUNGE POOL EDGE

Source: FSSWG, 2008

cech
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Design Criteria — 6. Embedment, Substrate,

and Channel Stability

Optimal Standard

Base Standar

d RIDOT Approval
Required

®  Open-bottom structures have >1 foot of
natural substrate material above any required

scour protection material.

® Includescour stability analysis and grain size
analysis

® Channel cross section within the crossing

designed to mimic low flow depths of natural

channel.

Channel Thalweg

Recommended Soil Sample Locations provided withinthe Manual

Closed-bottom crossings > 8 feet in span
must have min. embedment of 2 feet.
Crossings < 8 feet in span must have a min.

embedment of 25% of the opening height

Channel cross section designed within the
crossing to mimic low flow depths of

natural channel.

cedlor
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Design Criteria — 7. Hydraulic Modeling

Optimal Standard Base Standard ~ "707e0v!

HEC-RAS (or equivalent) analysis HY-8, CulvertMaster, HydroCAD, (or

required. equivalent) analysis required.

i City Center Office Complex - HydroCAD 10.00 {200 node s/n 0 - |E||1|
Project Diagram MNode Wiew Print  Settings Help

oo P a(x8 EEm Sl @] ey = 2]

;
Overflow fro -East side of
off-site brook ridge H

Tidal Out‘rall
Draﬁge Swale Detjﬁmn Fao
T R meadow
s @
L d

e NS (M) ¢

EXi s D

0ld Orchard Parking Lot South-EastWoods
Kl | ol
I City Center Office Complex | TR-20 Sample Job #1 |
7 [Select rainfall event %=7.61 [y=7.97 [ %
Source: U.S. Army Corps of Engineers, 2021 Source: HydroCAD, 2020

RI




Design Criteria — 8. Openness Ratio

Optimal Standard Base Standard 7T reve
Openness ratio > 1.64 feet and Height > Openness ratio 2 0.82 feet to the
6 feet. If conditions significantly inhibit maximum extent practicable.

wildlife, use openness of > 2.46 feet and

height > 8 feet

Cross Sectional Area (ft?)
Length (Ft)

Openness =

<+——length———

Cross Sectional Area

cedlor

Driven fo get you there




Design Criteria — 9. Stream Crossing Span

Optimal Standard Base Standard "0 reove
Hydraulic span 2 1.2 x BFW with banks Hydraulic span > 1.2 x BFW with banks
on both sides designed for applicable on both sides.

wildlife passage.

Span = 1. 2 x Bankfull Width

1.2 x Bankfull Width—M»

Bankfull Width

Additional guidance for span alighment and placement relative to ‘ .dOT

the stream alignment is included within the Manual

Driven fo get you there




Design Criteria — 10. Structural Stability

Optimal & Base Standards

Designin accordance with Rhode Island and AASHTO LRFD standards. Structural design includes
appropriate loading including streamflow, span configuration and freeboard, wingwall layout and

design, and footing design.

LRFD BRIDGE
DESIGN

)
®

RHODE ISLAND
LRFD BRIDGE DESIGN MANUAL

STATE OF RHODE ISLAND
DEPARTMENT OF TRANSPORTATION

SPECIFICATIONS

2007 EDITION

cedlor
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Design Criteria — 11. Tidal/Coastal Modeling

Optimal Standard

RIDOT Approval
Base Standard Required

® Velocity comparable to natural channel

during the ebb and flow for high tide or

maximum flow conditions & low tide or

low flow conditions using a detailed

unsteady hydraulic modeling analysis.

® Includes AOP study

Tidally influenced crossings
must consider precipitation
changes and sea level rise.

® Designed to accommodate the

exchange of the full tidal prism
using a simplified quantitative

analysis (i.e., spreadsheet).

cedlor
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Source: NHDES, 2017




Design Criteria — 12. Reporting Requirements

Optimal & Base Standards

Required as part of the RIDOT 30% Design Submission:

1.
2.
3.

Geotechnical Investigation
Hydrologicand Hydraulic Computations
Road-Stream Crossing Standards Review Checklist(s)
» Checklist A.1 Existing Conditions (if applicable) and
A.2 Proposed Conditions
Table A.3 Hydraulic Design Data
The applicable Conceptual Design Figure

Road-Stream Crossing Report

Templates provided

in Manual

cedlor
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Checklist A.1 Existing Conditions

Bridge ¥ and/or Group #, Roadh

dy Name and Town Name:

y Name,

Design Criteria

Optimal Standards

Base Standards

Structure Type

O eridge

D 3-Sided Bax Culvert

E]O;:ewBaucm Culvert

[ Arch Culvert

[ Sinned Cverall Geomarphic Impect Scove 23

[ Pipe Culvert with Emsedment
[ Box Culvert with Embedment

[ existing crossing does not meet Base or Optimal Standards. Struciure type

Channel Velocities

[ velacity within the swimmable range of target species

[0 velecity comparable to reference reach at bankiull flow snd range of base flows (if no target spedes peesent)
[ AOP stugy for target species

[ inned Aquatic Passebility Scare 23

D Velacity comparable 1o natural charnel st zankfull low

Climate Change

D Hydraulic capacity designed for sea level rise and/or increased preciptation projections based upon Hydraulic Desgn Requirements

Crossing Profile

D(mss ng profile matches existing natural stream based upon reference reach
[ frofie designed using vertical adjustment patential (VAR)
[ Binned Aguati: Possobility Score =3

0 Crossing profile to match existing natural siream grade upstream and/or downstream of
the crossing location

[ existing crossing does not meet Base or Optimal Standards. Desoription of crassing pofie

Embedment, Substrate
and Channel Stability

Embedment depth.

31 foot (minimum) of natural substrate material abowe any required scour protection material
[ Cnannel cross section designed to mimic flow fiow depths of natural channe:

[Oincluded grain size anatysis and bed mability/scour stabifty analys's

[ Binned Overail Geomarphic impact Score ar Binned Aquatic Possability Scove 23

G Natural bottem subrate = 2 feet for all Sructures = B feetin span; = 25% of opening
heignt for &' spars < B feet
[ ¢hannel cross section designed 10 mimic low flaw depths of natural channe

[J Exusting crossing does not meet Base or Optimal Standards.

Operness ratio.

[ conditions significant'y inhibit wildlife, opennsss of 2 246 feet and height = 8 feet
[ Sinned Aquotic Passabiiity Score z4

Hydraulic Modeling | [ HEC-RAS Orys
[ tauivalent Software; [ CubvertMastor
[ 8innet Transportation Disruption Scare =3 [ HydroCAD
[ Equivalent Software:
Openness Ratio [J Openness ratio = 1.64 feet and height = 6 feet [ Greater than or sgual to 082 feet to the maximum extent practicable

[0 Bxisting Crossing does not meet Base or Optimal Standards

Stream Crossing Span

Aankfull width:
Crossing span:

[ Hydraudic span greater than or equa’ 1.2 x BRW with barks on bath sides designed for applcable wikdlife passage.
[ 8inned Fload (mpact Potential Scove 2

[ Bydraulic span greater than or equal to 1.2 x 8FW with banks an both sides

[ Existing crossing does nat meet Base or Optimal Standards.

[ velocity comparable to natural channel during the ebb srd fiow for high tide or maximum flow conditions and low
tide/low flow conditions based upan a detailed unsteady hydraulic modeling analyss

[ Binned Climate Change Yulnerability Score 22

Structural Stability [ Designed in accordance with Rnode Island and AASHTO LRFD standards. Structural design indudes appropriate loading induding streamflow, span configuration and fresboard, wingwall layout and
design; and footing design.
Unicnown

Tidal/Coastal Guidance | [J Non-tidal O non-tidal

[ Designed o accommodate the exchange of the full tidal peism using a simplified
quantitative analysis (i.e. spreadshest)

RIDOT Road-Straam Crossing Assassment Hanabook (2019)

T

there



Checklist A.2 Proposed Conditions

Bridge £ and/or Group #, Roadway Name, Waterbody Name and Town Name:

Design Criteria Optimal Standards Base Standards Replacement Crossing: MEP Elaborate on reasan
for MEP within Road-Strearm Crossing Report
Design Approach O Stream Simulation [ ~0P Desian O Maximum Extent Practicable
[0 Modified Hydraulic Design

Structure Type D Bridoe D Pipe Culvert with Embedment D Maximum Scent Practicable

[ 3-Sided Box Cuvent [ Box Culvert with Embedment

[ open-Battem Culvert

D arch Culvert
Channel Velocdities [ velacity within the swimmable range of target species [ Vesacity comparable to natural channed at bankfull flow O Maximum Extent Practicable

[ Veloxity comparable to reference reach at bankfull Bow and range of bass flows {il no target spedes present)

[0 AOP study for target species
Climate Change [C) Cesigned for sea level rise and/or increased precipitation projections based upon Hydraulic Design Requirements

Crossing Profile

O cross ng profile matches existing natural stream basad upen reference reach
[ Profle desigred using vertical adjustment patential (VAP)

[ Crossing profite to match existing natural stream grade upstream and/or downstream of
the crossing lacation

[0 Maximurm Extent Practicable

Embedmaent, Substrate
and Channel Stability

Embadment depth:

1 foot (minimum) of natural substrate material abowe any required scour protection material
[ thannel cross section designed ta mimic iow flow depths of natural channe!
[ Includes grain size analysis and bed mobility/scaur stability analysis

) Natural bottom substrate 2 2 feet for all tructures = 8 feet in span; = 25% of opening
haight for & spans < B feet
[ Channel cross section designed to mimic low flow depths of natural channe!

[ Maximum Exzent Practicable

Hydraulic Modeling [ HEC-RAS Okvs [ Maxitrum Extent Practicable
[ esulvalent Software 0 CutvenMaster
O kydrocan
O Equivalent Soétware:
Openness Ratio [ Opanness ratio > 1.64 feet and neight > 6 feet [ Greater than or equal to 082 feot ta the maximum extent practicable
Cpenness ratic; [ 1 conditions significanty inhibit wildlife, openness of = 246 feet and height = B feet
Stream Crossing Span | [[] Hydraulic span greater than or equal 1.2 x BFW vath banks on botn sides designed for applcable wikdlife passage. [ hydraulic span greater than or equal to 1.2 x BFW with banks on both sides [ Maxsmum Extent Practicable

Bankfull width
Crossing span

Structural Stability [ Design in accordance with Rhade 'sland and AASHTO LRFD standards, Structural design includes appropriate laading including streamflow, span configuration and frecboard, wingwal layout and design, and footing design. Hydrautic madeling and geatechnical
analysis provide direction on foundation requirements and site-specfic scour mvtigation measures,
Tidal/Coastal Guidance | [7] Non-tical O non-tida
[ Velecity comparabile to natural channe! during the ebb and flw for high tide or maximum flow conditions and low [0 Designed to sccommodate the exchangs of the fub tidal prisn using a simplified
tide/low flow canditions based upon a detailed unsteady hydraulbic madeling ansfysis. quantitatve anatysis i.e. screadsheet)
Reporting Requiremants| [ ao;d-Stream Crossing Report (with H&H computations), Geotechivcal Investigation, Hydrauic Performance Data Table, Conceptual Design Figureis)

o7

Driven to get you there




Table A.3 Hydraulic Design Data

Project Background

Bridge ID # and Group # (if applicable):
Roadway Name:
Waterhody Name:

City/Town Name:
Proposed Crossing Span (feet):

nghway Functional Classification:
Planned Construction Dates:

 Structure Service Life (years):

'Project within SpeC|al Flood Hazard Area and/or
Floodway? If yes, provide FEMA Flood Zone details
and elevation (if available):

Crossing Geometry

Existing Condition Low Chord Elevation (feet):

Proposed Condition Low Chord Elevation (feet):

Hydraulic Design Requirements

Design Storm Event:

Existing Condition Des:gn Storm Event Elevation (feet).
Proposod Condition Design Storm Event Elevation (feeu:

Freeboard Requirement (feet):
Freeboard Provided (feet):
Design Scour Event:

Check Scour Event:

Pass Climate Check Event (Y/N/NAY:

Tidal and Sea Level Rise Influence

Is the crossmg Currently mpacted by udal flow7 (Y/N}
Climate Change Prcuecuon Horizon Year:

Will the crossing be impacted by the future MHHW
based upon sea level rise for the Climate Change
Projection Horizon Year? (Y/N/N.A.):

cech
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Conceptual Design Figures

Four different Conceptual Design Figures

providedin Appendix B of Manual

Designer should choose the figure that most

similarly represents their crossing and complete

to associated table

® Availableas PDF and CAD .dwg files for editing

RHODE ISLAND DEPARTMENT OF TRANSPORTATION
E OPEN SPAN BRIDGE (ALL SPAN LENGTHS)

S T = Q

cedlor
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G. HIGH CHORD
OF BLOCKED AREA F. HIGH CHORD.
OF CROSSING
STRUCTURE
I I ROADWAY PROFILE l I I |
l ] | I I —]—D. LOW CHORD ELEVATION
[ I H 1 MINIMUM SPAN = 1.2 x BANKFULL WID’ ! | ! L
E. REQUIRED
& FREEBOARD - 1
[}
g %
g

C. DESIGN STORM ELEVATION
2 s ? e

| | | WILDLIFE
I l [ BENCH

BANKFULL WIDTH

MAINTAIN NATURAL FOUNDATIONS DESIGNED

NATURAL STREAMBED

I. THALWEG

CROSS SECTION WITH TO BE SCOUR STABLE
MATERIAL (SEENOTE 1) ELEVATION LOW FLOW CHANNEL (SEE NOTES 1 AND 2).
ELEVATION VIEW
NOTES HYDRAULIC FEATURES

1. CHANNEL CROSSING MATERIAL BASED UPON NATURAL CHANNEL A BANKFULL WIDTH (FT)
GRAIN SIZE ANALYSIS, BED MOBILITY, AND SCOUR STABILITY
ANALYSIS. 8. PROVIDED SPAN (FT)
ALL FOUNDATION, WINGWALL. AND ABUTMENT DESIGN SHALL BE IN
ACCORDANCE WITH THE RIDOT BRIDGE DESIGN MANUAL, AASHTO
LRFD BRIDGE DESIGN SPECIFICATIONS AND STAMPED BY A
PROFESSIONAL ENGINEER, LICENSED IN THE STATE OF RHODE
ISLAND.

SCOUR ANALYSIS SHALL CONFIRM FOUNDATIONS ARE PROTECTED
THROUGHOUT THE CHECK SCOUR STORM, PROVIDE PROTECTION

~

C. DESIGN STORM ELEVATION (FT)

D. LOW CHORD ELEVATION {FT)

@

E. PROVIDED FREEBOARD (FT)

G. HIGH CHORD
OF BLOCKED AREA F. HIGH CHORD
OF CROSSING
STRUCTURE

|

I I ROADWAY PROFILE [ I

| ]

| | | I I |

[ \[\-\

X ‘s s

—__}——D. LOW CHORD ELEVATION

T T T T T
[ It
4 Y 5 MINIMUM SPAN = 1.2 x BANKFULL WIDTH
| | j [ E. REQUIRED I l
£ FREEBOARD
: - [ |
w ~-
WILDLIFE T T T 1
BENCH E [¥c DESIGN STORM ELEVATION
1

A. BANKFULL WIDTH:

NATURAL STREAMBED
MATERIAL (SEE NOTE 1)

|. THALWEG
ELEVATION

MAINTAIN NATURAL
CROSS SECTION WITH
LOW FLOW CHANNEL

FOUNDATIONS DESIGNED
TO BE SCOUR STABLE
{SEE NOTES 1 AND 2).

AS NECESSARY.
F. HIGH CHORD ELEVATION (FT)

G. HIGH CHORD OF BLOCK AREA
(FT) (IF APPLICABLE)

H. HEIGHT (FT)

I. THALWEG ELEVATION (FT)

7 BRIDGE LENGTH (FT)
(PARALLEL TO FLOW)

RHODE ISLAND DEPARTMENT OF TRANSPORTATION

REVISIONS OPEN SPAN BRIDGE (ALL SPAN LENGTHS)
No.| BY | DATE R
STANDARD
Wﬂﬁl% %P%n‘wmmm ISSUE DATE

HYDRAULIC FEATURES

A BANKFULL WIDTH (FT)

B. PROVIDED SPAN (FT)

C. DESIGN STORM ELEVATION (FT)

D. LOW CHORD ELEVATION (FT)

E. PROVIDED FREEBOARD (FT)

F. HIGH CHORD ELEVATION (FT)

G. HIGH CHORD OF BLOCK AREA
(FT){IF APPLICABLE)

H. HEIGHT (FT)

I. THALWEG ELEVATION (FT)

J. BRIDGE LENGTH (FT)
(PARALLEL TO FLOW)

o7

Driven fo get you there




Option #2 — Open-Bottom Structure

G. HIGH CHORD
OF BLOCKED AREA F. HIGH CHORD

OF CROSSING
STRUCTURE

l {

| I ROADWAY PROFILE | | I I
G. HIGH CHORD

/OF BLOCKED AREA F. HIGH CHORD __.-——"‘I""—/—[' | | I | ‘[\'\
OF CROSSING T
s rn— NS S S l
[ { CULVERT (BC) g B —;—-——J-—‘: R - : D. LOWICHORD ELEV
L) iy esor | ] | ] 4 2T Skl &
ROADWAY PROFILE | 15> "s. min.8C sPaN= *b N |
/T_/‘r T T | I T\'\ ARCH CULVERT 1. 7é A 1.2x BANKFULL WIDTH g NEGUIRED T |
.

4 vE FREEBQARD | |} | |
3s|nEn 80x ;—L-— R -,—-«—J-\-—\—-— | 4 | | \H\% /& A oL —c oesicnstormeLev.
CULVERT :ec) PR \__\_n ——s ’ J 3 T 4—L'(—jf']/— | 1

e \'\. S - CULVERT SHAPE AND & S X |
&6 N BCSPAN= R s O MATERIAL BASEDON __+ A ¢ B. MIN. ARCH SPAN = At
ARCH CULVERT 5 1.2x BANKFULLWIDTH £ RequiReD T PROJECT NEEDS ik 1.2 X BANKFULL WIDTH -\L
i FREEBQARD (SEE NOTE 4) i 2N - A BANKFULL WIDTH: >

/

D. LOW CHORD ELEV.

HEIGHT’

cuwsar SHAPE AND B. MIN, ARCH SPAN \
MATERIAL BASED ON { F—"1.2 X BANKFULL WIDTH
ECT NEEDS | k
A BANKFULL WIDT

(SEE NOTE 4)

MAlNTAlN NATURAL
CROSS SECTION WITH
LOW FLOW CHANNEL

FOUNDATIONS DESIGNED TO
BE SCOUR STABLE (SEE NOTES 1 AND 3)

|. THALWEG
ELEVATION

WILDLIFE
BENCH

MANTAN RATURAL FOUNDATIONS DESIGNED TO

|. THALWEG

WILDLIFE CROSS SECTION WITH
e ELEVATION frspsferntinolil BE SCOUR STABLE (SEE NOTES 1 AND 3)
NATURAL STREAMBED ELEVATION VIEW
NATURAL STREAMBED ELEVATION VIEW MATERIAL (SEE NOTE 1).
MATERIAL (SEE NOTE 1).
NOTES HYDRAULIC FEATURES
HYDRAULIC FEATURES
1 CHANNEL CROSSING MATERIAL BASED UPON NATURAL CHANNEL A BANKFULL WIDTH (FT)
GRAIN SIZE ANALYSIS, BED MOBILITY, AND SCOUR STABILITY
ANALYSIS. 5. PROVIDED SPAN (FT) A BANKFULL WIDTH (FT)
2. ALL FOUNDATION, WINGWALL, AND ABUTMENT DESIGN SHALL BE IN
ACCORDANCE WITH THE RIDOT BRIDGE DESIGN MANUAL, AASHTO
LRFD BRIDGE DESIGN SPECIFICATIONS AND STAMPED BY A & DESIGN STORMELEVATION (1)
PROFESSIONAL ENGINEER, LICENSED IN THE STATE OF RHODE B. PROVIDED SPAN (FT)
ISLAND. D. LOW CHORD ELEVATION (FT)
3. SCOUR ANALYSIS SHALL CONFIRM FOUNDATIONS ARE PROTECTED
THROUGHOUT THE CHECK SCOUR STORM, PROVIDE PROTECTION E. PROVIDED FREEBOARD (FT)
FONECESSARY, C. DESIGN STORM ELEVATION (FT)
4. VIEW ILLUSTRATES BOTH 3-SIDED BOX CULVERT OPTION AND ARCH F. HIGH CHORD ELEVATION (FT) e
CULVERT. DESIGNER TO CHOOSE BASED UPON PROJECT NEEDS,
G. HIGH CHORD OF BLOCK AREA D. LOW CHORD ELEVATION (FT)
(FT) (IF APPLICABLE)
H. HEIGHT (FT) ﬂ
E. PROVIDED FREEBOARD (FT)
. THALWEG ELEVATION (FT)
T BRIDGE LENGTH (FT)
(PARALLEL TO FLOW) F. HIGH CHORD ELEVATION (FT)

G. HIGH CHORD OF BLOCK AREA
(FT) {IF APPLICABLE)

H. HEIGHT (ET)

I. THALWEG ELEVATION (FT)

J. BRIDGE LENGTH (FT)
(PARALLEL TO FLOW)

RHODE ISLAND DEPARTMENT OF TRANSPORTATION
LS 3—SIDED BOX CULVERT & ARCH CULVERT

NO.| BY DATE

R.I.
STANDARD

CHEF_ENGINEER CHIEF DESIGN ENGINEER TSSUE DATE
TRANSPORTATION TRANSPORTATION
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Option #3 — Box Culvert

G. HIGH CHORD

OF BLOCKED AREA F. HIGH CHORD
OF CROSSING
STRUCTURE
I I ROADWAY PROFILE | I I I
> 4] 77 7777 77777777 2
S - I I I [ T
OF BLOCKED AREA F. HIGH CHORD
OF CROSSING I I I I I — I I
l smucwR(E 2 3 2 3 3 2 D. LOW CHORD ELEVATION
L 1

- aY3
I T T [ B. MIN. SPAN = 1.2 x BANKFULL WIDTH ?
ROADWAY PROFILE E. REQUIRED =

| l T — | I I

4 N >
| | | C B. MIN. SPAN = 1.2 x BANKFULL WID 5
| I "\ _}——C. DESIGN STORM ELEVATION | ]
1 1

E£. REQUIRED
BANKFULL WIDT}

&
-
2 FREEBOARD
x

|——C. DESIGN STORM ELEVATION
| |

| —D. LOW CHORD ELEVATION
1 1

HEIGHT

Y
I THALWEG . + |
ELEVATION 7 b
R
— -

T

s

=7 ]
WILDLIFE MAINTAIN NATURAL FOUNDATIONS DESIGNED TO

BENCH CROSS SECTION WITH
LOW FLOW CHANNEL BE SCOUR STABLE (SEE NOTE 1 AND 3)

NATURAL STREAMBED

'WILDLIFE —/ MAINTAIN NATURAL _/
\_ FOUNDATIONS DESIGNED TO MATERIAL (SEE NOTE 1).
BENCH CROSS SECTION WITH
BE SCOUR STABLE (SEE NOTE 1 AND 3) ELEVATION VIEW
NATURAL STREABED R S
MATERIAL (SEE NOTE 1).
ELEVATION VIEW
HYDRAULIC FEATURES
NOTES: HYDRAULIC FEATURES
1. CHANNEL CROSSING MATERIAL BASED UPON NATURAL CHANNEL [A. BANKFULL WIDTH (FT) A BANKFULL WIDTH (FT)
GRAIN SIZE ANALYSIS, BED MOBILITY, AND SCOUR STABILITY
ANALYSIS. B. PROVIDED SPAN (FT)
2. ALL FOUNDATION, WINGWALL, AND ABUTMENT DESIGN SHALL BE IN B. PROVIDED SPAN (FT)
ACCORDANCE WITH THE RIDOT BRIDGE DESIGN MANUAL, AASHTO C. DESIGN STORM ELEVATION (FT) f
LRFD BRIDGE DESIGN SPECIFICATIONS AND STAMPED BY A
PROFESSIONAL ENGINEER, LICENSED IN THE STATE OF RHODE
ISLAND D. LOW CHORD ELEVATION (FT) C. DESIGN STORM ELEVATION (FT)
SCOUR ANALYSIS SHALL CONFIRM FOUNDATIONS ARE PROTECTED
THROUGHOUT THE CHECK SCOUR STORM. PROVIDE PROTECTION E. PROVIDED FREEBOARD (FT)
AS NECESSARY.
F_ HIGH CHORD ELEVATION (FT) D. LOW CHORD ELEVATION (FT)
G. HIGH CHORD OF BLOCK AREA
S “===)). | |E.PROVIDED FREEBOARD (FT)
H. HEIGHT (FT)
I THALWEG ELEVATION (FT) F. HIGH CHORD ELEVATION (FT)
J_BRIDGE LENGTH (FT)
(P} T
PRI TO LIV G. HIGH CHORD OF BLOCK AREA

(FT) {IF APPLICABLE)

H. HEIGHT (FT)

I. THALWEG ELEVATION (FT)

J. BRIDGE LENGTH (FT)
(PARALLEL TO FLOW)

RHODE ISLAND DEPARTMENT OF TRANSPORTATION
ReviSoNs EMBEDDED BOX CULVERT

NO.| BY DATE

R.l.
STANDARD)

o7

Driven fo get you there




Option #4 - Pipe

G. HIGH CHORD

OF BLOCKED AREA £ HIGH CHORD
OF CROSSING
STRUCTURE
I | ROADWAY PROFILE | I | I
SRS V7777777777777
OF BLOCKED AREA F. HIGH CHORD I A I I \f\
OF CROSSING
STRUCTURE D. LOW CHORD ELEVATION | |

[ ]

[ ] AT SHER [ ] ] E REQUIRED FREEBOARD
777777,

B. MINIMUM SPAN =
1.2 x BANKFULL WIDTH

C. DESIGN STORM ELEVATION
Il 1

R S T T
| | ” A BANKFULL WIDTH
B. MINIMUM SPAN = I I

H.|HEIGHT

D. LOW CHORD ELEVATIO! I

E. REQUIRED FREEBOARD

| 1.2 X BANKFULL WIDTH > I T
c. DES!GNI STORM ELEVA\I'ION | / AGGREGATE CHOKER
T T COURSE TO FILL IN VOIDS <
A. BANKFULL WIDTH ALONG WILDLIFE PA
l I | | l LONGWDLINE PASSAGE NATURAL STREAMBED I |

T T
AGGREGATE CHOKER
‘COURSE TO FILL IN VOIDS
ALONG WILDLIFE PASSAGE

| | WL MATERIAL (SEE NOTE 1)
' '

NATURAL STREAMBED
MATERIAL (SEE NOTE 1)

&3 FOUNDATIONS DESIGNED
- CRUSHED STONE J IE‘[[EH\?:?:EﬁJ \—TO BE SCOUR STABLE
/ J FOUNDATIONS DESIGNED {SEE NOTES 1 AND 3)
CRUSHED STONE L T TO BE SCOUR STABLE
e A ELEVATION VIEW
ELEVATION VIEW
HYDRAULIC FEATURES
NOTES: HYDRAULIC FEATURES b e e
1 CHANNEL CROSSING MATERIAL BASED UPON NATURAL CHANNEL A BANKFULL WIDTH (FT)
GRAIN SIZE ANALYSIS. BED MOBILITY, AND SCOUR STABILITY A. BANKFULL WIDTH (FT)
ANALYSIS, . PROVIDED SPAN (FT)
2. ALLFOUNDATION, WINGWALL, AND ABUTMENT DESIGN SHALL BE IN B PROVIDED SPAN (ET
ACCORDANCE WITH THE RIDOT BRIDGE DESIGN MANUAL, AASHTO
LRFD BRIDGE DESIGN SPECIFICATIONS AND STAMPED BY A G- DESIGN STORM ELEVATION(ET) & ( )
PROFESSIONAL ENGINEER, LICENSED IN THE STATE OF RHODE
ISLAND. D. LOW CHORD ELEVATION (FT)
3. SCOUR ANALYSIS SHALL CONFIRM FOUNDATIONS ARE PROTECTED C. DESIGN STORM ELEVATION (FT)
THROUGHOUT THE CHECK SCOUR STORM. PROVIDE PROTECTION E. PROVIDED FREEBOARD (FT)
AS NECESSARY.
F: HIGH.CHORD ELEVARION {FT) D. LOW CHORD ELEVATION (FT)
G. HIGH CHORD OF BLOCK AREA e,
(FT) (IF APPLICABLE)
H. HEIGHT (FT) E. PROVIDED FREEBOARD (FT)
. THALWEG ELEVATION (FT)
T BRBCE ENGTH F. HIGH CHORD ELEVATION (FT)
(PARALLEL TO FLOW)

G. HIGH CHORD OF BLOCK AREA
(FT){IF APPLICABLE)

H. HEIGHT (FT)

I. THALWEG ELEVATION (FT)

J. BRIDGE LENGTH (FT)
(PARALLEL TO FLOW)

RHODE ISLAND DEPARTMENT OF TRANSPORTATION

RN ] EMBEDDED PIPE CULVERT /‘\
No.| BY_|_DATE
STANDARD

TRANSPORTATION TRANSPORTATION ’
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Final Design Considerations

® Construction Dewatering

® Minimize impacts to the streambed, surrounding

environment, and aquatic animals

¢ Cofferdam and flow diversion guidance

® Operation & Maintenance (O&M)

¢ Key items for construction and post-construction

inspection

® O&M plan guidance and standard practices for

stream crossings

ecior
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Project Cost and Scoping

Currently S1M added to costs on a project by project

basis in the TIP when crossing is undersized.

Planning future crossing assessments in advance
for upcoming crossing replacements in the TIP to

determine high priorities for upgrades.

RIDOT has S8M/Year in Protect money to add to projects

if needed in the future.

Ongoing advocacy for adding resiliency/protect funds.

cedlor
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Projects in Design

® The Manual is in effect as of 10/15/21 for all new RIDOT

projects
o : . Rhode Island Department of Transportation
Standards are incorporated in Army Corps RI PGP B
Design Manual

(effective March 2022) g

"E"*z T by
® We anticipate more projects in pipeline from new :

federal infrastructure bill (11JA), which will use the

Manual

® Projects underway:

® West River Bridge, Providence

® Round Swamp Bridge, Jamestown

cedlor
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Key Takeaways

v All RIDOT owned road-stream crossings must be designed using the Road-Stream

Crossing Design Manual
v The Manual is now available on the RIDOT website!

v New or replacement crossings should always aim to meet the Optimal Standard

for each Design Criteria.

v With RIDOT approval: A crossing may meet the Optimal Standard for some

Design Criteria and only meet the Base Standard for other Design Criteria.

v Don’t forget to include Checklist A.1 (if applicable), A.2, and A.3 in the 30%

design submission.

v Replacement or retrofit projects should use the Assessment Handbook prior to the

Design Manual whenever possible.

cedlor
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Thank You

Questions?

‘\.— Annique Fleurat Ariana Wetzel
hb afleurat@vhb.com awetzel @vhb.com
Rd' Alisa Diaz Richardson Nicole Lineberry
(ecior alisa.richardson@dot.ri.gov nicole.leporacci@dot.ri.gov

www.dot.ri.gov n www.facebook.com/ridotnews u @ridotnews [ dOT
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West River Bridge

® West River St over West River in Providence

® Planned for advertisement by end of 2022

PHOTO #1 |

.

Scoping Area - - « .
N, PTS ID: 2603C BRIDGE NO. 088301 g e s
N e iy

ESTELE\&TION = o~ '. 2T 09/27/2021

L < ik

Project Name: 2603C- Bridge
Group 13D - West Street Bridge at

Bridge ID: 088301

N

RI




Round Swamp Bridge

® North Road over West Passage (tidal) in Jamestown

® Planned for ~2024

Source: Jamestown Press

ecior

Driven fo get you there




