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Project Team
 Wood-Pawcatuck Watershed Association

 Fuss & O’Neill, Inc. and Field Geology Services

 Project Steering Committee
• Municipal representatives from the most heavily-impacted watershed 

communities
• State and federal agencies
• Other organizations

 Project Funding
• NFWF/DOI Hurricane Sandy Coastal Resilience Grant



Project Objectives
1. Assess the vulnerability of the Wood-Pawcatuck Watershed to 

flooding

2. Develop a watershed-based management plan
• Enhance flood resilience
• Focus on nature-based approaches that strengthen natural ecosystems
• Identify prioritized actions and implementation projects

3. Encourage local decision-makers to think more strategically about 
natural systems approaches



What are Nature-Based Approaches?
 Rely on ecological processes to achieve 

climate/flood resilience objectives

 Use natural systems, mimic natural 
processes, or work in tandem with 
traditional approaches

 Benefits beyond flood mitigation

Floodplain Restoration

Stormwater Green Infrastructure

Dam Removal
Flood and Fish-Friendly 
Culvert ReplacementWetland Conservation



Why Develop a Watershed Plan?

 Water flow does not follow political 
boundaries

 Upstream activities affect 
downstream flooding 

 Watersheds are logical frameworks to 
address water resource issues

 A comprehensive, science-based 
management plan developed with 
public input improves chances of 
success and future funding



Watershed Planning Process

Technical 
Assessments

Watershed
Baseline 

Assessment

Stream 
Geomorphic 
Assessment

Bridge, 
Culvert & 

Dam 
Assessment

Wetlands 
Assessment

Green 
Infrastructure 
Assessment

Land Use 
Regulatory 

Review

 Stakeholder and Community 
Involvement
• Steering Committee 
• Watershed Survey
• Community Meetings
• Coordination with RIDEM

 Technical Assessments
• Series of technical reports
• Included in Plan Appendices



 317 square miles in RI and 
CT

 Major portions of 11 
municipalities

 Population of 84,000

 380 stream miles

 Drains to Pawcatuck River 
Estuary and Little 
Narragansett Bay

 Mostly rural and forested 
with development in 
villages/town centers

Wood-Pawcatuck Watershed



Flooding in the Wood-Pawcatuck
 History of flooding in the watershed

 The Great Flood of 2010 (>“500-Year Flood”)



Wood River, Hope Valley, RI



Pawcatuck River, Westerly, RI



Pawcatuck River, Ashaway, RI



Shunock Brook, North Stonington, CT



River Corridor & Floodplain Development



Channel Straightening



Dams



Road-Stream Crossings



More Frequent Extreme Storms

Source: Fourth National Climate Assessment, https://nca2018.globalchange.gov/chapter/climate

Observed Change in Total Annual Precipitation Falling in the 
Heaviest 1% of Events



Flood Resiliency Management Plan
 Plan Development Process
 Watershed Overview
 Management 

Recommendations
• Actions
• Lead entities
• Timeframe
• Relative costs
• Possible funding sources



Town Summaries



Recommendations by Category
1. Dams

2. Culverts and Bridges

3. Floodplains and River Corridors

4. Stormwater



Dams
 Over 160 documented dams in 

watershed

 Many no longer used for original 
purpose and are in poor condition

 None constructed for flood control

 Backwater during floods and 
downstream hazard in event of dam 
failure 

 Barriers to fish and other aquatic life

 Important recreational, habitat, and 
cultural values

Objective: Reduce the 
flood risk posed by dams in 
the watershed, and restore 
the connectivity of streams 
for fish and other aquatic 
organism passage.



Dams – Alternatives Assessment

• Development/Land Use
• Road Crossing Type
• Flood Prone Areas

• Inlet/Outlet
• Substrate
• Physical Barrier

• Invert/Bed Material
• Culvert/Channel Width
• Culvert Material/Condition

• Conveyance
• Design Storms
• Climate Change

Removal/Breach Repair

Repurposing
Aquatic 

Organism 
Passage

No Action/ 
Maintain

Evaluation Criteria

Hazard Classification

Dam Condition

Owner’s Ability to Maintain

Capacity

Benefits vs Loss of Current Uses

Downstream Continuity 

Cost effectiveness

Ease of Permitting

Feasibility of Repurposing

Hydraulic Impacts

Wetland Impacts



Dams Assessment Results



Dams – Recommendations
 Incorporate priority dam management recommendations into local 

hazard mitigation plans

 Perform site-specific feasibility studies to confirm feasibility of 
recommendations and to support design and permitting

 Obtain funding for and implement dam removal projects

 Dam removal costs are highly site-specific
• Most projects: $100,000 to $1 million
• Lower Shannock Falls Dam (2011): $825,000
• White Rock Dam (2015): $950,000



Road Stream Crossings
 Undersized crossings (culverts and 

bridges) can be flooding and 
washout hazards

 Barriers to fish and other aquatic life

Objective: Reduce the flood risk 
and erosion hazards posed by 
culverts and bridges in the 
watershed, and restore the 
connectivity of streams for fish 
and other aquatic organism 
passage.



Wood-Pawcatuck Bridges and Culverts
 573 structures identified 

using GIS

 421 structures were 
inspected

 Standard assessment 
protocols (NAACC)



Prioritization Criteria

1. Hydraulic Capacity
2. Geomorphic 
Vulnerability

3. Aquatic Organism 
Passage

4. Flooding Impact 
Potential

Prioritization

• Development/Land Use
• Road Crossing Type
• Flood Prone Areas

• Inlet/Outlet
• Substrate
• Physical Barrier

• Invert/Bed Material
• Culvert/Channel Width
• Culvert Material/Condition

• Conveyance
• Design Storms
• Climate Change



Road Stream Crossings – Findings
 38% are hydraulically undersized (less than 25-year design flow 

capacity)

 Only 40% of road stream crossings provide for full passage of 
aquatic organisms



Road Stream Crossings – Priority Ratings



Road Stream Crossings – Recommendations
 Incorporate priority stream crossings into local 

hazard mitigation plans and CIPs

 Strategically upgrade vulnerable stream 
crossings

 Implement local and state stream crossing 
standards modeled after neighboring states

 Update design storm precipitation amounts 

 Provide training to highway departments

 Implement ongoing inspection and 
maintenance program



Floodplains and River Corridors
 Areas along rivers and streams subject 

to flooding and erosion hazards

 Most stream reaches sensitive to 
change

 Channel straightening and bank 
armoring

 River corridor development

 Floodplain and channel restrictions

Objective: Conserve and 
restore floodplains and 
river corridors in a natural 
condition to mitigate flood 
and erosion hazards, 
attenuate sediment loads, 
and create and enhance 
habitat. 

Restore impacted stream 
channels to an equilibrium 
condition by addressing the 
underlying causes of 
channel instability. 



Geomorphic Assessment
 Phase 1 (desktop) – 111 stream miles

 Phase 2 (field) – 39 stream miles



Stream Restoration

Marginal Log Jams Boulder and Log Deflectors

Root Wad Revetments Willow Stakes above Root Wad Revetments



Floodplain Restoration

Wood AdditionCreation of Floodplain Terrace for Incised Channels



Floodplain & River Corridor – Recommendations

 Stream & floodplain 
restoration projects 
identified in River 
Corridor Plan (Appendix 
I)

 Over 40 potential 
projects identified (10 
concepts)

 Costs – highly site 
specific
• $200 to $1,000 / LF
• Recent projects ($300K -

$800K)



Floodplain & River Corridor – Recommendations

 Consider fluvial erosion hazard zoning, or less formal adoption in 
local hazard mitigation and comprehensive plans  

 Consider changes to zoning and subdivision 
ordinances/regulations to go beyond minimum NFIP standards
• Incorporate ASFPM “No Adverse Impact Floodplain Management” Policy
• Increase participation in NFIP Community Rating System
• Adopt more stringent flood management standards

 See Land Use Policy and Regulatory Review (Appendix K) for 
more details



Stormwater
 Stormwater runoff contributes to 

drainage-related and riverine flooding

 Source of water quality problems

 Communities using green stormwater 
infrastructure to alleviate drainage-
related flooding and improve water 
quality

Objective: Reduce runoff 
volumes, flooding, and 
water quality impacts 
through improved 
stormwater management 
and the use of green 
stormwater infrastructure 
throughout the watershed.



Potential GI Retrofit Sites

82 sites visited
Design concepts 
developed for 30 
sites





Stormwater – Recommendations
 Incorporate GI into municipal 

stormwater infrastructure planning and 
capital projects

 Update municipal land use regulations 
to require GI/LID for new development 
and redevelopment and to meet MS4 
Permit requirements

 Update design storm precipitation 
amounts 

 Pursue sustainable, long-term funding 
for GI



Funding & Implementation
Rhode Island

• Narragansett Bay and Watersheds 
Restoration Fund (BWRF)

• RI Green Economy Bond
• RI Infrastructure Bank
• 319 NPS Grants
Connecticut

• CIRCA, STEAP, 319 NPS
Federal/Other

• FEMA Hazard Mitigation
• NRCS Regional Conservation 

Partnership Program (RCPP)
• Southeast New England Program 

(SNEP) 



Questions?
Contact Information
Erik Mas, P.E.
Vice President
Fuss & O’Neill, Inc.
800-286-2469
emas@fando.com

http://wpwa.org/flood_resiliency.html


