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Wood-Pawcatuck Watershed

317 square miles in
Rl and CT

Major portions of 11
municipalities

380 stream miles
Drains to
Pawcatuck River

Estuary and Little
Narragansett Bay
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Flooding in the Wood-Pawcatuck

Potter
Hill Dam
Pawcatuck River, Ashaway, April 2010 Wood River, Hopkinton, April 2010
Photos: Wood-Pawcatuck Watershed Association o FUSS & O’NEILL




Watershed Technical Assessments

Purpose:
Evaluate current
conditions and
opportunities for
restorat_lon anq N -
protection projects Waterehed
that will enhance ATechnicalt
flood resiliency and S
rovide additional - I
p Green
benefits. Infrastructure
Assessment
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Watershed Technical Assessments

Objectives:

Quiality
Assurance
Project Plan

Assess flood risk
associated with

hyd raulic Land Use Stream
structures in the Regulatory el
watershed

Watershed
Identify prioritized _ PR

recommendations

to increase flood Green
resiliency and e
enhance AOP

and aquatic

habitat

Natural
Resources
Inventory

\
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Wood-Pawcatuck Bridges and Culverts

= 573 structures R

rails, and trails with

) . i ’ A
identified using GIS Eﬁﬁlﬁn
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 |ntersected roads }l‘.l e

mapped streams e
o 300

. Integrated Rl g\ i‘\ iy
Stream Continuity Eﬁ'ﬁ@.{;a
Project data 3‘ LA

 Reviewed aerial 9
imagery ¢

= 421 structures were
Inspected Culverts

@  Inspected (394)
& Mot inspected (152)
©  Found {Inspected) (27)
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Assessment Approach

= Adapted from Vermont’s Stream
Geomorphic Protocols and
others used in the NE

= |[nformation gathered:

= Site characteristics (e.g. sketch,
street name, stream name)

= Structure dimensions needed to
assess hydraulic capacity

= Deficiencies and condition of the

structure :

TheNature @
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geomorphic conditions North

Atlantic )5 I_CC
p————

North Atlantic Landscape
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Bridges and Culverts — Analysis

Geomorphic
Hydraulic Capacity Vulnerability

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

 Conveyance
e Design Storms
* Climate Change

Prioritization

Aquatic Organism Flooding Impact
Passage Potential

Inlet/Outlet Development/Land Use
Substrate Road Crossing Type
Physical Barrier Flood Prone Areas

‘j FUSS&O’NEILL




Hydraulic Capacity Analysis

Evaluate

nydraulic capacity of bridges and

culverts in the Wood-Pawcatuck watershed

Culvert/Bridge Flow Capacity Peak Flow Estimation

Calculations

e USGS Regional Regression

e Field Measurements Equations (StreamStats)

e FHWA/DOT Culvert Analysis l l e SCS Unit Hydrograph

Methods (CulvertMaster)

Method (TR-20)

e HEC-RAS Model Info. for e Design Storms (Annual
Larger Rivers (Bridges) Exceedance Probabilities):

Year 2070 Scenario:

10-, 25-, 50- and 100-year
storms

e Existing and Future

Magnification Factor = 1.51

Source: Walter and Vogel, 2010; Vogel et al., 2011; Zarriello et cond|t|0ns

al., 2013
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Flooding Impact Potential

Assessing the potential impact that flooding would
have on public safety and services

Impact Upstream and Downstream In FEMA | Type of
Rating Development? Flood Crossing
Zone?

Little to no development, mostly No Tralil
forested land

Mostly open farm land, very low Driveway
density residential area

Low to moderate density residential Town
area, little commercial/industrial Road
development

Moderate to high density residential State
area, some commercial/industrial Road
development

High density residential area, Yes Highway
significant commercial/industrial or
development Railroad

INational Land Cover Dataset and aerial imagery, one mile upstream and downstream of the crossing

@‘ FUSS & O’NEILL
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Geomorphic Vulnerabillity

Assessing the vulnerabillity of stream crossings in
the Wood-Pawcatuck watershed to erosion and
deposition

Structural Cobbles/Riprap Soil/Sediment
Bedrock Riprap Silt/Sand/Gravel
>50 Year 10-50 Year <10 Year

Culvert Width/ Channel 4 0.75-1.2 <0.75
Bankfull Width

Culvert Material Concrete Corrugated Steel' Masonry?
Culvert Condition Good Fair Poor

1f a structure was composed of HDPE or other plastic it was given a Culvert Material Rating of “Medium”
2If a structure was composed of timber it was given a Culvert Material Rating of “High”
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Aguatic Organism Passage (AOP)

Crossing Classification
If all are true
Inlet Grade At Stream Grade Inlet Drop or Perched
Cascade, Free Fall onto
Outlet Grade At Stream Grade Cascade
Outlet Drop to Water Surface =0 =1ft
Outlet Drop to Water Surface/
Outlet Drop toStream Bottom >0.5
Inlet or Outlet Water Depth Typical-Low >03f <0.3ft
Moderate =0.4ft = 0.4 ft
Comparable or
Structure Substrate Matches Stream Contrasting
E:tructure: Substrate Coverage 100% < 1005
Physical Barrier Severity None Minor or Moderate Severe

= Field assessments were conducted during
extremely dry conditions

= Some streams were not flowing
during inspections

= “Dry (Full AOP)” or “Dry (Reduced
AOP)” were assigned in some cases

X
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Assessment and Classification Results

Geomorphic
Hydraulic Capacity Vulnerability
* Invert/Bed Material
* Cubert/Channel Width
+  Culvert Material/Condition

- Conveyance ®
+ Design Storms

= Climate Change

) e ! i
>

Upper Wood River . L - Queen
Usquepaug River

Prioritization

Aquatic Organism “looding Impact
Passage Potential

« Inlet/Outlet Development/Land Use

* Substrate * Road Crossing Type

« Physical Barrier * Flood Prone Areas

Beaver
= River

Lower Wood

Wayassup Brook Rn:er

Aquatic Organism Passage (AOP) S Ashavay River . bl
Classifications

Chipuxet
River

(<)

= Full AOP
Dry (Full AOP)
m Reduced AOP ™
Dry (Reduced AOP) [NERIERZ=TS
= No AOP ‘ ‘

Aquatic Organism Passage (AOP) Classification

© FulAOP (150) m Subwatersheds
@ Reduced ACP (42) Roads

@ NoAOP (116) [ rown Boundary
@ Dry (Full AOP) (27) ~"~— Rivers

® Dry (Reduced AOP) (86)




AOP Classifications — Structure Type

Aquatic Organism Passage (AOP) Classification

@ Full AOP O Dry (Full AOP) @ Reduced AOP O Dry (Reduced AOP) ® No AOP
Structure Type
(# of Structures) 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Arched Conduit (8) 25% 13% -
Box Culvert (68)
Bridge (128)
Circular Conduit (217)
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Structure Prioritization

@ 0 FUSS & O’NEILL

The findings of all four assessments were combined to
determine an overall structure prioritization rating.

Geomorphic
Hydraulic Capacity Vulnerability
* Invert/Bed Material

+ Culert/Channel Width
+ Culvert Material/Condition

+ Conveyance
+ Design Storms
+ Climate Change

Prioritization

Aquatic Organism Flooding Impact
Passage Potential
* Inlet/Outlet * Development/Land Use

* Substrate * Road Crossing Type
= Physical Barrier = Flood Prone Areas

Assessment Rating Scoring Weighting Factor
Range

Hydraulic Capacity 1-5 43%

Flooding Impact Potential 1-5 29%

Geomorphic Vulnerability 1-5 14%

Aguatic Organism Passage 1-5 14%




Culvert & Bridge Priority Ratings

= E =
Chickasheen River Subwatershed

Culvert and Bridge Priority Rating /

] 3

(m

Legend
Priority Rating
® High
el @  Intermediate
4 - ‘Queen
) Usquepaug River - . ® Low
® 2 ‘ i 4 D ted Flood Locati
o BN % ¥ Riverine Related Flooding
Beaver £ D, i
< River ] S % Dam Related Flooding
: 1 “% Drainage Related Floading
——— Roads
[ Lake
Wetland
-~ Rivers

Lower Wood
River

L ®

Wayassup Brook

Ashaway River
[ ]

)
L )
Chipuxet
River

s

Pawcatuck

Kitho o AR 2o === Bridge and Culvert Priority Rating '
' it g ® High (155)
@  Intermediate (175)
@® Low (84)

w Subwatersheds

— Roads

D Town Boundary

~N~— Rivers
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Culvert & Bridge Priority Ratings

Priority Rating

o Low 0 Intermediate W High

Structure Type

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
(# of Structures)

Arched Conduit
(8)

Box Culvert (68)

Bridge (128)

Circular Conduit
(217)
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Wood-Pawcatuck Dams

Initially identified 150 dams

=  pased on review of RIDEM
and CTDEEP files

Identified 70 highest priority
dams for visual inspection

* Hazard classification
* Current condition assigned by
RIDEM and CTDEEP

Inspected 43 dams

Denied access to 27 dams

Middle =
, Pawcatuck *
River

o
Lower
Pawcatuck:  ~

- Relied on RIDEM and CTDEEP P P
file information where access R
was unavailable

# ® Inspected (45)
@ Not Inspected (9)
© Data from RIDEM/CTDEEP (17)
(:3 Subwatersheds
Roads

I:l Town Boundary

~"~~— Rivers




Dams — Alternatives Assessment

Evaluation Criteria

Hazard Classification
Removal/Breach

Dam Condition
Owner’s Ability to Maintain

: Capacity
Aquatic
Repurposing Organism Benefits vs Loss of Current Uses

Passage Downstream Continuity

Cost effectiveness
Ease of Permitting

No Action/
Maintain Feasability of Repurposing

etal...
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Dam Assessment Results

15 L ] e s
Lower Wood River Subwatershed
Dam Management Recommendations

x = =

j y D Z

Upper Wood River

7
Beaver
River Queen - ¢
Usquepaug, River

i

Wayassup
Brook

Legend . . Langwrthy’
Chipuxet : fan 3N poa w
: / : F Dam Management s SR Abona Locustatl Poid Dam { |
Shinadk : “ A River / £t Recommendations and Priority 5 5 ?""*,,Wl. 4

River, "
X - S— !

‘.

b Middle-.

_Pawcatuck , Pawcatuck-
g River

Remove/Breach, Low

41

Repair, Low

[ T 1 R

Construct Rock Ramp, Low

0 AOP Structure, Law

S Maimtain/ Ho Action, Law
— GeOMOrpHC Assassimant Raach f %
Roads

Dam Management Recommendation and Priority
Remove/Breach, High (8) A RemoveBreach, Low (13) m Subwatersheds
Repair, High (3) @ Repai, Low (3) —— Roads

|

A

®

A Remove/Breach, Intermediate (13) B construct Rock Ramp, Low (1) [_] Town Boundary ) i

I Construct Rock Ramp. Intermediate (2) ‘ AOP Structure, Low (1) ~— Rivers \ ‘T\ ‘rf“ﬁ'
% prep—

§ AOP Structure, Intermediate (2) + Maintain/ No Action, Low (13)
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Beyond Assessment

The watershed plan will integrate prioritized
recommendations for upgrades to bridges,
culverts, and dams with

« Recommendations by subwatershed

« Typical design and permitting considerations
 Approximate costs

« Potential funding sources

= Final recommendations are subject to change as
structures are repaired or removed

o FUSS & O’NEILL
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Hydraulic Capacity Analysis

Hydraulic “Capacity Ratio”

Flow Capacity (cfs)
Peak Flow (cfs)

Capacity Ratio =

o Capacity ratio less than 1 indicates that the culvert or bridge
cannot pass the peak discharge without overtopping

Hydraulic “Capacity Rating”

e Largest recurrence interval flood that the structure is able to
pass without overtopping (<10 yr, 10 yr, 25 yr, 50 yr, 100 yr)

Hydraulically Undersized - Design Flow
« 25-year peak discharge

@ FUSS & O’NEILL




Hydraulic Capacity — Future Vulnerability

A. Flood-Magnification Factor

Flood Magnification Factors

= Account for effect of
climate change and
urbanization

I
|

[
=

= Linear trend in annual peak
flow

LT

Magnification factor, in percent

|
l

= Can apply to floods of any - l ]

exceedance probability : T ze, 0

Number of years in the future from 2010

" Ye ar 2070 ScenarlO Source: Walter and Vogel, 2010; Vogel et al., 2011; Zarriello et
. p- . al., 2013
Magnification Factor = 1.51

A flood with a given exceedance probability will,
on average, be 50% greater in magnitude in 2070.
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Dam Evaluation Criteria ltems

Hazard Class

« State classification (potential hazard; not a function of
condition or probability of failure)

Overall Condition

 Based on field observations, recent inspections, etc.
Watershed Ratio

* Ratio of watershed area to impoundment area

* Higher value reflects lower potential for flood storage
protection benefit

Capacity Ratio

* Estimated capacity /100-year storm peak flow (in cfs)

 Values below 1 indicate insufficient capacity to pass 100-
year storm

- X o FUSS & O’NEILL
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Aquatic Organism Passage Classifications

(X) ®
o

Upper Wood River

9.

e <
O
078

Wayassup Brook
(x)

LX)

Shunock, Ashaway River
s (]

River - -~
Vuirzp
2 7

Pawcatuck
River

[ £y
3 d,. ’ =

Beaver
< River

Pawcatuck
River

Blawn )
Chipuxet
River

Aquatic Organism Passage (AOP) Classification

@

@
[ ]
®
®

Full AOP (150) m Subwatersheds
Reduced AOP (42) Roads

No AOP (116) [ own Boundary
Dry (FullACP) (27) ~"~— Rivers

Dry (Reduced AOP) (86)

20%

Aquatic Organism Passage (AOP)

Classifications

Full AOP
36% Dry (Full AOP)
 Reduced AOP
Dry (Reduced AOP)
m No AOP

o FUSS & O’NEILL




AQOP Classifications — Crossing Type

Aquatic Organism Passage (AOP) Classification

[ Full AOP 1 Dry (Full AOP) D Reduced AOP [ Dry (Reduced AOP) ™ No AOP

Crossing Type
(# of Structures) 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Trail (16) 19% 31%
Driveway (7) 43%

Local Road (255)

State Road (132) 11%

Railroad (9) 11%

Highway (2)

" FUSS&O’NEILL




AOP Classifications — Structure Type

Aquatic Organism Passage (AOP) Classification

@ Full AOP O Dry (Full AOP) @ Reduced AOP O Dry (Reduced AOP) ® No AOP
Structure Type
(# of Structures) 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Arched Conduit (8) 25% 13% -
Box Culvert (68)
Bridge (128)
Circular Conduit (217)
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Culvert & Bridge Priority Ratings

H Low O Intermediate B High
Subwatershed
(# of Structures) 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Queen Usquspaug (49 28% e
Chiashoen (19 39% s
Chipuet 35 43% I
Upper Pawcatuck (43) 63% _
Middle Pawcatuck (52) 52% _
Lover Pawcatuck 23 43% I
Unper Wood (2 4% S
LoverWood (54 43% I
Aehavy (27 37% e,
Wrassup (13 15% [ —
Shunock 33 39% e
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