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EXECUTIVE SUMMARY

The Wood-Pawcatuck Watershed Association in partnership with the Town of Richmond has
been awarded funding through the National Oceanic and Atmospheric Administration-American
Rivers partnership and the Rhode Island Coastal Resources Management Council to conduct a
Feasibility Study to assess anadromous fish passage and riverine habitat restoration at three dam
sites on the Pawcatuck River in Richmond and Charlestown, Rhode Island. This document
presents the detailed analysis of restoration alternatives. Figure ES-1 is a location plan of the
project corridor identifying the three dams.

The Pawcatuck River watershed encompasses a total drainage area of 317 square miles.
Approximately 260 square miles lie within Rhode Island; the remaining 57 square miles lie
within Connecticut. The basin is approximately 25 miles long and 24 miles wide at its widest
point. The upper and middle portions of the basin are characterized by gently rolling hills
interspersed with wetlands and ponds. The Pawcatuck River meanders 33 miles through rural
areas in Rhode Island before entering a more urban setting in the Westerly-Pawcatuck area. The
lower five miles of the Pawcatuck River are tidal. The river flows in to the Narragansett Bay.

Historically, it is believed that the Pawcatuck River was of regional importance to diadromous
fisheries, including Atlantic salmon and American shad. The system may have also supported a
strong brook trout population. Over the last several centuries, the river has been physically and
ecologically altered as a result of human activity. The many dams placed within the river have
impacted the anadromous and resident fisheries habitat.

Three early run-of-the-river dams are located on the main stem of the Pawcatuck River, all of
which currently block fish passage. From downstream to upstream, they are known as the Lower
Shannock Falls Dam, the Upper Shannock Horseshoe Falls Dam, and the Kenyon Mill Dam.

The Lower Shannock Falls Dam is located approximately 25 river miles above the estuary. The
Upper Shannock Horseshoe Falls Dam is located approximately one-half mile above the Lower
Shannock Falls Dam; the Kenyon Mill Dam is located an additional three-quarters of a mile
upstream of the Upper Shannock Horseshoe Falls Dam. These three dams are currently the
furthest upstrcam fish blockages to spawning and nursery habitat.

The following goals and objectives have been identified for the restoration of the Pawcatuck River:

Achieve diadromous and resident fish passage;
Improve riverine habitat conditions;

Maintain or enhance aesthetics;

Address dam safety;

Minimize long-term dam maintenance;
Consider and address cultural resources; and
Identify cost-eftective solutions.

A

Feasibility Assessment
Shannock Fish Passage Feasibility Study
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View of Lower Shannock Falls Dam from the right bank
upstream

View of Kenyon Mill Dam from the right bank

RESTORATION ALTERNATIVES CONSIDERED

A total of 13 alternatives were evaluated at the Lower Shannock Falls, Upper Shannock Upper
Shannock Horseshoe Falls, and Kenyon Mill dams. These are summarized in Table ES-1.
Conceptual renderings for selected alternatives are included as figures in the body of this
document. Conceptual design drawings for alternatives are appended, and show plan and profile
views. Evaluated alternatives include installation of fish ladders, dam removal, high gradient
riffles, and bypass channels.

Feasibility Assessment
Shannock Fish Passage Feasibility Study
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TABLE ES-1
Summary of Alternatives Considered

Alternative I_ Description
Lower Shannock Falls Dam
S-1 No Action
S-2 Fish Ladder on Right Bank
S-3 B Full Dam Removal
S-4 Bypass Channel Through Right Raceway
Upper Shannock Horseshoe Falls Dam
H-1 No Action
H-2a High Gradient Riffles at Right Raceway
H-2b Fish Ladders at Raceway
H-3 Fish Ladder at Left Abutment
Kenyon Mill Dam ]
K-1 ' No Action -
K-2 Fish Ladder on Right Bank o
K-3 Bypass Channel through Existing Breach -
K-4 B Full Dam Removal |
K-5 High Gradient Riffle

Table ES-2 summarizes the above alternatives with regard to their ability to meet the project goals
and objectives. Preliminary engineering opinions of costs were developed for the most feasible
alternatives, as well as the no action alternative for each of the three dams. Table ES-3 presents
costs for each of the alternatives.

TABLE ES-2
Summary of Alternatives at Kenyon Mill Dam
Achieves | Improves | Minimizes Long P(IJ’t:nZ;I;{; or Prudent and
Alternative Description Fish Habitat Term Dam Hg toric Feasible
Passage? | Conditions? | Maintenance? R Alternative?
esources? |
S-1 No Action No No No No | No
S-2 Fish Ladder Yes No No Yes ~ Maybe
S-3 Full Dam Removal Yes Yes Yes Yes Yes
5-4 Bypass Channel No No No Yes | No
H-1 No Action No No No & No | No
H-2 Ladder/Bypass Channel Maybe No No Yes I No
H-3 Ladder - Left Abutment Yes No No Yes B Yes
K-1 No Action No No No No No |
K-2 Fish Ladder Yes No No Yes Yes
K-3 Bypass Channel Yes No No Yes Yes
K-4 Full Dam Removal Yes | Yes Yes Yes Yes
- K-S High Gradient Riffle Yes No Yes Yes ) No

Feasibility Assessment
Shannock Fish Passage Feasibility Study
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TABLE ES-3
Cost Summary of Individual Alternatives

Alternative l Description [ Total Cost
Lower Shannock Falls Dam Alternatives
S-1 No Action $370,000
S-2 Fish Ladder on Right Bank - $450,000
S-3 Full Dam Removal B $413,000
Upper Shannock Horseshoe Falls Dam Alternatives
H-1 No Action - $217,000
H-2 Fish Ladders at Right Raceway N $421,000
H-3 Fish Ladder at Left Abutment - $308,000
N - Kenyon Mill Dam Alternatives -

K-1 No Action - $132,000
K-2 Fish Ladder at Right Bank - $169,000
K-3 Bypass Channel through Existing Breach - $226,000
K-4 Full Dam Removal 1 $384,000
K-5 High Gradient Riffle ' $288,000

As indicated in Table ES-3, cost opinions fall within a close range. The least costly "action"
alternatives are full dam removal at the Shannock Dam, installation of a fish ladder at the left
abutment at the Upper Shannock Horseshoe Falls Dam, and installation of a fish ladder at the
right bank at the Kenyon Mill Dam. Recommended alternatives are summarized in Table ES-4.

TABLE ES-4
Summary of Recommended Alternatives
Location ' Recommended Alternative =~
Lower Shannock Falls Dam 3-3 Full Dam Removal ~ $413,000
Upper Shannock Horseshoe Falls Dam | H-3 Fish Ladder at Left Abutment - $308,000
Kenyon Mill Dam K-4 Full Dam Removal $384,000

It is important to note that the recommended alternatives are believed to meet the project goals
and objectives, and are all believed to be technically feasible. However, the ultimate selection of
preferred alternatives will depend upon a balance of cost, potential ecological benefits, and
potentially public input. For example, while full dam removal is recommended at Kenyon Mill
Dam, the fish ladder option is the least costly alternative.

In addition to the restoration elements involving fish passage, channel restoration should be
considered as part of any future activities. The existing habitat upstream of the dams consists of wide
pools with low velocities. Preferred habitat includes mixed pool, runs, and riffles, with intermediate
velocities and increased cover. As part of any stream restoration effort, consideration should be given
to creating in-stream channel enhancements to add stream features that will increase the habitat
diversity. These types of stream improvements can be coupled with any of the selected alternatives.

Executive Summary.doc

Feasibility Assessment
Shannock Fish Passage Feasibility Study
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1.0 INTRODUCTION

1.1 Project Background

The Wood-Pawcatuck Watershed Association (WPWAY) in partnership with the Town of
Richmond, has been awarded funding through the National Oceanic and Atmospheric
Administration (NOAA) - American Rivers (AR) partnership and the Rhode [sland
Coastal Resources Management Council to conduct a Feasibility Study to assess
diadromous fish passage and habitat restoration at three dam siles on the Pawcatuck

River in Richmond and Charlestown, Rhode Island.

The subject study has been undertaken to assess the feasibility of providing diadromous
fish passage past three dams to the upper Pawcatuck River, including the Beaver,
Usquepaug, and Chipuxet tributaries. The dams are located on the main stem of the
Pawcatuck River, and currently represent the furthest upstream fish blockages to
upstream spawning and nursery habitat. From downstream to upstream, they are known
as the Lower Shannock Falls Dam, the Upper Shannock Horseshoe Falls Dam and the

Kenyon Mill Dam. Figure 1-1 is a location plan of the project corridor.

The WPWA retained Milone & MacBroom, Inc. (MMI) to evaluate various alternatives
to restore access to historic upstream habitat for species including American shad, river
herring, and American eel, as well as brook trout and other resident fish species. Various
fish passage allernatives have been considered for each of the three dams, including
structural fishways, bypass channels, high gradient riffles, and full or partial dam

removal.

The following goals and objectives have been identificd for the restoration of the subject

reaches of the Pawcatuck River:

SHANNOCK FISH PASSAGFE. FEASIBILITY STUDY
PAWCATUCK RIVER |
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Achieve diadromous and resident fish passage;
Improve riverine habitat conditions;

Maintain or enhance aesthetics;

Address dam safety;

Minimize long-term dam maintenance;

Consider and address cultural resources; and

A

Identify cost-effective solutions.

1.2 Work Scope

The feasibility study work scope includes the following elements:

Background Research;

Field Assessment;

Survey and Base Mapping;

Evaluation of Restoration Alternatives;

Hydrologic and Hydraulic Analysis;

Preparation of Concept Design Drawings and Graphics;

Planning Level Cost Opinions; and

A A

Public Outreach Meetings.

A number of reports and studies were reviewed during the data collection phase of the
analysis. The review included information on file with the project stakeholders, the
towns of Richmond and Charlestown, state agencies, U.S. Army Corps of Engineers, and

other sources, including the following:

— River and Wetland Assessment, Pawcatuck River, Worden Pond to Lower Shannock
Falls Dam performed by NOAA;

— Sediment reconnaissance and sampling for physical parameters performed by NOAA
in collaboration with USFWS, WPWA, and URI,

SHANNOCK FISH PASSAGE FEASIBILITY STUDY
PAWCATUCK RIVER |
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— Technical Report, Cultural Resources Assessment Shannock Fish Passage Feasibility
Study, Richmond and Charlestown, Rhode Island prepared by PAIL, Tnc.;

— Tax Assessor Information on file with the towns of Richmond and Charlestown;

— Strategic Plan for the Restoration of Anadromous Fishes to Rhode Island Coastal
Streams prepared by Dennis E. Erkan, Rhode Island Department of Environmental
Management;

— Interspecific Association, Diversity, and Population Analysis of Fish Species in the
Wood-Pawcatuck Watershed by Saila et. al.;

— Assessing I1abitat Requirements for Brook Trout (Salvelinus fontinalis) by Saila et.
al.; and

—s Small Dams and Habitat Quality in Low Order Streams by Saila et. al., 2005.
The following tasks were performed during field investigations of the sitc:
— Visual dam inspections were performed of the Lower Shannock I'alls, Upper
Shannock Horseshoe Falls Dam, and Kenyon Mill Dam;

— A survey was conducted of the wetland and vegetation habitats; and

— A field survey was conducted of the channel and impoundments.

1.3 Organization of Document

This document is organized as follows:

— Chapter 1 presents background information on the project, describes the project goals

and objectives, and presents the project work scope.

— Chapter 2 documents information on the existing environment within the study area.

— Chapter 3 presents information on target fish species.

SHANNOCK FISH PASSAGE FEASIBILITY STUDY
PAWCATUCK RIVER | . .
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— Chapter 4 evaluates hydrology and hydraulics of the river under existing conditions.

— Chapter 5 presents an overview of fish passage restoration alternatives considered.

— Chapter 6 presents the alternatives analysis for Lower Shannock Falls Dam.

— Chapter 7 presents the alternatives analysis for the Upper Shannock Horseshoe Falls

Dam.

— Chapter 8 presents alternatives analysis for the Kenyon Mill Dam.

— Chapter 9 provides recommendations on preferred alternatives.

— Chapter 10 presents estimates of probable constructions costs and likely permitting

requirements.

SIJANNOCK FISH PASSAGE FEASIBILITY STUDY
PAWCATUCK RIVER l
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2.0 EXISTING CONDITIONS

2.1 Pawcatuck River Watershed

Figure 2-1 shows the Pawcatuck River watershed. The watershed is the largest river
basin with land in Rhode Island, with a total drainage area of 303 square miles according
to the 1986 Town of Charlestown FEMA Flood Insurance Study (F1S), and 317 square
miles according to the Pawcatuck River Basin Plan prepared by the CT DEP in 1978.
According to the Basin Plan, approximately 260 square miles lie within Rhode Island; the
remaining 57 square miles lie within Connecticut. The basin is approximately 25 miles
long and 24 miles wide at its widest point. The upper and middle portions of the basin
are characterized by gently rolling hills interspersed with wetlands and ponds. The
Pawcatuck River meanders 33 miles through rural areas in Rhode Island before entering a
more urban setting in the Westerly-Pawcatuck area. The lower five miles of the

Pawcatuck River are tidal. The river flows into the Little Narragansett Bay.

The Pawcatuck River and its major tributary, Wood River, drain much of southwestern
Rhode Island. The lower Pawcatuck River watershed extends into portions of

Connecticut and forms the border between the two states at some locations.

The project reach is situated in the northeast portion of the Pawcatuck River watershed.
The watershed is relatively rural and the river is actively used for canoeing, fishing, and
passive recreation. The low gradient watershed is characterized by extensive areas of
pervious sand and gravel soils originating as glacial deposits and is home to numerous
lakes and wetlands. As a result, peak flows are partially attenuated and summer low

flows are maintained. Table 2-1 presents general characteristics of the Pawcatuck River.

SHANNOCK FISH PASSAGE FEASIBILITY STUDY

PAWCATUCK RIVER |
AUGUST 2007 PAGE 2-1 Q‘Q MILONE & MACBROOM®



6 LD I BE 1111 Ujg J—

PIYSIIB AN JOATY Yonjeome]

[~z 23] Sl i Apms A)piqiseay | 0L ,mwa fm
. pXwusegH (ax
sooyg|  L002 AV 218G adessed ysi yoouueys M s
PUEB[S] apoyy

€€L6-TLT (£07) xR
£LLT-1LT (£07) :ouoyq
01$90 LD *2:1qsagD
AL ANeIY 66
e I‘
SNOOAgOVIN ¥ INOTII §) .\\
SRINY [TCRELCILUSY P

ETLTREIETRT R o L
Fuupandg

——
SUMOT, pUB[S[ pOUH _anh_

SUMO] INOIOSUTO)) ﬁ_

~

Arepunog paysIaem
JIATY Yonjeomeg

SAIPOGISIBAN @

we( S[iB8 ] Y0uuByS M0

SISINODIIBA, —— o~




2.2

TABLE 2-1
Pawecatuck River Data

Parameter Value

Watershed Area 303 SM'

Bank Full Width =80 Feet

Alignment Sinuous

Gradient Mild (0.001 Feet/Foot) to
Moderate (0.005 Feet/Foot)

Substrate Sand and gravel over bedrock

Banks Glacial Qutwash, Wooded

Bedload Transport Low

Suspended Transport Low

Stored Sediment Low

1986 FEMA FIS Town of Charlestown, Rhode Isiand

The topography of southern New England is the result of glacial, fluvial and coastal
dynamics. Glaciation and subsequent deglaciation of Rhode Island eroded bedrock,
realigned drainages, deposited till, created glacial swamps, kames, eskers, terraces,
moraines, and outwash plains. Most notably, the retreating glaciers left ridges of
material, forming the terminal moraine ridge of Charlestown, and meltwaters drained into
the oceans, resulting in a gradual increase in mean sca level over the coast and outwash
plain. The study area is located within the area of outwash deposits located between the

Charlestown moraine to the south and the upland till plains to the north.

The Pawcatuck River through the project reach is moderately undisturbed. Woody
vegetation shades the channel, creating high-quality habitat zones characterized by cool,
well oxygenated water. The channel itself in the project reach varies between 45 and 130

feet wide. The slope through the project reach varies between 0.009 and 0.06 percent,

Description of Project Reach

According to the document Strategic Plan for the Restoration of Anadromous Fishes to
Rhode Island Coastal Streams prepared by the Rhode Island Department of
Environmental Management (RIDEM), eight dams remain on the main stem of the

Pawcatuck River. The furthest downstream, the Stillman Mill Dam in Westerly, has
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breached and is passable to diadromous fish. The White Rock Dam is located upstream
of the Stillman Dam. Fish passage at this dam occurs via a raceway. The White Rock
Dam is partially breached. The next two upstream dams, the Potter Hill Dam and the
Bradford Dam, respectively located in Hopkinton and Westerly, are equipped with Denil
fishways to provide passage to diadromous fish. The Route 91 USGS gauging station
dam located in Richmond may need only minor work to be passable to shad and river

herring,

The remaining obstructions to diadromous fish migration on the main stem of the
Pawcatuck River are the Lower Shannock Falls Dam, Upper Shannock Horseshoe Falls
Dam, and Kenyon Mill Dam. The Lower Shannock Falls Dam is located nearly 25 river
miles upstream of the Pawcatuck River estuary. The Upper Shannock Horseshoe Falls
Dam is located nearly half a mile upstream of the Lower Shannock Falls Dam. The
Kenyon Mill Dam is located another nine-tenths of a mile upstream of the Upper
Shannock Horseshoe Falls Dam. There arc no dams located on the main stem of the

Pawcatuck River upstream of the Kenyon Mill Dam.

Provisions for fish passage at these dams would open up the entire main stem of the
Pawcatuck River to diadromous fish migration, for a total of 31 river miles downstream
of the headwaters of the Pawcatuck River at Wordens Pond in South Kingston.
According to the Strategic Plan for the Restoration of Anadromous Fishes to Rhode
Island Coastal Streams, this would open up an additional 1,300 acres of habitat

downstream of Wordens Pond.

Existing Channel Morphology

The Pawcatuck River through the project rcach meanders through low relief terrain
carved by glacial processes. The channel itself is primarily low gradient, with slopes

averaging between 0.009 and 0.06 percent. The river is of irregular width, interspersed
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with naturally formed, wider pooled areas and narrower, faster flowing areas. On

average, channel width varies between 45 and 130 feet.

Low relief in the vicinity of the river creates access to a wide floodplain. Hydraulic
modeling of the river under existing conditions predicts that the channel will flood over

100 feet outside its banks during the mean annual flood event.

In August 2006, NOAA measured various
morphological parameters as presented in
their River and Wetland Assessment report.
In the reach extending from the Upper
Shannock Falls Horseshoe Dam to Lower
Shannock Falls Dam, field estimates of
bankfull width were determined to range
from 90 to 160 feet, with bankfull depth

ranging from seven to 16 feet. The width to Pawcatuck River upstream qf the Shannock Mill Pond Dam
depth ratio was calculated to be in the range of 10 to 13. Sinuosity was determined to be

1.38. Stream gradient was measured as typically less than 0.04% (1.0 f/2376 ft).

The Rosgen channel classification is one
means by which river sections can be
classified. The Rosgen classification
system is based upon visual inspection and
field or map measurement, rather than

geologic processes or numerical models.

The river segment between the Lower
Shannock Falls Dam and the Upper Pawcatuck River upsiream of ihe Horseshoe Dam
Shannock Horseshoe Dam can be classified as a Rosgen type Clc river. C1 stream types

are slightly entrenched, meandering, alluvial channels with bedrock controlled beds that
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occur on gentle gradients in broad valleys. They are characterized by well developed,
alluvial floodplains. Alluvial floodplains are formed from sediment deposited from
flowing water. The C1 stream types adjust laterally, and typically have high width to
depth ratios (>12) due to the controlling influence of bedrock materials in the channel
bed. Stream gradients of C1 channels are generally less than two percent. These
channels have moderate sinuosity and are generally characterized by a riffle-pool
configuration. Within the Clc designation, the "c" denotes a channel slope less than

0.001 feet per foot, or 0.1 percent.

Between the Upper Shannock Horseshoe Falls Dam and the Kenyon Mill Dam, the
Pawcatuck River has a slightly lower stream gradient, on average less than 0.009% (0.38
ft/4,356 f1). Bankfull width was measured by NOAA from 45 to 130 feet, with bankfull
depth ranging from eight to 11 feet. The width to depth ratio was calculated as between
four and 16. Sinuosity was determined to be 1.43 (4,356 t/3,036 ft). Much of this
segment is impounded by the Upper Shannock Falls Horseshoe Dam under normal flow

conditions.

The channel segment between the Upper Shannock Horseshoe Falls Dam and the Kenyon
Mill Dam can be classified as a Rosgen type C5c river. As with C1 river segments, C3
river segments are also slightly entrenched, meandering channels with riffle-pool
configurations within well-developed floodplains. C5 river sections are dominated by
sandy substrates, as opposed to bedrock substrates. These stream types generally occur
in broad valleys and plains areas; it is not uncommon to find the C5 stream type in glacial
outwash. The C5c designation denotes a channel slope of less than 0.001 feet per foot, or
0.1 percent. The channel bed tends to be depositional, with a tendency toward lateral

migration.
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2.4

Upstream of the Kenyon Mill Dam,
extending to New Biscuit City Road,
bankfull width was estimated by
NOAA to be between 70 and 120 feet,
and bankfull depth was determined to

be between seven and nine feet. The S

width to depth ratio was generall PORE T 5y -
p g y K ; .:éh'f‘—'.\: &*ﬂ}g -.—__',‘-.

between el ght and 17. Sinuosity was Pawcatuck River upstream of the Kenyon Mill Dam

measured as 1.32. Average stream gradient was measured as less than 0.06% (0.24

ft/3828 ft). This river segment is classified as a Type C5¢/Clc river,

Utility providers, as well as the Public Works Departments in the towns of Richmond and
Charlestown, were contacted to verify the locations of utilities that could potentially be
impacted under the proposed alternatives. The utility companies identified in Table 2-2

provide utilities in the area, as conlirmed by DIG-SAFE.

TABLE 2-2
Utility Providers in Project Area

Utility Provider Utility Provided
Verizon Phone, Cable
Cox Communications | Cable
Narragansett Electric | Electric, Gas
MCI Phone

Cox Communications indicated that their utilities do not extend to the dam sites.
Narragansett Electric will stake the location of their utilities; this can be completed in
conjunction with the design process. MCI indicated they do not have any infrastructure
located in the project arca. Verizon did not respond to a request for location of

infrastructure. Relevant correspondence is included in Appendix A.
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2.5

2.5.1

A 1.25-inch plastic water line, part of the Shannock Village Water District system, runs
behind the Upper Shannock Horseshoe IPalls Dam from the left bank (L.eon Millis,
Personal Communication). This line is served by wells off North Road and terminates its
service on the western end at the post office (Sanford Neuschatz, personal
communication). The water line can be accessed via a concrete manhole located on the
left bank of the dam. It is anchored behind the dam with concrete blocks but line
periodically comes loose and must be restabilized. This utility connection will need to be

field located and protected during any project activities.

Water rights at the Upper Shannock Horseshoe Falls Dam raceway have recently been
purchased to develop hydroelectric power. The owner of the water rights is allowed to
divert up to half of the total flow past thc dam. Head-gates to divert [low to the raceway

could be installed as early as summer 2007 (I.eon Millis, personal communication).

Natural Resources

Fisheries

Historically, it is believed that the Pawcatuck River was of regional importance to
diadromous fisheries, including Atlantic salmon and American shad. The system may have
also supported a strong brook trout population. One hypothesis is that the salter brook trout
were mistaken for Atlantic salmon, leading some to question whether Atlantic salmon truly
was a significant species in the Pawcatuck River watershed (WPWA, 2005). Other
diadromous fish in this system include alewife, blueback herring, rainbow smelt, and sea-

run brown trout, as well as the American eel, a catadromous species (U.S. FWS, 1991).

'The first known users of the Pawcatuck River were the Native American Indian tribes of
Niantic, Pequot, and Narragansett, who hunted and fished throughout the extensive
watershed. With the introduction of European colonists in the 1600s, activities along the

banks of Rhode Island's rivers shifted to residential and commercial uses. Water
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powered mills were introduced. These mills were initially grist mills, used to grind
grains for flour, but were eventually converted to textile mills for wool and cotton
processing. Wastewater from these mills was often discharged directly into the river
(Desbonnet and Schneider, 1992). The dams erected along the Pawcatuck River during

this time decimated the diadromous fish populations.

A significant level of effort has been dedicated to the restoration of anadromous specics
in Rhode Island's coastal waters. River herring broodstock is transplanted by the Rhode
Island Division of Fish and Wildlife (DFW) into areas where fish passage is already
established. The Pawcatuck River watcrshed is stocked with hatchery-reared Atlantic

salmon fry, parr, and smolts (Erkan, 2002).

In addition to these efforts, fish passage provisions have been made at several dams on
the main stem of the Pawcatuck River, with varying success. Currently, passage past the
Potter Hill Dam and Bradford Dam is compromised due to attraction flow issues. The
USGS gauging station weir is passable to Atlantic salmon but needs minor work 1o pass

species such as river herring.

The Pawcatuck River watershed has been identified in the Strategic Plan for the
Restoration of Anadromous Fishes to Rhode Island Coastal Streams as having the
potential for restoration of anadromous species (Erkan, 2002). In fact, the Pawcatuck
River is the only watershed identificd in the plan as having the potential for significant
areas of salmon habitat. The plan acknowledges that the provision of fish passage work
on the main stem of the Pawcatuck River would result in significant expansion of

potential river herring and American shad spawning habitat.

A number of studies have been undertaken for the Wood-Pawcatuck Watershed
Association. One such study on the temperature effects of small dams in low order
streams indicates that small dams elevate downstream water temperatures and that

channel temperature may remain elevated for miles downstream (Maxinmum Stream
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Temperature Estimation from Air Temperature and its Relationship to Brook Trout,
Saila, 2004). Supporting data was collected downstream of a small (four-foot)

presumably run-of-river dam on the Beaver River, a tributary to the Pawcatuck River.

A separate study assessed habitat requirements for brook trout in low order streams. Data
from that study indicate that the proximity of the sample site to dams was important in
determining the relative proportion of brook trout in the sample. The report hypothesizes
that the presence of dams not only obstructs seasonal movement but also increases
suitable habitat for warm-water fish species. Competition from these warm-water species
may result in the reduced growth and survival of brook trout (Small Dams and Habitat
Quality in Low Order Streams, Saila, 2005).

A study of the interactions among fish species in the Pawcatuck watershed indicates that
brook trout abundance is increased in situations where competition by other species is
minimized. Data was collected from Locke Brook, Beaver River, Breakheart Brook, and
Brushy Brook. Additionally, specics composition was found to be influenced by altered
environmental conditions in which warm-water species werc associated with stream
reaches in relative close proximity to impoundments (Jnterspecific Association, Diversity,
and Population Analysis of Fish Species in the Wood-Pawcatuck Watershed, Saila, et. al.,
undated).

The above bodies of work indicate that in addition to obstructing fish migration, dams
located within the Pawcatuck River watershed may alter environmental conditions such
that fish species composition is affected. Aside from provision of fish passage, removal
of one or more of the subject dams may be warranted where feasible, as this approach

would significantly expand suitable habitat for resident species such as brook trout.
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2.5.2 Endangered and Habitat Species

Watercourses offer desirable habitat for a variety of species. As such, it is vital that any
impact on endangered or rare species from watercourse alteration be evaluated. To
determine if any endangered or habitat species reside in the subject area, information was
gathered from the Rhode Island Geographic Information System (RIGIS) online
database, administered by the University of Rhode Island.

Delineation of rare species habitat is depicted in Figure 2-2. The mapping shows the
estimated habitat and range of rare species as well as other noteworthy natural
communities. According to the most recent database (1998), no documented rare species
communities lie within the immediate river corridor between the three dams under study.
Two polygons depicting the habitat regions of rare species are located within a few
thousand feet of the project reach. The upstream polygon depicts the Great Swamp
Wildlife Management Area maintained by RIDEM. If upstream water levels were to
drop as a result of implementation of a fish passage alternative, it would be important to

assess the impact to this habitat region.

2.5.3 Wetlands and Soils

Wetland soils were identified by NOAA in conjunction with their August 2006 River and
Wetland Assessment. Hydric soil units including Carlisle muck (Co) and Adrian muck
(Aa) are the predominant soils of the wetlands in the project area. Adrian mucks are very
poorly drained organic soils up to 50 inches in thickness in outwash plains and topographic

depressions, where the water table is at or near the surface for most of the year.

SHANNOCK FISH PASSAGE. FEASIBILITY STUDY
PAWCATUCK RIVER [
AUGUST 2007 PAGE 2-11 QAQ MILONE & MACBROOM®



7-7 331y

T ‘UM0)SafIRg)

pue puowmgary o

] T T 11984
005 L 00OV - 00§ a

Apmig Aupiqisea
aguessed [siy Yoouurys

SID 1Y 13umog £€L6-TLT (£0T) x84
53 &vﬂlﬁﬂh" : " mhhﬁlﬂhﬂ Aﬂ@ﬂv uUﬂ.O—”—m
R H axw 0190 1D Damsay)

10-686T “#IIWI AL LB 66
JNOOUFOVIN S ANOTIW §%

seary saroadg orey @
smed M

puadag

»




Carlisle mucks are similar to the Adrian series with very poorly drained organic soils
often exceeding 50 inches in thickness and associated with depressions in glacial till and
outwash plains and characterized by water at or near the surface for much of the year.
Raypol (Re) silt loams, Scarboro (Sb) mucky sandy loams, and Ridgebury extremely
stony fine sandy loams (Rf) arc less frequently occurring hydric soils mapped for this

watershed area.

NOAA inventoried the wetlands within the project reach according to the National
Wetlands Inventory (NWI) system. The NWI utilizes a system of letter and number
codes that correspond to the classification nomenclature to describe the local habitat. The
first letter describes the system of wetlands; the second letter/combination of letters
describes the class; the third number describes the subclass; and the final letter is a
modifier that describes the water regime, water chemistry, or soil properties. Table 2-3
describes the attributes associated with the referenced codes. A narrative by stream rcach

follows.

Lower Reach — Downstream of the Upper Shannock Horseshoe Falls Dgm — Wetlands

along this reach are relatively narrow but broaden to nearly 800 feet in one section.
Forested (red maple and green ash) wetlands (PFO1C, PSS1C/E) dominate this reach.
Water willow and buttonbush-dominated scrub-shrub wetlands are prevalent in the
central portion of this reach in the vicinity of several Shannock Village residences on the
north side of the river. Adrian mucks arc the predominant hydric soil underlying the
wetlands in this river reach. Urban fill soils (Ur - Udorthents) and upland soils including
Canton-Urban very rocky, land complex (Cc), and Hinckley gravelly sandy loams (HkC)

are also found in this area, forming gentle sloping to steep lands along the river.
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TABLE 2-3
Wetlands and Deepwater Habitats Classification Codes and Attributes

Code Attributes

[P] Palustrine Non-tidal wetlands dominated by trees, shrubs, emergents, mosses or lichens, and all
such wetlands that occur in tidal areas where salinity due to ocean derived salts is
below 0.5 ppt. Wetlands lacking such vegetation are also included if they exhibit all of
the following characteristics:

1. are less than 8 hectares ( 20 acres );

2. do not have an active wave-formed or bedrock shoreline feature;

3. have at low water a depth less than 2 meters (6.6 feet) in the deepest part of the
basin;

4. have salinity due to ocean-derived salts of less than 0.5 ppt.

The Palustrine System was developed to group the vegetated wetlands traditionally
called by such names as marsh, swamp, bog, fen, and prairie, which are found
throughout the United States. It also includes the small, shallow, permanent or
intermittent water bodies often called ponds. Palustrine wetlands may be situated
shoreward of lakes, river channels, or estuaries; on river floodplains; in isolated
catchments; or on slopes. They may also occur as islands in lakes or rivers.

[FOJ Forested Characterized by woody vegetation that is 6 m tall or taller

[EM] Emergent Characterized by erect, rooted, herbaceous hydrophytes, excluding mosses and lichens.
This vegetation is present for most of the growing season in most years. These
wetlands are usually dominated by perennial plants. All water regimes are included
except subtidal and irregularly exposed.

[SS] Scrub-Shrub Areas dominated by woody vegetation less than 6 m (20 feet) tall. The species include
truc shrubs, young trees (saplings), and trees or shrubs that are small or stunted because
of environmental conditions.

[1] Broad-Leaved Woody angiosperms {trees or shrubs) with relatively wide, flat leaves that are shed
Deciduous during the cold or dry season; e.g. black ash (Fraxinus nigra).

[C] Seasonally Surface water is present for extended periods especially early in the growing season but
Flooded is absent by the end of the growing scason in most years. The water table after flooding

ceases is variable, extending from saturated to the surface to a water table well below
the ground surface.

{E] Seasonally Surface water is present for extended periods especially early in the growing season
Flooded/Saturated and when surfacc water is absent, substrate remains saturated near the surface for most
of the growing season.

Source: http://wetlandsfws.er.usgs.gov/NW1/webatx/atx.html
Wetlands and Deepwater Habitats Classification - National Wetlands Inventory Mapping Code

Attribute classification definitions derived from: Cowardin, L.M., V. Carter, F. Golet, and E. LaRoe. 1979.
Classification of Wetlands and Deepwater Habitats of the United States. U.S. Fish and Wildlife Service. 103 pp.

Codes used: PFO1C, PFOIE, PEMS, PSSIC, PSSIE
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Mid-Reach — Between the Upper Shannock Horseshoe Falls Dam and Kenyon Mill Dam —

Much of this segment is impounded by the Upper Shannock ITorseshoe Falls Dam,
although the river is free flowing immediately below the upstream Kenyon Mill Dam.
This river section has been affected by urban development, particularly the Kenyon
Industry buildings, dam, wastewater settling lagoons, and residential development. Along
the river section bordering Kenyon Industries, the floodplain has been eliminated by
construction of rock retaining walls. Below the walled reach, the river has been affected

by lagoon construction but is well vegetated by a wetland complex.

The wetland border extends up to 250 feet along this river reach. Forested and scrub-
shrub swamp (PIFO1C/E, PSS1E) dominates this section of the river. Red maple and
buttonbush (Cephalanthus occidentalisy dominate this region. NOAA noted invasive,
non-native plants including common reed (Phragmites australis) and purple loosestrife
(Lythrum salicaria) along this rcach of the river study area. Duckweed (Lemna spp.), a

floating aquatic species, was also noted in this arca and is an indicator of excess nutrients.

Adrian mucks arc the predominant hydric soil underlying the wetlands in this river reach.
Urban fill soils (Ur - Udorthents) and upland soils including Canton-Urban very rocky,
land complex (Cc), Canton and Charlton fine sandy loams (CeC), Sutton extremely stony
fine sandy loams (SvB), Sudbury sandy loams (Ss), and Hinckley gravelly sandy loams

(HkC) were also found in this area, forming gentle sloping to steep lands along the river.

Upper Reach — Upstream of the Kenyon Mill Dam — The wetland cover along this river

rcach is relatively narrow but broadens to 600 feet in one section. This river reach is
dominated by forested (PFO1C/E) and scrub-shrub (PFO1E) (red maplec dominant)
wetlands. The fringe emergent (PEM3) cover increases further downstream and is
dominated by water willow, pickerel weed, and arrow arum, particularly in the vicinity of
the Route 2 crossing. Adrian mucks are the predominant hydric soil underlying the

wetlands in this river reach.
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In the NWI system, class describes the general appcarance of the habitat in terms of
either the dominant life form of the vegetation or the physiography and composition of
the substrate. Life forms (e.g., trees, shrubs, emergents) are used to define classes
because they are easily recognizable, do not change distribution rapidly, and have
traditionally been used to classify wetlands. Other forms of vegetation such as
submerged or floating-leaved vascular plants are more difficult to detect. Substrates
reflect regional and local variations in geology and the influence of wind, waves, and

currents on erosion and deposition of substrate materials.

2.5.4 Cultural Resources

As an accessory to this report, a cultural resources assessment was conducted to determine
the historic significance of the three dam sites and scenic values attached to the dams by
the community. Conducted by Public Archeology Library, Inc. (PAL), the assessment
consists of documenting the existing conditions and historical context/research valuc of
each dam and making recommendations as to the need for additional historic and
archaeological documentation that may be warranted prior to any proposed alterations.
The cultural resources assessment was conducted in accordance with Section 106 of the
National Historic Preservation Act (as amended) (26 CFR 800), which requires the lcad
federal agency, which is NOAA for this particular project, to take into account the effects

of the proposed undertaking on cultural resources.

A combination of archival research and field investigations by PAL concluded that both
Shannock Village dams, the Lower Shannock Falls Dam and the Upper Shannock
Horseshoe Falls Dam, as well as the associated buildings and sites are considered
contributing elements to the Shannock Village Historic District (the District). These
features are integral components of the industrial development of Shannock Village in the
nineteenth and early twenticth centuries. Additionally, these dam sites have also been

assessed as conlaining shorelines that possess arcas of moderate to high archaeological
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sensitivity for Native American and early Euro-American cultural deposits. These

conclusions were based on the following criteria that assessed properties:

—  Associated with events that have made a significant contribution to the broad
patterns of our history; or

—  Associated with the lives of persons significant in our past; or

— Embody the distinctive characteristics of a type, period, or method of construction,
or represent the work of a master, or possess high artistic values, or represent a
significant and distinguishable entity whose components may lack individual
distinction; or

— Have yiclded, or may be likely to yield, information important to prehistory or

history.

The Lower Falls and Upper Falls (Upper Shannock Horseshoe Falls Dam) dams are listed
as contributing clements on the National Register Shannock Village Historic District.

The waterpower infrastructure and mill remains have been recommended in the PAL
report as having the eligibility to be listed as contributing elements in the District. Any
proposed changes to these sites would require additional historical documentation prior to
any structural modifications. This documentation would likely include a full written
history and description, detailed site mapping, and photographic recordation of the mill
remains, water control structures, and dam spillways. In addition, further investigations
via Phase I(c) archaeological surveys would need to be undertaken to locate and identify

any significant belowground Native American and/or Euro-American cultural deposits.

The integrity of the Kenyon Mill Dam currently disqualifies it for eligibility of a listing in
the National Register of Historic Places; however, it could potentially be considered a

contributing clement in a Kenyon Village Historic District, if one were to be established.

At least two critical historic facets are of relevance to the historic significance of the

project reach of the Pawcatuck River as noted below:
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Native Americans — The Pawcatuck watershed was historically used by Native Americans

including the Niantic, Pequot, and Narragansett tribes circa (ca.) 12,500 to 300 years
before present (B.P.). The region provided hunting and fishing resources plus had a mild
climate influenced by the sea. The immediate vicinity of the Lower Shannock Falls Dam
is also identified as the site of a battle between the Narragansett and Pequot tribes for

fishing rights at the falls.

Colonial Mills — The Pawcatuck watershed was first settled by European colonists in the
mid 1600s and continued to play an important part in the development of the area
throughout the 18", 19", and early to mid-20™ centuries. The earliest mills were built at

sites with water power potential for sawing timber and processing grain.

A grist mill, known as Clark Mills, is believed to have existed at Upper Shannock Falls
(Upper Shannock Horseshoe Falls Dam) prior to 1747 with an undershot water wheel.
The Village of Shannock changed rapidly after the Stonington-Providence railroad was
built in 1837, allowing development of textile mills. The lower falls reportedly had a
grist mill as of 1833; later a textile mill was built by John Knowles. Columbia Narrow

Fabrics operated the upper mill until 1968.

Well before the Kenyon Station was built along the main line of the New York,
Providence & Boston Railroad in 1889, a saw mill and an iron manufactory existed
where the mills are now located. As early as 1772, the Village of Kenyon had a thriving
industry base. In 1844, new mills were constructed and the community took on the name

Kenyon's Mills (from Richmond Historic Society).

SHANNOCK FISH PASSAGE FEASIBILITY STUDY
PAWCATUCK RIVER l
AUGUST 2007 PAGE 2-18 ’/‘\\ MILONE & MACBROOM'



2.6

2.6.1

Riverbed Sediment

A thorough knowledge of sediment is required to understand the dynamics of both
natural rivers and man-made channels. The status and character of sediment in the
impoundments are key elements when considering the appropriate dam modification to
provide fish passage. The specific concerns often include mobilization of potential
pollutants, creation of downstream suspended sediment loads and turbidity, downstream
sediment deposition that buries native substrate, and unstable incised channels

("headcutting") through existing impoundments.

Data collection efforts by both NOAA and MMI indicate that very little sediment
accumulation has occurred behind any of the three subject dams. In general, sediment
accumulation is limited to the quiet backwater areas. The physical composition of
accumulated sediments is primarily sand and silt, with fractions of organics as a result of
decaying vegelation. Chemical analyses of sediments in the vicinity of the Lower
Shannock Falls Dam indicate that no chemical constituents exceed the Residential Direct
Exposure Criteria as put forth in the RIDEM Soclid Waste Regulation No. 1. These

findings are explained in greater detail in the following sections.
Kenyon Industries maintains a wastewater discharge permit for discharges at its facilities.
Tt is not clear at this time how such discharges may have affected the chemical

composition of strcambed sediments.

Physical Characterization

NOAA, in conjunction with volunteers from the University of Rhode Island (URI), and
with assistance from the project partners, completed assessments to determine general
distribution of and amount of sediments within each impoundment. They conducted both
physical and chemical analyses of the sampled sediments. Sediment sampling was

completed on August 16, 2006 with assistance from the U.S. Fish and Wildlife Service
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(USFWS), Narragansett Bay Estuary Program (NBEP), URI, and WPWA. In addition,
URI collected samples during a separate sampling event for physical analysis, including
determination of bulk density. A copy of these sample results are included herein as
Appendix 11. Prior to completing field work, NOAA in collaboration with USFWS and
the WPWA prepared a sediment sampling plan, which was submitted to and approved by
the RIDEM Water Resources Division.

Sediment samples were collected from the Lower Shannock [‘alls Dam impoundment and
the Kenyon Mill Dam impoundment. Sediment sample locations are graphically depicted
in Figures 2-3 and 2-4. Sediment reconnaissance was completed with a metal probing
rod and survey rod. Sediments were sampled with a MacCauley peat corer. Sample

locations were located using a hand-held GPS.

Physical characterization of sediments downstream of the Lower Shannock Falls Dam
was conducted by MMI. The channel was accessed both by boat and by foot. Sediment
samples were located with a total station survey instrument in conjunction with
topographic survey. Sediment samples were visually observed at the sample locations
indicated in Figure 2-3. Downstream of the dam, a deeper, slower moving peol of water
has developed. The northern (upstream) end of this pool contains coarse scdiments such
as sands and pebbles, while the southern (downstream) end had fine silts and very fine

sands overlain by organics.

MMI also conducted visual assessments of the sediments upstream of the Lower
Shannock Falls Dam. The MMI investigation supported the NOAA findings that
sediment accumulation is limiled to the quiet backwater and bank areas, and that
sediment primarily consists of sand and silt overlain by a layer of organic muck. Bedrock

and boulder was the dominant midstream substrate type.
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Figure 2-5 shows the MMI sediment sample locations. The results of the analysis
conducted in the vicinity of the Lower Shannock Falls Dam are presented in Table 2-4.
This table lists the location 1D, approximate depth of water, location, and a description of

the observed sediments.

Between the Lower Shannock Falls Dam and the upstream Upper Shannock Horseshoe
Falls Dam, bedrock and boulder is the dominant bottom substrate type. Very fine sands
and organic mucks were found in only limited depositional locations (inside channel
meanders and small backwaters) to a maximum depth of three feet. The impoundment
behind the Lower Shannock Falls Dam lacks sediment as the two upper dams likely
minimize downstream transport of sediments. A bedrock/boulder substrate characterizes

the area immediately upstream of the Lower Shannock Falls Dam.

Bedrock/boulder and sands and mucks are the dominant bottom substrate types between
the Upper Shannock Horseshoe [Falls Dam and the Kenyon Mill Dam. Sands and organic
mucks were noted in depositional locations, such as inside channel meanders and

backwaters, including in the vicinity of the lagoons.

Upstrecam of the Kenyon Mill Dam, the NOAA investigation identified bedrock and
boulders as the dominant bottom substrate type. Sands and organic mucks were found in
limited depositional locations, such as inside channel meanders and small backwaters, to

a maximum depth of approximately two feet.

2.6.2 Chemical Characterization

A sediment analysis was performed by Premier Laboratory, LLC. for Fuss & O'Neill, Inc.
on November 17, 2006. This data was collected in an indepcndent analysis for an
Environmental Asscssment associated with the demolition of the Knowles Mill adjacent

to the Lower Shannock Falls Dam.
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TABLE 2-4
MMI Sediment Observations at Lower Shannock Falls Dam

Survey Approx. Depth  Depth of
Point of Water Sediment
# (ft) (in) Location Description of Sediments
624 5.5 13 Near right bank Coarse sand
625 6.0 0 Midstream Bedrock
626 8.0 0 Midstream Bedrock
LEW 2.0 14 Left edge of water Loose sand, silt, organic matter
629 7.0 0 Midstr¢am Bedrock
631 7.0 1 Midstream Sand and gravel in bedrock
REW 3.0 19 Right edge of water Consolidated sand, silt, and organic matler
634 5.0 19 Near right bank Detritus over loose sand and silt
635 6.0 8 Midstream Consolidated sand over bedrock
636 5.0 0 Midstream Bedrock
637 2.0 0 Leh edge of water Coarse sand and gravel over bedrock
638 4.0 0 Right edge of water Negligible silt over bedrock
639 3.0 6 Near right bank Consolidated sand and gravel
640 7.0 ] Midstream Thin layer of sand and gravel over bedrock
641 7.0 4 Midstream Coarse sand and gravel over bedrock
642 5.0 21 Right edge of water Detritus and sand over gravel
Right edge of water, Loose detritus and sand over consolidated
-- 5.0 19 upstrcam ol point 642 detritus and sand
643 5.0 6 Midstream Sand and silt
644 10.0 0 Midstream Bedrock
645 3.0 0 Near left bank Bedrock
LEW 2.0 4 1.eht edge of water Very loose fine sand and silt with detrilus
LEW 4.0 4 left edge of water Very loose fine sand and silt with detritus
647 6.0 0 Midstream Bedrock
648 6.0 0 Midstream Bedrock
649 6.0 0 Near island right bank Bedrock
6353 2.0 10 Near right bank Loose, very fine to coarse sand. silt, detritus
REW 2.0 5 Right edge of waler Fine sand, silt, detritus
657 6.0 0 Midstream Bedrock
658 6.0 0 Midstream Bedrock
659 2.0 6 Left edge of water Consolidated fine sand, silt, and detritus
Fine sand and silt (0-45") over coarse sand (45-
061 3.0 90 Midstrecam 90"
663 4.0 43 Midstream Detritus over sand and silt
664 10.0+ - Midstream Too deep for sediment observation
665 10.0+ - Midstream Too deep for sediment observation
666 5.0 58 Near left bank Layer of detritus over sand and silt over gravcl
Loose sand and silt over consolidated sand and
667 2.0 50 Lefi edge of water sill
668 7.0 : Midstream Too deep for sediment observation
689 5.0 2 Right edge of water Consolidated fine and coarse sand with gravcl
690 3.0 14 Left edge of water Layer of dclritus over consolidated sand and silt
Detritus over consolidated sand and silt over
692 1.0 39 [.eft edge of water gravel and bedrock
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The results of the Fuss & O'Neill analysis were compared by MMI to the maximum
pollutant levels put forth by the RIDEM "Solid Waste Regulation No. 1, General
Requirements," put in effect on January 1, 1997, and amended in April, 2001, These
regulations were developed to regulate alternatives for disposal on land of sediment
dredged or otherwise removed from any water body and offer guidelines for such

operations.

The sediment samples were taken from upstream and downstream of the Lower Shannock Falls
Dam. Sediment sample locations are included in Appendix E. All of the metals and
compounds tested were well below the regulated levels per the RIDEM requirements, as shown
in Table 2-5. This finding is consistent with the knowledge of the existing and historical land

use and allows disposal of the materials at any residential, commercial, or industrial location.

TABLE 2-5
Results of Sediment Chemical Analysis by Fuss & O'Neill
Residential On-Site Sediment Test Locations
Direct
Exposure

Constituent Units Criteria* SD-01 S$D-02 SD-03 SD-04 SD-04A4 SD-05
TPH ug/kg 500,000 2,122.0 901.0 1314.0 6139.0 9399.0 2078.0
PCB's ng/kg 10,000 48 26.0 18.0 21.0 17.0 16.0
Arsenic (As) mg/kg 1.7 - - - - - B
Cadmium (Cd) mg/kg 39 0.7 0.3 0.1 0.2 0.2 0.1
Chromium (Cr}) mg/kg 350 11.0 5.2 2.0 3.6 2.5 1.7
Copper (Cu) mg/kg 3,100 11.0 6.8 9.3 6.7 5.6 2.5
Lead (Pb) mg/kg 150 37.0 25.0 47.0 37.0 48.0 10.0
Mercury (Hg) mg/kg 23 0.10 0.07 0.03 0.03 0.05 0.03
Nickel (ni) mg/kg 1,000 33 1.7 1.0 1.4 1.3 0.8
Vanadium (V) mg/kg 550 8.4 5.0 2.5 3.3 3.0 5.0
Zinc (Zn) mg/kg 6,000 56.0 28.0 47.0 44.0 31.0 9.5

* Table 1, Direct Exposure Criteria, State of Rhode Island and Providence Plantations, Department of
Environmental Management, Office of Waste Management, Remediation Regulations as amended February 2004
DEM-DSR-01-93
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2.6.3 Sediment Transport

Sediment transport occurs naturally and is a part of a healthy river. Rivers are considered
to be in "dynamic equilibrium," actively undergoing erosion and deposition while
maintaining essentially the same overall shape and form. The morphelogy or shape of a
river is created largely according to sediment transport processes. One facet of a
successful dam removal is to restore natural sediment transport processes without

endangering channel stability.

The channel substrate in the project reach is primarily bedrock and boulder, with sand,
silt, and organic muck in depositional areas and along the banks. Sediment transport in
conjunction with various alternatives would impact thesc finer substrates. Alternatives
such as fish ladders and high gradient riffles maintain the existing dams and, therefore,
maintain dam impoundments. Under alternatives of this type, sediment transport would
continue as under existing conditions. Other alternatives, such as full dam removals,
narrow the existing channel as a free-flowing section of river is formed in the location of
the existing impoundment. Under dam removal alternatives, sediments that have
accumulated along the banks would be appropriately stabilized during the channel

construction process and would then resume the natural erosion and deposition process.
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3.0

TARGET FISH SPECIES

I'ish passage projects have the potential to provide significant benefits to fisheries. It is
important to have a good understanding of the fish in the system in order to design a
project that will provide the potential benefits. This section presents the background

information used in evaluation of the fish passage alternatives on the Pawcatuck River.

Fish that migrate belween fresh water and marine environments are collectively called
diadromous fish. The goal of this project is to provide upstream and downstream fish
passage for diadromous and resident species. These include anadromous and
catadromous fish. Anadromous fish lay their eggs and develop in fresh water. They then
migrate to salt water where they remain until they are sexually mature. Once
anadromous fish reach sexual maturity, they return to fresh water to spawn. The
anadromous river herring have been targeted for restoration in the Pawcatuck River, and

a number of other diadramous species may also benefit [rom restoration activities.

American shad, river herring (alewife and blueback herring), sea run brown trout and
American eel have been identified as the primary target specics for migratory passage in
the Pawcatuck River. Adults of shad and river herring undertake upstream spawning
migrations from May to July (depending on location). Juveniles migrate downstrcam

during summer through fall.

The Wood-Pawcatuck Watershed Association (WPWA) has been engaged in brook trout
habitat research in the Pawcatuck Watershed and has published several reports of findings
relative to habitat conditions and stream tempcrature. WPWA scientists believe that brook
trout was probably the most common native [fish that were in the streams when the [irst

colonists settled the area and remains an important species in the Pawcatuck River,

Habitat studies conducted in the Wood-Pawcatuck Watershed show that its local brook

trout require a relatively cold water system, which involves canopy shading and sources
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of ground water. They also require coarse sand or gravel substrate for successful
reproduction. Relative to the continuity of low order streams in the Wood-Pawcatuck,
where brook trout populations exist, small dams have essentially isolated the brook trout

to localization in the upper reaches of the system (Saila, et. al 2004).

Sea run (salter) brook trout move from their freshwater habitat after reaching a sizc of
about six inches. They remain in estuaries of the nearby sea and return to freshwater
habitat to reproduce. Salter trout can reach sizes of several pounds, and they look very
different from the freshwater trout. Their markings change to become more streamlined

and their color a silvery green with no conspicuous colors or spots (Ryther 1999).
Three aspects of swimming speeds of fishes are relevant. They are:

— Cruising speed — the speed that can be maintained for hours.

—s Sustained speed — the speed that can be maintained for minutes (200 minutes max).
— Burst speed — a single effort, not sustainable for more than five to 20 seconds.

Estimales of speed for brook trout and American shad are presented in Table 3-1.

Table 3-1
Cruise, Sustained, and Burst Swimming Specds for Brook Trout and Shad

Swimming Speed (feet per second)
Speed Class Brook Trout American Shad
Cruise Speed ~0-2 0-2.5
Sustained Speed 2-6 3-5
Burst Speed 6-13 55-14

Peake, et. al. (1997) provides a relatively recent evaluation of swimming pertormance of
some salmonid fishes, including brook trout. They developed a multiple regression
equation that estimates swimming speed bascd on tish size, water temperature and time.

This equation can be applied in fishway design studics. Biologists at WPWA suggest a
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maximum size of six inches for brook trout and also that passage facilities be designed to

produce velocities well within the range of sustained swimming for the selected species.

It should be recognized that a Denil fishway and other fish passage structures such as the

Alaska Steeppass fishway must be carefully engineered for width and depth relationships

to provide the low velocity required in their design. Based on the information presented in

Table 3-1, fish passage provisions capable of passing shad should also be capable of

passing brook trout. A four-foot wide Denil fish ladder at a slope of 12.5% (1V:8H) is

adequate to pass shad and larger brook trout (Alex Haro, personal communication). To

optimize the passage of smaller brook trout, the slope of a traditional Denil fish ladder

could be reduced. ITowever, the best provision for fish passage that would provide optimal

conditions for the widest range of species is full dam removal, where feasible.

Diadromous and freshwater fishes, listed in Vol. 2 of The Biota of Rhode Island include

the following species, each of which may potentially benefit from the projected

improvement in fish passage:

Sea lamprey

Atlantic sturgeon
American cel
Blueback herring
Hickory shad
Alewife

American shad
Rainbow smelt
Rainbow trout
Atlantic salmon
Brown trout

Brook trout

Atlantic tomcod
Threespine stickleback
Ninespinc stickleback
White perch

Petromyzon marinus
Acipenser oxyrhynchus
Anguilla rostrata
Alosa aestivalis
Alosa mediocris
Alosa pseudoharengus
Alosa sapidissima
Osmerus mordax
Oncorhynchus mykiss
Salmo salar
Salmo trutta
Salvilinus fontinalis
Microgadus tomcod
Gasterosteus aculeatus
Pungitius pungitius
Morone americana
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Available information regarding swimming speeds suggests that most of the above
species would successfully utilize fish passage facilities considered appropriate for brook
trout of a minimum size of six inches.

Additional discussion of specific target fish species follows.

American Shad - American shad are the largest endemic member of the true herring

family. They historically spawned in the Pawcatuck River basin; however, the
construction of many dams on the river has obstructed upstream migration for centuries.
American shad spawn in deep riffle areas of larger streams and rivers during the spring
from mid May to late June. Spawning typically occurs at temperatures between 14.0 and
21.0°C (Eakins 2004). The eggs are pelagic and float downriver for a few days before
hatching. Juveniles begin feeding and move slowly downriver as the fall progresses and

may spend the winter in the estuary or in the ocean.

Shad return to spawn after three to six years. American shad are strong swimmers.
Studies suggest that 99% of female American shad between 14 and 21 inches in length
would be able to travel a distance of 65 feet against linear flows of 1.6 tps (Alex Haro,
personal communication). Studies also suggested that the swimming performance for
American shad is sex-specific. Male American shad typically exhibited better swimming

performance over females of the same size.

River Herring — Alewives and blueback herring, collectively referred to as river herring,
are common in Rhode Island and throughout New England. River herring are
anadromous, meaning they spend most of their lives in the ocean, but return to fresh
water to reproduce. Alewives, also known as graybacks, typically migrate first, followed
by the blucbacks a few weeks later. Estimates of catch rates, spawning runs, and
management goals are often grouped together due to the difficulty in distinguishing

between the two species.
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Alewife (Alosa pseudoharengus) — Alewife runs occur in many New England streams.

Alewife is an important commercial fish species on the Atlantic coast. Adults average 10
to 14 inches in length and weigh less than a pound. Although they can be caught on hook-
and-line, the alewife is not a highly regarded game fish. Instead, people net it for use as
bait in marine fisheries and, increasingly, as food fish. The alewife is an important forage

species on which striped bass, bluefish, and other economically important fish prey.

Ideal alewife spawning habitat consists of lakes and ponds. The adult alewife spawning
run occurs between April and June at water temperatures between 12.0° and 16.0°C. The
juveniles descend the stream for the ocean during June through October of the same year.
Adults travel at a cruising speed of 2.8 fps and can reach burst speeds of 6.8 fps. Alewife
travel in schools and require a water depth of five inches or greater in order to travel (B.
Kynard and other sources). The juveniles will return as adults in three to five years. Of
the target species identified, alewives are the weakest swimmers. Laboratory studies
suggest that only 67% of alewives between cight and 10 inches in length are able to travel

a distance of 65 feet against linear flows of 1.6 fps (Alex Haro, personal communication).

Blueback Herring — Blueback herring are very similar in appearance to alewife. The

blueback herring is not a highly regarded gamec fish. Instead, people net it for use as bait
in marine fisheries and as food fish. The blueback herring is a very important forage

species on which striped bass, bluefish, and other economically important fish prey.

Blueback herring begin their upstream migration from mid-May to June. Blueback herring
spawn over hard substrates in areas with fast currents. Spawning typically occurs at
temperatures above 14.0°C and ceases at temperatures above 27°C. Juvenile blueback
herring migrate out to sea between September and November of the same year. Similar to

alewife, they spend two to three years at sea before returning to their natal waters to spawn.

Adults travel at a cruising speed of 2.8 fps and can reach a burst speed of 6.8 fps. Blueback

herring travel in schools and require a depth of five inches or greater in order to travel (B.
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Kynard and other sources). Blueback herring appear to be stronger swimmers than alewife.
Studies suggest that 83% to 95% of blueback herring between eight and 10 inches in length
would be able to travel a distance of 65 feet against linear flows of 1.6 fps compared to only
67% for alewives under the same conditions (Alex Haro, personal communication).

Swimming performance for blueback herring generally increases with fish length.

American Eel (Anguilla rostrata) - The American eel is a catadromous fish that spends

its lifetime in rivers and migrates to the ocean to spawn. All adult American eels spawn
in the Sargasso Sea located in the Atlantic Ocean, between the West Indies and the
Azores. The larvae drift into the Gulf Stream where they mature into clear "glass eels"
and then into elvers (immature eels) as they enter the estuaries and rivers during the
winter months. Upstream migration occurs from May to October. American eel spend
between eight and 25 years in freshwater rivers before migrating back to the Sargasso Sea

during the winter, whereupon they spawn and die.

American eel adults reach a length of 30 inches. Adults descend Rhode Island rivers in
the fall, and juveniles travel upstream in the spring. American eels travel at a cruising
speed of 2.4 ft/s and can reach a burst speed of 6 to 7 ft/s. They arc solitary travelers and

travel near the bottom of the river.

Brook Trout (Salvelinus fontinalis) — Brook trout are distributed throughout small to
medium sized streams in southern New England (Whitworth, 1996). Adults reach a
length of 14 inches and travel upstream between April and July. Although the name
commonly used for this fish is brook trout, it is actually a char (as opposed 1o a true trout,
which is a salmo). It is more closely related to the lake trout and Arctic char than to
brown trout or rainbow trout. Habital destruction by dams, pollution, agricultural

practices, and forestry are responsible for a significant decline in their local abundance.

Most brook trout found in Rhode Island streams arc quite small, reaching a maximum of

eight to 10 inches in length. However, some brook trout are diadromous, that is, they
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spend several months in estuaries and then return to their home streams. These fish may
grow to a relatively large size. They are commonly referred to as salters or sea run fish.
While in the estuary, these trout change from a very colorful body to a very silvery-
greenish color with no distinct pattern of markings. It is believed that salters were
abundant prior to riverine habitat destruction, especially by the erection of dams that
prevent successful return to freshwater breeding areas. Brook trout is not, relative to other

salmonid species, either a strong swimmer or a good jumper.
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4.0 HYDROLOGY AND HYDRAULIC ANALYSES

4.1 Introduction

Hydrologic and hydraulic analyses are important considerations in dam removal and fish
passage projects. Hydrologic analyses are used to determine river flow rates, or
discharge. River flow rates are used to predict water levels and velocities during fish
migratory periods, to determine the potential for sediment migration, and to determine the
hydraulic capacity of dams. As such, it is critical that the river conditions, including

water surface elevations and flow velocities, are understood under a varicty of flow rates.

In the case of the Pawcatuck River restoration, various structures are being considered for
removal or alteration to accommodate fish passage and to improve stream habitat. In
order to conduct a meaningful and multifaceted analysis, hydrology and hydraulics were
evaluated for the Pawcatuck system under existing and proposed conditions. This
assessment complements parallel evaluations of sediment and water quality, human
infrastructure and investment, aesthetics, ecology and biology, and a host of other

important factors.

4.2 Hydrology

The vast amount of wetland systems within the Pawcatuck River basin reduces flood
peaks. USGS streamflow records collected in the vicinity indicate that annual peak flows
can occur during any season of the year but occurs most trequently from December
through April. Runoff from spring rains and snowmelt usually causes the highest peak
flows to occur from March to April. High peaks can also occur during September and

October due to runoff from tropical storms.

The Pawcatuck River basin is 317 square miles according to the Pawcatuck River Basin

Plan (1978) and 303 square miles according to the Federal Emergency Management

SIHHANNOCK FISH PASSAGE FEASIBILITY STUDY
PAWCATUCK RIVER

|
AUGUST 2007 PAGE 4-1 ’)‘Q‘ MILONE & MACBROOM



Agency (FEMA) Flood Insurance Study (FIS) (1986). The discrepancy is likely due to
differences in interpretation of drainage from the various wetland systems. The upper
Pawcatuck River traverses a broad glacial outwash plain consisting of thick, sorted
gravel, sand, silt, and clay deposits. Within the Village of Shannock, sloping upland and
to a lesser extent wetland till soils are more prevalent. Bedrock outcrops become more
frequent in this sloping topography. As a result of the existing topography and
subsurface materials within the watershed, spring high flows are partially attenuated and

summer flows are maintained.

The watershed contributing to the project area is rural in nature. Land use in the vicinity
of the Lower Shannock Falls Dam is primarily residential. Near the Upper Shannock
Horseshoe Falls Dam, land use is residential immediately adjacent to the dam,
commercial toward the center of the Village of Shannock, and primarily rural and
residential upstream. Land use is more industrial in nature in the immediate vicinity of
the Kenyon Mill Dam in conjunction with Kenyon Industries and the sewage treatment

lagoons. The greater surrounding area is residential.

Stream flows on the Pawcatuck River are measured at two USGS stream gauging stations
(01117430 and 01117500). The former is located approximately 1,500 feet upstream of
the Kenyon Mill Dam and the latter is located approximately 3.5 miles downstream of the
Lower Shannock Falls Dam. Data from these gauges was analyzed to cstimate flows,
including the mean monthly April, May, June, and August flows, as well as the mean

annual fTow.

Additional hydrologic and hydraulic data for the Pawcatuck River is available in the
Federal Emergency Management Agency (FEMA) Ilood Insurance Study (FIS). The
2006 FEMA FIS for the city of Charlestown provides flood flows for the 10-, 50-, and
100-year flow rates. A hydraulic model of the Pawcatuck River within the corporate

limits was also completed by FEMA for the town of Charlestown in 1986. Additionally,
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the Pawcatuck River was studied by approximate methods as part of the FIS for
Richmond, Rhode Island.

The closest upstream tributary to the Kenyon Mill Dam is the Beaver River, whose
junction with the Pawcatuck is approximately 1,900 feet upstream of the dam. According
to the FEMA FIS, the Pawcatuck River watershed area above the confluence with the
Beaver River is 79.8 square miles. The closest downstream tributary is Taney Brook,
which joins the Pawcatuck River 4,500 feet downstream of the Lower Shannock Falls
Dam. According to the FIS, the Pawcatuck River watershed area above the confluence
with Taney Brook is 93.2 squarc miles. The FEMA peak discharges used in this study
are those listed as above the confluence with Beaver River. FEMA peak flow rates are

given in Table 4-1.

TABLE 4-1

FEMA Pecak Flow Rates
Frequency Peak Filow

{vears) {cfs)
10 850
50 1,200
100 1,350
500 1,850

Profiles of the project reach are located on Sheet 03P and 04P in the FEMA FIS. Lower
Shannock Falls Dam is located at FEMA Cross Section T, Upper Shannock Horseshoe
Falls Dam is located at FEMA Cross Section V, and Kenyon Mill Dam is located at
FEMA Cross Section AA. In the modcl developed by MMI for the subject study, these
cross sections correspond to River Station 529+40 at the Lower Shannock Falls Dam,
552+90 at the Upper Shannock Horseshoe Falls Dam, and 596+57 at the Kenyon Mill

Dam. These locations arc graphically depicted on plans contained in Appendix B.

Conditions during flood flows were analyzed to determine sediment stability and the

potential for upstream flooding. Additionally, conditions during annual floods were
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analyzed to assess channel forming conditions. A river channel constructed as part ofa

restoration project is typically designed to flood its banks every one to two years.

The FEMA study does not provide information on non-flood flow rates. Prediction of
these flow rates is necessary to determine whether the designed channel is passable by

fish under normal migration flows.

The flow rates encountered during upstream fish migration are those that occur during
spring flow conditions. It is important that velocities and water depths are passable for
fish under these conditions. These flows are approximated as the mean monthly April,

May, and June flows.

Habitat quality is affected by water depths during low flow conditions. It is important
that sufficient depths of flow are maintained during dryer times of the year such that fish

populations are maintained. The mean monthly August flow is used for this analysis.

Flow data from the USGS gauging station #01117500 spans the years from 1942 to 2005,
however, it is located downstream of the area of concern. Flow data from gauging station
#01117430 is much more limited, including only the years 1957 to 1960 and the years
2002 to 2004. Five years of nonconsecutive data is not sufficient to accurately determine
mean annual and monthly flows. Therefore, MMI determined the mean monthly flows
by correlating downstream flow data (of which there is more available) with the desired

location upstream of the Kenyon Dam.

Estimates for upsiream flow values were calculated by mathematically comparing the
ratios of measured flows to contributing drainage areas. By using the relationships Q=A"
and the relationship Q1/Q2 = (A/Az)", MMI was able to generate a regression cquation
according to the log of flow rate versus log of drainage basin area. The slope of this

regression equation, n, was then used to accurately predict the mean monthly flows for
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the desired months based on a ratio of watershed area. Flow rates of interest are

presented in Table 4-2.

TABLE 4-2
Flow Rates Used in HEC-RAS Hydraulic Model
Flow Event Flow Rate
Mean Monthly April 2733 cfs
Mean Monthly May 186.6 cfs
Mean Monthly June 140.2 cfs
Mean Monthly August 64.9 cfs
Mean Annual Flood 750 cfs
100-Year Flood 1,350 cfs

4.3 Hydraulic Analysis

The Pawcatuck River has a low gradient, low velocity channel where changes in one dam

could potentially affect water elevations and velocities at other dams or alter aquatic

habitat between dams. A report on the Village of Shannock by the Richmond Historic

Society (1977) states that raising the lower dam affected the water wheel operation at the

upper dam. In order to assess the entire project site, MMI developed a continuous I11EC-

RAS model that includes all three dams.

4.3.1 HEC-RAS Model Description

This section provides technical documentation of the HEC-RAS hydraulic model and, as

such, specific technical terms are used. Effort has been made to clearly present model

concepts. The reader is directed to the standard HEC-RAS reference manual, accessible

at http://www.hec.usace.army.mil/software/hec-ras/documents/hydref/index.html for

further clarification.

The hydraulic analysis of the Pawcatuck River is based on the one-dimensional Hydraulic

Engineering Center (HEC) River Analysis System (RAS) designed and maintained by the

U.S. Army Corps of Engineers. The model is used to compute water surface profiles for
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one-dimensional, steady-state, gradually varied {low. This system can accommodate a
full network of channels, a dendritic system, or a single river reach. HEC-RAS is capable
of modeling water surface profiles under subcritical, supercritical, and mixed-flow

conditions. The precursor to HEC-RAS, HEC-2, was utilized in many older FIS studies.

The basic computation procedurc is based on the solution of the one-dimensional energy
equation. Energy losses are evaluated by friction (Manning's Equation) and
contraction/expansion (coefficient multiplies by the change in velocity head). The
momentum equation is utilized in situations where the water surtace profiles are rapidly
varied. These situations include mixed flow regime calculations, hydraulics of dams and

bridges, and evaluation of water surface profiles at river junctions.

4.3.2 Existing Conditions Modeling

The hydraulic computer of the Pawcatuck River begins downstream of the Lower
Shannock Falls Dam, approximately 73 feet downstrcam of Townhouse Road/Route 112
and extends upstream to approximately 1,500 feet upstream of Biscuit City Road, nearly
three-quarters of a mile upstream of the Kenyon Mill Dam. The upstrcam limit of the

model is also the upstream limit of the FEMA hydraulic model.

Separate model runs were developed to forecast flow depths, velocities, and water surface
profiles under existing conditions and for each proposed alternative. Output from these
models were then used to assess sediment stability at the dams, resulting channel
morphology, water depths in relation 1o fish passage, impact to upstream water levels,

and ecological impacts given the predicted changes in water surface elevations.

The existing conditions HEC-RAS model of the Pawcatuck River has utilized data input
from the FEMA Flood Insurance Study HHEC-2 model completed in 1986 and was
supplemented by new ficld survey conducted by MMI in 2006 and 2007. A graphical

depiction of cross sections used for the project area is included in Appendix B. The
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FEMA model included the Paweatuck River within the corporate limits of Charlestown.
An electronic copy of the HEC-2 data was not available; however, paper copies of the

input data were obtained and manually input into the HEC-RAS model.

River stationing was synchronized to the stationing used in the FEMA FIS. Points
representing the downstiream face of cach dam were taken at the point where a line
connecting the headwall and the centerline of the river intersect. The river stationing at
these points was sct to correspond with FEMA stationing. Additional stationing data for
MM cross sections were derived from referencing these three points and interpolating

along the river centerline between them.

After the initial input of the FEMA HEC-2 model data into HEC-RAS, additions and
revisions were made to this outdated model based on supplemental survey as well as
MMI field observations. Water surface profiles and velocities from the MMI existing
conditions model were calculated and compared to the existing FEMA model. The

results of this comparison can be found in Table 4-3.

The following modifications and refincments were made by MMI to the original FEMA
HEC-2 model:

— The reach lengths between FEMA cross sections were adjusted to accommodate

the addition of MMI surveyed cross sections.

— Two FEMA cross sections were removed from upstream and one cross section was
removed [rom downstream of Shannock Road. Additionally, two FEMA cross
sections were removed from upstream of the Lower Shannock Falls Dam. These

werc replaced with more accurate and detailed MMI surveyed cross sections.
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— The portion of the Upper Shannock Horseshoe Falls Dam Raceway downstream of
the stone wall outlet was simplified in the model to be a consistent shape with

accurate invert elevations.

— The station of the FEMA cross section representing the Shannock Road crossing
was adjusted to more accurately represent the distance between Shannock Road
and Shannock Falls Dam. (FEMA gives this distance as 365 feet; MMI survey
shows 425 feet.)

The station of the upstream face of Shannock Falls Dam was adjusted to account

for the width of the dam.

— Coefficients throughout the model such as Manning's roughness coefficient (n),
and expansion/contraction coefficients were adjusted as necessary as the FEMA

values did not appear to be reflective of the current channel conditions observed in
the field.

A mixed flow analysis (that can calculate both subcritical and supercritical water surface
profiles) was utilized. The velocity distribution was computed at cross sections, Both the
downstream and upstream boundary conditions used the normal water surface elevation
method. The mean monthly April, May, June, and August; the mean annual flood; and

the 100-year flow events were modeled.
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TABLE 4-3

Comparison of Model Predicted Water Surface Elevations (WSEL)
for the 100-Year Flow Event

FEMA Fxisting | MMI Existing
Conditions Conditions
Water Surface WSEL
X- Elevation (feet, Difference
Station | Sect. Description (feet, NGVD29) NGVD29) (feet)
526+26 R 20 feet upstream of Shannock Road 62.2 62.05 -0.15
528+66 S 68 feet downstream of Lower Shannock 65 65.13 0.13
Falls Dam
529+71 T 32 feef upstream oi) l.;;wer Shannock Falls 728 71.63 117
547+04 U 32 feet upstream Shannock Road 73.5 73.27 -0.23
551+44 \'% downstream Shannock Road 73.9 73.92 0.02
553+42 W 52 feet upstream Horseshoe Dam 85.2 84.72 -0.48
571+42 X 1,515 feet downs'fream of the Amtrak 85.3 85.39 0.09
Railroad
587+23 Y 1,007 feet downstream-of the Sherman 85.4 85.9 0.5
Avenue Bridge
594+05 Z 117 fect upstream ot: the Sherman Avenue 86.1 87 34 |24
Bridge
597+08 AA 43 feet upstream Kenyon Mill Dam 88.8 88.85 0.05
611+68 AB 30 feet upstream of South County Trail 89.3 89.4 0.1
633+83 AC 70 feet upstream of Biscuit City Road 89.7 89.92 0.22
648+33 AD 1,520 feet upstream of Biscuit City Road 90 90.15 0.15

For the most part, the two models (FEMA and MMI) are congruent, with water surface
elevations in the MMI existing conditions model both slightly higher and lower than the
FEMA model. The dilference (at most cross scctions in the 0.1 to 0.5 foot range) can be
attributed to a combination of factors, including different boundary conditions and the

application of cocfficients.

The FEMA model used the downstream boundary condition at a starting walter surface
clevation of 54.81 feet NGVD29. The MMI model used the normal depth boundary method
and specified boundary conditions at both the upstream and downstream. The slope used for
the upstream boundary condition in the MMI model is 0.0006 [eet per foot; a slopc of 0.0004
feet per foot was used as the downstream FEMA boundary condition. The MMI existing
conditions geometry also contains additional cross sections and a better representation of

Manning's roughness coefficients throughout the river reach being modcled.
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4.3.3

The over one foot difference in predicted water surface elevation at River Station 529+71,
32 feet upstream of the Lower Shannock Falls Dam, is likely due to the increased level of
detail added to the model with the addition of the MMI surveyed cross sections. The FEMA
model estimated the channel geometry in this location as a rectangular channel with straight
sides and a flat bottom, with a consistent invert that is in some places higher than the
existing invert. The actual channel bottom topography in this location shows variations of
up to two feet. The simplification made by FEMA would cause the model to predict water

surface elevations higher than would be expected.

The predicted water surface elevation at River Station 594+05, located 117 feet upstream of
the Sherman Avenue Bridge and approximately 240 feet downstream of the Kenyon Mill
Dam, is over one foot higher in the MMI model than that predicted by the FEMA model.
Again, this is likely due to the level of detail added to the model with the addition of MMI
cross sections in the immediate vicinity of the bridge. The FEMA channel in this location
was approximated as a rectangular channel with a flat, 40-foot wide bottom. Based on MMI
survey data, the actual channel geometry in this location is parabolic, with a bottom width
of eight feet. The wider channel used in the FEMA model would cause water surfacc

clevations to be computed erroneously low.

Proposed Conditions Model Runs

In order to assess the impact of the proposed dam modifications, hydraulic model runs
were gencrated for a number of proposed alternatives to predict velocity and water
surface elevation under proposed conditions. A description of the model results is

described under the alternatives analysis in Sections 6.0, 7.0, and 8.0 of this document.

Prior to this analysis, MMI inspected the river with regard to its upstream and
downstream morphology and plotted the original river bed profile through all three

impoundments. Based on an analysis of anticipated flows and river morphology,
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proposed conditions channel slope was calculated. MMI then developed proposed
conditions cross sections and elevations. The previously described HEC-RAS model was
revised with this geometry to determine water surface profiles and velocities under

proposed conditions.

The water surface elevations calculated by the HEC-RAS model under differing
alternatives were compared with the calculated existing water surface elevations to
determine the potential impact on upstream water levels as well as to local ecology. The
velocities and water depths calculated by the model under the different proposed

alternatives were compared with the requirements of the target fish species.
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5.0

S1

5.1.1

OVERVIEW OF RESTORATION ALTERNATIVES

Overview of Fish Passage Restoration Alternatives

The following discussion provides general background relative to commonly applied fish
passage restoration measures, including fish ladders, full and partial dam removal, high
gradient riffles, and bypass channels. More specific descriptions of the alternatives
considered in depth are presented in Chapter 6.0 for the Lower Shannock Falls Dam,
Chapter 7.0 for the Upper Shannock Horseshoe Falls Dam, and Chapter 8.0 for the
Kenyon Mill Dam.

Fish Ladders

Fish ladders are structures designed to allow fish to migrate upstream of an existing dam.
They are typically narrow "chutes" with baffles or steps that enable fish to ascend to the
upstream side of a dam, into the upstream pool. Basic types of fish ladders include pool-
weir, vertical slot, Denil, and Alaskan Steeppass. Aesthetically, fish ladders are not
always attractive features and often stand out in the surrounding landscape, particularly
those constructed of metal or concrete. Smaller fishways can be made more attraclive by
utilizing native materials in their design, and some fish ladders can be sculpted directly

into the surrounding landscape.

The primary advantage of fish ladders is their low cost. Fish ladders are also a good
option when dam removal is not possible or when the excavation of highly contaminated
sediments behind a dam is cost prohibitive. However, fish ladders are limited by the fact
that they provide passage only for fish that arc strong swimmers and only for certain life
stages of fish. Therefore, their success rate as compared to free flowing channels is

significantly lower.

SHANNOCK FISH PASSAGE FEASEBILITY STUDY
PAWCATUCK RIVER

|
AUGUST 2007 PAGE 5-1 ’/‘Q MILONE & MACBROOM®



5.1.2

Fish ladders require regular maintenance to clean out debris and maintain the structural
inlegrity of the ladder. The most intensive maintenance occurs during the upstream
migration season, between late March or carly April through mid-June. During that time
period, the primary concern is to keep the fishway clean from debris that can block passage.
This is typically conducted twice each week; however, depending on the site, it could be
more or less frequent. Some fish ladders are inspected and cleaned on a daily basis. This

regular maintenance is normally done manually. Access to the fish ladder is imperative.

Fish ladders do not provide stream habitat improvements. Accordingly, the impoundment
and the river corridor upstream of a dam remain, often with limited habitat for plant and
animal species. [inally, the construction of a fish ladder implies that the dam will be left

in place. Therefore, dam maintenance and safety arc ongoing considerations as well.

Dam Removal

To wholly restore a stream to its natural condition, full dam removal is generally the most
desirable approach. The benefits associated with this alternative include the restoration
of fish migratory runs and aquatic habitat, improved conditions for scdiment transport
and natural flow regimes, elimination of debris that typically accumulates in
impoundments, increased public safety, and the provision of recreational boat passage.

Dam removal also eliminates maintenance of the structure.

In certain situations, dam removal may not be feasible due to the possibility of
undermining upstream structures or negatively altering water surface elevations. In the
case of flood control dams, downstream flooding can be a concern. Additionally, the
capacity of the downstream structures and the quality of the downstream habitat can be
diminished if significant volumes of sediment are released and deposited downstream

during the dam removal process.
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5.1.3 Partial Dam Removal

Where full dam removal is not possible or necessaty, partial dam removal can be a viable
option. Partial dam removal can occur in the vertical or horizontal direction. Partial
horizontal removal is accomplished by breaching the dam along a portion of its length. In
many instances, the natural river gcomorphology is such that the restored river channel is

much narrower than the full width of the dam, thus a partial horizontal removal is sufficient.

Partial vertical dam removal is achieved by lowering the dam crest. This approach might
be desirable in combination with a downstream high gradient riffle or a fish ladder.
Partial vertical dam removal can provide a means of upstream sediment management to
minimize the amount of sediment excavation that must occur. Lowering a dam is often
accomplished in combination with fish passage mechanisms, such as a high gradient

riffle, bypass channel, or fish ladder to provide fish passage.

Partial removal is not feasible if the remaining portion of the dam structure is unstable
since removing a portion of the dam could cause a failure of the entire structure. This
allernative is often less costly than full dam removal and can provide many of the same
benefits. It may not, however, entirely restore the river to its natural geometry, flow
regime, or sediment transport mechanisms. The remaining portion of the dam can be
unsightly and may collect debris and backwater flood flows. It is important to determine
the velocities through a partially breached dam under a variety of flow conditions to
ensure the breach is large enough (o prevent a velocity barrier to fish passage and/or

recreational boating.

5.1.4 High Gradient Riffles

High gradient riffles are long, gradually sloping constructed riffles that make use of large
roughness elements to cstablish adequate flow velocities that allow fish passage.

Construction of a high gradient riffle typically takes place at the face of an existing dam
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and extends in the downstream dircction, but they can be placed in other locations as
well. They are used where a dam cannot be removed due to pool usage, sediment
retention, flood control, at historic sites, and for a variety of other reasons. Typically
constructed of various sized rocks and logs, these structures are designed to mimic
natural stream riffles. They can extend across the entire length of a dam or can be limited
to just a portion of the dam's length. Several types of high gradient riffles can be utilized,
depending upon the method used to retard flow velocities and achieve fish passage,

including random boulders, step pools, and protruding fixed obstacles.

5.1.5 Bypass Channels

Bypass channels are used to divert a portion of a river's flow around a dam that is to
remain in place. Objeclives associated with the implementation of a bypass channel
include: (1) the creation of a seminatural channcl that fish will use for upstream and
downstrecam passage, (2) habitat that fish will use during the nonmigratory season, and
(3) a natural, aesthctically pleasing area for people. In some cases, historically

constructed channels, such as mill races, can be used as bypass channels.

One of the advantages of bypass channels is that they can be designed to emulate natural
tributaries of the specific river where fish passage is being restored. In comparison to
other fish passage structures, these natural looking channels often have lower construction
costs and are easier to maintain. They can be acsthetically integrated into the landscape,
providing passage for a wide variety of fish species. Additionally, they can increase the
quantity of riverinc habitat available for aquatic species. Large bypass channels can be

designed for recreational boat passage as well, if enough water flow and depth is available.

For successful fish passage, bypass channels must be designed to convey sufficient water
10 attract fish into their entrance at the downstream end. Additionally, they have to be
designed at an adequate width and depth to hold fish in resting areas. Experience has

shown that the desired flow capacity of bypass channels is in the range of five to 10
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percent or greater of the river's discharge during the migratory season, such that it

provides attraction and conveyance. It is important to note that, unlike fish ladders,

bypass channels are not limited to passage of a particular species.

5.2 Summary of Restoration Alternatives Considered

Various fish passage restoration measures were evaluated for their applicability at each

dam. Restoration alternatives evaluated for the three dams are listed in Table 5-1.

Conceptual design drawings for select alternatives are included in Appendix C, showing

plan and profile views. They include the construction of fish ladders, dam removal, high

gradient riffles, and bypass channels. Alternatives are discussed for each specific dam in

Sections 6.0, 7.0, and 8.0 of this document.

TABLE 5-1

Summary of Alternatives Considered

Alternative | Description
Lower Shannock Falls Dam

S-1 No Action

5-2 Fish Ladder on Right Bank

S-3 Full Dam Removal

5-4 Bypass Channel Through Right Raceway

Upper Shannock Horseshoe Falls Dam

H-1 No Action
H-2a High Gradient Riffles at Right Raceway
H-2b Fish Ladders at Raceway

H-3 Fish Ladder at Left Abutment

Kenyon Milt Dam

K-1 No Action

K-2 Fish Ladder on Right Bank

K-3 Bypass Channel Through Existing Breach
K-4 Full Dam Removal

K-5 High Gradient Riffle
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6.0 LOWER SHANNOCK FALLS DAM

6.1

Site Description

Shannock Mill Pond Dam, looking southwest from right bank

The Lower Shannock Falls Dam is the first
of three dams within the project area. This
dam is on file with the RIDEM, referenced as
Dam ID #250, Shannock Mill Pond Dam.
According to the RIDEM Active Inventory
of February 2007, the dam is listed as having
a low historical hazard classification and a

low proposed hazard classification. Table 6-

1 provides baseline information on this dam. This timber and stone masonry structure is

two to three feet high on the upstream side. The vertical difference between the crest (69.4

feet NGVD?29) and the downstream channel invert is four feet. The total length of the dam

is 133 feet.
TABLE 6-1
Lower Shannock Falls Dam — Data Summary
Length 133 Feet

Hydraulic Height

4-5 Feet (under normal flow conditions)

Structural Height +8 Feet

 Type Run-of-River
Material Stone masonry with timber cap over bedrock
Foundation Rock / Bedrock

Sediment Accumulation

Little Sediment in Pool

Agpe

Mill in operation in 1828; part of operations for
Columbia Narrow Fabrics Co.

Comments

Dam is in poor condition

The Lower Shannock Falls Dam is a low-head run-of-river stone masonry dam with a

rotting timber leveling cap. The dam appears to have been built atop existing native rock.

Original plan sketches from 1892 on file with RIDEM indicate that the stone masonry

dam structure was built 8.5 feet high above the downstream channel invert. Plans
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sketches from 1940, also on file with RIDEM, indicate an eight-inch by eight-inch timber
cap log topped by two-inch by 12-inch flashboards. The dam height from the
downstream channel invert to the top of the timber cap log is given as seven feet on these
plans. Both plans indicate that a triangular wedge of fill was placed behind the dam,

extending approximately 10 feet upstream.

The Lower Shannock Falls Dam is in poor physical condition. The stone masonry face of
the dam shows evidence of severe leakage and deterioration. Mortar is missing between
the stone masonry, and a number of stones are missing. Water flows frecly through the
face of the dam. The timber cap log that forms the crest of the dam is rotting and
deteriorated. This cap log supports grassy vegetation during low flow, encouraging
continued rotting of the structure. Without repair, the scvere nature of these deficiencies

could cause a catastrophic failure of the dam.

The former adjacent Knowles Mill was a
textile manufacturing site. The mill
building was removed in 2006 through a
Community Block Grant Program. The
site is now intended for public access and

open space. The rock cascade (low falls)

at this location is reported to have been a s T D
Nalive American fishing arca and was the Left Raceway at the Shannack Mill Pond Dam
site of a battle between the Narragansett and Pequot Indians. [t was common for Native
Americans to fish at falls or cascades where fish passage was blocked. Fish would also

congregate waiting for appropriate flows for passage upstream.

The left raceway at the Lower Shannock Falls Dam historically supported hydroelectric
activity. A deteriorated gate structure exists at the head of the raceway. The gate

structure is nonfunctioning; the raceway itself is not in use and supports stagnant water.
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