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Executive Summary

Concord River Diadromous Fish Restoration
FEASIBILITY STUDY — DRAFT REPORT

EXECUTIVE SUMMARY

Project Purpose

The purpose of this projectis to evaluate the feasibility of restoring populations of diadromousfish to the
Concord, Sudbury, and Assabet Rivers, collectively known as the SuAsCo Watershed. The primary
impedimentto fish passage inthe Concord Riveristhe Talbot Mills Dam in Billerica, Massachusetts. Prior
to reaching the dam, fish must first navigate potential obstacles at the Essex Dam (an active hydro dam
with a fish elevator and an eel ladder) on the Merrimack Riverin Lawrence, Middlesex Falls (a natural
bedrock fallsand remnants of a breached dam) on the Concord Riverin Lowell, and Centennial Falls Dam
(a hydropowerdamwith afish ladder), also on the Concord Riverin Lowell.

Blueback herring Alewife American shad American eel Sea lamprey

Species targeted for restoration include both species of river herring (blueback herring and alewife),
American shad, American eel, and sea lamprey, all of which are diadromous fish that depend upon
passage between marine and freshwater
habitats to complete their life cycle. Reasons
for pursuing fish passage restoration in the
Concord River watershed include the

The impact of diadromous fish species extends
far beyond the scope of a single restoration
importance and historical presence of the project, as they have a broad migratory range
target species, the connectivity of and along the Atlantic coast and benefit commercial
significant potential habitat within the and recreational fisheries of other species.
watershed, and active publicinput and support.

Project Support & Outreach

This project has been led by the Massachusetts Department of Fish and Game (DFG), Division of Marine
Fisheries (MarineFisheries) with support from the National Oceanic and Atmospheric Administration
(NOAA) Restoration Center, the US Fish and Wildlife

Service (USFWS), and the Massachusetts Department

of Environmental Protection (MassDEP). Gomez and

Sullivan Engineers, DPC (Gomez and Sullivan) was

SuAsCo _ contracted to conduct the study, which involved a

Mo review of existing information, hydrologic and

hydraulic analyses, structural assessment, evaluation

of impounded sediments, conceptual design of fish

passage options, this feasibility report, and final public

meeting. The PublicArchaeologyLaboratory (PAL)was

subcontracted to conduct a cultural resources analysis.
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Executive Summary

Publicinvolvementis paramountinthe process of restoring diadromous fish to the Concord River. Public
inputhas beenorwillbe actively solicited at the following stages in the timeline of the broader restoration
effort surrounding this feasibility study: planning phase, feasibility phase (thisstudy), additional feasibility
and consultation phase, design phase, and permitting.

Feasibility Study Overview

Thefirststepinthis projectinvolved an extensive review of available existing information to compile data
from previous studies and research, including information about the watershed, fish passage obstades,
infrastructure, and diadromous fishery resources. Various technical assessments—including a
topographic survey and sediment, hydrologic, hydraulic, and cultural resources analyses—were then
conducted to provide additional information for the alternatives analysis. Alternatives to restore
diadromous fish passage in the Concord River were developed for each of the three sites of interest:
Middlesex Falls, Centennial Falls Dam, and Talbot Mills Dam. The following alternatives that were
determinedto be mostfeasible foreach site were analyzed:

e Middlesex Falls

— NoAction

—  Channel Improvements (1A) Obstacles to fish passage in the Concord
e Centennial FallsDam River include Middlesex Falls (a natural

— NoAction bedrock falls and remnants of a breached

— Fishway Improvements (2A) dam), Centennial Falls Dam (a hydro dam

— VolunteerCoordination (2B) with a fish ladder), and Talbot Mills Dam
o TalbotMillsDam (a former mill dam that currently has no

— NoAction fish passage facilities).

— Technical Fishway (3A)
— Partial Dam Removal (3B)

Each alternative analysisincluded a discussion of its conceptual design, ability to meet target fish passage
thresholds, potential benefits and impacts, recommendations for additional studies, and budgetary
opinion of cost where applicable.

Site Background

The lowest potential obstacle to fish passage in the Concord River is
Middlesex Falls at river mile 0.44 in Lowell, where the former
Middlesex Dam was breached in the early 1980s. The site now
consists of a large island flanked by a main channel defined by the
remains of the concrete dam abutments and a minor channel defined
by the remains of the former mill race/power canal. The natural
bedrock ledge of the falls creates turbulence, makingit hard for fish to
pass upstream. Previous studies have suggested that during low flow
conditions in spring, fish passage could be impeded, particularly for
riverherringand American shad.

Middlesex Falls
Centennial Falls Dam

Talbot Mills Dam

The next obstacle is the Centennial Falls Dam at river mile 1.55 in
Lowell, which contributes to hydraulichead for the Centennial Island
Hydroelectric Project, a run-of-river facility owned and operated by
Centennial Island Hydroelectric Company. The circa 1900, irregularly
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Executive Summary

shaped dam isapproximately 8 feet high and 320 feetlong. Fish passage structures added tothe dam in
1990 include an upstream fish ladder and a downstream bypass sluice. The fishway has a history of
deficiencies and passage efficiency is unknown. However, river herring have been observed using the fish
ladder—asuccess due in partto recent active management of the fishway by the dam owner.

The third and primary obstacle to fish passage in the Concord River is the Talbot Mills Dam at river mile
4.76 in Billerica,aformer milldamthat currently has no fish passage facilities. The dam s privately owned
by CRT Development Realty, LLC. Its broad-crested stone masonry primary spillwayis about 127 feet long
and 10.2 feethigh. Itisclassified as an Intermediatesized, Significant (Class I1) Hazard potential structure.
Accordingto the mostrecent (2015) dam safetyinspection, the dam was found to be in “fair” condition.
Noted deficienciesinclude the lack of an operationand maintenance plan, lack of routine oversight of the
dam (particularly during storm events), lack of working controls, lack of an operable low level outlet and
emergency bypass in the event of flooding, seepage in the spillway abutments (particularly the left
abutment), and trees located just downstream of the primary spillway and on the upstream face of the
left embankment near the formerintake gates to the Talbot Mills complex. Significant remedial measures
were recommended to bring the dam into compliance with dam safety regulations, including repair or
replacementof the leftabutment, low level outlets, and sluiceway and stilling basin gates, totaling (ata
minimum) over $100,000.

Additionally, as part of this study, the dam was found to not
m(?et dam sa?fety regul:.:\tions to be ablg to pass the 10Q—year The Talbot Mills Dam does not
spillway design flow without overtopping. As such, spillway
capacity would need to be added, and recommended dam
safety repairs would need to be made if the dam is maintained
as is or modified in any way (e.g., to add a fishway). Although
describedinthe dam safety reportas aflood control dam, itisimportant to note thatan overflow or “run-
of-river” type of dam such as the TalbotMills Dam provides no flood control. In fact, the hydraulicanalysis
conducted forthis study found thatthe damincreasesupstream watersurface elevations—by atleast 3.5
feetupstream of the damand 0.8 feet atthe upstream extent of the Concord Riverforthe 100- and 500-
yearfloods. The lack of any operablelowlevel outlet oremergencybypass system at the Talbot Mills Dam
furtherdecreasesits abilityto provide any sort of flood control.

meet dam safety regulations and
increases upstream flooding.

The Talbot Mills Damis a historic property listed in the National Register of Historic Places. The site of the
current dam has a long and controversial past. Prior to the damming of the Concord River in North
Billerica, the areawas used by generations of Native Americans asan encampment and fishing grounds.
The firstdam was erected at the site over 300 years ago in 1711. Overthe course of the nextnearly 150
years and incremental raising of the dam height, various legal disputes between multiple generations of
farmers and dam ownersresultedinthe dam beingremoved and rebuilt several times. Both the current
dam, builtin 1828, and its predecessor, built in 1798, reportedly included a fishway, which was likely a
simple opening in the spillway abutment through which fish could pass under suitable flow conditions
with unknown effectiveness. The fishway was filled with concrete sometime after the 1960s. If a fish
passage restoration alternative is selected for implementation at the Talbot Mills Dam (e.g., a technical
fishway or partial dam removal), the lead federal agency for this project (NOAA) would consult with
interested parties on ways to avoid, minimize, or mitigate any adverse effects to historic and
archaeological resources that may result.
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Feasibility Study Findings

This study has demonstrated that diadromous fish passage
restorationinthe Concord Riveris feasible. Alternativesat
the two most downstream sites—Middlesex Falls and
Centennial Falls Dam—are relatively straightforward and
inexpensive and could be implemented fairly quickly if
pursued. Channelimprovements at Middlesex Falls (Alternative 1A) may help reduce flow turbulenceto
more acceptable ranges for upstream passage, or this project could be deferred to a later phase after
additional monitoring to confirm whether or not fish can navigate the falls at a satisfactory rate. Minor
fishway and operational modifications could be made at Centennial Falls Dam (Alternative 2A) to improve
fish passage, and the opportunity for continued stewardship and public education at that site and
throughoutthe watershed (Alternative 2B) would help ensurethe lasting effectiveness.

Diadromous fish passage restoration
in the Concord River is feasible.

Although more complex than options at the other sites, each of the alternatives at Talbot Mills Dam—a
technical fishway or partial dam removal—has been demonstrated to be technically feasible. Installation
of a fishway (Alternative 3A)—including a Denil ladder, eel ramp, and downstream bypass notch—would
provide effective passage fortargetspecies. Passage of otheraquaticspeciesand overall connectivity of
the river would be limited, but would represent an improvement over existing conditions. With the
exception of cultural resources and aesthetics, littleto no impacts to otherresourcesare anticipated. The
obligation to bring the dam into compliance with dam safety regulations as well as the continued
responsibility for ongoing operation, maintenance, and liabilityassociated with the dam would impact the
cost effectiveness of this alternative. Still, afishwayatTalbot Mills Damis aviable alternative for restoring
diadromousfishinthe Concord River that could advance to the next phase of thisproject for further study.

The proposed partial removal of the Talbot Mills Dam (Alternative 3B) would provide effective passage
for target species as well as significant benefits for other resources. Water quality, aquatic habitat
connectivity, and natural riverine sediment and flow regimes would be restored. Increased upstream
flooding resulting from the dam would be reduced. Aging and unsafe infrastructure would be
decommissioned, eliminating ongoing operation, maintenance, and liability costs and concerns.
Recreation and aestheticresources may improve as well, although these benefitsare subject to individual
preferences of the members of the publicusingthe resources. With the exception of cultural resources,
few impacts to other resources are anticipated. As such, partial removal of the Talbot Mills Dam is a
feasible alternative forrestoring diadromous fish in the Concord River that could be furtherevaluatedin
future phases of this project.

Concord River Diadromous Fish Restoration ES-6 Draft Report
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Providingfish passage at the Talbot Mills Dam and addressing any potential obstacles at Middlesex Falls
and Centennial Falls Dam would restore over 35 miles of diadromous fish habitat on the mainstem
Concord, Assabet, and Sudbury Rivers, plus more than 100 miles of habitat on tributariesto these rivers
and at least 260 acres of lacustrine habitat (notincludingareas that could be accessed with fish passage
at additional upstream dams). The
possibility of combining two or more
alternatives  together, implemented

Providing fish passage at the Talbot Mills Dam would
simultaneously or in several phases, restore over 35 miles of diadromous fish habitat on
provides the flexibility to develop a the mainstem Concord, Assabet, and Sudbury Rivers,
watershed-wide restoration planthathas ~ P/us more than 100 miles of habitat on tributaries.

both immediate and long-lasting benefits.

Next Steps

This feasibility study is not intended to identify a preferred alternative, but rather provides a critical
foundation for ongoing and future restoration activities as well as a framework for continued
communication between project partners and the publicto determine how best to reconcile project goals
with otherinterests. If preferred alternative(s) can be agreed upon, the project will advance to future
phases of securing funding, additional feasibility work, consultation with interested parties, design, and
constructionto ultimately restore diadromous fish passage to the Concord, Sudbury, and Assabet Rivers.

At this juncture, the next step is to solicit input from the
publicon the draft feasibility report. The findings of the
study will be presentedto the publicata meetingto be held
on February 23, 2016, which will be followed by a six-week-
long formal public comment period ending April 6, 2016.
Duringthe comment period, electronic copies of the full feasibility report and appendiceswill be available
for viewing or downloading at http://tinyurl.com/ConcordRiverFishStudy. Hardcopies of the report will
also be availablein thereference section atthe Billerica Public Library at 15 Concord Road in Billerica (978
671-0948). Written comments are welcome and encouraged. Please send any comments on the draft
report, the public presentation, orthe overall project by April 6, 2016 to:

Please send written comments on
the feasibility study by April 6, 2016.

Jill Griffiths, PE | Gomez and Sullivan Engineers
PO Box 2179 | Henniker, NH 03242 | 603-428-4960 | jgriffiths@gomezandsullivan.com
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1 —Introduction

1. Introduction

1.1 ProjectPurpose

The purpose of thisreport is to evaluate the feasibility of restoring populations of diadromous fish to the
Concord, Sudbury, and Assabet Rivers.

Currently, the primary impediment to fish passage in the Concord River is the Talbot Mills Dam!in
Billerica, Massachusetts. Prior to reaching the dam, fish must first navigate potential obstacles at the
Essex Dam?(an active hydropowerdam with afish elevatorand an eel ladder) on the Merrimack Riverin
Lawrence, Middlesex Falls (a natural bedrock falls and remnants of abreached dam) on the Concord River
in Lowell, and Centennial Falls Dam3 (a hydropowerdam with a fish ladder), also on the Concord Riverin
Lowell. Species targeted for restoration include both species of river herring (blueback herring and
alewife), American shad, American eel, and sea lamprey, all of which are diadromous fish that depend
upon passage between marine and freshwater habitats to complete theirlife cycle.

Reasons for pursuing fish passage restoration include the following:

e Ecosystem Functions—The targetspeciesare importantforage species for many types of fish
and wildlife (e.g., striped bass, trout, cod, bluefish, tuna, ospreys, herons, cormorants, otters,
seals, whales, etc.) and facilitate the transport of nutrients between marine and freshwater
environments.

o Fisheries—Because they are forage species, diadromous fish are important for commercial and
recreational fisheries of otherspecies.

e Cultural Values—Anadromous fish provide cultural benefits to citizens who value fish runs for
food, bait, and as a sign of a healthyriver. Many towns celebrate theirarrival each spring with
festivals.

e Range - The impact of these species extends far beyond the site of asingle restoration project,
as the target species have abroad migratory range and are distributed alongthe entire Atlantic
coast from Newfoundland (alewife) to Florida (blueback herring), from Greenland to South
America (American eel), and even the European coast (sealamprey).

e History — The historical presence of river herringand other diadromous target speciesin the
Concord Riveriswell documented.

e Legal Statute — Massachusetts General Law Chapter 130, Section 19 allows forthe requirement
of damownersto provide fish passage at dams.

e Habitat —Significantlacustrineandriverinespawning and rearing habitat exists upstream of the
Talbot Mills Dam—over 35 miles or 740 acres on the mainstem Concord, Assabet, and Sudbury
Rivers, 100 miles of tributaries to these rivers, and atleast 260 acres of lacustrine habitat (not
including areas that could be accessed with fish passage at additional upstream dams).

1 Also known as Faulkner Mills Dam, Billerica Dam, Billerica Falls Dam, Mill Pond Dam, or Middlesex Canal Dam and
Locks. TalbotMills Damis usedinthis reportasitis the name on filein the National Inventory of Dams (NID).

2 Also known as the Great Stone Dam.

3 Also known as Centennial Island Hydroelectric Dam, Lawrence Street Dam, WamesitFalls Dam, or Wamesit Power
Company Dam.
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e Connectivity—The Concord Riverislowinthe Merrimack River watershed and fish must only
navigate pastone dam—the Essex Dam in Lawrence —before reachingthe mouth of the
ConcordRiver.

e Support— Active andinvolved watershed associations, volunteer organizations, community
members, and state and federal agencies support restoration.

e Publiclnput — This projectis one of 12 projects identified in the Restoration Plan and
Environmental Assessment for the Nyanza Chemical Waste Dump Superfund Site (Nyanza
Restoration Plan), which resulted from publicinput process (Stratus Consulting,2012).

Fish passage restoration alternatives considered in this feasibility study include the following®:

e Middlesex Falls
— Noaction
— Channel modifications toimprove fish passage efficiency
e Centennial Falls Dam
— Noaction
— Fishwayimprovements
— Volunteercoordination
e Talbot Mills Dam
— Noaction
— Dam repairwith upstream and downstream fish passage facilities
— Dam repairwith nature-likefishway
— Partialdamremoval®
—  Fulldamremoval

This phase of the projectis not intended to result in a decision document or action at the Talbot Mills
Dam; rather, it is an initial study to evaluate whether diadromous fish restoration in the Concord River
may be feasible.

1.2 ProjectSupport

This project has been led by the Massachusetts Department of Fish and Game (DFG) Division of Marine
Fisheries (MarineFisheries) with support from the National Oceanic and Atmospheric Administration
(NOAA) Restoration Center, the US Fish and Wildlife Service (USFWS), and the Massachusetts Department
of Environmental Protection (MassDEP). Gomez and Sullivan Engineers, DPC (Gomez and Sullivan) was
contracted to conduct the study, which involved a review of existing information, hydrologicand hydraulic
analyses, structural assessment, evaluation of impounded sediments, conceptual design of fish passage
options, this feasibility report, and final public meeting. The Public Archaeology Laboratory (PAL) was
subcontracted to conduct a cultural resources analysis.

This project was approved for implementation by the Nyanza Chemical Waste Dump Superfund Site
(NyanzaSite) Natural Resource Damages (NRD) Trustee Councilinthe 2011 Nyanza Restoration Plan, and
received funding from the Nyanza Site NRD Settlement. The Trustee Council—composed of the

4 Note that conceptual designs were only developed for the most feasiblealternatives.

5 Alsoreferred to as “dambreach.” Inthis case, partial damremoval would consist of removingthe primary spillway
and possibly one or both spillway abutments. Although not a full removal of the entire dam embankment, this
scenariois sometimes referred to as “dam removal” in this report for simplicity.
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Massachusetts Executive Office of Energy and Environmental Affairs (EEA), represented by the MassDEP,
USFWS, and NOAA—is responsible for planning, implementing, and overseeing the restoration,
replacement, and acquisition of the equivalent of natural resources and natural resource services that
were harmed when hazardous substances and materials, primarily mercury, were released from the
Nyanza Site located south of the Sudbury River in Ashland, Massachusetts between 1917 and 1978. To
compensate for natural resources and natural resource services injured as a result of contamination, the
Trustees seek to restore wetland, floodplain, and riverine habitats and species that utilize or historically
utilized these habitats, particularly birds and riverinefish (Stratus Consulting, 2012).

1.3 PublicOutreach

Publicinvolvement is paramount in the process of restoring diadromous fish to the Concord River. All
documents have been made publically available and stakeholders have been consulted throughout this
project, and this will continue to be the case. Publicinput has been or will be actively solicited at the
following stagesinthe timeline of the broaderrestoration effort surrounding this feasibility study:

¢ Planning phase — As noted above, this project was initiated by the public input process that
resulted in the recommendations contained in the Nyanza Restoration Plan (Stratus Consulting,
2012).

e Feasibility phase (this study) —A publicinfo session was held at the Middlesex Canal Museum on
August 7, 2014 to kick off the project. Meetinginvitees included owners of properties abutting
the lowerTalbot Mills Dam impoundment, Conservation Commissions of towns along the extent
of the impoundment, watershed and other environmental organizations, historical
associations/commissions, regional planning agencies, state and federal agencies, members of
the public, and other stakeholders. Another publicmeeting will be held February 23, 2016, also
at the MiddlesexCanal Museum, to presentthe findingsof the study. Comments received on the
draftreportduringthe six-week publiccomment period ending April 6, 2016 will be incorporated
into the final report where appropriateand attached as an appendix. Duringthe comment period,
copies of the draft report will be publically available onlineand in hardcopy at the Billerica Public
Library.

e Additional feasibility/consultation phase —Publicinput from the feasibility phase will be usedto
identify and collect any additional information needed to advance the feasibility study and select
preferred alternative(s) in consultation with interested parties.

o Designphase —Consultation with interested parties will continueto informthe design process for
preferred alternative(s). Additional publicmeetings will be held to presentboth preliminaryand
final designs forany recommended restoration measures.

e Permitting phase— Publiccomments willbe solicited and publichearings will be held as part of a
number of local, state, and federal permitting processes forthe design.
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Stakeholdersforthis projectinclude, butare not limited to:

e Interested members of the public

e Landownersabuttingtheriver

e Dam owners (CRT Development Realty, LLC, Olson Electric Development Co., Inc.)

e Mill owners (Leggett & Platt, Inc., Faulkner Mills Corp.)

e Municipal government officials (Boards of Selectmen/City Councils, Conservation Commissions,
Historical Commissions, etc.) of affected municipalities along the Concord River (Concord,
Bedford, Carlisle, Billerica, Chelmsford, and Lowell)

e BillericaWaterSupply

e Lowell Parks and Conservation Trust (LPCT)

e ConcordRiver Environmental Stream Team

e SuAsCoWatershed Community Council

e OARSforthe Assabet, Sudbury, and Concord Rivers (OARS)

e Merrimack River Watershed Council

e SudburyValley Trustees

e Middlesex Canal Association (MCA)

e Middlesex Canal Commission (MCC)

e BillericaHistoricDistricts Commission

e BillericaHistorical Commission

e BillericaHistorical Society

e Northern Middlesex Council of Governments (NMCOG)

e Massachusetts Department of Environmental Protection (MassDEP)

e DFG Division of Marine Fisheries (MarineFisheries)

e DFG Division of Fisheries & Wildlife (DFW)

e DFG Division of Ecological Restoration (DER)

e Massachusetts Department of Conservation & Recreation (DCR), Office of Dam Safety (ODS)

e Massachusetts Historical Commission (MHC)

e Massachusetts Environmental Policy Act (MEPA) Office

e USFWS Central New England Fish and Wildlife Conservation Office (formerly Central New
England Fishery Resources Office)

e USFWS New England Field Office (NEFO)

e USFWS - Great Meadows National Wildlife Refuge

e NOAARestoration Center

e National Marine Fisheries Service (NMFS)

e National Park Service (NPS)—Sudbury, Assabet,and Concord Wild and ScenicRivers
Stewardship Council

e NPS— Minute Man National Historical Park

e US Environmental Protection Agency (USEPA)Region 1

e US Army Corps of Engineers (USACE)
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1.4 Report Overview

The remainderof thisreportislaid out infour main sections:

e Section 2. Existing Environment — This section presents a summary of available existing
information collected from previous studies and background research, including information
aboutthe watershed, fish passage obstacles, infrastructure, and diadromous fishery resources.

e Section 3. Technical Assessment—This section describesthe various analyses conducted during
the course of this projectto provide additionalinformationforthe alternatives analysis, including
atopographicsurvey and sediment, hydrologic, hydraulic, and cultural resources analyses.

e Section4. Restoration Alternatives Analysis— This section discusses the restoration alternatives
considered foreach site (Middlesex Falls, Centennial Falls Dam, and Talbot Mills Dam), including
their conceptual design, ability to meet target fish passage thresholds, potential benefits or
impacts, recommendations foradditional studies, and budgetary cost opinions, where applicable.

e Section5. Summary and Next Steps— This section presents asummary of feasible alternatives—
includingalist of potential permitting requirements and a decision matrixfor options at the Talbot
Mills Dam—aswell as an overview of the next steps forthe project.

Allfigures and tables referenced in this report can be foundin Appendix A. Photographsareincludedin
AppendixB. Appendix C presents aset of eight aerial photographs of the Talbot Mills Dam area taken
between 1938 and 2006, which were compiled forthe 2009 dam safety inspection report (Geotechnical
Consultants, 2015). Conceptual plansforalternatives at Middlesex Falls and Talbot Mills Dam are
includedin AppendixD. Conceptual photographicrenderings for Talbot Mills Dam alternatives are
providedin Appendix E. Appendix F containstabularoutputfrom the hydraulicmodel.
Correspondence with MHCregarding the cultural analysisis providedin Appendix G. Inthe final version
of the report, an additional appendixwill contain publiccomments received on the draft report.
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2. Existing Environment

This section presents a summary of available existing information collected from previous studies and
backgroundresearch, includinginformation about the watershed, fish passage obstacles, infrastructure,
and diadromous fishery resources.

2.1 Watershed

2.1.1 General Description

The Concord Riveris part of the Merrimack River watershed. Itjoins the Merrimack River downstream of
the Pawtucket Dam®in Lowell, Massachusetts, makingitan ideal candidate for fish passage restoration.
Fish migrating upstream from the ocean must only navigate the fish passagefacilities at the Essex Damin
Lawrence, Massachusetts—whichinclude afish elevator, adownstream fish bypass, and an eel ladder—
before reaching the Concord River. Figure 2.1.1-17 shows the location of the Concord River drainage
withinthe Merrimack River watershed.

The Concord River originates at the confluence of the Assabet and Sudbury Rivers near historic Egg Rock
inthe town of Concord, Massachusetts. The three rivers collectively drain an approximately 400-square-
mile areaknown as the Sudbury-Assabet-Concord (SuAsCo) watershed, which is shown in Figure 2.1.1-2.

The Sudbury Riveris 41 mileslongand drains 169 square miles. It beginsin Westborough, flows eastward
to Framingham, then north through Sudbury, Wayland, Lincoln, and into Concord. It has three distinct
sections: a narrow, rapid reach upstream of Framingham, a middle section consisting of two large
impoundments (one of which is created by the Saxonville Dam?in Framingham), followed by a 12-mile-
long section that changes elevation by only one foot and has been compared to an elongated lake. The
AssabetRiveris 31 mileslong, and drains 175 square miles. Itstartsin Westborough, and flows northeast
through many impoundments in the urban centers of Northborough, Hudson, Maynard, and Concord
interspersed with rural and undeveloped watersheds (USFWS, 2005).

The Concord River retains the slow-moving characteristics of the third section of the Sudbury River for the
firstapproximately 11 miles through Concord, Bedford, and Carlisleto the Pollard Street Bridge in Billerica,
thendrops nearly 65 feet overthe last 5 miles through Chelmsford and Lowell before emptyinginto the
Merrimack River and ultimately into the ocean at Plum Island. Tributaries include River Meadow Brook
and Marginal Brook in Lowell, Mill Brook in Billerica, and Sawmill Brook and Mill Brook in Concord, which
are alsoshowninFigure 2.1.1-2.

A total of 29 free-flowing miles of the Sudbury (16.6 miles), Assabet (4.4 miles), and Concord (8 miles)
Rivers were designated as Wild and Scenicin 1999, recognizing the recreational, ecological, scenic, and
historical/cultural resourcesof the rivers. A map of the designated Wild and Scenicareais shown in Figure
2.1.1-3. The designatedreach on the Concord Riverextends from Egg Rock down to the Route 3 Bridge
in Billerica. The SuAsCo watershed also encompasses two National Wildlife Refuges (NWRs)—the Great
Meadows NWR, located in Sudbury and Concord (shown in Figure 2.1.1-4), and the Assabet NWR, located

6 Fish passage has been provided at the first three dams on the Merrimack River, although fish have difficulty
navigatingthefish passagefacility atthe Pawtucket Dam. Onlyabout10% of fish thatsuccessfully navigate the Essex
Dam downstream make itabove the Pawtucket Dam (NH FGD, 2015).

7 All numbered figures and tables referenced inthis report are provided in Appendix A.

8 Also known as the Central Street Dam.
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primarily in Stow. Additionally, Massachusetts’ first designated Area of Critical Environmental Concem
(ACEC)—the Great Cedar Swamp—is located in Westborough on the Sudbury River. The Great Meadows
NWR and the Great Cedar Swamp represent the two of the largest wetlands in central Massachusetts
(MassDEP, 2015).

The Assabet, Sudbury, and Concord rivers have all beenimpounded by dams, creating systems with rapidly
moving headwaters and slow movingimpounded sections. There are eight dams alongthe Assabet River
mainstem, sixon the Sudbury River mainstem, and twoon the Concord River mainstem—Talbot Mills Dam
in Billericaand Centennial Falls Damin Lowell. A third dam on the Concord River, the Middlesex Dam in
Lowell, hasbeen breached; only the abutments and remnantsremain. Figure 2.1.1-5shows the locations
of these three obstacles to fish passage on the Concord River. There are also three sets of waterfalls
within a one-mile-long reach on the Concord River in Lowell that provide Class Il and IV whitewater for
rafting (Stratus Consulting, 2012).

Upstream of the Talbot Mills Dam, there are no obstructions to fish passage on the remaining 11.6 miles
of the Concord River or beyond until the Saxonville Dam on the Sudbury River in Framingham (17 miles
above its confluence withthe Assabet River) and asmall hydroelectricdam known as High Street Dam on
the AssabetRiverin Acton (6.4 milesaboveits confluence withthe Sudbury River) °. Providing fish passage
at the Talbot Mills Dam and addressing any potential obstacles at Middlesex Falls and Centennial Falls
Dam would restore over 35 miles or 740 acres of diadromous fish habitat on the mainstem Concord,
Assabet, and Sudbury Rivers, plus more than 100 miles of habitat on tributaries to theserivers and at least
260 acres of lacustrine habitat (notincluding areasthat could be accessed with fish passage at additional
upstream dams)°. Amap of these potential habitatareasis providedin Figure 2.1.1-6.

2.1.2 River Flowage and the History of the Great Meadows

Althoughthe Assabetisarelatively swiftriver, the Sudbury and Concord Rivers form asluggish stretch of
some 22 miles, from the Route20/Boston Post Road bridge in Wayland to the Pollard Street bridge in
Billerica (approximately a half of a mile upstream of Talbot Mills Dam), where the channel bottom drops
only two feet—about an inch per mile. Along much of this reach, the river is flanked by broad marshes
(traditionally called “meadows,” and in this case referred to as the Great Meadows) that stretch as wide
as amileinsome places (Donahue, 1989). A historical plan and profile of the Concord and Sudbury Rivers
along a 22.15-mile-long section through the Great Meadows in shown in Figure 2.1.2-1. Today, these
wetlands are preserved along 12 miles of the Concord and Sudbury Rivers as part of the Great Meadows
NWR.

9 The Damonmill Dam (also known as the Damondale Dam), which is located approximately 1.8 miles downstream
of the High Street Dam in Concord, was not considered to be the upstream barrier to fish passage on the Assabet
River as itis breached. However, the ability of target species to successfully pass through the approximately 30-
foot-wide breached dam sectionis unknown. A Notice of Intent filed with the MassDEP inJune 2015 indicates that
the property owner, Damonmill Square Properties, LLC, seeks to make necessary repairs to the breached dam to
increasesafety duringhigh flows, remove restrictions duringlow flows,and closethe headraceandtailrace.

10 These numbers were derived from an analysis conducted with the USGS National Hydrography Dataset (NHD),
consideringavailable habitat between the Talbot Mills Dam and the next upstream dam on the Assabet River (High
Street Dam), Sudbury River (Saxonville Dam), and tributaries. It did not consider other potential barriers to fish
passagesuchas culverts. Of the target species for this project, American eel aremost likely to utilize the tributaries,
anditis assumed that they can pass through most road crossings.
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History of the Great Meadows

Historically, when colonistssettledthe areain the 1630s, the native grasses of the meadows were farmed
forhay. Because the meadows were wetand prone to flooding, variousmeasures were taken to improve
drainage, including digging ditches, diverting upland seepage, and cutting weeds and dredging bars in the
river. Whenthe riverwasfirstdammed in North Billerica at the site of the present-day Talbot Mills Dam
over300 yearsago in 1711, farmers complained that the dam caused increasedflooding of their meadow
lands. Over the course of the next nearly 150 years and incremental raising of the dam height, various
legal disputes between multiple generations of farmers and dam owners resulted in the dam being
removed and rebuiltseveral times (see Section 2.2.3, History).

Finally,in 1859, the state legislature appointed aJoint Special Commission to investigate whetheror not
the damwas in fact the cause of increased flooding of the meadows. The commission’s report (MA House
of Representatives, 1860) largely consisted of testimony and anecdotal evidence of the dam’s effect from
dozens of aggrieved farmers. The commission concludedthat the dam was a cause of theflooding, leading
the legislaturetoissue the Act of 1860 which ordered thatthe dam be loweredby 33 inches toits original
1711 height. When the dam owner filed to repeal the decision, a new legislature appointed a Scientific
Commission to conducta more technical study of the effect of the dam on the upstream floodingin 1861.
The study involved a survey!! of the river, incremental lowering of the dam up to 33 inches, and more
than 35,000 measurements of the resulting waterlevels in the Concord and Sudbury rivers and adjacent
meadows atvarying river flows from late July through mid-October. The results of the study showed that
the top of the dam was higherthan any pointon the river bottom for 25 miles upstream, but that lowering
the dam produced only anegligible drop of the waterlevelin the upstream meadows. The commission’s
report (Alvordetal., 1862) concludedthatthe dam was not the primary cause of upstream flooding and
doesn’t substantially affect water levels above a natural high point known as the Fordway Bar (described
below). Ithas beensuggested thatthe study period (about 4 weeks with the dam lowered) may not have
been long enough for the river to reach a new equilibrium with groundwater levels due to the constant
influx of runoff from higherin the watershed, and that deforestation fora growing farmingindustry and
upstream basin regulation were simultaneously contributing to increased flooding in the meadows,
magnifying the dam’s perceived impact (Donahue, 1989). Regardless, the legislature accepted the
commission’s report and, in 1862, repealed the Act of 1860’s order to lower the dam (Yerrinton and
Bacheler, 1862).

For restoration alternatives that would potentially remove or change the height of the Talbot Mills Dam,
itisimportanttounderstand how itand otherdynamicsinfluence waterlevelsinthe Concord River. The
1861 study reported that, independent of the dam, the riveris affectedin its flow and condition by several
factors, including:

e Channel sinuosity — Sinuosity is a measure of the curvature of a river’s bends compared to the
straight-line distance. A particularly sinuous channelis referred to as “meandering.” The 1861

11 The 1861 survey used a zero datum 10.00 feet below the top of an iron bolt that had been placed in 1825 at an
elevation equal to the top of the flashboards atthe dam. Inthe 1861 study, the elevation of the bolt top was
reported as 115.35 feet above the Boston base datum (or mean low water in Boston Harbor), which is 5.65 feet
above NVGD 29 and 6.477 feet above NAVD 88, which would make it 108.87 feet NAVD 88. The boltstill exists today
andin 2013 its top elevation was re-measured as 108.81 feet NAVD 88 from a temporary benchmark set in 2000
from the 1965 US monument MY0308 (Breen, 2013).
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study found that parts of the riverare especially sinuous, with bends so short and frequent that
they obstruct the flow of the waterto some extent (Alvord et al., 1862).

e Natural bars — The river has various natural bar formations, or high pointsin the channel bottom
profile, several of which are named (e.g., Fordway Bar, Pollard’s Bar, Barrett’s Bar, Assabet Bar).
According to the 1861 study, the elevations of these bars do not change significantly over time
(Alvordetal., 1862).

e Weeds—Duringthe summermonths,variousweeds grow on some of the barsand in other places
of the river, creating resistance for the flow of the river and adding to its sluggish nature. The
1861 study reported that the dense weed growth has a significant effect on upstream water
levels. Historically, weeds have been cut from the bars by farmers to relieve upstream flooding
of theirmeadow lands (Alvord etal., 1862).

e Basin regulation — The 1861 study reported that flow in the river was artificially affected by
operation of some 24 ponds and 58 mill ponds on the Assabet and Sudbury Rivers at that time
(Alvordetal., 1862). Today, flows are stillregulatedfor various uses, as discussed inSection 2.1.3
below.

Of these factors, the most important consideration for water levels upstream of the dam is the natural
bars, specifically the first bar upstream of the dam known as the Fordway Bar. It isa natural bar of hard
gravel thatisabout 700 feetinlength and was formerly used asafordto cross the river. Accordingtothe
1861 survey, the Fordway Bar lies between points approximately 2,700to 3,400 feet upstream of the dam,
passing through the location of the present-day Pollard Street bridge (whichis 2,935 feet upstream of the
dam). About 400 feet below the downstream end of the bar, the river flows swiftly through an
approximately 500-foot-long section of narrow, rocky channel formed by broken ledge and obstructed by
boulders and small islands (Alvord et al., 1862). This bedrock formation likely serves as the hydraulic
control for the bar and may have led to its formation. Figure 2.1.2-2 is a historical plan of the Billerica
Mills area depicting the locations and cross-sections?? of the Fordway Bar and the section of rapids and
islands downstream.

Figure 2.1.2-3 shows a portion of the river bottom profile upstream of the dam as surveyedin 1861. The
elevation of the top of the Fordway Bar measured from the profile is approximately 107.2feet relativeto
the North American Vertical Datum of 1988 (NAVD 88)*3, which is about a foot below the spillway crest
of the Talbot Mills Dam (Alvord etal., 1862). If the dam were removed or lowered by more than a foot,
this feature would likely serve as the new hydrauliccontrol forthe river upstream.

In 1894, the State Board of Health was directed by the legislature to dredge sediment from the various
bars in the river that impeded its flow. Over 31 thousand cubic yards (CY) of sediment were removed
from more than 2 % miles of barsin the upper Concord and lower Sudbury Rivers. The channels dredged
through the bars were generally 5feetdeep and 20 to 30 feet wide. Most of the sediment was disposed
of in deeper sections of the channel, with some also being spread on the meadows. The proposed plan

12 Unfortunately, Detail [B] showing the cross-section through the Fordway Bar was omitted from the copy of the
plan obtained for this report.

13 Unless otherwise specified, all elevations in this report are given in feet and referenced to the North American
Vertical Datum of 1988 (NAVD 88). The datum shift to convert to the National Geodetic Vertical Datum of 1929
(NGVD 29) for the coordinates at Talbot Mills Dam (the conversionis location specific)is 0.827 feet (with NGVD 29
being the higher elevation).
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also called forlowering the Fordway Barand other bars closerto the damin North Billerica, but these bars
were found to be composed of hard material which would have been more difficult and expensive to
move. The work was completed in 1897, and reportedly resulted in improving the flow of the river and
loweringthe watertable in the meadows (State Board of Health, 1896; MA Senate, 1918).

In 1902, the legislature voted downa bill that wouldhave authorized the Harbor and Land Commissioners
to cut out and remove the Fordway Bar. The bar is still intact today (Sudbury, Assabet and Concord Wild
& ScenicRiverStewardship Council, n.d.).

Present-Day Water Levels and Flooding

In spite of the historical flood studies and subsequent dredging of the rivers, flooding is still issue in the
watershed. The Talbot Mills Damin Billerica affects flooding on the Concord and Sudbury Rivers, and the
Damonmill Damin West Concord and the old High Street Dam (Powder Mill Dam) in Acton increase flood
elevations onthe AssabetRiver. Bridgesalso play akeyrole. Accordingtothe flood profilesin the Federal
Emergency Management Agency (FEMA) Flood Insurance Study (FIS), a number of bridges upstream of
the dam appearto be undersized, acting as a hydrauliccontrol and causing a backwater effect and higher
watersurface elevations upstream. The center pierof the formerBridge Street bridge below the Boston
Road/Route 3A bridge in Billericais a hydraulicrestriction that could be removed from the floodway. The
abutmentremains ofthe former Old Middlesex Turnpike bridge isalso a constriction to flow (FEMA, 2014).

The duration of flooding for most of the Concord River is generally sustained due to the large drainage
area, shallow channel slopes, low, undefined banks, and wide, meadow flood storage areas. Records
indicate that the 1936 flood remained higherthan an elevationof 117.2 feet NAVD 88 at the Carlisle Road
bridge for more than 11 days. Hurricane Diane occurred on August 19 and 20, 1955, but the Concord
River did not crest until late on August 22 with water levels remaining above an elevation of 117.2 feet
NAVD 88 forover three days (FEMA, 2014).

The maximum peak flow recorded at the US Geological Survey (USGS) streamflow gage on the Concord
Riverin Lowell (Gage No. 01099500) was 5,840 cubic feet per second (cfs) on March 17, 2010 during a
series of widespread, large, low-pressure systems that affected southern New England in late February
through late March of 2010 and resultedin record or nearrecord rainfall and runoff. The total rainfall in
the region during this period ranged from about 17 to 25 inches, which, coupled with seasonal low
evaporation, resulted inrecord or nearrecord peak flows at 13 of 37 streamgagesin central and eastem
Massachusetts. High water marks recorded on the Concord River abovethe Talbot Mills Dam ranged from
117.2 feet NAVD 88 above the Boston Road/Route 3A bridge (1.5 miles upstream of the dam) to 118.1
feet NAVD 88above the Route 225 bridge (6.7 miles upstream of the dam) (USGS, 2015b and Zarriello and
Bent, 2011).

Conversely, August 2002 produced some of the lowest waterlevels onthe Concord River. In additionto
the low flows, the sluice gate at Talbot Mills Dam was opened, causing the water to nearly stop flowing
overthe dam spillway. Some waterwas observedleaking pasttwoinoperable lowlevel outlet structures
at the dam. Water levels approached 108 feet NAVD 88 at Pinewood Avenue in Billerica, located
approximately 2.4 miles upstream from the dam. The sluice gate was subsequently closed and rainfall
raised waterlevels abovethe dam spillway (E. Reiner, personal communication, February 5, 2016).

The USGS recorded high water marks observed during the 2010 flooding event at 7 locations on the
Concord River, 18 on the Sudbury River, and 11on the Assabet River(Zarriello and Bent,2011). The USACE
recorded high water marks associated with the flood of January 1979 on the Concord and Sudbury Rivers
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(Boston Survey Consultants, 1979a and 1979b). Additionally, Billerica resident Ed Reiner has recorded
water surface elevations during both high and low flows on a concrete wall with a surveyed benchmark
at Pinewood Avenue, located approximately 2.4 miles upstream of the Talbot Mills Dam (E. Reiner,
personal communication, February 8, 2016).

2.1.3 Basin Regulation

Flows in the SuAsCo watershed are regulated for various uses, including water supply, wildlife
management, flood control, and smallhydropower. In orderto ensure successful fish passage restoration,
it is important to assess whether flows are adequate for fish passage during key life cycle events (see
Section2.4.2).

The watershedis heavily used forwatersupply. Astudy of wateruse inthe SuAsCo watershed conducted
by the US Geological Survey (USGS) from 1996-2000 reported that 17 municipal supplysystems withdrew
water during that period, in total averaging 10.1 billion gallons per year or 27.7 million gallons per day
(MGD). Water withdrawals were mostly (75 percent) from groundwater. Wateruse and managementin
the basin resulted in a net transfer of water from groundwater to surface water, discharged as
wastewater, of about 4,000 million gallons peryear(11.0 MGD) (Barlow etal., 2009). The Concord River
serves as a treated water supply forthe Town of Billerica (see Section 2.3.2) and receives discharges from
fourmunicipal wastewater treatment plants, as well as several industrial users (MassDEP, 2005).

The waters of the SuAsCo watershed have historically been used as water supplies for metropolitan
Boston. Between 1872 and 1898, sevenreservoirs were constructed onthe north and south branches of
the Sudbury River, four of which are still part of the present-day Sudbury System. However, limited yield,
urbanization of the watersheds, and unsatisfactory water quality led to an investigation for additional
water supply of adequate quantity and quality. The creation of the Wachusett and Quabbin Reservoirs
meant that increasingly substandard source waters from many of the reservoirs in the Sudbury System
could be discontinued. The entire Sudbury System was officially removed from active use and classified
as an emergency watersupplyin 19764 (MassDEP, 2005).

Flows in the Concord River are also regulated for wildlife management. The Concord Unit of the Great
Meadows NWR includes two 100-acre manmade impoundments, referred to as the Concord
Impoundments, located adjacent to the Concord River. Since 2000, the USFWS has been actively
manipulating water levels in the two impoundments to provide wildlife habitat, primarily for migratory
birds, by gradually drawing down and refilling® the impoundments throughout the year. Despite the
variation in timing of drawdown and filling of the impoundments, one impoundment typically has some
water during most of the spring, summer, and fall (though which impoundment contains water varies
within a season). Each year, both impoundments are flooded before winter freeze, and remain flooded
until the following spring (USFWS, 2009).

The Great Meadows NWR Comprehensive Conservation Plan identifies agoal of restoring historical runs
of fishinthe herring family tothe Concord River (USFWS, 2005). Additionally, the Sudbury, Assabet, and

14 Interestingly, the USGS, in its remarks relativeto the streamflow gage on the Concord River in Lowell, still notes
that although the physicaldrainagearea atthe gageis 400 squaremiles, thenet drainageareais actually 307 square
miles, due to a water supply diversion from approximately 93 square miles in the Sudbury River basin and Lake
Cochituate for use by the Boston metropolitan district, but this was discontinuedin 1976 (USGS, 2015b).

15 The impoundments are filled usinga pump placed in the Concord River.
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Concord Wild and Scenic River Study: River Conservation Plan notes the need to promote projects that
support anadromous fish restoration (NPS, 1995).

Flood flowsinthe watershedare also regulated. Nine flood controldams—located in the towns of Berlin,
Bolton, Harvard, Northborough, Marlborough, Shrewsbury, Stow, and Westborough—actas a systemto
control a drainage area of nearly 50 square miles and provide available flood storage of more than four
billion gallons. The dams were built between 1962 and 1987 by the US Department of Agriculture’s
Natural Resources ConservationService (NRCS)and the DCR. The DCR owns, operates, and maintainsthe
dams, and, with NRCS assistance, monitors the damsto ensure that they provide flood protection. They
provide an estimated$1.7 million in annual flood damage reduction benefits. Significant upstream urban
development has generatedthe needforrehabilitation of the dams, whichis currently in progress (NRCS,
2015). Additionally, the USACE has constructed flood protection dikes and walls along a portion of the
Sudbury River, which minimizes flooding in much of the area of Saxonville (FEMA, 2014).

Additionally, the Great Meadows NWR protects an extensive portion of the floodplains of the Concord
and Sudbury Rivers from development and provides a natural storage area for floodwaters, which helps
to mitigate peak flows and the severity of flooding along the rivers. Similarly, Cedar Swamp provides
natural floodplain storage and flood reduction benefits for the Sudbury Riverin the Towns of Sudbury and
Wayland. The Sudbury Reservoirand the Framingham Reservoirsystem also provide significant storage
volume which reduces peak flood flows on the Sudbury River (FEMA, 2014).

2.1.4 Water Quality & Aquatic Habitat

It is also important to assess whether the watershed can presently provide adequate water quality and
aquatic habitat for target species prior to pursuing restoration alternatives. Under the federal Clean
Water Act, states are required to evaluate the condition of surface and ground waters with respect to
their ability to support designated uses (such as aquatic life) as defined in state-specific surface water
quality standards. Every two years, states identify all impaired stream/river segments and lakes and
prioritize the development of pollutant loading, or Total Maximum Daily Load (TMDL), studies based on
the severity of the pollution and the sensitivity of the uses.

The resulting Massachusetts Integrated List of Waters (MassDEP, 2014) classifies all sections of the
Assabetand Concord Riversand asegment of the SudburyRiveras Category 5impairedwaters. The main
impairments caused by pollutants are: eutrophication (Assabet), dissolved oxygen (Assabet), bacteria
(Assabetand Concord), phosphorus (Assabet and Concord), algae (Assabet and Concord), and mercuryin
fish (Sudbury and Concord). Invasive plantsare a problem for all three rivers. Many ponds and lakesin
the watershed are alsolisted. ATMDL study has been completed forthe Assabet River (MassDEP, 2014).

A natural streamflow regime (i.e., range, duration, and timing of streamflow) throughout the year is
critical to supporting fish and other aquatic life. Baseflow—the flow of groundwater into streams—is
particularly importantduringthe summerandis essential to diluting effluent discharged to the river. For
the nutrientload reductions proposedin the state’s TMDLfor the Assabet River to be effectivein restoring
water quality in the mainstem, the existing baseflowin the river and its tributaries must be preservedand,
if possible,augmented. The waterresources of the areaare underthe strain of anincreasing demand for
watersupply and centralized wastewater treatment, which resultsin the netloss of water from many sub-
basinsand reduced baseflow inthe mainstem and tributaries (OARS, 2015).

Invasive aquaticplants are also a problem throughout the watershed. The Sudbury River has along history
of invasive water chestnut (Trapa natans) problems and efforts to remediate those problems. Significant
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water chestnut infestations are also on the Concord River, particularly in the Talbot Mills Dam
impoundment, and the Assabet River. Other invasive aquatic plants include Eurasian milfoil, fanwort,
curlyleaf pondweed, and European water clover (OARS, 2015).

OARS (formerly the Organization for the Assabet River) conducts annual water quality, streamflow, and
aquatic plant biomass monitoring on the mainstems and large tributaries of the Assabet (since 1992),
Sudbury (since 2009), and Concord (since 2004) rivers. A map of samplingsitesisshownin Figure 2.1.4-
1. Water quality datacollected under OARS’ Quality Assurance Project Plan for OARS’ Water Quality and
Quantity Monitoring Program and previous Quality Assurance Project Plans may be used by the EPA and
MassDEP in making regulatory decisions (OARS, 2015).

The data collected are also used to characterize fish habitat conditions in the main tributary sub-basins.
Streamflow and habitat availability data have been collected at seven tributary sites to calculate OARS'
“Stream Health Index” for those streams. An index brings information from multiple data sources
togetherinto a single number that can be understood at a glance, and thus is a useful tool in assessing
spatial and temporal trends in water quality, habitat, and streamflow data. OARS’ “Water Quality Index”
(a sub-index of the overall Stream Health Index)is also used to assess water quality at selected mainstem
and tributary sites (OARS, 2015). Stream Health Indices and Water Quality Indices for the 2014 monitoring
season can be foundinTables 2.1.4-1 and 2.1.4-2, respectively.

Table 2.1.4-1 shows that all tributaries received “excellent” or “good” scores for water quality, flow,
habitat, and stream health in the May and June sampling events, while most had some “fair,” “poor,” or
“very poor” scores in the months of July, August, and September when streamflows were lower,
particularlyinthe flowcategory. Table 2.1.4-2indicates that the lowest scoring water quality parameters
included nitratesat the Assabet Riversites, nitrates and total suspended solids at the Concord River sites,
total phosphorus and total suspended solids at the Sudbury River site, and dissolved oxygen at the Hop
Brook site.

The Concord Riveris designated as a Class Bwarm water fishery, with portions alsodesignated as a treated
drinking watersupplyand combinedsewer overflow (CSO). Class Bwaters are designatedas a habitat for
fish, otheraquaticlife, and wildlife, including fortheirreproduction, migration, growth, and other critical
functions, and for primary and secondary contact recreation. A warm water fisheryis a water in which
the maximum mean monthly temperature generally exceeds 68°F during the summermonths and is not
capable of sustainingayear-round populationof cold wateraquaticlife (e.g., brook trout). Water quality
designations forall segments of the SuAsCo mainstem riversis provided in Table 2.1.4-3 (MassDEP, 2013).
The DFW lists 34 tributary streams in the basin as Coldwater Fish Resources and the MassDEP designates
two tributary streams (an unnamed tributary of the Assabet River and the upper portion of Jackstraw
Brook) as cold water fisheries (OARS, 2015).

Table 2.1.4-4 lists acceptable ranges for various physical, chemical, and biotic criteria with regards to
spawning and nursery habitat two of the target species—alewife and blueback herring. These thresholds
were compiled by MarineFisheries from various sources, including the MassDEP’s Surface Water Quality
Standards (SWQS) (MassDEP, 2013), the EPA’s Ambient Water Quality Criteria Recommendations (2001),
scientific literature, and Best Professional Judgment (BPJ). These thresholds can be used in conjunction
with the data presented in the water quality reports to identify sites in the SuAsCo watershed with
characteristics suitable for juvenile herring production.
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2.1.5 Potential for Sediment Contamination

Many contaminants releasedintorivers and streamsinthe form of industrial wastes, accidental spills, or
urban runoff commonly adhere to solids suspended in the water column of a stream and ultimately
accumulate in slow moving environments, such as impoundments behind dams. Some fish passage
restoration alternatives, particularly dam removal, can have unintended effects on the downstream
environment, if not carefully planned and implemented, due to the potential for the release of toxic
contaminants by mobilization and downstream redeposition of impounded sediment (Breault et al,,
2013).

Although lessobvious,sediment contamination shouldalso be a consideration for restoration alternatives
that leave adam intact, including the “no action” alternative. Contaminants trapped in sediment behind
dams are often considered buried, butthey cannot be assumed to be immobile. Some contaminants are
easily exchanged between bottom sediment and the overlying water column, allowing them to become
biologically available under certain environmental conditions. Sediment-bound contaminants can also be
scoured, re-suspended, transported downstream, and redeposited during storm events, potentially
affectingaquaticorganisms, including fish, far from the original source. Additionally, benthic organisms,
which live on or within the bottom sediment, may be directly exposed to hazardous levels of these
contaminants and, in turn, indirectly expose fish and other wildlife to the contaminantsthrough food-web
magnification. Humans may be exposed throughingestion of affected wildlife or by direct physical contact
(Breaultetal., 2013).

Additionally, sediment quantity and quality should be factored into the overall hazard associated witha
dam along with its structural integrity and downstream risks, although dam safety inspections required
by the ODS do not currently considerthisinformation. Anaccidentaldam failure would cause allthe same
impacts on the downstream environment as a purposeful dam breach or removal, without the advance
planning to minimizethose impacts to the greatest extent possible.

Thissectionincludesadue diligence review of existinginformation relating to the potential for sediment
contaminationinthe Talbot Mills Damimpoundment.

Oil and Hazardous Material Sites

Releases of oil and/or hazardous material to the environment are required to be reported to the
MassDEP’s Bureau of Waste Site Cleanup, in accordance with M.G.L. Chapter 21E and procedures
established within the Massachusetts Contingency Plan (MCP) (310 CMR 40.0000). Allreported releases
are given a period of one year to either be cleaned up or be classified as either Tier | (indicating
groundwater contamination in a current drinking water resource area, presence of an imminent hazard
or Critical Exposure Pathway, or ongoing Immediate Response Action that involves remedial action) or
Tierll (all othersites) in orderto undergo a comprehensive assessment and cleanup program. Failure to
comply with cleanup or “tier classify” in the one year timeframe results in the site being automatically
classified as a Tier ID (Default) site. In cases where cleanup cannot be achieved to the most protective
use, a Notice of Activity and Use Limitation (AUL) must be attached to the deed of the contaminated
property to document the location of residual contamination and specify restricted and permitted
activities and uses of the propertyinthislocation (AULarea).

The MassDEP maintains asearchable online database of waste sites and reportable releases, aswell as a
file viewerthat can be used to access electronicreportsand forms for those sites (MassDEP, 2016). The
Massachusetts Office of Geographic Information (MassGIS) periodically publishes the MassDEP waste
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sites database in aspatialformat that can be used to identify potential sources of sedimentcontamination
in a particular watershed. According to the most recent (January 2016) MassGIS publication of the
MassDEP waste site data, there are currently 68 tier classified sites in the Talbot Mills Dam watershed for
whicha Permanent Solution (permanentsite closure) has not yet been achieved (i.e., “active sites”). Of
these, 23 are classified as Tier |, 31 as Tier ll, and 14 as Tier ID. Of the sites with a Permanent Solution
(i.e., “closedsites”) 8 in the Talbot Mills Dam watershed, 127 have AULs. Figure 2.1.5-1 showsa map of
oil and/orhazardous material sitesin the SuAsCo watershed.

There are three primary oil and hazardous waste sites located upstream of the Talbot Mills Dam within
1,000 feet from the ConcordRiver bank (two of these sites alsohave secondary Release Tracking Numbers,
or RTNs, associated with them). Table 2.1.5 provides a summary of information about these sites. The
closestof the threeisaTierllsite (RTN 3-0026097) located at 12 Phiney Streetin Billerica (adjacent to the
VFW Solomon Post No. 8819). This site issituated about 450 feetfrom the Concord River’s east bank just
upstream of the Boston Road/Route 3A Bridge, or about 1.6 miles upstream of the dam. In 2006, waste
oil wasreleased from damaged 55-gallon drums at the site, and unrelated PCBand arsenicreleases were
discovered duringsite investigations (ENPRO, 2007).

There are also eight active Superfund Sites located within the SuAsCo watershed: fourin the Assabet
Riverwatershed, two inthe Sudbury River watershed (including the Nyanza Site), and twoin the Concord
River watershed, one of which is located downstream of the Talbot Mills Damin Lowell (MassDEP, 2005).
The other Concord River watershed site is located approximately one mile southeast (upstream) of the
Talbot Mills Dam at Iron Horse Park off High Streetin North Billerica, which is hydrologically connected to
the dam’s impoundment by a wetted section (Segment 24) of the old Middlesex Canal (see Section 2.3.1
for a description of the Middlesex Canal). The site is a 553-acre industrial complex that includes
manufacturing and rail yard maintenance facilities, open storage areas, landfills, and wastewater lagoons.
A long history of industrial activities, beginning in 1913, has resulted in the contamination of the site’s
soil, groundwater, and surface water. Site cleanup, operation and maintenance activities, and
environmental monitoring are ongoing. The USEPA identified no significant risk from migration of vapors
from groundwater, and the only potential risk to human health from groundwateris associated with the
scenario of a potential future on-site resident using groundwater. No human health risk was identified
for exposure to either sediment or surface water. Moderate ecological risk was identified for benthic
invertebrates (bottom-dwelling organisms) exposed to contaminated sediments, but those sediments
were confined toasmall pond and unnamed brook on the site (USEPA, 2010).

Sediment Quantity and Quality

This section presents historical sediment quantity and qualitydata collected prior to this feasibility study.
Sediment datacollected during the course of this studyis presentedin Section3.2.

The USGS and the MA DER collaborated in 2004 and 2005 to collect baseline information on the quantity
and quality of sediment impounded behind selected dams in Massachusetts, including the Talbot Mills
Dam. The thicknesses of impounded sediments were measured and cores of sediment were analyzed for
contaminants potentiallytoxicto benthicorganisms (Breaultetal., 2013).

The Talbot Mills Dam impoundment was sampled on November 3, 2005. Twelve sediment thickness
measurements were collected (mostly concentrated in the large backwater area on the river right side

16 The total number closed sites (including those with AULs and those without) is not included in the MassGIS
database, but can be found inthe MassDEP database, whichis searchable by town/city.
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just upstream of the dam) and three sediment cores were composited and analyzed for contaminants—
two from the backwater area on the right, and one from the smaller backwater area on river left about
150 feet upstream of the dam. Figure 2.1.5-2 shows the locations of these sediment probes and cores.
Sediment thickness measurements ranged from 0 to 8 feet and averaged 3.7 feet; water depths ranged
from 4 to 15 feet and averaged 9.4 feet!’. Glacial or peat materials at the base of the sediment cores
were considered “pre-dam” and were notincludedinthe chemical analysis (Breaultetal., 2013).

Table 2.1.5-1 presents reported concentrations for selected contaminants tested in the 2005 sediment
samples. Results are compared to screening criteria including the MCP Method 1 Standards (Category
GW-1/SW-1) and the Threshold Effects Concentration (TEC) and Probable Effects Concentration (PEC) for
Freshwater Ecosystems where applicable (MacDonald et al., 2000). In general, sediment chemistry
suggeststhe presence of limited pollutant concentrations. As expected inadeveloped watershed, about
half of the parameters were detected in the impoundment at levels above the TECs; however,
concentrations were well below the PECand MCP Method 1 Standards.

Chromium was the maximum single contributor to total estimated toxicity (contributing 24% to the total
toxicity). The likelihood of toxicity of bottom-sediment cores collected in the Talbot Mills Dam
impoundment was estimated as 26%, which was closeto the average (28%) of the 32sites sampled, falling
at 19 out of 32. Thelikelihood valueserves asanindicator of the potential risk posed by the sediment to
local and downstream receptors (Breaultetal., 2013).

Significant correlations were found between the number of factories operating in each drainage basinin
the 1830s and the concentrations of several inorganicelements (cadmium, chromium, copper, lead, and
zinc) as well as total polycyclic aromatic hydrocarbon (PAH) concentrations. At least 40 factories were
operated withinthe drainage areato the Talbot Mills Dam duringthatera (Breaultetal., 2013).

Sediment cores have been collected and analyzed at many sites throughout the SuAsCo watershed as part
of various otherstudies. Additionalinformationis provided inthe 2001 SuAsCo watershed water quality
assessment report (MassDEP, 2005, “Sources of Information, pages 21-33), as well as in reports by the
USGS (Zimmerman and Sorenson, 2005) and the USACE (2010). An updated sediment analysis was
conducted as part of this feasibility study (Section 3.2).

2.2 Fish Passage Obstacles
2.2.1 Middlesex Falls

The lowest potential obstacle to fish passage in the Concord Riveris Middlesex Falls atrivermile 0.44 in
Lowell. The drainage area at this location is approximately 400 square miles!®. This is the site of the
former Middlesex Dam, which was breached in the early 1980s. The site now consists of a large island
flanked by a main channel on riverleft'®, defined by the remains of the concrete dam abutments, and a

17 In the USGS report, the average sediment thickness and water depth was extrapolated across theentire estimated
impoundment surfacearea, for which a previously published valueof 505 acres was used (from the NID, developed
by the USACE), to calculatea total sediment volume of 81 million cubic feet. However, this valueis believed to be a
significant overestimate. A surface area of 505 acres would extend all the way up the Concord River and possibly
into the Sudbury and Assabet Rivers, depending on the flow. Due to the numerous grade controls inthe river,itis
not likely thatsedimentupstream of the Fordway Bar is either attributableto the Talbot Mills Dam or would mobilize
ifthe dam were removed. An updated analysis of total and mobilesediment volume can be found in Section 3.2.1.
18 Estimated usingthe USGS StreamStats program.

19 “River left” and “river right” refer to the direction when facingdownstream.
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minor channel on riverright, defined by the remains of the formermill race/power canal. Figure 2.2.1-1
shows an aerial image of the site with key features labeled. Photographs of the site can be foundin
AppendixB.

Middlesex Falls (looking upstream), showing major (river left) and minor (river right) channels. See Figure 2.2.1-1
for a labeled version of this aerial image (Bing, 2015).

8 :
Former mill race/power canal in minor channel Main channel on river left SI?O'W"”Q proposed
on river right (looking downstream). passage route along remaining abutment

(looking toward island) (McKeon, 2002).
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In 2000, the NRCS worked with the USFWS to conduct a survey of the main channel at Middlesex Falls.
Existing plan and profile drawings of the site developed from this survey are provided in Figures 2.2.1-2
and 2.2.1-3. The survey found no remnants of timber crib or stone/concrete footings in the channel.
However, the natural bedrock ledge of the falls creates turbulence, making it hard for fish to pass
upstream. A preliminary hydraulic assessment indicated that during low flow (approximately 650 cfs)
conditions in spring, fish passage could be impeded, particularly for river herring and American shad
(McKeon, 2002).

The NRCS determinedthatthe best potential passage route lies along the island side dam abutment and
adjacent ledge in the main channel. Recommended modifications to improve fish passage involve the
creation of a channel of less turbulent flowalongthe island sideabutment. It was proposed that sections
of ledge inthe riverchannel (indicatedby the dashed linesin the drawings) that resultin turbulence along
the island side bank be removed usinga combination of mechanical equipment, explosives, and manual
labor (McKeon, 2002). Approximately five major ledge outcrops would need to be removed (D. Quinn,
personal communication, March 20, 2001).

The project had received $25,000 in USFWS National Fish Passage Program funds for dam remnant
removal toimprove fish passage atthe site. It had progressedtothe permitting stage and was scheduled
to be implemented in the summer or fall of 2002 (McKeon, 2002). However, it was unclear whether or
not most flows at the site would present a severe impediment to fish passage, and the funds were
subsequently used for otheractivities (Smithwood, 2012).

Additionally, the possibility of fish navigating the old raceway channel on river right was discussed (J.
McKeon, personal communication, August4, 2014). However, no fish passage improvements have been
implemented atthe site to date. Itisknownthat Americaneeland atleast some river herring can migrate
through Middlesex Falls, as they have been observed at upstream locations.

2.2.2 Centennial Falls Dam

The next obstacle tofish passage in the Concord Riveris the Centennial Falls Dam (National Inventory of
Dams (NID) ID MA01190) at river mile 1.55 in Lowell. The drainage area at thislocation is approximately
373 square miles?°. The dam provides hydraulic head for the Centennial Island Hydroelectric Project
(Federal Energy Regulatory Commission (FERC) Project No. 2998), a run-of-river facility owned and
operated by Centennial Island Hydroelectric Company (a subsidiary of Olson Electric Development Co.
(OED)). The project was granted an exemption from licensing by the FERC in 1981 and commerdal
operation commenced in 1990 (OED, 2011). Figure 2.2.2-1 shows an aerial image of the site with key
featureslabeled. Photographs of the site can be found in Appendix B.

The circa 1900, irregularly shaped Centennial Falls Damis approximately 8 feet high by 320 feetlongand
is constructed of granite slabs topped with 8-inch-high plywood flashboards. Itimpoundsan area of about
20 acres andisclassified as a “Low Hazard” dam. The dam diverts waterinto the 2,300-foot-long Wamesit
Canal to achieve an average net head of approximately 22 feet at the powerhouse, which contains a 640-
kW vertical Kaplan turbine with a hydraulic capacity of 450 cfs (OED, 2011).

Fish passage structures were added to the dam in 1990, including an upstream fish ladder and a
downstream bypass sluice located between the river left side of the dam and the power canal. The
upstream fishway is a 4-foot-wide, approximately 80-foot-long concrete Denilladder with wooden baffles

20 Estimated usingthe USGS StreamStats program.
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(Brady et al., 2005). The fishways are regulated by stoplogs and also operate as the structures for the
release of minimum flows. The upstream fish laddertypically begins operating one week after migrating
fish are first observedin the Lawrence Hydroelectric Project fish lift on the Merrimack River, and closes
July 31. The downstream fishway is operated to pass out-migrating adults starting two weeks after the
upstream fish ladder opens and closing July 31, and then again to pass juveniles from September 1 through
November 15(OED, 2011).

Tl — s i - |

Centennial Falls Dam (looking downstream), showing the power canal and gatehouse on the left, spillway and
bypass reach below on the right, and fish passage structures adjacent to the river left side of the dam. See Figure
2.2.2-1 for a labeled version of this aerial image (Bing, 2015).

Centennial Falls Dam (looking upstream). Fishway is Centennial Island fish passage structures, showing
out of view to the right side of picture (Smithwood, downstream bypass entrance on the left and Denil fish
2013). ladder exit on the right (Brady et al., 2005).
Concord River Diadromous Fish Restoration 20 Draft Report

Feasibility Study February 2016



2 — Existing Environment

The LPCT, whose volunteers have performed fish counts in the past, has reported that fish are utilizing
the fishway. However, the NMFS and the DFW report that fish may be attracted to the base of the dam
ratherthanto the entrance of the fishway due to differences in attraction flows(Stratus Consulting, 2012).

Per the FERC exemption, the projectis required to maintain a minimum flow of 57 cfs (or the natural
inflow tothe project, ifitislessthan 57 cfs), inthe bypassreach and also to provide suitablefish passage
facilities for anadromous fish. The FERC exemption does not include a requirement for American eel
passage. It appears that eel are able to pass above the leaky, relatively low Centennial Falls Dam, but
passage efficiencyis unknown. Based on the project’s approved Streamflow Monitoring Plan, minimum
flows are to be provided through the fishwaysand through leakage at the dam. However, the USFWS has
reportedthat, on several occasions, no water was observed flowing throughthe fish ladder outside of the
passage season (USFWS, 2004).

The Centenniallsland fishwayshave along history of deficiencies documentedin various inspection letters
submitted by the USFWS to the Centennial Island Hydroelectric Companyand/orthe FERC, beginning with
the fact that they were not constructed in accordance with the final plans approved by the USFWS.
Subsequent issues have included missing or inadequate stoplogs, stoplogs in exit channel, missing or
misalignedbaffles, holes in thefishway, broken V-gate, missing tailrace screen, failure of the non-overflow
section, debris clogs, excessive dam leakage, crumbled rock barrier dam, lack of legible staff gages, and
others (USFWS, 2004).

On December 27, 2004, the Centennial Island HydroelectricCompany filed afishway operations plan and
schedule of repairs for the operation and maintenance of the fish passage facilities in response to
concerns raised by the USFWS, which was approved with modifications by the FERC on February 23, 2005
(FERC, 2005). The planincludesthe following measures:

e By March 20 of each year, an inspection of all fish passage facilities and flow monitoring devices
will be conducted (including the barrierdam, non-overflow section, and tailrace screen)to assess
theircondition and need for repairs.

e By March 30 of each year, a schedule of repairs will be developed for the facilities, which will
accommodate normal?! maintenance and repair of the facilities priorto May 1 of each year.

e By March 30 of each year, the operator of the Lawrence Hydroelectric Project (FERC No. 2800) at
the Essex Dam will be contacted in order to coordinate the commencement of the project’s fish
ladder.

e Foreach year of the project’s operation, the commencement of operation of the fish ladder will
be initiated by the removal of all stop logs and installation and alignment of baffles in a state of
good repair. The tailrace screen will be installed and maintained in operable condition for the
duration of each upstream fish passage season.

21 The project owner defines normal repairs as those that can be accomplished without dewatering any area other
than temporary closure of the Denil fish ladder. Repairs requiring dewatering or other extraordinary actions will
have a separate scheduleand proposal for action with notification given to state and federal agencies.
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e Atthe start of upstream operation, stoplogs will be placed in the entrance and lowerend of the
fish ladder sufficient to create a 4- to 6-inch head difference between the tailwater and water
surface inside the entrance,as measured at the upstream and downstream faces of the stoplogs.

e Upstreamfish passage operations will be terminated on August 1each year and any adjustments
to stoplogs, baffles, and otherfacilities will be made.

e The downstream fish passage facilities will be operated 14 days after commencement of the fish
ladderoperation and continue through November 15 each year.

e Flowinthe downstream bypass facilityshall be controlled with stoplogs at the lower control weir
setto elevation 96.5feet with nostoplogsinthe upperweir.

Duringthe most recentinspection conducted by the USFWS on May 19, 2015, the following outstanding
issueswere identified (USFWS, 2015, June 23):

e Fish ladder entrance drop — The low tailwater level during the time of the site visit caused an
excessivedrop fromthe watersurface withinthe entrancechannel as well as negative hydraulics
(e.g., turbulence, aeration) just downstream of the lowermost baffle. The USFWS recommends
that the fishway be operable through a range of flows equivalent to the 95% exceedence flow
(low flow) to the 5% exceedence flow (high flow), which corresponds to approximately 100 cfs
and 1800 cfs according to a flow duration curve provided by the projectowner. However, during
the site visit in which the river flow was about 300 cfs, the fishway was not conducive to fish
passage. The project owner was advised to work with USFWS engineering personnel to
implement additional weir boards to appropriately backwaterthe lowermost baffle. The boards
would be cutas v-notch weirs and could be affixed to the concrete viaangle iron. Boulders could
alsobe configured downstream of the entrance to provide additional backwatering.

o Tailwater staff gage — The USFWS recommended that a tailwater staff gage be placed on the
downstream face of the fish ladder entrance wall or other convenient location that couldbe easily
tiedintothe fish ladderelevationsin orderto collect tailwater data. Tailwaterelevations should
be recorded at flows within the full range of fish passage flows and sent to USFWS affiliates. This
information would be utilized to develop a tailwater rating curve and assist in the design of
entrance channel weirs.

e Trash rack — A trash rack did not exist at the exit of the fish ladder. Debris within a Denil fish
laddercan cause the entire systemto be non-functional. The USFWS recommended that a trash
rack with 8-inch clear spacing be implemented at the exitto prevent coarse debris from entering
the fish ladder. Additionally, the fish ladder should be inspected for debris on a daily basis during
the upstream migratory season.

Additionally, the 2015 inspection report noted that lower flows, such as during the site visit that day
(approximately300 cfs), seem to be more conducive to fishpassage through the bypass reach than higher
flows. This further validates the need to have the fishway fully functional at lower flows (USFWS, 2015,
June 23). OED has been actively coordinating with the USFWS to address the items noted in the most
recentinspection reportin what has been a mutually positive working experience.
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The recentinspection also noted that 2015 was the firstyear in which riverherringwere observed using
the fish ladder (USFWS, 2015, June 23). Thissuccessisin partdue to the continued cooperation and active
management of the fishways by OED.

2.2.3 Talbot Mills Dam

The third and primary obstacle to fish passage in the Concord River is the Talbot Mills Dam (NID ID
MAOQO774) at rivermile 4.76in Billerica, aformer milldam that currently has no fish passage facilities. The
drainage area at this location is approximately 370 square miles?2. The damis privately owned by CRT
Development Realty, LLC (CRT). Itis approximately 316 feet long?® with a maximum height of about 15
feet, and is comprised of stone masonry, concrete, and (presumably) earthen materials (Geotechnical
Consultants, 2015). The three major components of the dam are:

e Primaryspillway and abutments
¢ Non-overflow section and intake structure to the Talbot Mills complex (river leftside)
e Sluicewayandintake structure to the Faulkner Mills complex (riverright side)

Figure 2.2.3-1 shows an aerial image of the site with key features labeled. Figures 2.2.3-2 and 2.2.3-3
show schematicand survey plans of dam features, respectively. Photographs of the site can be foundin
AppendixB.

The primary spillway is a broad-crested stone masonry structure of mortared square-cut granite block
construction with a near-vertical downstream face (Geotechnical Consultants, 2015). It isapproximately
127 feetlong with a height of about 10.2 feet and a crest elevation of approximately 108.2 feet NAVD
8824, The spillwayistrapezoidal in cross-section with an 8-foot wide base and 7-foot wide crest. It has a
curving footprint and a narrow capstone across the downstream lip of the crest. The spillway crest
reportedly dips slightly lower toward the middle of the structure, as shown in historical dam plans (see

22 As reported inthe Flood Insurance Study (FIS) (FEMA, 2014).

23 This reported length excludes a training wall on the left and a sluiceway on the right, but does include an
approximately 150-foot-long embankment section to the left of the primary spillway thatsupports Faulkner Street
and forms part of the impoundment shoreline. Itis unknown whether this embankment was constructed to serve
as partofthe dam or was a pre-existing natural landformthatwas later bisected by anintake structureand armored
with retainingwalls to prevent scouring.

24 The spillway crest elevation of 108.2 feet NAVD 88 reported here was determined by a survey conducted on
October 6, 2014 by Gomez and Sullivan using RTK GPS with a vertical accuracy of 0.05-0.2 feet. Several points were
taken ateach edge of the spillway (thereported dipinthe center of the spillwaywas notmeasured). The points on
the left edge were 108.0 feet NAVD 88 and the points on the rightedge were 108.4 feet NAVD 88, for an average of
108.2 feet NAVD 88. This elevation corresponds exactly with thatreported in the text of the effective (2014) FISand
in both the report text and flood profiles of earlier (2010 and 1985) publications of the FIS. However, in the hydraulic
model used to develop the 2014 FIS, the spillway crestelevation is modeled 2.5 feet higher at 110.67 feet NAVD 88.
Consequently, the regulatory (100-year) flood elevation atthe dam is almost 2 feet higherinthe 2014 FIS(115.9 feet
NAVD 88 vs. 114.0 feet NAVD 88 inthe 2010 and 1985 publications), a difference that propagates upstream andis
still over a half of a foot in magnitude at the upstream extent of the Concord River model. The STARR team has
confirmed that the elevation used in the model was anerror, and their survey found the dam to be approximately
108.1 feet NAVD 88. The FIS is currently undergoingrevisionsand a preliminary version was been published on April
29,2015 (which also contains thedamelevation error). Now thatthe STARR team is awareofthe error,itis assumed
that the preliminary FISwill berevised.
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Figure 2.2.3-4) and evidenced by photographstaken during low flow events (see Appendix B) (MA House
of Representatives, 1860).

The spillway is flanked by small granite block masonry abutments that tie into retaining/training walls for
the river and impoundment. Both abutments are topped with a large granite capstone adjacent to the
spillway. At flood stages, the abutments serve as auxiliary spillways to provide additional discharge
capacity (Geotechnical Consultants, 2015). The left and right abutments have lengths of approximately
17 and 20 feet and average crest elevations of 110.5 and 110.8 feet NAVD 882°, respectively. The left
abutment contains two small low level outlets with downstream inverts at approximately 99.8 feet NAVD
88 (Geotechnical Consultants, 2015). The outlets are blocked, although discharge has been observed at
theirdownstreamend. Thereis no operational low level outletforthe dam. Numerousanchor holesin
the top of the left abutment are likely related to a pair of former waste gates, which, after several
replacements, were removed around 1950. Portions of the top course of the right abutmentare braced
with an iron strap. A section of the right abutment is constructed of cast-in-place concrete and is
reportedly the location of a formerwooden fish ladder that was filled with concrete sometime afterthe
1960s (Ingraham, 1995).

The embankment or non-overflow section of the dam extends from the left spillway abutment
approximately to an 1880s brick former cloth warehouse for the Talbot Mill, supporting Faulkner Street
and separating the impoundment from the Talbot Mills complex located on the left bank of the riverjust
downstream from the dam. The top of dam (road) elevation is approximately 113.8 feet NAVD 88
(Geotechnical Consultants, 2015; FEMA, 2014). Remnants of the Old Middlesex Canalalignment (Segment
24) are located to the south of the old Talbot cloth warehouse building.

A 60-foot-long vertical concrete wall at the southernmost end of the embankment section of the dam
contains five intake gates which formerly provided water to the Talbot Mills complex. The gates are no
longer functional and the intake tunnels upstream of the Talbot Mills complex have been filled with
concrete (Geotechnical Consultants, 2015).

An approximately 12-foot-wide, mortared stone masonry and concrete sluiceway just east of the right
spillway abutment diverts water to the Faulkner Mill complex located on the right bank of the river just
downstream from the dam. The sluiceway contains a concrete weir with amovable sluice gate. The gate
is in poor condition and leaks through large gaps in the wood. Water in the sluiceway passes under a
small bridge supporting Faulkner Street and into a stilling basin located between the road and the Faulkner
Mill complex. Fromthe stilling basin, water flows through an outlet gate locked inthe open positiontoa
turbine under the mill, which reportedly has not been in service since 1972 (Geotechnical Consultants,
2015). Water from the sluiceway is discharged back to the riverapproximately 150 feet downstream of
the FaulknerStreetbridge. The outletchannelis shared with asewerpipe thatservices Faulkner Mills.

Numerous bedrock outcrops are visible at the toe of the spillway and form the downstream channel bed.
Although channel elevations in this area vary due to the jagged rock profile, the estimated elevation of
the channel downstream of the spillway ranges from approximately 95.5feet to 98.9feet NAVD 88 (FEMA,
2014).

25 Average elevations exclude the additional 2- to 3-foot height of the right and left abutment granite capstones,
respectively.
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The lower portion of the impoundment backwatering from the Talbot Mills Dam up to the Pollard Street
bridge isreferred tointhis study as the “lowerimpoundment” and is also known as the Mill Pond?®. Itis
approximately 30 acres in surface area during the 2-year (i.e., “bankfull”) flood?’. Key features of the
lowerimpoundmentare shown in Figure 2.2.3-5. The influence of the dam extends upstream beyondthe
Mill Pondinto the riverine section of the Concord River. As part of this study, an analysis was conducted
to determine the approximate upstream extent of the dam’s impoundment (Section 3.4). Appendix C
presents asetof eightaerial photographs of the Talbot Mills Dam area taken between 1938 and 2006 and
compiledforthe 2009 dam safetyinspection report(Geotechnical Consultants, 2015). The photographs
show that the pond shoreline has remained relatively unchanged throughout the 68-year period.

A small park is located adjacent to the right abutment of the spillway. The park contains a gazebo,
benches, and a historic marker dedicated to the employees of the Faulkner Mills. Access to the parkis
available from a paved parking lot just east of the river and south of Faulkner Street by crossing a
pedestrian bridge overthe sluiceway. The Faulkner Mills complex currently houses the Middlesex Canal
Museum and Visitor Center. In 2014, the MCA acquired the old Talbot cloth warehouse building adjacent
tothe dam, whichitplanstorestore and transform into anew home forthe museumin the future (Breen,
2014).
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Talbot Mills Dam (looking upstream), showing the Faulkner Mills complex on the left and the Talbot Mills complex
on the right. See Figure 2.2.3-1 for a labeled version of this aerial image (Bing, 2015).

26 Alsoreferred to as the Millpond, the millpond or the mill pond.
27 The surfacearea was estimated by mappingthe inundation area ofthe 2-year flood elevation determined by the
hydraulic model developed for this study (discussed in Section 3.4).
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Talbot Mills Dam (looking upstream), showing the bedrock channel downstream of the dam.

Dam Purpose

Historically, the Talbot Mills Dam and its predecessors were used to impound water for power and fire
protection purposes forthe adjacent mills, and to divert water into the old Middlesex Canal that flowed
to Boston. The most recent dam safety inspection report (Geotechnical Consultants, 2015) states that the
dam is currently used for recreational and flood control purposes. However, itisimportantto note that
an overflow or “run-of-river” type of dam such as the Talbot Mills Dam does not provide flood control.
Dams can be divided into two groups based on their style of operations: storage and run-of-river. A
storage dam typically has a large hydraulichead and storage volume, long hydraulicresidence time, and
control overthe rate at which wateris released from theimpoundment, thereby lending it useful for flood
control purposes. By contrast, a run-of-river dam usually has asmall hydraulichead and storage volume,
short residence time, and little or no control overthe water-release rate (Poff and Hart, 2002). As such,
run-of-river dams are usually not beneficial for flood control, and actually may exacerbate upstream
flooding by raising water surface elevations. In fact, in the 1700s and 1800s, the higher water levels
created by the Talbot Mills Dam flooded upstream meadows and led to tension among local farmers and
legal action (see Section 2.1.2). The hydraulicanalysis conducted for this study (Section 3.4) found that
the dam increases upstream water surface elevations—by atleast 3.5 feet upstream of the dam and 0.8
feet at the upstream extent of the Concord River for the 100- and 500-year floods?®. The lack of any
operable low level outlet or emergency bypass systemat the Talbot Mills Dam further decreases its ability
to provide any sort of flood control.

28 These hydraulic modelingresults are based on the conceptual removal of the primary spillway and abutments and
associated mobilization of impounded sediment that would be expected to occur (discussed in Section 4.3.3). Due
to the lack of detailed drawings showing the bedrock profile underneath the dam, elevations under the spillway
were assumed from sediment probing data conducted justupstream (Section 3.2.1). Floodingimpacts of the dam
could be more significantif the bedrock profileunder the dam is lower than the sediment probingdata suggest.
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Dam Safety

The Talbot Mills Dam is classified as an Intermediate sized?®, Significant (Class I1) Hazard3%3! potential
structure. Significant hazard potential dams must be inspected every five years (DCR, 2005). The most
recent Phase | dam safety inspection was conducted on October 28, 2015 and November 6, 2015 by
Geotechnical Consultants, Inc. Previous inspections on file with the ODS were conducted in 2009 by
Geotechnical Consultants, Inc.and in 1999 by Weston & Sampson Engineers, Inc. According to the 2015
inspection, the Talbot Mills Dam was found to be in “fair” condition. The following deficiencies were
noted:

e Lack of an operation and maintenance plan

e lack of routine oversight of the dam, particularly during storm events

e lack of working controls

e lack of an operable low level outletand emergency bypassin the event of flooding

e Seepageinthe spillway abutments, particularly the leftabutment

e Treeslocatedjustdownstream of the primary spillway and on the upstream face of the left
embankment nearthe formerintake gatestothe Talbot Mills complex

The following remedial measures were recommended inthe inspection report:

e Prepare andimplementroutine inspection and maintenance plans

e Inspecttheinteriorofthe of the Talbot Mills complex, particularly the downstream end of the
formerintake structures

e Repair/replace the sluiceway and stilling basin gates so that the gates are operational and can
provide emergency bypass control

e Repair/replace the left spillway abutment to provide an operational low level outlet and
emergency bypass control

e Remove treeslocated just downstream of the primary spillway and on the upstream face of the
leftembankment nearthe formerintake gates to the Talbot Mills complex

The inspection report estimated conceptual opinions of probable construction costs for several of the
recommendations, including tree removal ($5,000), repair/replacement of the sluiceway and stilling basin
gates ($60,000) and repairreplacement of the left spillway abutment ($40,000), for a total repair cost of
approximately $105,000 (Geotechnical Consultants, 2015). However, these estimates are much lower
than expected and may not include all costs associated with implementing these measures, such as
engineering, permitting, water control, etc. Particularly if the leftabutment or any of the gates mustbe
replaced ratherthan just repaired, estimated costs would likely be more onthe order of several hundred
thousand dollars.

23 An Intermediate sized dam is one that has a storage volume between 50 and 1,000 acre-feet and is between 15
and 40 feet tall (DCR, 2005).

30 A Significant (Class Il) Hazard potential dam is one located where failure may cause loss of life and damage
home(s), industrial or commercial facilities, secondary highway(s), or railroad(s), or cause interruption of use or
serviceof relativelyimportantfacilities (DCR, 2005).

31 Talbot Mills Dam was previously classified as High (Class Ill) Hazard potential, but was reclassified in 2009
(Geotechnical Consultants,2015).
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Existing significant hazard potential dams of intermediate sizeare required to have the capacity to passa
spillway design flood equivalent to the 100-year flood (DCR, 2005). The dam safety report noted that,
according to the FEMA FIS of 1985, the 100-year flood would produce a flow of 5,675 cfs and a water
surface elevation of 113.9 feet NAVD 88 at the Talbot Mills Dam. Given this watersurface elevation, the
inspection report estimated the spillway capacity to be approximately 6,650 cfs32, which is greater than
the flood flow, and thus concluded that the spillwayis adequate to pass the design flood (Geotechnical
Consultants, 2015). However, atthis elevation, floodwaters would overtop both spillway abutments and
the dam crest, which lies at elevation 113.8 feet NAVD 88 according to both the dam safety report and
2014 FIS (Geotechnical Consultants, 2015; FEMA, 2014). ODS regulations do not explicitly prohibit the
overtopping of spillway abutments or embankment sectionsin analyzing whether the dam can pass the
spillway design flood. However, ODS recommends that engineers use their best professional judgement
to evaluate whetherthe abutmentsand/orembankmentsare structurallysound enoughand designed for
overtopping. Due to leakage through both abutments and the fact that the embankment sectionis a
publicroad, Gomez and Sullivan does not recommendthat these structures be overtopped in the spillway
design flood. As part of this study, a hydraulicanalysis was conducted to confirm whether or notthe dam
meets spillway capacity requirements (Section 3.4.3).

As a follow-up tothe 2009 dam safety inspection, adam break analysis was performed to determine the
incremental increase in flooding downstream of the dam and evaluate the severity of any potential
damage, with the intent of reclassifying the dam from High (Class Ill) to Significant (Class Il) Hazard
potential if appropriate33. A dam break model was developed using the USACE Hydrologic Engineering
Center’s River Analysis System (HEC-RAS) software. The resulting unsteady flow analysis showed only a
small (0.2 foot) increase in flood heightin the areas downstream of the dam due to a dam breach. Based
on this information, the request to reclassify the dam as Significant (Class Il) Hazard potential was
approved (Geotechnical Consultants, 2015). A dam break model was not developed forthis study to be
able to confirm this finding. However, reconnaissance-level observationsdownstream of the dam suggest
that the reclassificationis appropriate.

History

The Talbot Mills Dam is a historic property listed in the National Register of Historic Places as a
contributing resource to the Middlesex Canal Historic and Archaeological District, and is a potential
contributing resource to the Billerica Mills Historic District. The damisalso withinthe North Billerica Mills
Local Historic District. The site of the current Talbot Mills Dam has a long and controversial past, with
multiple dams being constructed, removed, and rebuilt throughout the years. A timeline of historical
events at the dam site is provided in Figure 2.2.3-6. A cultural analysis was conducted as part of this
feasibility study and additional details are provided in Section 3.5.

32 The estimated spillway capacity of 6,650 cfs includes approximately 620 cfs attributed to the auxiliary capacity of
the spillway abutments.

33 Hazard classifications are based only on conditions downstream of the dam (e.g., the potential for property
damage and/or loss of life) and do not consider the condition of the dam itself. A Significant(Class Il) Hazard
potential damis defined as a damwhere “failure may causeloss of lifeand damage home(s), industrial or commercial
facilities, [or] secondary highway(s) or railroad(s), or cause interruption of use or service of relatively important
facilities,” whereas a High (Class I1l) Hazard potential damis defined as a dam where “failure will likely causeloss of
lifeand serious damageto home(s), industrial or commercial facilities,important public utilities, main highway(s) or
railroad(s)” (emphasisadded) (DCR, 2005).
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To understand the history of human occupation of the Concord drainage area, it is necessary to
understand the regional long-term human settlement, technology, and subsistence practices in the pre-
contact3* through modern periods. Archaeologists have documented nearly 12,000 years of pre-contact
Native American occupation of the region, and oral traditions of some contemporary tribes tell of a
50,000-year cultural legacy. Prior to 7,000 years ago, Native American peoples focused primarily on
inland-based resources and on hunting and collectingalong the Northeast’s waterways. After 7,000years
ago, settlement became more concentratedwithin theregion’smajor river drainages. By 3,000years ago,
concurrent with a focus on coastal and riverine settlement, large populations lived in nucleated
settlements and developed complex social ties. During the centuries before European contact, these
groups began to coalesce into the peoples known as Pocumtuck, Nipmuck, Massachusett, Wampanoag,
Pokanoket, Mohegan, Pequot, and Narragansett (PAL, 2016).

Priorto the dammingof the Concord Riverin North Billerica, the areawas used by generations of Native
Americans asan encampmentand fishing grounds (Hazen, 1883). A 1700 map of Billerica (shown in Figure
2.2.3-7) documents the existence of aseries of fallsin the Concord River between the present day Pollard
Streetand FaulknerStreetbridges (Ingraham, 1995). A large Native Americanvillage is reported to have
been located along the Concord River in proximity to the Talbot Mills Dam. The Native American
occupationinthe areaof the damwas focused on a natural falls, which would have affordedan abundance
of diadromous fish resources and wildlife (PAL, 2016). Early colonists settled Billerica in 1653 and
continuedto use the river’s fisheries (Wildman, 2013).

The firstdam was erected at the location of the current Talbot Mills Dam in 1710-11 by Charles Osgood.
It was builtin three sections of wood frame with gravel fill, was likely between 5and 7 feet in height,
followed a “zigzag” course across the bedrock outcroppingsintheriver, and was situated upstream from
the current dam. Since its construction, dam owners have faced many complaints and legal battles from
local residents about blocked fish passage and elevated upstream water levels leading to flooding of
adjacent meadow lands farmed for hay (see Section2.1.2). In 1711, the dam ownerwas ordered to pay
restitutiontoa flooded upstream landowner. In 1721, the dam was removed by order of the court, but
was quickly rebuilt by 1722. That same year, the dam was forcefully removed by the aggrieved
landowners whose properties had been flooded?3?, damaging the gristmill in the process. Subsequent
lawsuits ended in favor of the dam owner, and the dam was rebuilt for the second time shortly
thereafter®® (Ingraham, 1995).

In 1794, the dam was sold to agents actingfor the Proprietors of the Middlesex Canal. In 1798, the dam
was rebuilt for the third time to address leaks, an increased demand for water power, and the need for
water to fill the lengthening canal. The new structure was a “figure” dam of wood frame built with 2 %-
inch-thick planks andfilled and tightened with sand and gravel. Itwas approximately 150 feetlongand 8
feethigh. Recordsindicatethe presence of flashboards attached to the capsill, rangingin height from 20
to 33 inchesinvarious reports (Ingraham, 1995 and MA House of Representatives, 1860). The dam may
have beenreferred to as the “Richardson Dam” (MA House of Representatives, 1860, pages 169 and 272).

34 An archaeological property may be pre-contact, post-contact, or contain components from both periods. Pre-
contact (sometimes referred to as “prehistoric”) archaeology focuses on the remains of indigenous American
societies as they existed before substantial contact with Europeans and the resulting written records. There is no
singleyear that marks the transition from pre-contact to post-contact (PAL, 2016).

35 Donahue (1989) reported that blocked fish runs were the reason for the 1722 forceful dam removal by farmers.
36 An exact year for the construction of the third dam is not known, but it was prior to Osgood’s death in 1739
(Ingraham, 1995).
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An 1860 accountnotedthe following aboutthe dam’s construction (MA House of Representatives, 1860,
page 266):

The old Dam was a rolling-dam—a box-dam, filled with stone, planked over on the top, and flash
boards on top of that. The planking we called a figure-4—fixed up with joists. They put solid timber,
sawed in two, on the Dam, in 1820 or '21. We took timber twelve or fourteen inches square, and
split it corner-wise, and trunneled it on, with the biggest way up, so that it would be 12 or 14 inches
abovethe Dam. We trunneled it on with 2-inch trunnels, andthen a plankof 2-inch planking, which
we trunneled on with spikes, and then a board nailed on that, making about 30 inches above the
planking of the Dam.

In 1828-29, the canal proprietors built the current (fifth) masonry dam to replace the deteriorating and
insufficient 1798 structure. Rather than removing the earlier dam, the new dam was built just
downstream (approximately 8to 12 feet) and the space between them was filled with rock and gravel, as
showninthe figure below. Duringthis era, antiquated damswere commonlyleftin place to be submerged
by the new, usually tallerdams thatreplaced them, in part to save on demolition costs and provide water
control during construction of the new dam. The submerged damis oftenreferredtoas a “legacy dam.”
The new dam crest was setabout 12to 14 inches higherthan the cap sill of the old dam, butitsflashboards
were lowerthan those of the old dam (with reported flashboard heights rangingfrom9to 11 inchesfor
the 1828 dam and 20 to 33 inchesforthe 1798 dam) (MA House of Representatives, 1860).

An 1829 detail showing the relative positions of the current Talbot Mills Dam (on the right / downstream in each
detail) and the legacy dam that was submerged when the current dam was built (on the left / upstream in each
detail). The legacy and current dams were the fourth and fifth dams built at the Talbot Mills site, respectively
(Ingraham, 2009).

In 1975, the Cambridge Tool and Manufacturing Co., Inc. purchased the complete Talbot Mills complex,
includingthe dam, the waterrights, and property around the mill pond. The impoundment was used for
process water until town water became available. Cambridge Tool and Manufacturing Co., Inc. was later
soldto Pace Industries, who was in turn were sold to Leggett & Platt, excluding the dam and waterrights,
but including the property around the mill pond. In 2011, Leggett & Platt then granted a 50-foot-wide
strip of land that borders the mill pond up to Pollard Street, including the floating towpath peninsula, to
the MCC?®. The dam and water rights are still held by the original owners of Cambridge Tool and
Manufacturing Co. Inc., doing business as CRT Development Realty, LLC (T. Raphael, personal

37 The granter’s title deed is recorded in Book 22265, Page 216, and the grantee’s title deed is recorded in Book
24911,Page 61 at the Middlesex North Registry of Deeds
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communication, November 17, 2014). A map of properties abutting the Talbot Mills Dam and lower
impoundmentis providedin Figure 2.2.3-8.

Fish Passage

Thereisa longhistory of fish passage being provided and repealed/removed at the Talbot Mills Dam and
throughout coastal Massachusetts. Shortly after the first dam was erected across the Concord River in
North Billerica in 1710-11, local residents complained about it blocking fish passage. Following the
forceful removaland subsequentrebuildingof the damin 1721-22, disputes about blocked fish runs were
temporarily assuaged by opening up the spillway every spring for two months to facilitate upstream
passage of fish (Donahue, 1989). A fishway was later added to the dam to fulfilla 1791 agreement
between a dam owner and neighboring landowner. Both the 1798 and 1828 dam structures reportedly
included afishwayat the northeast (riverright) end of the spillway. Maintaining afishwayat the dam was
required by an act of the Legislature as early as 1820, which ordered the following (MA Senate and House
of Representatives, 1820):

...50 long as there shall be kept and upheld, a dam across Concord River, in the Town of Billerica,
where the mill dam of the proprietors of the Middlesex Canalnow is situated, there shall be kept
open atthe usualplacein said dam, a sluice or passage way for fish to pass up and down the river
through said dam, fromthe first day of Aprilto the twentieth day of May in each year; which sluice
or passage way shall be constructed with a permanent mud sill, to be placed upon the bottom of
the natural channel of said river, with permanent abutments and a cross timber at the top, not
less than thirty inches above the mud sill, and shallnot be less than fifteen feet in breadth, except
only, when by reason of the falling of the water in said river, there shall not be more than twenty
fourinches of waterabove said mud sill, the said passageway, with the advice and consent of the
Fish Wardens of Billerica, given in writing, may be diminished in proportion to the depth of the
water; provided, however, that it shall never be reduced to a less breadth than six feet.

Historical plans of the dam showing evidence of the
former fishway are shown in Figures 2.1.2-2, 2.2.3-9
and 2.2.3-10. The fishway was reportedly filled with
concrete sometime after the 1960s, rendering it
useless and obscuring its original appearance
(Ingraham, 1995). However, based on the historic
plans and reports, it is likely that the former fishway
was simply an opening in the dam through which fish
could swim under suitable flow conditions. The most
probable location is the portion of the right spillway
abutment currently comprised of concrete (picturedat
right). The granite capstones under the concrete
“plug” likely formed the sill over which fish swam. The
concrete plug (and the assumed former fishway opening) is about 16 feet wide by 6.5 feet high with a
bottom elevation (top of the granite sill under the concrete plug) of approximately 104.3 feet NAVD 88.
The opening was probably fitted withwooden stoplogs or a gate structure (as suggested by the wood line
across the fishway opening in Figure 2.2.3-10) so that it could be closed at times of the year outside of
the mandated fish migration period (which was noted in the Act of 1820 above as April 1t through May
20™). The small notch in the bottom of the concrete plug may have been formed by a remnant of a
wooden structure associated with the fishway that has since rotted away. The fishway opening could
have also been usedto draw down the impoundment (e.g., toinspect or repairthe dam) or help reduce
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upstream flooding, as noted in historical accounts, such as: “The fish-way was used to keep the water
down, before and after the new [1828] Dam” (MA House of Representatives, 1860, page 272). It is
unknown how effective the former fishway was at providing for upstream fish passage under the range
of flows experienced during the migration period.

The fishway obligation was repealed for the Concord Riverin 1835, but was subsequently reinstituted for
the Merrimack Riverin 1866 and extended to its tributaries (including the Concord River) in 1876 (MA
Senate and House of Representatives, 1835, 1866, and 1876). These and other acts requiring and
repealing fish passage obligations throughout history have since been superseded by Massachusetts
General Law Chapter 130, which established MarineFisheries and the authorizationto require dam owners
to provide fish passage at dams (Section 19). Regardless of legal mandates, the demand for water often
kept the Billerica fishway closed (e.g., as recounted in MA House of Representatives, 1860, page 169,
“.there was a fish-way in the Dam of 1798. It was not kept open. All the water was wanted for the
Dam.”).

2.3 Infrastructure

One potential restoration alternative considered by this study is alteration or removal of the Talbot Mills
Dam. Whenevera dam is considered for removal, legitimate concerns are raised about the potential
impacts to infrastructure upstream or downstream of the dam due to lower water levels, higher water
velocities, and/or scouring of sediments. This section describesthe variousinstreaminfrastructurein the
vicinity of the Talbot Mills Dam that were considered in the feasibility analysis.

2.3.1 Middlesex Canal

The historicMiddlesex Canal, whichis listed in the National Register of Historic Places, was a 27.25-mile-
long waterway connecting the Merrimack River at Middlesex Village in Chelmsford, Massachusetts (now
part of the City of Lowell) with the Charles River in Charlestown, Massachusetts (which is connected to
the Boston Harbor). The canal route crossed the Concord River in North Billerica just upstream of the
Talbot Mills Dam. After a 1794 survey determined that the Concord River was the highest point on the
proposedroute, the water surface elevation in the canal was setto one foot higherthan the cap sill of the
dam in order to prevent an increase in upstream flooding (Ingraham, 1995). Consequently, the dam
impoundment was used as the principal water source for the canal. The canal water surface elevation
was also reportedly level with the top of an iron bolt set in 1825 near the dam as a benchmark with an
elevation of 108.81 feet NAVD 8832 (Breen, 2015).

Construction of the canal beganin 1794 in North Billericaand was completedin 1803. The typical canal
prism was 30 feet wide at the top and 20 feet wide at the bottom with an average water depth of 3 %
feet, as shown in the figure below (Waterfield Design Group, 2008a). Assuming a canal water surface
elevation of approximately 108.81 feet NAVD 88, the canal bottom elevation can be estimated to be
approximately 105.31 feet NAVD 88 (108.81-foot water surface minus 3.5-foot water depth) (Breen,
2015).

38 The bolt still exists today (see photo in Appendix B) andin 2013 its top elevation was re-measured as 108.81 feet
NAVD 88 from a temporary benchmark setin 2000 from the 1965 US monument MY0308 (Breen, 2013).
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Typical Middlesex Canal prism and buffer cross-section (Waterfield Design Group, 2008a).

Use of the canal slowly declined afterthe construction of nearby railroads in the 1830s (Ingraham, 1995).
Aftercanal operation ceased in 1851, itsinfrastructure quickly fellinto disrepair. Although portions of the
canal are still visibletoday (as either wetted ordry prisms), much of it was builtover by roads and other
construction.

Figure 2.3.1-1 depicts the route and current condition of the former canal in the vicinity of the Talbot Mills
Dam. Asshown on the map, canal Segment 24 crosses the impoundment on a northwest-southeast axis
that lies approximately 150to 1,000 feetfromthe dam, respectively. Ashortsection of wetted canal can
be seen on the south side of the old Talbot cloth warehouse building at the left edge of the dam
embankment. Several historic features related to the canal are located within the impoundment,
includingapeninsulaand anchorstone foraformer floating towpath, which was a 150-foot-long structure
that enabled draftanimalsto pull canal boats across the impoundment.

Part of the mission of the MCC is to create a Middlesex Canal Heritage Park, of which a key design focal
point is the proposed Mill Pond/Canal Park in the vicinity of the Talbot Mills Dam and Mill Pond. As
conceptually designed, the park will highlight four remaining major canal structures at the site:
reconstruction of portions of the east and west ends of the former floating towpath, repair of the only
remaininglock on the canal (between Faulkner Streetand the Talbot Mills complex), and reconstruction
of the Red Lock (downstream of the Talbot Mills complex). Figure 2.3.1-2 shows the proposed concept
planfor the park.

As part of this study, the potential effects of restoration alternatives on the Middlesex Canal (e.g., lower
watersurface elevationsin Segment 24 of the canal) were investigated.

2.3.2 Billerica Water & Wastewater Treatment Infrastructure
WaterSupply Intake

The Billerica Department of Public Works (DPW) Water Division® withdraws water from the Concord River
to supply drinking water to the town of Billerica®®. The DPW is currently authorized by Water
Management Act (WMA) Permit #9P31403101 to withdraw an average daily volume of 0.93 MGD and by
WMA Registration #31403101 to withdraw of 4.41 MGD, for a total average daily withdrawal (registered
plus permitted) of 5.34 MGD. Actual average daily use from 1992 to 2014 has averaged 4.53 MGD.

39 Also known as Billerica Water Works.
40 public Water System (PWS) ID No. 3031000-01S.
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The water supply intake (pictured at right) is located
approximately 6,700 feet (about 1 % miles) upstream
of the Talbot Mills Dam (about 1,200 feet downstream
of the Route 3A/Boston Road bridge), which is within
the dam’s impoundment*'. The intake structure was
builtin 1955 and consists of a screened wet well and
three pumps used to withdraw waterfrom the river (J.
McGovern, personal communication, 2014). Figure
2.3.2-1 provides an excerptfromthe 1954 engineering
plans for the intake structure showing the following
key elevations:*?

e Maximumflood elevation=117.2 feet NAVD
88

e Normal highwaterelevation=113.2 feet NAVD 88

e Minimumlow waterelevation=107.2 feet NAVD 88

e Structureinvertelevation=102.2 feet NAVD 88

As part of this study, the potential effects of restoration alternatives on the Billericawater supply intake
(e.g., lowerwatersurface elevations at the intake) were investigated.

Water Main Crossing

A 24-inch-diameter force water main pipe crosses the Concord River within the dam impoundment at a
pointapproximately900feet upstream of the water supply intake (about7,600feet or 1.4 miles upstream
of the Talbot Mills Dam). The mainis located immediately downstream of an abandoned abutment from
the former Bridge Street bridge, which is about 325 feet downstream from the Route 3A/Boston Road
bridge. Figures 2.3.2-2 and 2.3.2-3 provide excerpts of the plan and profile views from the 1969
engineering plansforthe water main. Accordingtothe plan, the water main was buried a minimum of 2
feet below the channel bottom, with a top elevation near the channel centerline of approximately 103
feet NAVD 88%3. The channel bottom was surveyedatthe abandoned abutmentforthe 2014 FIS, and was
found to have a minimum channel elevation of 104.8 feet NAVD 88, which corresponds closely to the
elevation shown on the 1969 plans. As part of this study, the potential effects of restoration alternatives
onthe watermain crossing(e.g., the potential for scour due to higher water velocities) were investigated.

Sewer Main Crossing

A 16-inch-diameter ductile iron sewer main pipe crosses the Concord River withinthe dam impoundment
immediately upstream of the abandoned former Bridge Street bridge abutment noted above. Figure
2.3.2-3 providesthe 1976 record plan and profile drawings for the sewer main. Accordingto the plan, the
sewermainwas buried abouttwo feetbelow the channel bottom, with atop elevation nearthe channel

41 Note that the water treatment plantwas moved from the Boston Road location to a new location off Treble Cove
Road upstream. The possibility of moving the intake to the Treble Cove location was investigated (CDM, c. 2001),
but ultimately the intake location was maintained atthe Boston Road location.

42 Although not specified, itis assumed that elevations in the plans are given in NGVD 29, as NAVD 88 had not yet
been introduced at the time of publication (1954). Elevations in thisreporthave been converted to NAVD 88.

43 Although not specified, itis assumed that elevations in the plans are given in NGVD 29, as NAVD 88 had not yet
been introduced at the time of publication (1969). Elevations in thisreporthave been converted to NAVD 88.
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centerlineof approximately 101.9feet NAVD 88%*, and is seated almost entirely within the ledge (with the
top of the ledge being approximately equal to the top of the pipe). Asnoted above, the channel bottom
was surveyed at the abandoned abutment for the 2014 FIS, and was found to have a minimum channel
elevation of 104.8 feet NAVD 88. As part of this study, the potential effects of restoration alternatives on
the sewermain crossing(e.g., the potential forscour due to higher watervelocities) wereinvestigated.

2.3.3 Bridges

Three bridges in the vicinity of the Talbot Mills Dam are discussed in this section—the Faulkner Street
bridge immediately downstream of the dam, and the Pollard Street and Boston Road/Route 3A bridges
within 1% miles upstream of the dam. An additional seven bridges are located further upstream (as well
as at leasttwo abandoned bridges that cause constrictions), but were not coveredin detail here, as any
potential impacts due to restoration alternatives at the Talbot Mills Dam are likely to be negligible
upstream of the hydraulic grade controls at Pollard Street and Boston Road. As part of this study, the
potential effects of restoration alternatives on the bridges (e.g., the potential for scour due to higher
watervelocities) wereinvestigated.

Faulkner Street

The Faulkner Street bridge is located immediately
downstream of the Talbot Mills Dam. The left bridge
abutment is directly connected to the left spillway
abutment, while the right bridge abutment is
connected to the right spillway abutment by an
approximately 100-foot-long stone masonry retaining
wall. The curved concrete double arch structure was
constructed in 1910 and is approximately 106 feet
long, 32 feetwide, and has two individual spans about
42 feet wide at the base separated by a center pier
(FEMA, 2014; Geotechnical Consultants, 2015). The
center pier and abutments appear to be armored and
founded directly on bedrock, and no significant
indications of scour have been observed duringinspections (Geotechnical Consultants, 2015).

No plans for the Faulkner Street bridge could be found on file with the Town of Billerica or the
Massachusetts Department of Transportation (DOT).

44 Although not specified, itis assumed that elevations in the plans are given in NGVD 29, as NAVD 88 had not yet
been introduced at the time of publication (1969). Elevations in thisreporthave been converted to NAVD 88.
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Pollard Street

The Pollard Street bridge (State Bridge No. B-12-5) is located approximately 2,935 feet upstream of the
Talbot Mills Dam. The 1998 concrete structure has an overall span of about 182 feet, with two 4-foot-
wide piersset62feetaparton centerand a deck width of approximately48.8feet. The bridge reportedly
passes over the Fordway Bar, a natural bar of hard gravel that is about 700 feetin length, stretching
between points approximately 2,700 to 3,400 feet
upstream of the dam (see Section 2.1.2), and in fact
used to be known as the Fordway Bridge. Accordingto
an 1861 survey, the elevation of the Fordway Bar is
about 107.2 feet NAVD 88. The channel bottom
immediately downstream of the Pollard Street bridge
was re-surveyed for the 2014 FIS, and was found to have
a minimum channel elevation of 106.59 feet NAVD 88.
Since the midpoint of the Fordway Baris reported to be
about 100 feet above the bridge, it is likely that the
highest point of the bar feature lies somewhere
upstream as reported by the 1861 survey; however, this
was not confirmed as part of this study. A bridge was
present at this site as early as 1659, but after being rebuilt several times and carried away by a flood in
1699, it was not rebuilt for almost 200 years until 1893. The predecessor to the current structure was
built in 1912 and represented the best known early example of a continuous multi-span reinforced
concrete T-beam bridge in Massachusetts (NPS, 1996). The presentbridge was designed with piers that
are betteraligned with the flow of the river, which may have contributed to lower peak flood elevations
observed upstream of the bridgeforlargerfloods (E. Reiner, personal communication, February 4, 2016).

Planand profile views of the Pollard Street bridge are shown in Figure 2.3.3-1. Boringlogs are provided
in Figure 2.3.3-2. According to the boring data, it appears that the bridge abutments and piers are
founded on dense to very dense substrates that are likely not particularly susceptible to erosion to due
scour.

Boston Road/Massachusetts Route 3A

The Boston Road/Route 3A bridge (State Bridge No.B- |
12-003) is located approximately 1% miles upstream
of the Talbot Mills Dam. The 1920 triple arch concrete
structure has an overall length of about 180 feetand a
deck width of approximately 39.2feet. It has a 65-foot-
wide center arch flanked by two 50-foot wide arches.
The bridge has received various repairs overthe years.
According to the DOT’s list of scheduled projects, it is
currently in the preliminary design phase for
approximately $4 million worth of rehabilitation work
(DOT, 2015).

Plan and profile views of the Boston Road/Route 3A bridge are shownin Figure 2.3.3-4. Boringlogs are
providedin Figure 2.3.3-5. Accordingto the boring data, it appears that the bridge abutmentsand piers
are founded on very hard sand and gravel substrates and boulders that are likely not particularly
susceptibletoerosiontodue scour.
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2.4 Diadromous Fishery Resources

2.4.1 Target Species

A primary goal of this project is to provide upstream and downstream fish passage for diadromous and
resident species. The term “diadromous” refers to fish that migrate between fresh water and marine
environments, and includes both anadromousand catadromous types. Anadromous fish hatch from eggs
deposited at fresh water habitats, migrate as juveniles to salt water where they remain until maturity,
then return to natal rivers to complete their reproductive cycle. Catadromous fish spawn in the ocean
and migrate to fresh waterto grow to adultsize.

Diadromous fish species targetedforrestoration in the ConcordRiverinclude both species of river herring
(blueback herring and alewife), American shad, American eel, and sea lamprey. The restoration of
diadromous species is important to the greater Merrimack River watershed as they provide forage to
many species of fish and wildlife (e.g., stripedbass, trout, cod, bluefish, tuna, ospreys, herons, cormorants,
otters, seals, whales, etc.) and facilitate the transport of nutrients between marine and freshwater
environments. Because of their status as forage species, diadromous fish are important for commerdial
andrecreational fisheries of other species. Theirimpacts extend far beyond thesite of asinglerestoration
project, asthe targetspecies are distributed along the entire Atlantic coast from Newfoundland (alewife)
to Florida (blueback herring), from Greenland to South America (American eel), and even the European
coast (sealamprey). Diadromous fish also provide cultural benefits to citizens who value fish runs for
food, bait, and as a sign of a healthyriver.

The Concord River has long been known for its sluggish waters that abound in aquatic or semi-aquatic
vegetation, andits banks are fringed with wild grasses and sedges that stretch for miles along both sides
of the corridor. The Native Americans called it the Musketaquid, or “grass-grown” river, because the
grasses and placid waters create a good environment for a variety of fish, including shad, river herring,
bass, pickerel, carp, and American eel (PAL, 2016).

The banks of the Concord River were once inhabited by large numbers of Native Americans, who
seasonally harvested diadromous fishes from the river, including “salmon, shad, lampreyeels*®, sturgeon,
bass, and diverse others” (Hazen, 1883). At first, the English settlers who displaced the native people
were still primarily engaged in farmingand fishing. However, as colonists began building dams along the
Concord River for mill powerandindustrial use starting as early as the seventeenth century, diadromous
fish populations began to decline, in part because the dams prevented mature fish from returning
upstreamto spawn. By the mid-1800s, the native populations of shad and alewife became extinct (LPCT,
n.d.). Despite numerous attempts to provide some means of fish passage throughout its history, the
Talbot Mills Dam in North Billericais one of the many blockages that led to the collapse of the diadromous
fishery onthe ConcordRiver.

As mentioned previously, the Concord River is an ideal candidate for restoration of these diadromous
species, as it is low in the Merrimack River watershed and fish must only navigate past one dam—the
Essex Dam in Lawrence —before reaching the mouthof the Concord River. Also,the Concord and Sudbury
rivers contain significant amounts of spawning and rearing habitat—over 35 miles or 740 acres of
diadromous fish habitat on the mainstem Concord, Assabet, and Sudbury Rivers, plusmore than 100 miles

45 Lamprey eel is a colloquial reference to sea lamprey.
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of habitat on tributaries to these rivers and at least 260 acres of lacustrine habitat (not including areas
that could be accessed with fish passage at additional upstream dams).

Historical diadromous fish returns (since 1983) for the Merrimack River at the Essex Damin Lawrence are
shown in Table 2.4.1-1 for all target species and in Figures 2.4.1-1 through 2.4-1-3 for river herring,
Americanshad, and sea lamprey*°.

River Herring

River herring are actually two closely related members of the Clupeidae family—the alewife (Alosa
pseudoharengus) and the blueback herring (Alosa aestivalis), both of which are anadromous species that
spend most of their life in the ocean but must migrate to freshwater to spawn. Their appearances and
life histories are so similarthat they are often grouped togetherand managed as one species. Alewives
begin to spawn in late March to mid-May when water temperatures reach about 51°F, but can arrive
earlierfollowing mild winters. Bluebacks begintospawn about3to 4 weeks laterinthe spring (late April
throughJune) when watertemperatures reach about 57°F. While both species are capable of spawning
in a variety of freshwater environments, bluebacks generally spawn in more riverine areas, whereas
alewivestendtospawnin more lacustrine (ponds and lakes) areas. Afterutilizing the freshwater habitat
for a nursery area for most of the summer, juvenile herring begin their migration to the ocean in July.
Migration peaks usually occur in late summer and early fall but are variable and can continue into
December. After maturing in the marine environment until about 3 to 5 years of age, the fish retum to
freshwater, manytotheirnatal streams (Nelson etal., 2011).

Blueback herring (Alosa aestivalis) Alewife (Alosa pseudoharengus)
Imagery Credit: Duane Raver/USFWS

Adult alewife average 10 to 14 inches in length and weigh less than a pound. Blueback herring are
generally smallerthan alewife, averagingaround 9.5 to 12 inchesinlength. Adultriverherringswimata
cruising speed of about 3 feet per second (ft/s) and a sustained speed up to 5 ft/s, and can reach burst
speeds of 7 ft/s (Bell, 1991).

Alewife are found from northeastern Newfoundlandto South Carolina, but are most abundantin the Mid-
Atlantic and the Northeast. Blueback herring are found from Nova Scotia to northern Florida, but are
most numerous in waters from Chesapeake Bay south (ASMFC, 2016).

Historically, river herring were one of the most valuable anadromous fishes harvested commercially in
Massachusetts and were sold as food or for commercial bait (Belding, 1921). More than 100 coastal

46 The installation of a new crest gate in 2009 and a new permanent eel ladderin 2013 (and subsequent adjustments
of the ladder) atthe Essex Dam have led to highly variableand unreliable eel counts. As such, a correspondingchart
has not been provided for the eel data.
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Massachusettsrivers and streams are home to the two species. Riverherringare ecologically important
because they serve as forage for many marine and freshwater fish predators such as striped bass, cod,
andyellow perch, as wellas other wildlife. They also provide recreational and cultural benefits to citizens
who value them for food and bait (Nelson et al., 2011). Additionally, their migration plays a role in the
transfer of nutrients between freshwaterand marine systems.

In recentyears, however, river herring abundance throughout Massachusetts has declined to historically
low levels. In 2005, the declines prompted MarineFisheries to establish athree-year moratorium on the
sale and harvest of river herring throughout the state, which has since been extended and is still ongoing.
In addition, the National Marine Fisheries Service has listed blueback herring and alewife as Species of
Special Concernundertheir EndangeredSpecies Actreview process. A 2011 petitiontolistthe speciesas
threatened underthe Act was reviewed butresultedin anegative finding for Threatened or Endangered
Status.

In the past, limited efforts have been made to stock river herringin the SuAsCo watershed with unknown
success. The USFWS facilitated anine-yearriverherringrestoration program onthe Concord Riverfrom
2000 through 2008 (USFWS, 2007). Approximately 5,000to 7,500 alewife were transferred onanannual
basistovariousreleasesites onthe Concord and Sudburyrivers as part of the restorationeffort. However,
numerous efforts to document juvenile production from stocking efforts through electrofishing and
observation at dams were unsuccessful. Itis possible that juveniles migrating downstream during high
water may have passed over Talbot Mills and Centennial Falls dams, and not aggregatedin one location
foralongenoughtime tobe observed. Concerns have alsobeen raisedthat stocking effortsdid not result
injuvenileproduction. If production failure was a problem, potential causes may include turbidity, which
can cause the failure of spawning, hatching, and/orjuvenile foraging. Additionally, donorstocks may not
have remained in the system until spawning, as the stocking locations were not ideal and stocked fish
were notable to be retained until spawning (USFWS, 2007).

In the last five years, herring counts at Essex Dam on the Merrimack river have been steadily increasing,
from 518 herring in 2010 to 128,692 herringin 2015 (USFWS, 2015). This is likely due to an increase in
restoration activities and stocking efforts. Fishery resource agencies have reinitiated intensive stocking
efforts for river herringin the Merrimack Riverin recentyears. The approximately 740 acres of riverine
habitat on the Concord, Sudbury, and Assabet Riversbetween the Talbot Mills Dam and the nextupstream
dams has the potential to produce up to 173,900 river herringatthe rate of 235 fish peracre (Kircheis et.
al, 2002).

American Shad

The American shad (Alosa sapidissima) is also a
member of the Clupeidae, or herring, family and
closely resembles river herring, with the exception
of its larger size. New England shad populations
overwinter in the mid-Atlantic coastal region and
migrate northward in the spring, using their
olfactory sense to locate natalrivers. They ascend
the larger river systems such as the Merrimack
and Connecticut Rivers when spring water
temperatures reach approximately 62°F, usually
beginningin May (Brady et al., 2005). Shad are riverspawners, generally spawning well upstream of the
tidal interface at mid-riverrunsin relativelyshallow depths with more apparent selection to moderateto

Imagery Credit: Duane Raver/USFWS
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high water velocity than to a specific substrate type (Greene et al., 2009). Juvenile shad hatch in about
one week and feed on zooplankton in the river until the late summer or fall, when they migrate
downstreamto the ocean (NH FGD, 2015). Malesreach sexual maturity at 3 to 5 years whereas females
mature at 4 to 6 years (Brady et al., 2005).

Thereis a significant difference insize between the sexes, with males usually weighingbetween 1 and 3
pounds, while females canreach over 8 poundsand may grow to 2 feetinlength (Brady et al., 2005; NH
FGD, 2015). Adultshadaveraging12to 14 inchesinlength swimata cruisingspeed of about3ft/sanda
sustained speed of 3to 7 ft/s, and can reach burst speeds of 8 to 13.5 ft/s (Bell, 1991).

American shad once supportedalarge and important commercial and recreational fishery. American shad
was historically an important fish resource in the Merrimack River, both for Native Americans and later
forcolonial settlers. In pre-colonial times, the shad run extended from the mouth of the Merrimack River
to Lake Winnipesaukee in central New Hampshire. Approximately830,000 shad were harvestedfrom the
Merrimack Riverin 1789, and as late as 1841, records indicate the landing of 365,000 adult American
shad. The construction of dams on the Merrimack River in the 1800s, combined with pollution and
overfishing, severelyimpacted anadromous fish populationsin the riverand likely extirpated the annual
shad run upstream of the Essex Dam in Lawrence (MRTC, 2010). Today, the Merrimack Riversupportsa
relatively large run of American shad that is managed by multi-jurisdiction management plan (MRTC,
1997). In 2015, 86,857 American shad were counted returningtothe Essex Dam on the Merrimack River
(USFWS, 2015). Thereis no longera commercial fishery for American shad in Massachusetts, whereiitis
now considered a sport fish and is sought by anglers in rivers where the fish congregate in suffident
numbers (Brady etal., 2005).

The historicrange of American shad was fromthe St. Lawrence Riverto Florida. Shad are still distributed
throughout their historic range but shad are concentrated in east coast rivers between Connecticut and
North Carolina. Although they have been observed in the lower Concord River, shad do not currently
utilize it or other Merrimack River tributaries for spawning (Brady et al. 2005). However, the Concord
River is estimated to have approximately 90 acres of suitable American shad nursery habitat, which has
the potential to produce 5,400 to 9,000 shad at rates of 60 to 100 shad per acre, respectively (MRTC,
2010).

The principal threat identified for most shad runs in Massachusetts is barriers to migration. Dams are
particularly troublesome because many traditional fish ladders do not pass American shad effectively.
Although otherfactors are important,improving fish passage at dams still offers the greatest potential for
restoring American shad populations. (NHFGD, 2015).

American Eel

The American eel (Anguilla rostrata) is the only catadromous speciesin North America, meaning that it
spends most of its lifetime in ponds and rivers and
migratestothe oceanto spawn. Alladult American
eels spawn in the Sargasso Sea located in the
western Atlantic Ocean. The larvae drift into the
Gulf Stream and mature into clear “glass eels” as
they approach the coast, and develop into elvers
soon after. In the Gulf of Maine, migration of glass
eelsand elvers toward the coast occurs mainlyfrom
April to July, though some will migrate into early

Imagery Credit: Duane Raver/USFWS
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fall. It can take several yearsforeels to migrate uprivers, during which timethey may travel hundreds of
miles. Aselversgrow, they become known as yellow eels. Yellow eels may spend 6to 30 or more years
infreshwater beforethey metamorphoseinto mature silvereels. Ondark, rainy nights duringSeptember
to December, mostsilver eels descendriversand begin their journeyto the Sargasso Sea. Eelsspawn only
once, so theirspawning migration also represents the last stage of their life before dying (Gulf of Maine
Council onthe Marine Environment, 2007).

Eel swimming performance is dependent upon age and size. Asthey make theirway upstream, juveniles
graduallyincrease insize as they grow from glass eels (2to 3incheslong)to elvers (2% to 4 inches long)
to yellow eels (generally considered to be greaterthan 6 incheslong). Adultfemales may attain lengths
of nearly 50inches, while males may only reach about 16inches. As such, in the lower part of a watershed,
eelways should be designed to pass small(2- to 5-inch long) eels with poor swimming ability, while further
upstream, eelways must pass larger (morethan 12-inch-long), stronger eels (Gulf of Maine Council on the
Marine Environment, 2007). At the Talbot Mills Dam, eels are expectedto be in the elver or yellow eel
stage. Sustained swimmingspeeds are estimated to be about 0.25 ft/s for 2-inch-long glass eels, 0.5 for
4-inch-long glass eels, and 2 to 7 ft/s for adult eels ranging in length from 2 to 8 feet, respectively (Bell,
1991). Elversthat are 3 to 4 inches long can swim at burst speeds of approximately 2 to 3 ft/s over
distancesof lessthan 5 feet. However, at watervelocities of 1ft/s, elvers generally cannot swim further
than 10 feet. Olderjuveniles can swim5 ft/s but cannot swim far against fast water. Water velocities in
excess of swimming speed, long distances, lack of refuges from currents, strong turbulence, and complex
flows willall reduce swimming performance and hinder migration. Eels are good climbersand can ascend
vertical surfacesif there is a wet, rough substrate for themto climb. However, alarge proportion of eels
will notattemptto climb and passage structures should be provided (Gulf of Maine Council on the Marine
Environment, 2007). Additionally, eels may sufferfromincreased predation as they aggregate at the base
of structures seeking passage routes.

American eels range from Greenland to northeastern South America, occurringin all major streams along
the coastline. They represent a single breeding population, meaning that eels from South America,
Greenland, and anywhere in between may breed with each other. Thus, there are no distinct watershed
or regional “stocks” as there are for anadromous species (Gulf of Maine Council on the Marine
Environment, 2007).

Prior to colonial settlement, the American eel was likely the most abundant fish species in the SuAsCo
watershed. Of all the diadromous fish species that once migrated from the sea into the Concord River—
including river herring, American shad, and sea lamprey—the American eel is the sole species that has
been able to persist in the watershed. However, eel populations throughout most of their range have
greatly declined, particularly during the past 30 years (Smithwood, 2014).

American eels are prevalent in the SuAsCo system and have been collected in surveys of the mainstem
and tributaries of the Sudbury, Assabet, and Concord Rivers (MassDEP, 2005). In 2015, 5,022 American
eelswere counted returningto the Essex Dam on the Merrimack River (USFWS, 2015). Itis believed that
the 8-foot-high Centennial Fallsdam presents only amoderateimpediment to eel passage, while the taller
10-foot-high Talbot Mills Dam likely presents agreater hindrance to upstream passage of American eels
(Smithwood, 2013). There has been no study to date of eel passage at the Talbot Mills Dam, but it is
known to occur to some extent, as eels are present upstream of the dam. Two possible avenues of
upstream eel migration around this structure were thought to be the sluiceway that goes under the
Faulkner Mills complexand/orand aformerwettedrock areaonthe riverrightside of thedam. However,
the wetted rock site has been altered by the construction of a park area. It would be advantageousto
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determine the current mean by which eels pass this dam and to determine if there are measures that
could be taken to improve their passage in the nearterm until more permanentfish passage alternatives
can be implemented (Smithwood, 2012).

Restoration efforts are underway inthe Merrimack River watershedto help bringthis species back to its
formerprominence. Around 2009, a modification was made to the Essex Dam in Lawrence, MA led to a
large increase in the number of elvers observed passing upstream via the fish lift (Smithwood, 2012). A
permanent eel ladder was later added. In 2013 and 2014, eel surveys were conducted on the Sudbury
Riverinthe town of Sudbury to qualitatively evaluate the effectiveness of eel passage improvements and
other managementactivities (Smithwood, 2013).

SeaLlamprey

The sea lamprey (Petromyzon marinus) is an anadromous,
eel-like fish native to coastal North Atlantic watersheds.
Adult sea lamprey spend one to three years in the ocean,
where they parasitize on large fishes and sharks. During
spring, they ascend large coastal rivers and streams where
they construct pit and mound rock nests, spawn, and then
die shortly afterwards. Upon hatching, juveniles or
“ammocoetes” drift downstream and burrow into fine
sediments, where they remain for 4 to 8 years filter feeding
upon planktonicdrift. Eventually, they emerge and undergo
metamorphosis, developing an eye and oral mouth disk, at which point they are referred to as
“transformers,” which average between about 4 to 8 incheslong. The transformersthen migrate to the
oceanto beginthe parasiticphase (Kircheis, 2004; Weaver, n.d.).

Imagery Credit: Duane Raver/USFWS

Spawning season varies longitudinally within the range of the lamprey, butin nearby Maine*’, spawning
occurs from late May through early summer. TypicallyinJuly,larval lamprey then begin a metamorphosis
thatlasts forfourto six months. Transformers then usually migrate to the ocean betweenSeptemberand
December. However, because they are not strong swimmers, their migration is highly dependent on
waterflow, soif flows are low or migrationisimpeded by barriers such as dams, some transformers may
overwinterin freshwater, resuming their downstream movementin thespring during highflows (Kircheis,
2004).

Recently matured lamprey are typically 6 to 8 inches in length, and may eventually reach a length of up
to 3 feet(NH FGD, 2015). Sealampreyswim at a cruising speed of about 1 ft/s and sustained speedsup
to 3 ft/s, and can burst up to 7 ft/s (Bell, 1991). Lamprey use their oral discs to attach to substrate,
preferring smooth surfaces for attachment sites. Attachment presumably allows lamprey to rest
following periods of aerobic activity, and the behavior has been observed at high velocity and high
turbulence areas at fishway openings.

Some lamprey can use their attachment behavior to climb steep and even vertical surfaces while
navigating barriers, by attaching and incrementally moving forward in “burst swimming” movements.
However, most observations of lamprey climbing behavior are for the more thoroughly studied Padific
lamprey (Lampetra tridentata) (Keeferetal., 2012).

47 No information was availablefor Massachusetts, buttiming is likely similar or slightly earlier.
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Sea lamprey are abundant along the coast of eastern North America in the temperate waters of the
AtlanticOcean, and are also native to the Mediterraneanand the western Europeancoast. In 2015, 5,035
sea lamprey were counted returning to the Essex Dam on the Merrimack River (USFWS, 2015).
Conversely, they are invasive to the Great Lakes of North America, where millions of dollars are spent
annually to control populations and range expansion (Weaver, n.d.). However, itisimportant to note that
anadromous sea lamprey are a natural component of coastal aquatic ecosystems in the Northeast, and
they do nottypically predate or parasitize fish whilein freshwater (Kircheis, 2004).

Historically, sealamprey were harvestedforfood, but thereislittle commercialvalue orinterest for them
in North Americatoday. However, current research has begun to identify the importance of sealamprey
as a keystone species that alter stream habitatsthrough their nest building activities during spawning and
provide forage and marine-derived nutrients to freshwater systems, benefitting other anadromous and
residentspeciesand recreationaland commercial fisheries (Weaver, n.d.).

Sealamprey are not currently listed as threatened or endangered, but are likely in decline, and thus have
been acknowledged in conservation management plans in Europe and North America. Some natural
resource agencies have only recently begun to keep records of annual returns of sealampreyandthus it
is uncertain how current trends stack up to historical abundances. Sea lamprey are likely negatively
affected by migration barriers (i.e., dams), degraded freshwater spawning habitat, and declinesin large
fishesthatserve astheirfood base inthe ocean (Weaver, n.d.).

There are no concerted efforts specifically targeting sea lamprey at this time; however, they benefit
directly from management strategies seeking to restore river herring and American shad populations
through dam removal and improved fish passage techniques (Weaver, n.d.).

2.4.2 Target Fish Passage Thresholds

In orderfor diadromous fish to readily pass to and from their spawning habitat, certain physiological and
behavioral needs and physical river conditions must be met, including seasonal flow magnitudes, depths,
and velocities. These characteristics vary among the target species. Important considerations for
restoration activities are described below.

Flow Timing

Itisimportantto understand when diadromous fish are typically moving up and downstreaminariverto
be able to evaluate whether parameterssuch as water depth and velocity will be appropriate during those
times.

Table 2.4.2-1 summarizes key timeframes for the various life stages and events of the target species, as
described in the previous section. In coordination with project partners, an overall range of April 15
through July 15 was selected for the upstream migration period and July 1 through December 31 was
selected forthe downstream migration period to capture the key timing of eventsforall target species.

Flow Depth

Water depthinthe riverchannel and through obstacles such as bridges and culverts must be sufficient to
accommodate the physical dimensions of fish navigating upstream. In order for fish to swim normally,
the minimum depth of flow should be generally be 1.5to 2 times the body thickness of the largest target
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species®®. Since American shad is the largest of the target species in terms of body thickness, its
dimensions serve as a conservative surrogate for all of the target species. Assuming an average body
thicknessto total body length ratio of 30% and an adult body length of 14 inches, body thickness would
be about 4 inches, and the minimum depth required for passage would be about 6 to 8 inches.

The numberand length of obstacles fish must negotiate should be considered, and this guideline should
be adjusted as necessary. If fishencounterfew passage barriers, they can likely negotiate fairly shallow
water. However, the same species moving up a stream with many obstacles may arrive at the spawning
area in poor conditionif passage depths are minimal (Bovee, 1992).

Below sharp elevation changes, the USFWS recommends plunge pools with depths of at least 4 feet or
25% of the fall height, whicheveris greater (Towler, 2014).

Flow Velocity

Diadromous and other migratory riverine species often encounter zones of high velocity flow, such as
where flow is restricted going through aroad crossing or a narrow, rocky section of channel, thatimpede
their migrations. Generally, fish swimming performance is characterized by the following levels of
swimmingspeeds (Bell, 1991):

e Cruisingspeed— A speedthatcan be maintained forlong periods of time; employed forgeneral
movementand migration

e Sustainedspeed—A speedthatcan be maintained for minutes; employed for passage through
difficultareas

e Burst speed— A single effortthatis not sustainable; employed forfeeding orescape purposes

Table 2.4.2-2 provides asummary of the various swimming speeds forthe target fish species, as discussed
inthe previous section. The mostimportant swimming speed for fish passage considerations is sustained
speed. Where flows exceed maximum sustained swim speed, successful passage may still be possible,
provided that fish can accomplish the needed burst speed without additional impedance such as high
watertemperaturesand/orlow dissolved oxygen (Bell, 1991).

Eel and lamprey generally have lower sustained swimming speeds than those of the three herring family
target species, but they exhibit climbing and/or attachment behaviors that may help them navigate
obstructions thatare impassable to herringand shad. Of the three alosine target species, alewife appear
to be the weakest swimmers,and thus can be used as a conservative thresholdfor the others. Considering
this information in conjunction with the swimming speeds in Table 2.4.2-2, it was determined thata
maximum water velocity of 5 ft/s to 7 ft/s would be an appropriate target to ensure that most target
species should be able to navigate barriers using either sustained orburst speeds.

Flow Turbulence

There are two basictypes of stream flow—laminar flow, which is smooth and uniform, and turbulent flow,
whichisirregularand unpredictable. Turbulence iscommoninariverwhenfeaturessuchaslarge rocks,
holes, or sudden changes in bed elevation or channel width obstruct flow particles and cause them to
move in random directions, creating vortices, eddies, and other non-uniform flow patterns. In the
process, energy is dissipated, which leads to reduced flow velocities.

48 The USFWS recommends 2 times body thickness (Towler, 2014).
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It isa common misconception thatlaminarflowis necessaryforsuccessful fish passage. Inrivers, laminar
conditions generally only exist in slow-moving impoundments. Rivers are naturally turbulent
environments and fish are accustomed to moderate levels of turbulence (Towler, 2014). Turbulence also
helps to reduce velocities and create zones of rest for fish behind obstructions, which may improve
passage success.

However, excessive turbulence has been shown to impact both swimming behavior and fish passage
performance (Towler, 2014). American shad are notoriously finicky about navigating river flows. The
slightest change in flow can prevent a shad from navigating a zone of turbulence or entering a fishway.
However, when conditions are favorable, shad will move through obstacles or fish passage facilities by
the thousands (NH FGD, 2015).

To quantify turbulence and the related aeration of flow, the USFWS uses the energy dissipation factor
(EDF) to measure the volumetricenergy dissipation rate in a pool, chute, or stream reach. Generally, the
USFWS recommends a maximum EDF of 3.15 ft-Ib/s-ft? for effective passage of American shad (Towler,
2014). Although a quantitative analysis of turbulence and EDF in the Concord River was beyond the scope
of thisfeasibility study, it was considered in a qualitative assessment.
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3. Technical Assessment

This section describes the various analyses conducted during the course of this project to provide
additional information for the alternatives analysis, including a topographic survey and sediment,
hydrologic, hydraulic, and cultural resources analyses.

3.1 Topographic Survey

To supportthe feasibility analysis, atopographicsurvey was conducted on October 6, 2014 at the Talbot
Mills Dam and Middlesex Falls sites. The survey data was primarily used in developing an existing
conditions site plan at Talbot Mills Dam and adding detail to an existing FEMA FIS hydraulic model. A
survey grade real-time kinematic (RTK) GPS unit*® consisting of a base station and rover was used in
conjunction with atotal station. The following datawas collected duringthe survey:

e Keyelevations of the Talbot Mills Dam, abutments, and other pertinent structures

e Catch basinrimsalong FaulknerStreettotie into the existing base plan provided inthe dam
safetyinspection report, shownin Figure 2.2.3-3 (Geotechnical Consultants, 2015)

e Water surface elevations of the Talbot Mills Dam impoundment directly above the dam and at
the upstream extent of the sediment survey described in Section 3.2.1 below (used as reference
pointsforthe sedimentdepth mapping)

e Keyelevationsof the breached former Middlesex Dam abutment, raceway channel, and other
pertinentstructures atthe MiddlesexFalls site

To supplement upland topography for the base mapping and hydraulic model development, Light
Detection and Ranging (LiDAR) elevation data available from the MassGIS was used. LiDAR data for the
Concord River were collected on December 2-12, 2010 and have an average point spacing lessthan 3.3
feetanda fundamental vertical accuracy of about 0.58 feet.

3.2 Sediment Analysis

The quantity and quality of sedimentimpounded upstream of the Talbot Mills Dam are key data in
determiningthe range of viable fish passage alternatives. Since the Concord Riverupstream of the dam
is slow-flowing with agentle gradient, it carries a relatively low sediment load; however, some sediment
has accumulated behind the dam overits 300-year history. Management of impounded sediment under
certain fish passage alternatives such as dam removal can include removal, stabilization, or release
downstream. Information aboutthe characteristics of the sedimentto be managed is critical in dictating
the design and cost of these alternatives.

3.2.1 Sediment Depth Mapping & Volume Estimation

To quantify the volume of sedimentimpounded by the dam, sediment depth mapping was conducted at
transects throughout the lower impoundment on October 6, 2014 (concurrent with the topographic
survey). The sediment survey was limited to the lowerimpoundment, as the Fordway Bar and the bedrock
outcroppingbelowitwould be expected toserve as a new hydrauliccontrol ina potential dam removal
scenario, limiting water velocity increases and movement of any sediment upstream of this point.

4% Accuracy for the RTK GPS unitis typically within 0.03-0.1 feet horizontallyand 0.05-0.2 feet vertically.
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Sediment depth mapping was conducted at eight transects spanning the impoundment between the dam
and a point approximately 2,280 feet upstream. Probe stations were generally spaced at least every 10
feetalongtransects. At each probingstation, a steel rod marked in 0.5-foot increments was driven with
a hammerinto the sediment untilrefusal. Vertical changesin sediment composition (e.g., silt,sand, muck,
gravel, etc.) wereroughlycharacterized based on feel. Water depths were measured relative to the water
surface elevation, which was surveyed as 108.5 feet NAVD 88 on the day of the sediment depth mapping
survey.

Maps showing the locations of the sediment transects and other pertinent data are shown in Figures
3.2.1-1 and 3.2.1-2. Both maps depictthe same information, but Figure 3.2.1-2 is overlain on a different
aerial image which shows the extents of the dense aquaticvegetation (the invasive water chestnut) that
typically grows in the impoundment every summer. The maps also show the approximate extents of
major sediment deposits in the impoundment, which were delineated based on the probing data, field
observations,and the limits of the aquaticvegetationgrowth. Forthe purposes of quantifying the volume
of sedimentthat would likely mobilize in adam removal scenario, the existing channel form through the
impoundment was also delineated based the probing dataand geomorphicassessment.

The resulting datawere used to compute elevations forthe top and bottom of sedimentat each probing
station. Cross-sections of each transect are presented in Figures 3.2.1-3 through 3.2.1-10. The cross-
sectional area of each transect was calculated and then interpolated between transects to estimate the
total volume of impounded sediment. The portion the total volume that would be expected to mobilize
in a potential dam removal scenario was then estimated by considering only the sediment within the
existing channelform through the impoundment as described above.

Based on these results, it is estimated that at least®° 18,200 CY of sedimentis present in the lower
impoundment upstream of thedam. Alittle over half (about 9,500 CY) of this sediment would be expected
to mobilize inadam removal scenario during natural channel re-forming processes, while the remainder
would likely stabilize as floodplain wetlands following the lowering of water levels and re-establishment
of river channel form. Although some of the mobilized sediment would be retained behind the next
downstream dam—Centennial Falls Dam, located approximately 3.6 miles downstream of the Talbot Mills
Dam—itcould potentially be transported farther downstream during high flow events.

Ingeneral, the sediment depth mapping surveyfound the lowerimpoundment to haveverylittle sediment
within the main flow path that would likely mobilize ina dam removal scenario. Primary sediment
deposits were found on the downstream sides of two small bedrock outcroppings (i.e.,islands), as well as
two largerdepositsin backwaterareas off the river-leftand right sides of the main flow path. The most
significant depositis onthe river-right side, approximately 300feet upstream of the damin the vicinity of
transect T-6 and the historic floating towpath peninsula. Much of the sediment found in the lower
impoundment, especially in this large backwater area, consists primarily of organic materialand becomes
covered with invasive water chestnut during the growing season. Lower water surface elevations and
increased watervelocitiesthat would occurin adam removal alternative wouldlikely reduce or eliminate
the water chestnut problem in this area of the Concord River.

50 |t should be noted that the sediment transects did not cover the farthest extents of the largebackwater area on
river right (north and south of the floating towpath peninsula), so the total sediment volume is actually higher.
However, this areais mapped by the MassDEP as a wetland, not open water, and is not likelyto mobilizeina dam
breach scenario.
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The most upstream transect, T-8 (not shown in the maps) was collected at the rocky section of channel
below the Fordway Bar (about 750 feet below the Pollard Street bridge or 2,180 feet upstream of the
dam). The channel substrate consisted primarily of solid ledge and virtually no sediment was found. ltis
highly likely thatif the dam were removed, this bedrock feature would serve as the new hydraulicgrade
control and the channel bottom would not “headcut” (i.e., erode withan abrupt vertical face that migrates
upstream overtime) above thispoint. Atthe time of the survey, the location of the Fordway Bar (i.e., the
hard gravel depositional feature upstream of the bedrock grade control) was not known, so it was not
surveyed. Ifthe dam removal alternative wereto progress to the next phase of feasibility study, it would
be beneficial to conduct bathymetric mapping in the lower impoundment to confirm the location and
elevation of the bar feature, followed by additional probing to evaluate the likelihood of the bar serving
as a grade control or eroding slowly overtime inadam removal scenario.

3.2.2 Sediment Sampling

To characterize the quality of sediment impounded by the dam to inform potential fish passage
alternatives, sediment sampling was conducted. Typically, when evaluating the feasibility of dam
removal, samples are collectedwithinthe damimpoundment and at otherlocationsin theriver as follows:

e Upstream of Dam Impoundment— At least one sample is usually collected upstream of the area
impounded by the dam to characterize sediment that is likely to mobilize during future storm
events and be transported downstream of the dam regardless of whether or not the dam is
removed.

¢ Mobile Sediment within Dam Impoundment — Several samples are usually collected within the
dam impoundment from sediment deposits that are expected to mobilize post-dam removal to
characterize contaminantlevels potentially presentin sediment requiring either active or passive
management. The recommended number of samples is generally one per 1,000 CY of mobile
sediment.

e Stable Sediment within Dam Impoundment— At least one sample is usually collected within the
dam impoundment from sediment deposits that are expected to stabilize as new floodplain
wetlands post-dam removal to characterize potential risks to human health from newly exposed
sediment.

¢ Downstream of Dam Impoundment—At least one sample is usually collected downstream of the
dam in depositional areas that would be expected to receive sediment mobilized from the
impoundment post-dam removal to characterize potential ecological risks from pollutants that
might be bound to or otherwise associated with the mobilized sediment. The finding of similar or
higher pollutantlevels downstream, forexample, mightlead to a conclusion of limited ecological
risk from sediment with similar or lower contaminant levels moving downstream due to dam
removal.

The sediment sampling for Talbot Mills Dam was conductedon November 6, 2014. A total of four samples
were collected from the following locations:

¢ Mobile Sediment within Dam Impoundment (IMP-1 & IMP-2) — Two samples within the lower
impoundment along the potentially mobile edge of the sediment deposits on the left and right
sides of the river, approximately 200feet and 500 feet upstream of the dam, respectively
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¢ Downstream of Dam Impoundment (DS-1) — One sample at a powerline crossing below a large
islandinthe Concord River, approximately 3,300 feet downstream of the dam

e Upstream of Dam Impoundment (US-2) — One sample on the Concord River just below the
confluence of the Sudbury and Assabet Rivers, approximately 11.5 miles upstream of the dam>?

The samplinglocations are shownin Figure3.2.2-1. Close-upsofthe impoundmentlocations were shown
inFigures 3.2.1-1and 3.2.1-2 with the sediment depth mappingresults. Asummary of sampling locations
isprovidedinTable 3.2.2-1. Samples were collectedwith astainless steelhand core system outfitted with
a Cellulose Acetate Butyrate (CAB) liner. The push core system was advanced up to five feet or until
refusal. Each sediment core was composited. The samples were processed on shore, including
completion of chain of custody forms, and were delivered to Con-Test Analytical Laboratory, a
Massachusetts-certified laboratory, for testing. Laboratory analysis included the following parameters
(reported within detection limits meeting or exceeding those found in 314 CMR 9.07(2)(b)(6)):

e Heavy metals (Arsenic, Cadmium, Chromium Illand IV, Copper, Lead, Mercury, Nickel, and Zinc)
e PAHs

e PCBs
e Organochlorine pesticides
e TOC

o Percentwater
e Grain size distribution (Sieve Nos. 4, 10, 40, 60, and 200)

Table 3.2.2-2 presents the findings of the sediment testing. Results are compared to screening criteria
including the MCP Method 1 Standards (Category GW-1/SW-1) and the TECs and PECs for Freshwater
Ecosystems (MacDonald et al., 2000).

Ingeneral, sediment chemistry suggests the presence of limited pollutant concentrations. As expected in
a developed watershed, PAH compounds were detected in the impoundment at levels above the TECs;
however, concentrations were well below the PEC and MCP Method 1 Standards. The impoundment
samples contained elevated level of some metals. Total chromium in the impoundment (two samples
averaged) exceeded the PEC and MCP benchmark values; however the hexavalent chromium results
(Chromium V1) were very low®2. Other metals such as copper, lead, and mercury were detected in the
impoundment samples at concentrations slightly above the PEC benchmark values. The impoundment
samples also contained very low levels of total PCBs, well below the PEC and MCP values. All pestidde
parameters were below detectable limits.

51 Although the influence of Talbot Mills Damappears to extend into the Sudbury and Assabet Rivers under certain
high flows, this area represents the farthest upstream section of the impoundment while still remaining on the
Concord River.

52 Chromium (Cr) is a naturally occurring metal found in small quantities associated with other metals, particularly
iron. Due to its extensive usein industrial processes, large quantities of chromium compounds are discharged into
the environment. Although chromium can existin all oxidation states from 0 to VI, Cr (lI1) and Cr (VI) are the most
prevalent. Cr (Ill)is an essential nutrient, but Cr (V1) is a known mutagen and carcinogen and is more soluble and
therefore, more mobile than Cr (I11) (Applied Speciation, 2009). The MCP presents standards for Total Cr, Crlll,and
Cr VI. If Total Crresults are elevated, itis important to test the material for the Cr VI species to fully evaluate the
risk of contamination.
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If the dam removal alternative progresses to the next phase of the feasibility study, additional samples
will likely be needed to inform the sediment management plan. Up to 8 additional samples may be
required to be collected within the impoundment to fully characterize the estimated volume of mobile
sediment with one sample per 1,000 CY of sediment (fora total of 10 samples within the approximately
9,500-CY volume of mobilesediment). Samples could also be collected within areas of the impoundment
expected to stabilize as floodplain wetlands post-dam removal as discussed above, such as in the areas
north and south of the floatingtowpath peninsula. Additionally, samples could be takenin depositional
areas downstream of the dam to provide context of contaminantlevelsinthe river system compared to
levelsintheimpoundment. Upstream of the dam’s influence, samples could be collected ineither or both
of the Sudbury and Assabet Rivers.

3.3 Hydrologic Analysis

Flow data was evaluated for use in the hydraulicmodel developed as part of this study (Section 3.3.2) to
estimate water surface profiles and other parameters under existing conditions and potential fish passage
alternatives.

In the SuAsCo watershed, the USGS maintains active streamflow gages on the Concord Riverin Lowell
(Gage No. 01099500), on the Sudbury River in Saxonville (Gage No. 01098530), on the Assabet River in
Maynard (No. 01097000), and on Nashoba Brook (a tributary to the Assabet River) in Acton (Gage No.
01097300), as well as additional discontinued gages. This analysis used the Concord River gage, whichis
located 0.8 miles upstream from the mouth of the river, downstream of River Meadow Brook and the
Rogers Street Bridge, has a reported drainage area of 400 square miles>3, and has operated continuously
since Octoberof 1936 (USGS, 2015).

The original FEMA FIS for the Concord Riverin Billerica was published in 1985. Hydrologicand hydraulic
analyses for this study were completed in July 1983 by Schoenfeld Associates, Inc. A revised FIS was
recently prepared for Middlesex County (including the Concord River) in 2014 by the Strategic Alliance for
Risk Reduction (STARR), ajointventure between Atkins, Greenhorne & O’Mara, Inc.>*, Stantec, and Camp,
Dresser, and McKee. The revision included newhydrologicand hydraulicanalyses, which were completed
in October2012 (FEMA, 2014).

The FIS reports a drainage area of 370 square milesforthe Concord Riverat the Talbot Mills Dam (FEMA,
2014). Updated basin delineations obtained from the USGS StreamStats program indicates a drainage
area of 368 square miles atthe dam. Because these values are all relativelyclose, the FIS published value
of 370 square miles was used for this analysis. Discharges reported for the Concord River gage were
adjusted to the Talbot Mills Dam location by ratio of drainage areas (370 square miles /400 square miles
= 0.925).

3.3.1 Flow Duration Analysis

A duration analysis was conducted for average daily flows at the Concord River gage using the full period
of record (October 1936 through December2015). Monthly and annual flow statistics are shown in Table

53 Interestingly, the USGS notes that although the physical drainage area at the gage is 400 square miles, the net
drainage area is actually 307 square miles, due to a water supply diversion from approximately 93 square miles in
the Sudbury River basinand Lake Cochituate for use by the Boston metropolitan district (USGS, 2015b). However,
the use of this water supply diversion was discontinuedin 1976.

54 Greenhorne & O’Mara, Inc. was acquired by Stantec in2012.
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3.3.1-1 forthe gage and the Talbot Mills Dam locations. The tablealso includes flow statistics for upstream
(April 15to July 15) and downstream (July 1to December 31) fish migration periods, considering the range
of typical patterns forthe various target species as presentedin Table 2.4.2-1.

Corresponding flowduration curvesfor the Talbot Mills Dam |location are shown inFigures3.3.1-1through
3.3.1-7. Flowduration curves depictthe average percentage of time that specificflowrates are equaled
or exceeded at a particular site. These curves are useful for better understanding the nature of the
streamflow in a particularriver. For example, “flat”-sloped flow duration curves often indicate relatively
little variability in flows, as compared to a site with a steep flow duration curve.

3.3.2 Flood Frequency Analysis

Flood events of a magnitude which are expected to be equaled or exceeded once on the average during
any 10-, 50-, 100-, or 500-year period (recurrence interval) have been selected as having spedial
significance for floodplain management. These events, commonly termed the 10-, 50-, 100-, and 500-
yearfloods, have a10-, 2-, 1-, and 0.2-percent chance, respectively, of being equaled or exceeded during
agivenyear.>®

The FIS includes four locations for which flood frequency estimates were developed along the Concord
River: the Concord/Carlisle corporate limits (with a reported drainage area of 352 square miles), the
Carlisle/Billerica corporate limits (360 square miles), the Talbot Mills Dam (370 square miles), and the
Billerica/Tewksburycorporate limits (373 square miles). Forthe original (1985) FIS, flood discharges were
estimated for the Concord River by determining and routing flows on the Sudbury and Assabet Rivers.
Because those rivers are gaged, a log-Pearson Type Il statistical analysis of the gage data was conducted
usingthe USGS Bulletin 17B methodology (USGS, 1981). The analysis forthe AssabetRiverwas adjusted
to reflectthe effects of a series of floodwater retention reservoirsinthe upperwatershed. Hydrographs
produced at the headwaters of the Concord River were then routed downstream, adding in additional
inflow due to runoff from tributary drainage areas and reducing flow due to storage in the Concord River
floodplain. The routed flows were further modified based on data from the Concord River gage in Lowell
(FEMA, 2014).

For the first countywide FIS published in 2010, an updated hydrologic analysis was conducted and the
USACE Hydrologic Engineering Center’s Hydrologic Modeling System (HEC-HMS) was used to develop
runoff hydrographs, but the reported flood discharges for the Concord River matched those published in
1985. For the revised (2014) countywide analysis, flood discharges were estimated using regional
regression equations, validated using a schematic HEC-HMS rainfall runoff model of the Sudbury, Assabet,
and Concord Rivers, and compared to estimates made using updated stream gage data. The stream gage
analysis utilized the station skew coefficient for the Concord River gage as it is affected by urbanization

55 Although the recurrence interval represents the longterm average period between floods of a specific magnitude,
rarefloods could occur atshortintervals or even within the sameyear. The risk of experiencinga rareflood increases
when periods greater than one year are considered. For example, the risk of havinga flood which equals or exceeds
the 100-year flood (1 percent chance of annual exceedence) inany 50-year periodis approximately 40 percent.
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and flow regulation. However, reported flood discharges for the effective (2014) still match those
publishedinthe original (1985) FIS>® (FEMA, 2014).

The NOAA Fisheries Service recommends considering climate change when developing flood frequency
estimates for river restoration projects by extending the flood record beyond dated FEMA studies and
recalculating flood flows (Collins, 2011). Thus, an updated flood frequency analysis was conducted to
compare with the FIS estimates. Annual peakflows at the Concord River gage for the period of record
(published data available for 77 years from 1938 through 2014) were entered into the USGS’s PeakFQ
program to estimate storm events for various recurrence intervals using the USGS Bulletin 17B
methodology (USGS, 1981), which creates a Log Pearson Type Ill statistical evaluation of the data.
Consistent with the effective FIS, the station skew coefficient was used as the gage is affected by
urbanization and flow regulation. Results were adjustedto the four FIS flow change locations on the
Concord River by ratio of drainage area.

When the updated flood record includes a substantial period before 1970 (e.g., greater than 20 years),
NOAA also recommendscomputing pre-1970, post-1970, and full record curves and considering choosing
the most conservative (largest) estimates for design flows. Due to the fact that the Concord River gage
record includes 32 years prior to 1970, pre-1970 and post-1970 estimates were also computed and
adjusted accordingly.

All results, including the FIS publishedflows, are shownin Table 3.3.2-1and Figure 3.3.2-1 for comparison
at the Talbot Mills Dam location®’. For this study, important flood flows include the 2-, 100-, and 500-
year flood flows. The 2-year flood, which is oftenreferred to as the channel-forming or bankfull flow, is
important for predicting the dimensions of the channel that would form upstream of the Talbot Mills Dam
ina damremoval scenario, as wellas evaluating erosive forces oninfrastructure such as bridge abutments
and buried pipes. The 100-yearflood, also referred to by FEMA as the base flood, isimportantasitis the
regulatory flood for which FIS inundation maps are developed, as well as the spillway design flood that
the Talbot Mills Dam isrequired to pass without overtopping. The 500-year flood is importantforsizing
the width of the spillway breach in adam removal scenario to ensurethat backwater dueto the remaining
dam structuresis minimized.

Peak discharges selected for use in the hydraulic model are highlighted in the table and the figure.
Because the regulatory FIS 100-year flood flow is within 10% of updated estimates, it was selectedfor this
analysisto maintain consistency with other studies. The FIS 500-year flood flow was also selected, since
itisconservatively higher (approximately 15%) than updated estimates. The 2-yearflood flow calculated

56 Discrepancies were found between peak discharge values published in the FIS report and those in the HEC-RAS
model used to develop the FIS, which was provided by STARR. There are many more flow change locations in the
model than in the published report, and the flows at corresponding river stations do not match. Modeled flows
were higher insome cases (e.g., for the 10-year flow) and lower in others (e.g., for the 500-year flow, which differs
from published values by almost 2,000 cfs—a 20% difference). Dischargevalues publishedin the FIS were used for
this analysisas they were assumed to be the regulatory flood flows.

57 Note that the published FIS500-year flood flow does not appear to followthe trend of the available data for lower
flood flows. This may be due in partto differences in calculation methods (i.e., a flow routinganalysis for the FIS vs.
a statistical analysis of stream gage data for the updated flows. Also note that there is a discrepancy between
modeled and published flows for the 2014 FIS, as discussed in the footnote above. The modeled 500-year flood flow
is approximately 6,950 cfs at the Talbot Mills Dam, which would put it more in line with the trend of the flows in
Figure 3.3.2-1. For this study, the published FISvaluewas usedasitis moreconservative; however, this discrepancy
could be further investigated in future phases of the project.
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from the post-1970 period was selected becauseitis conservatively higher (approximately 8%) than that
calculated from the full period of record.

3.3.3 Summary of Flows for Hydraulic Analysis

A summary of all flows selected for use in the hydraulic model and their respective rationales and data
sourcesis presented forthe Talbot Mills Damlocationin Table 3.3.3-1. These flowswere also developed
for the otherthree flow change locationsin the model using drainage area ratios (with the exceptionof
the FEMA FISflood flows, for which published peak discharge values were used).

3.4 Hydraulic Analysis

Hydraulic models of river systems are developed to simulate baseline conditions and predict water
depths, velocities, and water surface profiles given various flows and alternate conditions. HEC-RAS was
used to develop models of the Concord, Sudbury, and Assabet Rivers for use in evaluating various fish
passage alternatives onthe ConcordRiver. Baseline models that had beenprepared for the 2014 FIS were
obtained from STARR and modified for the project as detailed below. The hydrologicand hydraulicinput
data for these models were updated considerably since the 1985 FIS, including additional surveyed
transects (particularlyat hydraulicgrade controls), updated survey of bridges and buildings, incorporation
of more detailed Light Detection and Ranging (LiDAR)-based topography for overbank areas, and other
changes (STARR, 2012).

FEMA recommends that the following steps be taken when modifying FIS hydraulic models for proposed
projects. Aligning the project with FEMA’s standard process early in the feasibility phase will minimize
effortlaterif any alternatives advance to the permitting phase in the future.

3.4.1 Duplicate Effective Model

The “duplicate effective model” is a copy of the hydraulicmodel used to develop the effective FIS, which
isreferredto as the “effective model.” The effective 2014 FIS hydraulicmodelsforthe Concord, Sudbury,
and Assabet Rivers were obtained, reviewed, and duplicated using HEC-RAS. As part of the effective
model development effort by STARR, base topography was obtained froma 10 foot by 10 foot horizontal
grid digital elevation model (DEM) with a vertical precision of 0.03feet derived from LiDAR data. Detailed
field survey data was collected for approximately 151 bridges, culverts, and dams and 15 riverine cross
sections. At each structure, channel cross sections were surveyed immediately upstream and
downstream of the crossing along with a top-of-roadprofile. Forall flows, the normaldepth method was
used as a downstream boundary condition, usinga downstream channel slope of 0.00376 to approximate
the slope of the energy grade line. Channel roughness coefficients (Manning’s “n” values) ranged from
0.03 to 0.06. Typical values of contraction and expansion coefficients used for structures were 0.3 and
0.5, respectively(STARR, 2012).

3.4.2 Corrected Effective Model

A “corrected effective model” is then developed to correct any errors that are found in the duplicate
effectivemodel, add any additional cross sections, orincorporate more detailed topographicinformation
(excluding any manmade physical changes since the date of the effective model).

The primary correction made to the duplicate effective model was to modify the elevations and
dimensions of the Talbot Mills Dam to reflect Gomezand Sullivan’s survey. As mentionedin Section 2.2.3,
Gomez and Sullivan found the spillway to have an average crest elevation of 108.2 feet NAVD 88 in a
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survey conducted on October 6, 2014°8. This elevation corresponds exactly withthat reported in the text
of the 2014 FIS and in both the report text and flood profiles of earlier (2010 and 1985) publications of
the FIS. However, in the hydraulic model used to develop the 2014 FIS, the spillway crest elevation is
modeled 2.5feet higherat110.67 feet NAVD 88. Consequently, the regulatory (100-year) flood elevation
atthe damisalmost 2 feet higherinthe 2014 FIS(115.9 feet NAVD 88 vs. 114.0 feet NAVD 88in the 2010
and 1985 publications), a differencethat propagates upstream and is still over a half of afootin magnitude
at the upstream extent of the Concord River model>°.

Also at the Talbot Mills Dam, the approximately 12-foot-wide sluiceway on river-right that leads to the
Faulkner Mills complex was not represented in the effective model and thus was added to the corrected
effective model using survey datafrom Gomezand Sullivan’s 2014 survey as well as the 2009 survey for
the dam safety inspection report (Geotechnical Consultants, 2015).

Additionally, more detailed topographic information was incorporated into the model for several areas,
including:

e Talbot Mills Dam vicinity— Selected features from Gomez and Sullivan’s October 6, 2014 survey
inthe vicinity of Talbot Mills Dam

¢ Talbot Mills Dam impoundment—Top of sedimentelevations from seven sediment depth
probingtransects withinthe impoundment collected on October 6, 2014

e Fordway Bar — Channel elevationsfrom the eighth transect collected at the time of the 2014
survey across the rocky channel downstream of the Fordway Bar

e MiddlesexFalls—Topographicand breached structure datafrom the NRCS’s 2000 survey
(showninFigures 2.2.1-2 and 2.2.1-3) as well as Gomez and Sullivan’s October 6, 2014 survey
(included the far-riverright raceway channel)

Lastly, at Middlesex Falls, a “flow split” was added to the model to be able to evaluate the main channel
and theriverrightraceway channel separately.

3.4.3 Existing Conditions Model

The corrected effective model may then be modified to produce the existing conditions model by
incorporating any modifications that have occurred within the floodplain since the date of the effective
model. Since the effective model is relatively recent (2014), no additional modifications were
incorporatedintothe model geometry atthisstep. However, the existing conditions model was used to
add the additional flows desired for the analysis that were presentedin Table 3.3.3-1. In addition to
servingas a baseline forcomparison with proposed alternatives, the existing conditions model was used
to performseveral checks, as discussed below.

Calibration and Validation Check

The effective modelwas previously calibrated by STARR based on a March-April 2010 storm eventatthe
USGS stream gage downstream of Rogers Road in Lowell. The observed high water elevation at the gage
was calculated as gage elevation plus peak flood stage height (66.61 + 9.74 = 76.35 feet NAVD 88). The

58 Usingan RTK GPS with a vertical accuracy of 0.05 to 0.2 feet.

5% The STARR team has confirmed that the elevation used in the model was an error, and that their survey found the
dam to be approximately 108.1 feet NAVD 88. The FIS is currently undergoing revisions and a preliminary version
was been published on April 29,2015 (which also contains the dam elevation error). Now that the STARR team is
aware of the error, itis assumed that the preliminary FISwill berevised.
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downstream boundary condition was set to normal depth. The peak flow from the gage was input into
the model, resultingina modeled watersurface elevation of 75.90 feet NAVD 88 at the gage. The 0.45-
footdifference between observed and modeledhigh waterelevations is within the calibration limit of 0.5
feetsetforth by FEMA standards.

The existing conditionsmodel was also compared to the effective modelforinformational purposes only,
as the results were expected to be different dueto the significant difference (2.5feet)in the height of the
Talbot Mills Dam betweenthe two models. As predicted, water surface elevations are considerablylower
in the existing conditions model upstream of the Talbot Mills Dam, ranging from 1.8 feet at the dam to
0.3 feetatthe upstream extent of the river. Watersurface elevations are similarin the lower reach of the
river, with the exception of at Middlesex Falls, where water surface elevations are higherin the existing
conditions modelas expecteddue to the addition of the bedrock grade control, which was not present in
the effective model.

Model results were also calibrated to normal (i.e., non-flood) flows using datafrom the field survey. The
flow at the Talbot Mills Dam on the day the field survey was conducted (October 6, 2014) was
approximately 120 cfs ®®. During the survey, the water surface elevation was measured to be
approximately 108.5 feet NAVD 88 immediately upstream of the dam and 108.8 feet NAVD 88 about 175
feetbelow the Pollard Street bridge. Forthe initial existing conditions modelrun, the sluice gate leading
to Faulkner Mill (approximately 12 feet wide by 8.8 feet high) was assumed to be closed. Simulating a
flow of 120 cfsinthe model with the sluice gate closedyielded computedwater surface elevationsslightly
higherthan observed upstream of the dam. The sluice gate wasthenset to be 6 inchesopento account
for the observedleakage onthe day of the field survey. Re-runningthe flow of 120 cfs in the model with
the sluice gate 6inches openyieldeda computed water surface elevation of 108.5feet NAVD 88 upstream
of the dam at cross-section 25129 (the same as observed) and 108.6 feet NAVD 88 below the Pollard
Street bridge at cross-section 27852 (0.2 feet lower than observed). Differences are within acceptable
ranges and no further changes were made to the effective model.

Existing Conditions Results

Once the existing conditions model was calibrated, the range of flows givenin Table 3.3.3-1 wererun in
the model to simulate water surface profiles under existing conditions. A plot of selected existing water
surface profilesis shown in Figure3.4.3-1, and a table of selectedmodeloutput parameters (e.g., channel
elevation, water surface elevation, flow depth, velocity, top width, surface area, and volume) for key
locations is provided in Table F-1in Appendix F. The profile confirms the findings of historical surveys
(Alvord et al., 1862) reporting that the Talbot Mills Dam spillway crest is higher than any point on the
channel bottom along the entire Concord River, and in fact extending approximately 13.3 miles up the
Sudbury River (about 3.8 miles below the Saxonville Dam) and 2.6 feet up the Assabet River (just above
the Route 2/EIm Street bridge). The next highestknown pointis atthe Fordway Bar just upstream of the
Pollard Street bridge, where the minimum channel elevationwas surveyed forthe 2014 FIS as 106.59 feet
NAVD 8861,

60 Based on an average daily flow of 130 cfs at the Lowell gage adjusted to the Talbot Mills Dambased on drainage
arearatioof 370/400 squaremiles.

61 As discussedin Section 2.1.2, the minimum channel elevation may be higher at the highest point of the Fordway
Bar, reported to be 107.2 feet NAVD 88 about 100 feet upstream of the bridge (Alvord et al., 1862); however this
elevation was not confirmed as partof this study and thus was notincluded inthe model.
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The profilesalsoshow thata number of bridges upstream of the dam appear to be undersized, acting as
a hydrauliccontrol and causing a backwater effectand higher water surface elevations upstream (similar
toadam). The first bridge upstreamof the dam that shows thiseffect is the Boston Road/Route 3A bridge.
The Pollard Street bridge was replaced more recently (1998) with a design including piersin line with the
flow of the riverand appears to be appropriately sized. Several bridges also appearto be overtopped by
the 500-year flood.

Upstream Extent of Impoundment Check

As a quick check of the upstream extent of the impoundment, the dam was removed from the model by
deleting the inline structure without modifying any other cross-sections. Low (September 95%
exceedence) and high (500-year flood) flows were simulated to depict the full range of the dam’s
influence. A profiles comparing water surface elevationsinthe existing vs. dam out conditionsis shown
inFigure 3.4.3-2. As expected, the modelingresults show thatinfluence of the damislargely confinedto
the reach below the Fordway Bar and the Pollard Street bridge, especially at low to moderate flows.
Under low flow conditions, the modeled water surface elevation with the dam removed converges with
that of existing conditions at the bedrock grade control below Fordway Bar (approximately 2,180 feet
upstream of the dam). Under high flow (500-year flood) conditions, the difference in water surface
elevationsislessthan 0.5feet upstream of the Pollard Street bridge and less than 0.2 feet at the upstream
extent of the Concord River®2. This confirmsthatthe dam’sinfluencedoesin factextendinto the Sudbury
and AssabetRivers, butonly underhigh flows.

The profile shows that the Fordway Bar feature and the bedrock grade control downstream would serve
as a new hydrauliccontrol if the dam were removed. The steep drop in water surface elevation visible at
the bedrock grade control indicates thata falls would likely develop at this location with the lower water
levels. Additionally, even with the dam removed, the model shows that there would stillasharpdrop in
water surface elevation and likely a falls at the site of the former dam. This is based on the sediment
probing effort upstream of the dam (Section 3.2.1) that found little sediment and hit “hard” substrate
with an approximate minimum elevation of 103.5 feet NAVD 88 (about 5 feet below the spillway crest).
Some of this resistance may have been due tofill and/or structures associated with the former 1798 dam
that isreportedly buried approximately8to 12 feet upstream of the current dam (although the sediment
transectwas more inthe range of 12 to 35 feet upstream from the vertical face of the dam). If found, this
structure would also be removed ina dam removal scenario. However, based on the extent of bedrock
outcroppings immediately downstream of the dam and historical reports (Ingraham, 1995) that former
dams at this site have utilized the ledge as part of theirstructure, itis likelythat asignificant grade control
exists below the dam or just upstream, and that a falls would develop at the site if it were removed. In
fact, 1700 map of Billerica (Figure 2.2.3-6) documents the existence of aseries of falls in the Concord River
between the present day Pollard Street and Faulkner Street bridges, which further supports the model
results (Ingraham, 1995).

Spillway Capacity Check

Before considering conceptual plans forfish passage, it was importantto determine whether the Talbot
Mills Dam meets dam safety regulations. As noted in Section 2.2.3, existing significant hazard potential

62 Note that this quick impoundment extent check does not take into account the anticipated mobilization of
sediment and thus lower channel elevations that would be anticipated in a dam removal scenario, which would
resultin slightly larger differences in water surface elevation. A more thorough analysis accounting for sediment
movement was conducted for the discussion of the partial damremoval alternativein Section 4.3.3.
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dams of intermediate sizeare required to have the capacity to pass a spillway design flood equivalent to
the 100-year flood (DCR, 2005). Simulating aflow of 5,675 cfs in the model (the regulatory 100-year flood
flow from the effective FIS) yieldsa water surface elevation of 114.1feet NAVD 88 at the Talbot Mills Dam,
which is depicted in Figure 3.4.3-3%3, At this elevation, floodwaters would overtop the left and right
spillway abutments by about 0.7 and 1.3 feet, respectively. Additionally, parts of Faulkner Street and the
paved park area adjacent to the right abutment would be overtopped by a few inches. The dam crest,
which lies at elevation 113.8 feet NAVD 88 according to both the dam safety report and 2014 FIS
(Geotechnical Consultants, 2015; FEMA, 2014), would also be overtopped. Therefore, the dam does not
appearto meetdam safety regulations to pass the spillway design flood®4. This deficiency would need to
be addressed by the dam ownerifthe damis maintained oraltered forfish passage (e.g., by addingafish
ladder).

Fish Passage Thresholds Check

The model was used to evaluate whether flow conditions are currently appropriate for fish passage
throughout the Concord River, otherthan atthe three obstructions of interest for this study. Table F-2in
Appendix F presents water depths, velocities, and wetted top widths for existing conditions throughout
the model extents under high and low fish passage design flows. The results show that flow conditions
are generally within acceptable ranges, especially for the low fish passage flow, which has a maximum
velocity of 4.8 ft/s and an average of 0.7 ft/s. In the lower, steepersection of the river below Centennial
Falls Dam, there are several areas of highervelocity underthe high fish passage flow, with a maximum of
14.7 ft/s%. Most of these locations are at natural rapids and it is likely that fish can still pass upstream
using burst speeds as needed. Also, these velocities represent an average across the entire channel. In
reality, the velocitydistribution will vary across the channel cross-sectionwith areas of lower velocity that
the fish should be able to navigate through (unlike in a culvert or other channel constriction where fish
have nowhere to circumvent velocity barriers). It is also important to note that these velocities
correspond to flows that are exceeded only5% of the time during the fish migrationseason. More suitable
velocitieswould be foundinthese areas underthe range of flows experienced during the fish migration
season.

3.4.4 Proposed Conditions Model

Once the existing conditions model had been calibrated and used for the various background checks, it
was then ready to be modified to reflect proposed conditions. For this study, proposed models were
developed forthe following alternatives:

63 All gates/outlets were assumed to be closed for this analysis. Although some leakage does occur through the
sluice gate and low flow outlets, they would not contribute significantly to the capacity of the dam during a flood
and may become clogged with debris, so the conservativeassumption was made.

64 ODS regulations do not explicitly prohibit the overtopping of spillway abutments or embankment sections in
analyzing whether the dam can pass thespillway design flood. However, ODS recommends that engineers usetheir
best professional judgement to evaluate whether the abutments and/or embankments are structurally sound
enough and designed for overtopping. Due to leakage through both abutments and the fact that the embankment
sectionis a public road, Gomez and Sullivan does notrecommend thatthese structures be overtopped in the spillway
design flood, and therefore is of the opinionthatthe dam does not meet dam safety regulations.

65 Cross-section 2012 (downstream of Middlesex Falls) hasthe highest reported velocities and lowest depths due to
atransition fromsupercritical to subcritical flow, which results in a hydraulic jump. Additional survey data would be
needed in this area to determine whether a true velocity/depth barrier exists. Therefore, these values were not
included inthe overall statistics.
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e MiddlesexFalls
— Channel modifications
e Talbot Mills Dam
— Technical fishway
— Removal of primary spillway
— Removal of primary spillway and right abutment
— Removal of primary spillway and both abutments

Additional details and results of these analyses are presented in Section 4.

3.5 Cultural Resources Analysis

As a preferred alternative has notyet been selectedfor this project, federaland state funding and sources
and permitting requirements are still unknown. However, it is anticipated that the project will require
review under Section 106 of the National Historic Preservation Act (NHPA), as amended, and its
implementing regulations (36 CFR 800), and in accordance with Massachusetts General Laws, Chapter9,
sections 26-27C (950 CMR 70/71) and possibly the Massachusetts Environmental Policy Act (301 CMR 11).
As such, PAL completed a historic and archaeological reconnaissance survey at the Talbot Mills Dam to
inform fish passage alternatives at that site in accordance with950 CMR 70 as part of this feasibility study.
A Project Notification Form (PNF)and applicationfor a State Archaeologist’s permit to conduct the survey
were submitted to the Massachusetts Historical Commission (MHC) on November 10, 2014 and the permit
was received (asrevised) November 24, 2014. Correspondencewith MHC regarding the cultural analysis
is provided in Appendix G. The survey focused on the dam structure and lands adjacent to the lower
impoundment. Tasks included an existing conditions inventory and assessment of recorded historicand
archaeological resources, an archaeological sensitivity assessment, and a recommended (preliminary)
Area of Potential Effects (APE). Archival research and visual field survey were conducted to locate and
identify any visible historicresources and archaeological sites and archaeologically sensitive areas where
potentially significant belowground resources may be present.

A technical report, Historic and archaeological reconnaissance survey: Concord River diadromous fish
restoration project, Talbot Mills Dam, Billerica, Massachusetts, was prepared and submitted tothe MHC
onJanuary 19, 2016 (PAL, 2016). A redacted®® version of the reportwill be made publically availableand
can be provided uponrequest.

A project’s APE is defined in the National Historic Preservation Act Section 106 regulations as the
“geographicarea or areas within which an undertaking may directly orindirectly cause alterationsin the
character or uses of historicproperties” (36 CFR 800.16[d]). Directeffectsare those that may resultfrom
a physical disturbance, taking, demolition, alteration, orrelocation of a historic property. Indirect effects
are those that may cause changesin the property’s use, resultin alterations to features of the property’s
settingthat contribute toits significance, and/orintroduce “visual, atmospheric, or audible elements that
diminish the integrity of the property’s significant historicfeatures” (36 CFR 800.5[2]).

The Talbot Mills Dam (MHC No. BIL.900/BILHA-09) is a historicproperty listed in the National Register as
a contributing resourceto the Middlesex Canal Historicand Archaeological District (MHC Nos. BIL.T, BILK,
BIL.P) andis a potential contributing resourceto the Billerica Mills Historic District (MHC Nos. BIL.O, BIL.E).
Inaddition tothe dam, the potential direct project APE alsocontainsthe historic Middlesex Canal Segment

66 The redacted version of the report omits sensitivearcheologicalinformation.
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24 (MHC Nos. BIL.P, BIL.T, BIL.929/BIL-HA-08, listed in the National Register), the canal floating towpath
peninsula (MHC No. BIL-HA-39), and the canal floating towpath anchor stone (MHC No. BIL-HA-40).

The Talbot Mills Dam is also within the North Billerica Mills Local Historic District (LHD). Because any new
construction or alterations to the exterior of buildings and structures within the LHD would notreceive a
building permit until the proposed work has been issued a certificate of appropriateness from the Billerica
Historic Districts Commission (BHDC), PALrecommendsconsultationwiththe BHDC regarding the project.

The potential direct project APE was also assigned high sensitivity for both pre-contact Native American
and post-contact Euro-American archaeological resources. The dam, abutments, retaining/training walls,
and open paved areaonthe northeast side of the dam are assigned high archaeological sensitivity for the
potential to contain buried remains of earlier dam structures and/or early fishway/fish ladder structures,
and buried structural remains of a mid-nineteenth-century dye/store house associated with the Faulkner
Manufacturing Company. The upstream dam impoundment and shorelines are also assigned high
sensitivity for both pre-contact Native American resources and post-contact structural elements
associated with the Middlesex Canal (i.e., the canal prism, floating towpath, and towpath anchor stone).

PAL’s assessment of potential adverse effects associated with proposed fish passage alternatives at Talbot
Mills Dam, as well recommendations for minimizing adverse effects, can be found in Section 4.3 under
each applicable alternative.

Concord River Diadromous Fish Restoration 60 Draft Report
Feasibility Study February 2016



4 — Restoration Alternatives Analysis

4. Restoration Alternatives Analysis

Alternatives to restore diadromous fish passagein the Concord River were developed for each of the three
sites of interest: Middlesex Falls, Centennial Falls Dam, and Talbot Mills Dam. Possible scenarios were
identified in part through review of planning documents such as the Nyanza Restoration Plan (Stratus
Consulting, 2012), discussed with project partners, presented to the public at an informational session,
and narrowed to those with the greatest potentialto be ecologically effective and feasible to implement.
The following alternatives that were determined to be most feasible foreach site were analyzed:

e MiddlesexFalls

— NoAction

— Channel Improvements (1A)
e Centennial Falls Dam

— No Action

— Fishway Improvements (2A)

— Volunteer Coordination (2B)
e Talbot Mills Dam

— NoAction

— Technical Fishway (3A)

— Partial Dam Removal (3B)

Each alternative includes a discussion of its conceptual design, ability to meet target fish passage
thresholds, potential benefits and impacts, recommendations for additional studies, and budgetary
opinion of cost where applicable. Other concepts that were considered but not fully developed as
alternatives for this analysis are provided at the end of each site’s section. A “no action” alternative is
discussed at each site forthe purpose of providing a baseline against which the proposed alternativescan
be compared.

4.1 MiddlesexFalls
4.1.1 No Action

Although a “no action” alternative is typically presented primarily for comparison with proposed
alternatives, in the case of Middlesex Falls it may be a viable alternative, at leastinthe shortterm.

Conceptual Design

The “no action” alternative involves making no fish passage improvements at the Middlesex Falls site.

Ability to Meet Target Fish Passage Thresholds

The concern at Middlesex Falls is for high water velocities and/or turbulence impeding the upstream
passage of some fish. Figure4.1.1-1 is an aerial image of the Middlesex Falls area showing the HEC-RAS
cross-sections through the falls, and Table 4.1.1-1 presents a summary of existing water depths and
velocities at those cross-sections under high and low upstream passage flows. Assumingatargetvelodcity
threshold of 5to 7 ft/s determined in Section 2.4.2, it appears that velocitiesare within acceptable ranges
for the low fish passage design flow. Forthe high fish passage design flow, velocities do exceed 5ft/s at
some sections—up to 7 ft/s—but are still within the range of burst speeds forriver herring and American
shad, and possibly sealamprey.
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Table 4.1.1-1 also shows that minimum water depths within the channel all exceed 0.5feet, whichis the
target threshold forfish passage.

As describedin Section 2.4.2, turbulence due to the large rock outcroppings and steep elevation change
of the falls may impeded fish passage under certain flow conditions, particularly for American shad.
However, turbulence also helpsto reduce velocities and create zones of rest for fish behind obstructions,
which may improve passage success.

Itisknownthat American eel and atleast some riverherring can migrate through MiddlesexFalls, as they
have been observed at upstream locations.

Potential Benefits and Impacts

This alternative represents no change from existing conditions, and thus would have no associated
benefits orimpacts.

Recommendations for Additional Studies

Itisdifficultforaone-dimensional modellike HEC-RAS, which requires the assumption of graduallyvaried
flow, to accurately predict the complex hydraulics of a waterfall site such as this. Even if velocities are
shown to be within acceptable ranges, turbulence may still impede passage to some extent. A two-
dimensional model such as River2D could provide more detailed results than HEC-RAS, but still may not
capture of all the complexities of the site, and its development would likely be cost prohibitive compared
to the relatively low cost of implementing the proposed alternative.

Direct field observations of flow patterns and/or measurements of flow velocities under a range of fish
passage season flows would be beneficial in understanding the hydraulics of the site, but may not be
feasible due to safety concerns of accessing the river channel during spring flows.

The best way to evaluate passage at this site may be to monitorfor fish migrating at this pointor at the
Centennial Falls Dam upstream using volunteer efforts (as part of Alternative 2B discussed in Section
4.2.3). Thiscould be done as a short-term study during planningand designphases for fish passage at the
Talbot Mills Dam upstream. If a preferred alternative for the Talbot Mills Dam is selected and moves
toward implementation, the Middlesex Falls site could be reevaluated at that time to determine whether
fish passage observations have been satisfactory orif an alternative should be reinvestigated to improve
passage.

Budgetary Cost Opinion

Thereis no cost associated with this alternative.

4.1.2 Channel Improvements (1A)
Conceptual Design

One proposed alternative to improve fish passage at Middlesex Falls is to create a channel through the
falls to reduce turbulence. The best location for this channel has been identified as adjacent to the
remaining island-side abutment. This would be achieved by removing sections of ledge in the river
channel that result in turbulence. The ledge could be removed using a combination of mechanical
equipment, explosives, and manual labor. Drawings 1 and 2 in Appendix D show the existing plan and
proposed channel improvements at Middlesex Falls. The total volume of rock to be excavated as shown

Concord River Diadromous Fish Restoration 62 Draft Report
Feasibility Study February 2016



4 — Restoration Alternatives Analysis

in the plans is approximately 45 CY. To model the proposed improvements, the recommended areas of
ledge were “removed” from cross-sections through the falls as shown on the plans and the range of fish
passage flows were simulated. Water depths and velocities at cross-sections through the falls under
existing and proposed conditions are tabulated in Table 4.1.2-1. Refer back to Figure 4.1.1-1 for a plan
view identifying the cross-section locations.

Construction Access

Construction access could be possible from eitherthe left bank of the main channel or the right bankvia
the island. If property access is granted and flows are low enough to cross the channel with heavy
equipment during the time of construction, the left bank would likely present the shortest and least
expensive access route. However, the island route may be preferred from the standpoint of available
staging areaadjacenttothe side of the channelwherethe work will occur. Itisassumedthatatemporary
construction access road wouldneed to be built to cross the former racewaychanneland minimize ground
disturbance. The steep slope on the right bank of the raceway channel may presentan issue and a
temporary access ramp may needto be built.

Ability to Meet Target Fish Passage Thresholds

Table 4.1.2-1 shows that minimum water depths within the proposed channel would still exceed 0.5 feet,
whichisthe targetthreshold forfish passage. However, water velocities wouldremain similar to existing
conditions, andin factwould increase slightly, by up to 2.4 ft/s underthe low fish passage flow.

Potential Benefits and Impacts

Fisheries

Improving passage success rates at MiddlesexFallswould contribute positivelyto the diadromous fishery
in the Concord River. Migration upstream of the falls opens access to another mile of river up to the
Centennial Falls Dam, and, if passage is successful at the Centennial Falls Dam fishway, another 3 miles
beyond up to the Talbot Mills Dam. However, as discussed above, this alternative has not shown a
significantimprovement for fish passage, and in fact may increase water velocities through the falls.

Water Quality & Aquatic Habitat

This alternative would not significantly impact or benefit water quality or aquatic habitat. There would
be a temporaryimpact to water quality due to construction activities, but since the substrate is primarily
solid ledge, turbidity would be very low, and any potential impacts would be mitigated with appropriate
soil and erosion controls.

Wetlands & Riparian Habitat

No change to wetlands orriparian habitat would be expected for this alternative.

Sediment Transport

As mentioned previously, the substrate at the site is primarily solid ledge and very little sediment is
present. Itisnot anticipatedthatsediment sampling ora management plan would be needed.

Concord River Diadromous Fish Restoration 63 Draft Report
Feasibility Study February 2016



4 — Restoration Alternatives Analysis

Flooding

This alternative would not have significant impacts or benefits for flooding. Water surface elevations
would be slightly lower through the falls due to the physical lowering of the channel thalweg, but the
difference is negligible above the upstream extent of the falls (cross-section 2423).

Infrastructure

This alternative would not pose any threats toinfrastructure. Changesin waterdepths and velocities are
isolated to the falls (as shown inFigure 4.1.2-1) and would not affect any infrastructure up- or downstream
of the site.

Cultural Resources

A cultural resources analysis was not conducted for the Middlesex Falls site. A PNF would need to be
submitted to the MHC to determine the need for further assessment, if any. The area of the proposed
channel modifications is not likely to have a high sensitivity for either pre-contact Native American or
post-contact Euro-American archaeological resources as it consists primarily of solidledge. However, the
island and/or channel banks may contain sensitive areas that would need to be considered for
construction access.

Recreation & Aesthetics

The lower Concord Riveris usedforwhitewater boating recreational activities, particularly for whitewater
rafting trips coordinated by the LPCT. Coordination could occur with the LPCT and other interested
boatersto ensure thatthe proposed channel modifications will notimpact key whitewater features of this
rapid. The site could be viewed with the LPCT underthe range of flows suitable for whitewater rafting to
pointoutany boating “lines” and discuss the proposed project.

The proposed project should not have a significantimpact on the aesthetics of the site. The appearance
of the falls may change slightly, butit will maintain the look of a natural falls. In addition, the location of
thissiteisnotinan area that isfrequented orreadily viewable by the public.

Operation and Maintenance

As the proposed channel willbe blasted out of solid ledge, little operation or maintenance is anticipated.
However, follow-up monitoring could occur to ensure that target fish passage thresholds are met and
successful upstream migrationis observed. If that is not the case, additional channel modifications may
be necessary.

Recommendations for Additional Studies

Asdiscussed above,awhitewater boating study could be conducted to ensurethat boaterinterestsin the
site are maintained.

Additionally, as mentioned for the “no action” alternative, it would be desirable to conduct field
observations and/or watervelocity measurementsat the site during the range of fish passage design flows
to confirm the findings of the hydraulic model before proceeding with design and implementation.
However, this may not be feasible due to safety concerns of entering the channel during higher flows.
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Regardless, volunteer monitoring for fish migrating at this site or at the Centennial Falls Dam upstream
could be coordinated (as part of Alternative 2B discussed in Section 4.2.3) both prior to and following
implementation of this alternative.

Summary and Cost Opinion

A budgetary cost opinion was not developed for this alternative as it does not appear to be a practical
alternative to pursue at thistime. The cost would also be largelydependent upon the amount of ledge to
be removed, which is uncertain. A cost of $460 per cubic yard of ledge removal was developed as a
budgetary guideline®’. Assuming a volume of approximately 45 CY, the cost forthe ledge removal alone
would be on the order of $20,700. This does not include additional engineering, bid and construction
phase services, permitting, site access, erosion and sedimentation controls, or water control.

In summary, although the proposed channel modifications at Middlesex Falls would have little or no
impact to other resources, it is not clear that the alternative would improve diadromous fish passage in
the Concord River. Therefore, it may make sense to focus funds and efforts elsewhere in the watershed
(e.g., Talbot Mills Dam) first while continuing to monitor the Middlesex Falls site. If a preferred alternative
for the Talbot Mills Dam is selected and moves toward implementation, the Middlesex Falls site could be
reevaluated atthat time to determine whetherfish passage observations have been satisfactory orif an
alternative should be reinvestigated to improve passage.

4.1.3 Other Concepts Considered
Former Raceway Channel

It has beensuggested thatthe formerraceway channel on the right side of the river could be utilized for
fish passage as-is or with modifications. Atits narrowest point, where it flows through remnant sections
of concrete wallsand overa concretessill, itis approximately 15 feet wide. Preliminary modeling results
show that, underthe high fish passage flow, approximately 10% of the flow is diverted downthe raceway
channel (with the other 90% going through MiddlesexFalls). Given thisflow of about 160cfs, the average
channel velocity at the pinch point of the raceway channel would be approximately 6ft/s, which exceeds
the low target threshold of 5 ft/s but is still less than the high target threshold of 7 ft/s. However, the
channel bottom drops abruptly below this point, which could present a physical barrierto passage under
certainflows. Additionally, atthe low end of fish passage flows, the model shows that virtually no water
flows down the raceway channel. Therefore, it may not provide enough attraction flow for fish to find
the downstream entrance, particularly at low flows. Additional survey would be needed in the channel
and above and below the junction points with the mainstem river to confirm its hydraulics. Removal of
part or all of the concrete remnants (i.e., silland walls) may help reduce water velocities and excessive
drops.

It should be noted that the LPCT has also identified this channel as a possible whitewater boating route
with modifications (such asremoving steel I-beams that span between the concrete walls and presenta
safety hazard). Aswith otheralternatives,awhitewater boating study could be conducted to identify any
potential impacts before pursuing this alternative.

67 The estimated costfor ledge removal assumes a crew of one 1.5-CY hydraulic excavator with a hydraulic hammer
attachment, an operator, a dump truck and driver, and two laborers, and a daily productivity rate of 10 CY/day.
Costs were obtained from R. S. Means Construction Cost Data.
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Fishway

A simple fishway with an entrance channel has also been suggested for this site. However, this would
likely involve higher costs and greater design complexities than the proposed alternative. If the proposed
channel improvements are not found to be feasible or are implemented but not effective in improving
passage success, this alternative can be exploredin the future.

Abutment Removal

Concern has been expressed about whether the remaining abutments from the breached dam cause a
hydraulic constriction, which increases water velocities at the falls. However, thisis more of a concern
for higher flood flows, as the hydraulic model shows that the abutments do not appear to have a
significant effect onthe range of fish of fish passage flows.

4.2 Centennial FallsDam
4.2.1 No Action

Conceptual Design

The “no action” alternative involves making no fish passage improvements at the Centennial Falls Dam
site.

Ability to Meet Target Fish Passage Thresholds

Although the LPCT, whose volunteers have performed fish counts in the past, has reported that fish are
utilizing the fishway (Stratus Consulting, 2012), little evidence exists and there are no data for which fish
returntrends can be analyzed. Therefore, the level of passage success that would occurif no action were
taken at Centennial Falls Damis unknown, but unlikely to be satisfactory.

Potential Benefits and Impacts

This alternative represents no change from existing conditions, and thus would have no associated
benefits orimpacts.

Operation and Maintenance

In this alternative, the project owner would continue to be required to operate and maintain the fish
passage facilities according to the fishway operations plan approved by the FERC on February 23, 2005
(FERC, 2005).

Recommendations for Additional Studies

A more formal monitoring program would need to be developedin orderto evaluate whetherornot the
“no action” alternative would meet targetfish passage thresholds.

Budgetary Cost Opinion

The only cost associated with the “no action” alternative would be for ongoing fishway operation and
maintenance, whichis unknown.
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4.2.2 Fishway Improvements (2A)
Conceptual Design

This alternative involves addressing any outstanding issues at the Centennial Falls Dam fish passage
facilities including, but not limitedto, those identified during the most recentinspectionconducted by the
USFWS on May 19, 2015 (USFWS, 2015, June 23):

e Fishladder entrance drop — Low tailwaterlevels cause an excessive drop from the watersurface
within the entrance channel as well as negative hydraulics (e.g., turbulence, aeration) just
downstream of the lowermost baffle. The USFWS recommends that the fishway be operable
through a range of flows equivalent to the 95% exceedence flow (low flow)to the 5% exceedence
flow (high flow)®8. The project owner is advised to work with USFWS engineering personnel to
implement additional weir boards to appropriately backwater the lowermost baffle. The boards
would be cut as v-notch weirs and could be affixed to the concrete viaangle iron. Boulders could
alsobe configured downstream of the entrance to provide additional backwatering.

e Tailwater staff gage — A tailwater staff gage should be placed on the downstream face of the fish
ladder entrance wall or other convenient location that can be easily tied into the fish ladder
elevations in order to collect tailwater data. Tailwater elevations should be recorded at flows
within the full range of fish passage flows and sent to USFWS affiliates. This information would
be utilized to develop atailwaterrating curve and assistin the design of entrance channel weirs.

e Trash rack — A trash rack with 8-inch clear spacing should be implemented at the fishway exit to
prevent coarse debris from entering the fish ladder. Additionally, the fish ladder should be
inspected fordebris onadaily basis duringthe upstream migratory season.

Ability to Meet Target Fish Passage Thresholds

The proposed improvements are expected to bring the fishway at Centennial Falls Dam back into
compliance and meettarget fish passage thresholds as designed. Modelingto evaluate the hydraulics of
the fishway was beyond the scope of this project, but implementingamore formal monitoring program
(as part of Alternative 2B discussed in Section 4.2.3) would be anticipated to be just as accurate, if not
more so, in evaluating the effectiveness of the fishway.

Potential Benefits and Impacts

This alternative would not be expected to have any impacts or benefits to resources such as water quality
and aquatic habitat, wetlands and riparian habitat, sediment transport, flooding, infrastructure, cultural
resources, orrecreation and aesthetics. Relevant considerations are discussed below.

Fisheries

Improving passage success rates at Centennial Falls Dam would contribute positively to the diadromous
fisheryinthe Concord River. Successful migration above the dam would open accessto another 3 miles
upstream to the Talbot Mills Dam. Although the FERC exemption does not include a requirement for

68 Approximately 106 cfs (95% exceedence) and 1641 (5% exceedence) for the upstream migration period (April 15
to July 15) for the period of record at the Lowell gage (October 1936 through December 2015) adjusted by drainage
arearatio(373 squaremiles /400 squaremiles =0.9325).
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providing American eel passage, it appears that eel are able to pass above the leaky, relatively low
Centennial Falls Dam, but passage efficiency is unknown.

Operation and Maintenance

In this alternative, the project owner would continue to operate and maintain the fish passage facilities
accordingto the fishway operations plan approved by the FERC on February 23, 2005 (FERC, 2005), which
includesthe following measures:

e By March 20 of each year, an inspection of all fish passage facilities and flow monitoring devices
will be conducted (including the barrier dam, non-overflow section, and tailrace screen)to assess
theircondition and need forrepairs.

e By March 30 of each year, a schedule of repairs will be developed for the facilities, which will
accommodate normal®® maintenance and repair of the facilities priorto May 1 of each year.

e By March 30 of each year, the operator of the Lawrence Hydroelectric Project (FERC No. 2800) at
the Essex Dam will be contacted in order to coordinate the commencement of the project’s fish
ladder.

e Foreach year of the project’s operation, the commencement of operation of the fish ladder will
be initiated by the removal of all stop logs and installation and alignment of baffles in a state of
good repair. The tailrace screen will be installed and maintained in operable condition for the
duration of each upstream fish passage season.

e Atthe start of upstream operation, stoplogs will be placed inthe entrance and lower end of the
fish ladder sufficient to create a 4- to 6-inch head difference between the tailwater and water
surface inside the entrance,as measured at the upstream and downstream faces of the stoplogs.

o Upstreamfish passage operations will be terminated on August 1each year and any adjustments
to stoplogs, baffles, and otherfacilities will be made.

e The downstream fish passage facilities will be operated 14 days after commencement of the fish
ladderoperation and continue through November 15 each year.

o Flowinthe downstream bypassfacilityshall be controlled with stoplogs at the lower control weir
setto elevation 96.5feet with no stoplogsinthe upperweir.

Follow-up monitoring should occur to ensure that target fish passage thresholds are met and successful
upstream migration is observed. If that is not the case, additional fishway modifications may be
necessary.

6% The project owner defines normal repairs as those that can be accomplished without dewatering any area other
than temporary closure of the Denil fish ladder. Repairs requiring dewatering or other extraordinary actions will
have a separate scheduleand proposal for action with notification given to state and federal agencies.
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Recommendations for Additional Studies

Volunteer monitoring to establish fish count datain the river could be coordinated (as part of Alternative
2B discussedin Section4.2.3).

Summary and Cost Opinion

A budgetary opinion of cost was not developed for this alternative as part of this study, as costs are
expected to be relatively minor and will be the responsibility of the hydro project owner. In summary,
the proposed fishway improvements at Centennial Falls Dam are a viable alternative that would likely
improve diadromous fish passage in the Concord River with little or noimpacts to otherresources.

4.2.3 Volunteer Coordination (2B)
Conceptual Design

This alternative is not one that would need to be implemented instead of the proposed fishway
improvements at Centennial Falls Dam (Alternative 2A), but rather can be implemented in conjunction
with that alternative or any others throughout the watershed to inform and promote fish passage
restoration efforts.

The proposed project would include supporting assessments, based on volunteer-based observational
data, of the current passage capability of the existing fishway. The project would improve volunteer
capacity and capability to monitor upstream fish passage. Funding would be provided for a part-time
volunteercoordinatorto organize volunteers, develop training materials, and performtraining. Training
and observation would be targeted forthe times of the yearwhen fish are expected to pass through the
structure (approximately April 15 through July 15). As thissiteisa focal pointfor publicstewardshipand
awareness of the watershed-wide diadromous fish restoration effort, the volunteer coordinator will also
conduct community outreach and education as part of recruiting volunteers and publicizing fish passage
results. A summary report will be prepared to describe observations recorded during the study period
and an interpretive sign will be developed and installed at the fishway or along the Concord River
greenway adjacentto the fishway (Stratus Consulting, 2012).

Additionally, as the fishway is not directly accessible for public viewing, a video monitoring system is
proposedto be installed at the fishway to facilitate volunteer-based observations. Volunteers would be
recruited toreview video and tally fish passing through the fishway.

Ability to Meet Target Fish Passage Thresholds

This alternative is not intended to directly influence the ability of the site to meet target fish passage
thresholds, but instead will collect necessary data to evaluate the ability of other alternatives to meet
these thresholds and improvefish passage in the Concord River.

Potential Benefits and Impacts

This alternative would not be expected to have any impacts or benefits to resources such as water quality
and aquatic habitat, wetlands and riparian habitat, sediment transport, flooding, infrastructure, cultural
resources, orrecreation and aesthetics. Relevant considerations are discussed below.
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Fisheries

This alternative is anticipated to indirectly benefit the diadromous fishery in the Concord River by
providing important data to evaluate passage success at this and other sites, as well as promoting the
overall restoration effortto the public.

Operation and Maintenance

In this alternative, the project owner would continue to operate and maintain the fish passage facilities
according to the fishway operations plan approved by the FERC on February 23, 2005 (FERC, 2005)
describedin Section 4.2.2 above.

Recommendations for Additional Studies

No additional studies are recommend for this alternative.

Summary and Cost Opinion

A budgetary opinion of cost was not developed for this alternative as part of this study. The cost for
support of volunteer monitoring efforts, outreach, and reporting for the Centennial Falls Dam was
estimated at $25,000 in the Nyanza Restoration Plan (Stratus Consulting, 2012). Thisincludes $15,000 for
the volunteer coordinator, $5,000 for reporting, and $5,000 forinterpretive signage. It doesnot include
the cost of the video monitoring system.

Insummary, this alternative is consideredviable, as the opportunity for continued stewardship and public
education at that site and throughout the watershed would help ensure the lasting effectiveness of fish
passage improvements at this site and others.

4.2.4 Other Concepts Considered
Fishway Replacement

If the Denil ladder cannot be retrofitted to meet target fish passage thresholds, it could be rebuilt to meet
agency specifications, or possibly replaced with a nature-like fishway such as a bypass channel or rock
ramp. However, the proposed improvements are relatively minor and a full fishway replacement is not
anticipated.

Dam Breach/Removal

Dam breach or removal would be another way to achieve fish passage, including for non-alosine target
species such as American eel and sea lamprey, but is not feasible as long as this site is an active
hydropower project.

4.3 Talbot Mills Dam
4.3.1 No Action

Conceptual Design

The “no action” alternative assumes that none of the proposed or other fish passage restoration
alternatives would be implemented at the Talbot Mills Dam, and the dam would remainin place.
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Ability to Meet Target Fish Passage Thresholds

No action at the Talbot Mills Dam would not meet target fish passage thresholds. The damisan upstream
barrier to diadromous and resident riverine fishes, so passage efficiency would be essentially zero (with
the exception of American eel, which may be able to pass wetted rock surfaces at the dam in small
numbers).

Potential Benefits and Impacts
Fisheries

Failure to provide some form of upstream passage at the Talbot Mills Dam will continue to block
diadromous species from accessing historic spawning, foraging, and nursery areas within the Concord
Riverdrainage. Resident freshwater fishthat move up and downarivertofind suitable spawning, rearing,
and foraging habitat are also affected. Maintainingthe existing condition will prevent restoration efforts
from extending the current range of diadromous species as wellas continue the current fragmentation of
habitatand freshwater fish populations.

Water Quality & AquaticHabitat

Dams transform rivers into slower-moving and deeper lake-like habitats with relatively larger surface
areas. This conversion can have impacts for water quality such as increased water temperatures and
reduced dissolved oxygen, which lead to eutrophication’and warming. Such alterations can shift the
aquatic community composition toward a warm water fishery. If existing conditions are maintained at
the Talbot Mills Dam, the Concord River wouldbe expected to continue its statusas a Category 5impaired
waterin the Massachusetts Integrated List of Waters (MassDEP, 2014).

With the dam in place, the existinginvasive water chestnut presentin the lowerdam impoundment will
continue to grow each summerand will likely spread overtime as the impoundment becomes more and
more eutrophic. Water chestnutfurtherdegradeswater quality and productivityin rivers and ponds due
to the large amount of water surface covered by the plants and the resulting decaying biomass. In
addition, recreational access can be extremely restricted when the water chestnuts are in full growth
because the tangled mass of waterchestnut stemsin the water makes it difficult orimpossibleto paddle
a boat, fish, orswimthroughit.

Wetlands & Riparian Habitat

The Talbot Mills Dam impoundmentis classified by MassDEP as an open water wetland. However, it does
notrepresent natural (pre-dam) conditions. Maintaining the dam would continue the unnatural lacustrine
conditions caused by itsimpoundment of the river.

Sediment Transport

The slow-moving waters in dam impoundments can become sinks for sediment that would normally stay
suspended infaster moving waters and be transported downstreamin afunctioningriversystem. These
sediment traps can also sequester important nutrients upstream of dams, changing the availability of
nutrients and the composition of plant and microbial communities downstream. Sediment impounded
by dams will also accumulate and store toxic materials that are adsorbed physically on sediment partices
or absorbed actively by the biota attached to the sediments. Additionally, gravels and cobbles are
retained behind dams, which limitstheirrecruitmentdownstream and leadsto habitat changesin streams

70 The process by which bodies of water receive excess nutrients that stimulate excessive plantgrowth.
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and estuaries. If the dam were to unexpectedly fail (as discussed under Operation and Maintenance
below), the unplanned downstream release of sediments and potential contaminants could have
significant water quality impacts.

It should be noted thatalthoughithas beenin place for at least 300 yearsin some form, the existing mill
pond is not a permanent feature, but rather in a state of transition. Due to the process of sediment
accumulation described above, the lower impoundment will continue to fill in and become more
eutrophicovertime if the damremainsin place. Eventually, the riverwillcuta new channel through the
accumulated sediment, leading to a situation known as a “perched” channel. Therefore, even underthe
“no action” alternative, the impoundment would likely eventually transition to a state that would be
similartoa dam removal scenarioin upstream appearance.

Flooding

The Talbot Mills Dam is operated as a “run-of-river” dam where inflow equals outflow on a nearly
continuous basis and therefore does not provide flood control as discussedin Section 2.2.3. In fact, the
dam increases upstream water surface elevations—by at least 3.5 feet upstream of the dam and 0.8 feet
at the upstream extent of the Concord River for the 100- and 500-year floods’*. Under the “no action”
alternative, it would continue to artificially raise the river’s water surface elevation, contributing to
upstream flooding.

Infrastructure

No impacts to public infrastructure are anticipated with this alternative, unless the dam were to
unexpectedly fail (as discussed under Operation and Maintenance below).

Cultural Resources

Implementation of required maintenance and repair measures (as discussed under “Operation and
Maintenance” below) would likelyresultin someimpacts to cultural resources. Repairing or replacing the
leftspillway abutment, lowleveloutlets, and sluiceway and stilling basin gateswould all negatively impact
the historicdam and appurtenant structures. Additionally, if the dam wereto fail unexpectedly due toits
compromised condition, dam structures and potential historicand/orarcheological artifacts buried in its
vicinity could suffergreaterimpacts than if it were removedin a controlled fashion. However, it should
be noted that these impacts would not be considered part of the “no action” alternative forthis project
underthe Section 106 or state level review process.

Recreation & Aesthetics

Potential impacts or benefits to recreation and aesthetics due to the dam are somewhat subjective and
based on individual preferences. While some people may value the existing aesthetics of water falling
smoothly overthe spillway of a historicstructure and the flatwater boating opportunities provided by the
slow-moving backwater created by that structure, others may prefer the aesthetics and recreational
opportunities associated with alternatives discussed below. Underexisting conditions, boaters paddling
in the vicinity of the dam must portage around the hazard of the structure, which does not have any

71 These hydraulic modelingresults arebased on the conceptual removal of the primary spillway and abutments and
associated mobilization of impounded sediment that would be expected to occur (discussed in Section 4.3.3). Due
to the lack of detailed drawings showing the bedrock profile underneath the dam, elevations under the spillway
were assumed from sediment probing data conducted justupstream (Section 3.2.1). Floodingimpacts of the dam
could be more significantif the bedrock profileunder the dam is lower than the sediment probingdata suggest.
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warningsigns or safety systemsto prevent the possibility of going overthe spillway, and where access to
theriveris limited.

Operation and Maintenance

If the dam remains in place, the dam owner (currently CRT Development Realty) will continue to be
responsible for ongoing operation and maintenance costs as well as liability. Although the dam was
reported to be in “fair” condition in the most recent dam safety inspection report, several deficiences
were noted (discussed in Section 2.2.3), and the structure will only continue to degrade over time. The
following remedial measures recommended in the inspection report would need to be implemented if
the dam were to remainin place:

e Prepare andimplementroutine inspection and maintenance plans

e Inspecttheinteriorofthe of the Talbot Mills complex, particularly the downstream end of the
formerintake structures

e Repair/replace the sluiceway and stilling basin gates so that the gates are operational and can
provide emergency bypass control

e Repair/replace the left spillway abutment to provide an operational low level outletand
emergency bypass control

e Remove treeslocated justdownstream of the primary spillway and on the upstream face of the
leftembankment near the formerintake gatesto the Talbot Mills complex

Additionally, this study found that the dam does not meet the dam safety requirement of being able to
pass the spillway design flood—in this case the 100-year flood—without overtopping”?. If the dam were
to remain in place, an engineering assessment would need to be conducted to confirm this finding and
investigate options toincrease spillway capacity. The amount of waterthat can pass overa spillwayisa
product of length of the spillway, the depth of water atop the spillway (head), and a weir coefficient (which
is related to the spillway shape and head). The capacity of an existing spillway can be increased by
lengtheningthe spillway crest and/orincreasing the operating head or weir coefficient. Some increasein
the weir coefficient may be possible by improving the spillway crest shape (e.g., from broad-crested to an
ogee crest), but this approach is generally costly for the limited results attained. To increase head, the
spillway crest elevation would need to be lowered. Due to the physical constraints at the site, increasing
spillway lengthis not feasible without replacing the spillway with an alternate design such as a labyrinth
weir, which uses azig-zaglayoutto fit more spillway length within a given overall structure width. Any of
these potential spillway retrofit/replacement projects would involve destruction or significant
modification of the historic structure and many of the associated impacts of dam removal with none of
the ecological or otherbenefits, likely at asubstantially higher cost.

Lastly, itis worth noting thatif not properly maintained and repaired as needed, including addressing the
costly spillway capacityissue, the aging (over 185-year-old) structure will eventuallyfail, which could occur
unexpectedly. Dams have afinitelife expectancy, oftenstated to be onthe order of 50years (FEMA 1999,
ASDSO 2001; as citedinJohnson and Graber, 2002). The end resultwould be equivalentto dam removal,
but without all of the meticulous planning and mitigation measures associated with a dam removal
project, which could lead to significantimpacts for natural and culturalresources as well as infrastructure.

72 This finding contradicts thatin the most recent dam safety inspection report (Geotechnical Consultants, 2015) but
is based on anupdated analysisand moredetailed hydraulic modeling, as discussed in Section 3.4.3.
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For example, if the dam were to fail suddenly in a flood, the following resources could potentially be
impacted more significantly thaninaplanned dam removal scenario:

e The opportunity for thorough monitoring for and documentation of potential historicand/or
archeological artifacts buried in the vicinity of the dam (such as the 1798 dam reportedly
submerged upstream) would be lost if the dam fails unexpectedly. Conversely, if the dam was
removed in a controlled fashion, these artifacts could be carefully managed.

e The possibility of retaining certain historic features of the dam (such one or both abutments) to
honor the history of the site may be compromised if the dam fails during a catastrophic event,
which could potentially damage these structures beyond repair.

e Theresultingflood wave associated with asudden dam break (as opposed to a controlled release
overtime with a planned dam removal) could damage downstream infrastructure, including the
historic Faulkner Street bridge and the Talbot and Faulkner Mill complexes,and potentially cause
loss of life.

¢ If sedimentimpounded upstream of the dam is determined to require active management (i.e.,
dredging and/or in-place stabilization), unexpected failure could result in the unintentional
release of contaminated sediments and associated risks to ecological health.

Recommendations for Additional Studies

Ifthe dam were to remainin place, an engineering assessment to evaluate options forincreasing spillway
capacity would be recommended.

Summary and Cost Opinion

A formal cost opinion was not developed for the “no action” alternative as there are many unknowns
beyond the scope of this study regarding the costs of necessary operation, maintenance, and repairs
associated with leavingthe damin place. The dam safety inspection report provided conceptual opinions
of probable construction costs for several recommended remedial measures, including tree removal
($5,000), repair/replacement of the sluiceway and stilling basin gates ($60,000) and repair replacement
of the left spillway abutment ($40,000), for a total estimated repair cost of approximately $105,000
(Geotechnical Consultants, 2015). However, these estimates are lower than expected and may not
include all costs associated with implementing these measures, such as engineering, permitting, water
control, cultural resource mitigation, etc. Particularly if the left abutment or any of the gates must be
replaced ratherthanjustrepaired, estimated costs would likely be more on the order of several hundred
thousand dollars. Addressing the spillway capacity issue per dam safety requirements would add
substantially to the cost. Costs to repair or rebuild a deteriorating small dam are typically high—from
hundreds of thousands to even millions of dollars in some cases (Born et al., 1998; AR/FE/TU, 1999; TU,
2001; as citedinJohnsonand Graber, 2002).

In summary, the “no action” alternative would continue to negatively impact fisheries, water qualityand
aquatic habitat, wetlands and riparian habitat, upstream flooding, and, for some people, recreation and
aesthetics. An aging structure that does not have a formal maintenance plan and does not meet dam
safety criteria would remain in place, to potentially fail in a sudden and catastrophic manner, causing
substantial impacts to these and otherresources. Restoration of diadromous fish passage in the Concord
Riverwould notbe possible with no action at Talbot Mills Dam.
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4.3.2 Technical Fishway (3A)
Background

A fishway refers tothe structures and measures that provide for safe, timely, and effective upstream and
downstream fish passage. Fishways canbe broadly categorizedas ethertechnical or nature-like. Nature-
like fishways are designed to approximate (functionally and/or aesthetically) natural river reaches, and
include options such as bypass channels or rock ramps (see Section 4.3.4 for a discussion of these
alternatives at Talbot Mills Dam). Technical fishways are engineered structures that can be further
categorized as upstream or downstream passes, and—for upstream passage—eithervolitional’3 (i.e., fish
ladders) ornon-volitional (e.g., lifts, locks, and trap-and-transport methods).

Fish ladders are structures that pass water overafish passage barrier (e.g., adam) usinga cascading effect
that slows the water velocity to accommodate the swimming speed of target fish species. Fish ladders
are generally categorized as pool-type or baffled chutes. Variations of the pool-and-weir type are the
most common type of fishway currently in place on coastal Massachusetts streams. This style has the
advantage of adequate function underlow flow regimes and is the favored design when publicviewing is
desired. However, pool-type fishways can require frequent manual adjustments and have lower
maximum allowable slopes than baffled chute designs, which leads to longer overall fishway lengths for a
givendesign head.

Of the baffled chute designs, the steeppass and the Denil are the two primary variationsin general use.
Steeppasses have multi-plane baffles that result in high energy dissipation rates, allowing somewhat
steeper angles, slower water velocities, and/or shorter ladders than other designs. They are typically
prefabricated from aluminum, which can make installation relatively easy and inexpensive. However,
they are bestsuited for passing primarily river herringin small, coastal watersheds(20-30square miles)”.

Passage of othertarget species such as American shadis more effective with the larger design of a Denil
ladder. In appropriate locations, Denil fishways are generally reliable for passage of river herring and
adult salmonids and in some cases American shad, other alosines, and other migratory and resident
species. The successful use of Denil fishways with a wide variety of anadromous and riverine fishis in
large part due to the “U” shape of the baffles, which allows fish to swim through the channel at their
preferred depth and velocity. Because standard Denil fishways, with their single-plane baffles, are less
effective at energy dissipation than steeppasses, Denil fishways are typically longer for a similar ease of
passage. They are relativelylow costin comparison with the larger pool-type technical fishways (Brownell
etal.,n.d.).

Since Denil fishways have smaller dimensions and higher velocities than most conventional fishways,
debris blockage has been a reoccurring issue. Aside from hindering fish from exiting the fish ladder, a
piece of debris can drastically change the hydraulics in the fishway, resulting in a hydraulic barrier that
fish cannottraverse. Trashracks at the fishway exit, withsufficient clear space through whichthe fishcan
exit, as well asscreens along the top of the structure can help prevent debris blockage,aslongas they are
properly maintained.

73 The term “volitional” implies thatfish move through the fishway willingly and withouthuman assistance.
74 |deally, fishway capacities are designed for the size of the fish run, not the size of the watershed; however, the
run sizeis often unknown, so drainagearea and spawning potential of the watershed can be used as surrogates.
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Typical components of a standard Denil fishway (Towler, 2014).

Standard Denil fishway schematic (left) and example (right) at Potter Hill Dam, Pawcatuck River, Westerly, RI.

Fish ladders can be fabricated from many different materials including concrete, metal, and wood.
Concrete in particular lends itself to custom modification to blend with surrounding structures, such as
historic stone masonry. Below are several examples of fishways installed at historic dams where
aesthetics werea primary concern for stakeholders, including a detail of concrete stamped and stained to
match existing stone masonry as arequirement of a Section 106 historical consultation process.
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Examples of fish ladders installed at historic dams: A Denil ladder with integrated eelway at Horseshoe Falls Dam
on the Pawcatuck River in Shannock Village, Rhode Island (left) and a steeppass (with eel ramp later added) at East

182" Street Dam on the Bronx River in Bronx, NY (right).
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Example of a concrete Denil fish ladder stamped and hand-stained to match existing stone masonry of a historic
dam spillway as a requirement of the Section 106 consultation process for the Horseshoe Falls Dam on the

Pawcatuck River in Shannock Village, Rhode Island.

American Eel

Most traditional fishways such as fish ladders were designed for migratory fish with excellent jumping or
swimming ability. Although larger eels may use conventional technical fishways to some degree, most
small elvers have difficulty using traditional fishways because water velocities and turbulence limit
upstream progress. Although climbingbehaviorsare largely responsibleforthe presence of eelsupstream
of barriers with no fish or eel passage structures (such as the Talbot Mills Dam), the efficiency of eels in
passing barriers by these methodsis probably low (Brownell etal., n.d.).
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Selection of an appropriate design foran eel pass structure is dependent on habitat, size, and life history
stage of the eels to be passed. Occasionally a simple structural modification is implemented by
roughening or attaching substrate to the downstream face of the dam or other barrier to enhance the
eels’ ability to climb directly overthe barrier, but these solutionsare generally only practical for low-head
dams (lessthan about 6 feet) to minimize the climbing distance and exposure to predators. More often,
a separate eel passisused. The most common designisa ramp furnished with aclimbing medium, such
as artificial mesh or brushes, which gives eels something to climb through or over. The size of the
substrate mustbe carefully matched to the size range of eels to be passed at the site; sometimesa mix of
substratesis usedto target a broader range. Typically, small amount of flowis directed downthe ramp
to create a constantly wetted climbing surface, and attraction flow is supplied at the entrance. Water
depth over the ramp is carefully
balanced to accommodate ascending
eels while preventing the flushing of
small eels down the ramp by
excessiveflow. Alateral slope can be
incorporated into the design (as
shown in the figure at right) to
provide a constant wetted margin
along the climbing substrate under a
range of conditions from low (leftin
figure) to high (rightin figure) headpondlevels. The ramp is typically covered to protect eels from birds
and other predators (Gulf of Maine Council on the Marine Environment, 2007; Brownell etal., n.d.).

-

Example of a simple full-height eel ramp exiting to the headpond (left) and close-up of dual substrate types (right).

An eelway can also be incorporated into the design of a traditional fish ladder, such as a Denil, as shown
inthe imagesbelow andin the Horseshoe Falls Dam fish ladder example shown above.
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Eelway

Example of an eel ramp incorporated into a concrete Denil fishway at Upper Mystic Lake Dam in Massachusetts.

A solar-powered pump can be used to provide the constant flow rate needed for an eel ladder, but
presents additional operationand maintenance concerns. Recently, aninnovative alternate water control
assembly thatemploys a self-regulating floating baffle at the ramp exit was fabricated, piloted, lab tested,
and integrated into a fish ladder at a historic dam to address aesthetic, maintenance, and layout
constraints, as shown below.

Innovative eel ramp water control assembly that employs a self-regulating floating baffle at the exit installed at the
historic Horseshoe Falls Dam on the Pawcatuck River in Shannock Village, Rhode Island in 2012.
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Sealamprey

Sealamprey are anothertarget species whose passage is sometimes given
special consideration. Lamprey-specific passage facilities have been more
recently developed and include structures such as the lamprey passage
system, the lamprey flume system, or a wetted wall (shown at right), as
well as otherfixesincluding concreterounding, vertical step removal, open
access to low velocity routes, and velocity reducing bumps on traditional
fishway floors. However, most of these solutions have been designedand
tested for the Pacific lamprey, which is morphologically and behaviorally
similar to the sea lamprey, but has stronger swimming capabilities.
Instead, fish ladders primarily designed for other target species such as
river herring and American shad are a viable option. Although there are
few directed studies of traditional fishway passage or efficiency for sea
lamprey, experience and regional observations have shown that traditional
technical fishways will pass sea lamprey to a limited degree (Brownell et
al., n.d.). Additionally, successful passage of Pacific lamprey has been
demonstrated in Denilfishways of acceptablelength’> and slope (Slatick &
Basham, 1985).

Downstream Passage

Downstream passage can be necessary for both adult and juvenile fish. Adults of some anadromous
species may spawn multiple times if they survive the outmigration from their spawning areas, and adult
American eels must successfully pass downstreamto get to their spawning groundsin the Sargasso Sea.
Juveniles of all anadromous fish have to get to the ocean to mature and return to their natal stream for
spawning. Of the targetspeciesandlife stages, adult sealamprey are the one exception for downstream
passage considerations as they die after spawning; thus downstream passage protection for post-
spawning adult sea lamprey is not necessary. Dams and other barriers do not necessarily hinder
downstream migration, especially low-head dams and other small structures where water flows over the
dam or passes through open gates instead of through hydropower turbines. However, simple
downstream passage facilities—such as asmall notch in the spillway and a plunge pool of sufficient depth
below—can help ensure safe, timely, and effective downstream passage for all life stagesof target species
(Brownelletal., n.d.).

Conceptual Design

Due to its relative effectiveness at passing target species including American shad, a Denil fishway was
selected forthe conceptdesign atthe Talbot Mills Dam. A simple eel rampis proposed to accommodate
upstream migrating elvers. Since experience has shown that sea lamprey can effectively utilize a Denil
ladder, a separate lamprey-specific structure was not included in the concept design. A downstream
passage notchin the spillwayis also proposed.

Concept plans for the fishway alternative are shown in Drawing 4 of Appendix D. A conceptual
photographicrendering of the proposed fishway is shown in Figure E-2 of AppendixE. The plan consists
of a concrete Denil fish ladderattached to the riverright (northeasterly) concrete abutment of the dam.
This location was chosen for several reasons: 1) it representsthe largest areabetween the damandthe

75 The data showthat Denil ladders greater than 66 feet may be unacceptableto American shad, but Pacificlamprey
successfully passed through all ladders up to 89 feet in length.
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FaulknerStreetbridgein which to place afishway, 2) itis thesite of the historicfishway that was previously
operated at the dam, and 3) the right abutment has been disturbed more recently than the rest of the
historicdam when it was repaired with concrete sometimein the past (possibly when the former fishway
was decommissioned). A notch would be cut in the abutmentto allow forattachment of the fish ladder,
which would also be anchored to the stone retaining walldownstream. Existing rock substrate may need
to be removed fromthe areaunderthe proposed fish ladderto create arelatively flat surface atop which
forms can be builtfor pouring concrete.

Ideally, the fishway entrance would be located on the deepestside of the river, or thalweg, to maximize
fish passage efficiency. Althoughthereappearto be deeperpoolsonthe leftside of the riverimmediately
below the spillway, survey data collected along the upstream face of the Faulkner Street bridge for the
FIS (FEMA, 2014) indicate thatthe right side of the riveris about 2.5feetdeeper,as shownin Figure 4.3.2-
1. Removal of ledge substrate between the bridge and the fishway entrance may be needed to further
define the thalweg channel.

The fish ladder was designed to primarily target river herring and American shad migration during
upstream migration, with consideration also given to sea lamprey. The upstream migration periods for
river herringand American shad are April 15 to June 15 and May 15 to July 15, respectively, soan overall
range of April 15 to July 15 was used to develop design flows. A flow duration curve developed for the
site during this period (Figure 3.3.1-6) was used to determine the 95% exceedence and the 5% percent
exceedence flows (105 cfs and 1628 cfs, respectively), which were used as low and high design flows per
USFWS recommendations (Towler, 2014). The hydraulic model was used to estimate headwater and
tailwaterelevations corresponding to these flows.

The estimated headwater elevation for the high design flow is expected to overtop the right abutment,
which would create conditionsoutside of areasonable operating range. Instead, the top of the abutment
was used for the highest headwater elevation. The high and low design flow conditions were compared
to determinethe largest head differential between headwater and tailwater, and the low design flow was
found to control the design witha headwater at elevation 108.7 feet NAVD 88 and a tailwater at elevation
98.3 feet NAVD 88, for a total head of approximately 10.4 feet.

For the target species, the USFWS recommends the following design criteriaforastandard Denil fishway
(Towler, 2014):

e Entrance — The entrance invert should be set so that the depth of water at the low operating
tailwaterelevationis 2feetor2 body depths (whicheveris greater), which should be maintained
by submerged stoplogs. Additionally, the entranceshould be narrower (typically 62.5%) than the
channel width to create a strong attraction flow jet.

e Slope— The slope of a Denil fishway designed to pass American shad should notexceed 12.5% (1
horizontal to 8 vertical, or 1H:8V).

e Channel Width— The width of a Denil fishway designed to pass American shad should be 4 feet.

e Turning and Resting Pools — Resting pools should be incorporated at least every 6 to 9 feet of
vertical rise, either between two chute sections or as turning pools at switchbacks.
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o Baffles — Baffles, typically built from dimensional lumber, are set at a 45 degree angle to the
slopedfloorofthe fishway channel with a height 1 foot greaterthan the high design flow water
surface elevation.

Consideringthese design guidelines, aslope of 1H:9V was used with a resting pool for every 22.5 feet of
horizontal distance (corresponding to 2.5 feet of vertical distance along the slope). One switchback
turning pool was neededto allow the ladderto fit withinthe site constraints (i.e., upstream of the bridge)
and also to place the fishway entrance adjacent to the spillway where it will receive the most attraction
flow. The fishway could optionally be fitted with metal screens along the top and a trash rack at the exit
to preventdebrisfrom entering, butif publicviewingis desired, the metal screens could be omitted and
the fishway could be checked more frequently for debris. Alternately, a smaller upstream exit section
could remain uncovered to facilitate viewing.

Conceptual rendering of a Denil fish ladder installed at the right abutment of the Talbot Mills Dam

To enhance upstream passage of American eel, an eel ramp is proposed to be anchored to the spillway
side of the right spillway abutment. Recommended eel ramp design criteriainclude 8- to 18-inch widths,
4- to 6-inch channel depths, and flow depths ranging from 1/16to 1/8 inch over climbing substrates. The
ramp slope should be less than 45 degrees and individual sections should not exceed 10 feet in vertical
height. Resting “pools” between these sections are flat stretches of ramp that should have a width and
length equal to the ramp width withatleast 1inch of waterdepth. The ramp should be fully covered with
an opaque cover for its entire width and length, exceptabove the high water level at the entrance. The
need for attraction flow is dependent on the size of the ramp and the presence of competing flows, but
istypically 80 to 300 gallons perminute (0.2to 0.7 cfs) if required (Towler, 2014).

Based onthese criteriaand thesite layout,athree-section, 18-inch-wide ramp is proposed to be anchored
to the fish ladder at its entrance and directly to the spillway adjacent to the right abutment at its exit
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(crossing above the fish ladderentrance). Assumingatotal head of approximately 10.4 feetas above, a
total ramp length of about 13.1 feetdue to the site constraints, and a resting section length equal to the
ramp width (18 inches), the slope would be approximately 1V:1.1H, slightly less than the 45-degree
maximum limit. A mix of climbing substrates should be used to accommodate various sizes of elvers and
yellow eels. Ideally, the ramp would be designed to be wetted with appropriate water depths overa
range of headpond levels by gravity flow to avoid the operationand maintenance associated with pumps.
This could be accomplishedin partbyincorporatingalateral slope as described previously.

A notchis proposed to be cut into the dam spillway create a “downstream bypass” that will direct fish
passingoverthe spillway toa deeperplunge pool. The dimensions of the notch would be approximately
3 feetwide by 2 feetdeep. The bypasslocation was selected as the riverleft (southwesterly) end of the
spillway adjacent to the abutment to avoid interference with the Denil entrance and take advantage of
what appears to be a deeper existing plunge pool in that area. The exact channel elevations below the
proposed bypass are unknown, but existing pool depths about 10 feet downstream at a surveyed cross-
section alongthe upstream face of the FaulknerStreetbridge (shown in Figure 4.3.2-1) appear to be 1.2
to 5.5 feet under the low and high design flows, respectively. Therefore, some removal of channel bed
substrate (i.e., bedrock) may be needed to meetthe USFWS 4-foot depth recommendation. Ideally, the
bypass would have a sloping upstream face—a design known as a “uniform acceleration weir,” as shown
inthe figure below—to minimizeregions of high acceleration.

Schematic of a uniform acceleration weir downstream bypass from the upstream (left) and side (right) views (Towler,
2014).

Stoplog structures would be installed in the fishway entrance (for maintenance of the fishway) and exit
as well asin the downstream passage notch (to control the flow through the fishway undervarying head
conditions and to shut off flow to the fishway and/or notch, when desired).

The hydraulicmodel shows that at the high design flow, wateris expected to overtop the right concrete
abutment to which the upstream exit of the Denil would be attached by about 3 inches. A set of low
(approximately 6 inches high) flashboards could be installed along the top of the abutment to avoid
overtopping during the normal fish passage season, but be designed to fail at higherflood flows to avoid
furtherimpacting spillway capacity.
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Per USFWS guidelines, a fishway entrance located adjacent to a spillway should be protected by a non-
overflow section to reduce spillinto the fishwayand interference with the entrance jet hydraulics (Towler,
2014). Thiscan be achieved usingflashboards alongashortlength (approximately 8 feet) of the spillway
adjacentto the fishway entrance.

Construction

Temporary construction access and staging would likely be concentrated in the small paved open area
above the stone retaining wall between the river right abutment and Faulkner Street. Providing access
for heavy equipment into the channel downstream of the dam would prove difficult due to the high
vertical retaining walls. Ideally, the needfor heavy equipment in the channel could be avoided and the
work could be accomplished from atop the wall. Concrete could be poured from above and concrete
forms, rebar, etc. could be lowered using ahoist orsimilar. It may also be possible to lift a small excavator
intothe channel usinga crane if needed. Accesstothe leftabutmentforthe downstream passage notch
could be provided from Faulkner Street. Water control could be accomplishedwith sand bags around the
work area in the channel combined with a cofferdam designed to contain waterto the left portion of the
spillway (except during the downstream bypass construction).

Ability to Meet Target Fish Passage Thresholds

The effectiveness of the proposed fish passage structures has been discussed previously. Denil fishways
have been shown to be effective forthe target species of river herring, American shad, and sea lamprey,
while the eel rampis expected to provide efficient passage for American eel.

Potential Benefits and Impacts
Fisheries

Passage of otheraquaticspecies and overall connectivity of the river will be limited but will improve over
existing conditions. Denil fishways have been demonstrated to pass most freshwaterfish species (adult
stages) presentin coastal drainagesin Massachusetts. Successful passage atthis site would open access
to over35 miles of diadromous fish habitat on the mainstem Concord, Assabet, and Sudbury Rivers, plus
more than 100 miles of habitat on tributaries to these rivers and at least 260 acres of lacustrine habitat
(notincluding areas that could be accessed with fish passage at additional upstream dams). Diadromous
fish populations could potentially become self-sustaining in the Concord River system with the
implementation of this alternative.

Water Quality & Aquatic Habitat

Anytemporary minorimpacts to water quality and/or aquatic habitat dueto construction activitieswould
be mitigated with appropriate erosion and sedimentation control measures to be approved by the
regulatory agencies. As stated previously, the channel substrate in the work area consists primarily of
solid ledge, which does not pose amajor threat to water quality and aquatic habitat.

Wetlands & Riparian Habitat

Installation of a fish ladder in the channel below the dam would result in a small loss of wetland area
(about 1,000 square feet) currently classified as open water wetlands. However, this resource conversion
to furtherthe broader goal of diadromousfishrestoration in the Concord River watershed would likely be
considered acceptableto regulatory agencies. Anytemporary minorimpacts to wetlandsand/or riparian
habitat due to construction activities would be mitigated with appropriate erosion, sedimentation, and
pollutant control measuresto be approved by the regulatory agencies.
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Sediment Transport

Minimal impacttothe sedimentaccumulatedin the Talbot Mills Dam impoundment would occur with the
installation of afishway. Overtime, achannel through the pond may naturally form as continuous flows
transport sediment downstream. However, this would be a gradual process that would not create a
significant water quality impact.

Upstream Water Levels & Flooding

The proposed fishway facilities would have mixed effects on upstream waterlevels. The fish ladderand
eel ramp would reduce spillway capacity under high flows, raising the 100-year flood water surface
elevationby approximately 0.04to 0.1 feet, whilethe downstream bypassnotch would lower the crest of
the spillway fornormal flows, lowering the upstream water surface elevation by about 0.02 to 0.07 feet.
These minor changes in water surface elevations are not expected to have a significant effect on other
resources.

However, even aslight increase in the 100-year flood elevation requires a project to file a Conditional
Letter of Map Revision(CLOMR) with FEMA priorto constructing the project to officially revise the current
Flood Insurance Rate Map (FIRM) to reflect the proposed changes to floodplains, floodways, and flood
elevations (44 CFR Ch. 1, Parts 60, 65, and 72). A CLOMR officially revises the FIRM, and sometimes the
FIS report. Obtaininga CLOMR is a relatively expensive and rigorous process, and involves developinga
hydraulicmodel to FEMA’s standards (as described in Section 3.4).

Infrastructure

AsshowninSection 3.4.3, the Talbot Mills Dam currently does not meet dam safetyregulations to be able
to pass the spillway design flood (in this case the 100-year flood) without overtopping the top of dam
elevation (reported as 113.8 feet NAVD 88). The spillway capacity estimate for the dam includes the
assumption that the abutments provide auxiliary capacity during highflows. The attachment of afishway
to the rightabutment, along with related structures on the abutment and spillway (e.g., flashboards, eel
ramp, downstream passage notch) would further reduce the capacity of the dam to pass flood flows. To
simulate this in the hydraulic model, all flow to the right of the proposed attachment point for the eel
ramp (at the right edge of the spillway adjacent to the right abutment) was classified as “ineffective” flow,
meaning it no longer contributes to the spillway capacity calculation. Additionally, the downstream
passage notch was “cut” into the spillwayinthe model. The sluiceway gate was conservatively assumed
to be closed as for the existing conditions spillway capacity check. With these proposed fishway
conditions, simulating the 100-year flood flow (5,675 cfs) yields a water surface elevation of 114.2 feet
NAVD 88, compared to 114.1 feet NAVD 88 for existing conditions, which represents a relatively small
reductionin capacity that would not have significant upstreamimpacts.

However, itisimportantto note that in order to make modifications to an existingdam, suchas to add a
fishway, the ODS will require thedam ownerto bringthe damintocompliance withdam safety regulations
as part of the design, which would involve addressing all of the deficiencies discussed in Section 4.3.1
(under “Operation and Maintenance”), including the addition of spillway capacity. The dam ownerwould
also continue to be responsible for ongoing maintenance and repairs for the dam.

Sometimesthereisthe potential forerosion due toscour in the area at the base of a fishway due to the
concentration of higher velocity flows, especially if a structure is present downstream, such as the
Faulkner Street bridge below the Talbot Mills Dam. However, as stated previously, the channel
immediately downstream of the dam and continuing through the Faulkner Street bridge appears to
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consistalmost exclusively of solid ledge and large boulders, and the bridge pierand abutments appearto
be armored and founded directly on bedrock, so the potentialforscour at this bridge is very low.

There is a pipe that exits the stone retaining wall downstream of the right dam abutment in the area of
the proposed fishway. An assessment will need to be conducted to determine if the pipe is still in use,
and if so, whetheritcan be rerouted (possibly extended underneath the fishway).

No impacts to any other structures, including upstream bridges and the former Middlesex Canal, are
expected.

Cultural Resources

PAL's historicand archaeological reconnaissance survey(Section 3.5) confirmed that the Talbot Mills Dam
included a fishway during the historic period of operation. If reinstitution of a fishway is selected for
furtherstudy/design,itisrecommended that the design of the new structure conform to the Secretary of
the Interior’s Standards for the Treatment of Historic Properties (SOl Standards; 36 CFR Part 68) to
minimize potential adverse effects to the historic districts. Further research about the location and
appearance of the historic period fishway would be recommended so thatany new design is sympathetic
to the surrounding historic context of the districts, requires minimal alterations to the dam, and is thus
compliantwith the standards.

Additionally, archaeological monitoringis recommended in the high-sensitivity areas during construction
of the fish ladder and any optional structures. The archaeological monitoring would be designed to
identify and record any buried surviving components of the documented early through late eighteenth-
century dams and/or fishways. Any such structural remains that may be exposed during construction
activities have the potential to contribute to an understanding of the historicwaterpowerinfrastructure
of the Talbot Mills Dam as a contributing resource to the Middlesex Canal Historic and Archaeological
District and a potential contributing resource to the Billerica Mills Historic District.

Access and staging forinstallation of the fish ladder would likely be concentrated in the small paved open
area above the stone retaining wall between the river right abutment and Faulkner Street. If any
construction activities would directly impact soils below the paved ground surface or the existing
retaining/training wall (which is not anticipated forthe current concept design), intensive archaeological
survey would be recommended prior to construction and/or archaeological monitoring during
constructioninthe high-sensitivity areato identify and record any potentially significant buried structural
remains associated with the mid-nineteenth-century dye/store house and earlierdam retaining walls.

If the fishway alternativeis selectedfor further analysis and design, theleadfederalagency for this project
(NOAA) would consult withinterested parties on ways to avoid, minimize, or mitigate any adverse effects
to historicproperties that may resultfromthe project.

Recreation & Aesthetics

Implementation of a fishway at the Talbot Mills Dam would be expected to improve recreational
resources. The proposed fishway location is at the base of a small park, from which the publiccould view
fish ascending the ladder. Additionally, the restoration of diadromous fish in the Concord River would
representarecreational benefit, as some target species are valued as sport fish (e.g., American shad), or
were in the past before their declines led to moratoriums on their harvest (e.g., river herring).
Recreational benefits would also extend to the recreational and commercial fisheries of other spedies
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(e.g., striped bass, trout, cod, bluefish, tuna, etc.) that forage upon diadromous fish along the Atlantic
coast.

The aesthetics of the fish ladderitself are more subjective. As noted above, the concrete medium of the
fishway would allow for custom modification to blend with surrounding structures, such as the historic
stone masonry retaining wallbehind the proposed location. Additionally,the abilityto viewfish retuming
to the river would provide recreationaland cultural benefits to citizens who valuefish runs for food, bait,
and as a sign of a healthyriver.

Operation and Maintenance

MarineFisheries requires operation & maintenance (O&M) plans for all fishways in Massachusetts to be
prepared in coordination with property owners to ensure efficient passage is compatible with existing
uses. Operation and maintenance of afishwayis anintensive processduringthefishpassage season. The
O&M plan would include guidance for regular (at least weekly, sometimes daily) inspection before and
during the fish passage season to remove debris and check for damage or other issues. Stoplog
management would involve removaland replacement of stoplogs inthe fishway and downstream passage
notch as needed atthe change of fish passage seasons or to regulate higherflows. Anautomated water
level sensoratthe damthat can be monitored remotely would assist with stoplog management.

Again, itis important to note that in order to make modifications to an existing dam, such as to add a
fishway, the ODS will require thedam ownerto bringthe damintocompliance withdam safety regulations
as part of the design, which would involve addressing all of the deficiencies discussed in Section 4.3.1
(under “Operation and Maintenance”), including the need to add spillway capacity to be able to passthe
spillway design flood. The dam owner would also continue to be responsible for ongoing maintenance
and repairs forthe dam.

Recommendations for Additional Studies

If the fishway alternative were to progressto the nextlevel of feasibility study, additional recommended
studiesinclude, butare notlimited to, the following:

e Topographic survey — Detailed topographic survey should be collected of the Talbot Mills Dam
and vicinity, including all potential construction access and staging areas and the channel
downstream of the dam. Specificattention should be paid to mappingthe bedrock surfacein the
area of the proposed fishway as well as below the proposed downstream passage notch, to
identify the volume of material that may need to be removedinthese locations.

e Wetlands, wildlife, & botanical resources survey — A formal wetland delineation would be
needed to quantify the size, type, function, and value of the wetlands within and adjacent to the
proposed work area. Additionally, state and federalagencies shouldbe consulted to identify any
potential rare, threatened, or endangered speciesin the project vicinity.

e Hydraulic modeling — The existing hydraulic model should be updated to incorporate the more
detailed topographicsurvey and confirm fishway design parameters.

e  Cultural resources mitigation planning — While not technically a study, it will be essential to
initiate planning efforts to mitigate potential impacts to historicand/or archeological impacts as
early as possibleinthe process.
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Summary and Cost Opinion

A budgetary cost opinion for this alternative is shownin Table 4.3.2-1. The estimated costforadditional
studies, engineering, permitting, and construction of a technical fishway at the Talbot Mills Dam is
approximately $590,000. Thisincludes estimated costs associated with required dam repairs, as discussed
inSection 4.3.1.

Insummary, installation of afishway—including a Denilladder,eelramp, and downstream bypass notch—
at the Talbot Mills Dam would provide effective passage for target species, furthering the goal of
diadromous fish restoration in the Concord River. Passage of other aquatic species and overall
connectivity of the river would be limited but would represent animprovement over existing conditions.
With the exception of cultural resources and aesthetics, little to no impacts to other resources are
anticipated. The obligationto bring the dam into compliance with dam safety regulations as well as the
continued responsibilityforongoing operation, maintenance, and liabilityassociated with the dam would
impactthe cost effectiveness of this alternative. Still, afishway at Talbot Mills Damis a viable alternative
forrestoring diadromous fishin the Concord Riverthat could advance to the next phase of this project for
furtherstudy.

4.3.3 Partial Dam Removal (3B)

Complete or partial removal of dams has been shown to be a simple, viable option for fish passage at
some dam barriers. When implemented correctly, dam removal has the advantage of restoring
connectivity of rivers in both upstream and downstream directions for a wide variety of fish and other
aquaticspecies.

Conceptual Design

Full removal of the entire Talbot Mills Dam and all appurtenances (including the former intake gates to
the Faulkner Mills complex, the sluiceway channel, and any embankment sections that may or may not
have been constructed as part of the original dam) is not feasible due to the integral nature of some
structures with Faulkner Street and other adjacent structures. Therefore, the dam removal alternative
considered for this study is a partial dam removal that would consist of removing the entire primary
spillway structure down to bedrock or below. If found, the 1798 dam structure that is reportedly buried
upstream would also be removed. One or both spillway abutments may optionally be preserved in an
effortto honorthe historicsignificance of thesiteataslight cost to hydraulic capacity, as discussed below.

Concept plans for the dam removal alternative are shown in Drawing 5 of Appendix D. A conceptual
photographicrendering of the proposed dam removal is shown in Figure E-3 of AppendixE.

Construction

Temporary construction access and staging would likely be concentrated in the small paved open area
above the stone retaining wall between the river right abutment and Faulkner Street. Providing access
for heavy equipment into the channel downstream of the dam would prove difficult due to the high
vertical retaining walls. Optionsincludeliftingasmall excavatorintothe channel viacrane, or buildinga
temporary ramp of stone fill from the top of the wall to the channel bottom. The crane approach would
likely be preferred, as the ramp could compromise the integrity of the historic stone retaining wall and
any potential historicand/orarcheological artifacts contained within.

Due to the potential forthe presence of a 1798 legacy dam submergedin the impoundment upstream of
the dam, water will need to be carefully divertedaround the workareato allowfor any possible mitigation
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measures that may be required. At this conceptual stage of the design, a cofferdam is assumed to be
needed acrossthe entire channel width. Once the cofferdamis establishedand the area upstream of the
spillway is dewatered by pumps, itis possible that the sluiceway could be usedfor passive water diversion
(by anglingthe cofferdam to direct water toward the sluiceway and opening the sluiceway gate) without
the need for full-time pumping. To access the dewatered area along the upstream side of the spillway,
temporary wood platforms known as “swamp mats” could be laid in sections along the length of its
upstream face to allow an excavatorto traverse the soft sediment.

Sediment Management

Dam removal requires management of the sediment impounded by the dam. A sediment management
plan is developed base on the quantity and quality of sediment presentin the impoundment and in
upstream and downstreamreaches as well as the results of a due diligence analysisto assess the potential
for contaminantsin the watershed upstream of the dam. Management alternatives generally fall under
one of two approaches—active or passive management. Active management includes more traditional
methods to remove or otherwise control the sediment, such as mechanical dredging and channel
reconstruction or in-place stabilization. Conversely, passive management, also known as “in-stream
management,” involves the natural erosionand downstreamrepositioning of impounded sedimentsover
time. The approach is based on the premise that most (if not all) of the accumulated sediments in
impoundments resulted from the presence of the dam, and that the accumulated material would have
beentransported downstreamin the absence of the barrier. Infact, substrate inreaches downstream of
dams are often lacking in finer sediments and would benefit from a gradual release of sediments from
behind the breached dam.

Recent dam removal projects in Massachusetts and elsewhere in New England have demonstrated that
in-stream management of the appropriate types of sediments can be an acceptable sediment
managementstrategy. While minorshort-termimpacts to downstreamreceivingareas may occur (e.g.,
deposition of sedimentin pools), the potential for numerous medium- and long-term ecological benefits
exists, including benthic habitatimprovements and an influx of organic matter. Naturalchannelformation
(versusaconstructed channel) isalso preferred asitis more likelyto resultin a dynamicallystable stream
form, involves far less cost, and avoids related impacts from the use of heavy equipment in recently
dewatered soft wetland areas that typically have high archeological sensitivity due to theirformer status
as Native American encampments priorto dam construction.

While additional sediment sampling and analysis would be needed to fully develop a sediment
management plan for the potential removal of the Talbot Mills Dam, preliminary assessment indicates
that at least partial in-stream sediment management may be feasible. Partial in-stream sediment
management at thisdam would involve removing material directly behindthe primary spillway (including
any of the reported fill between the existing and buried 1798 dames, if found) and allowing upstream
material to erode naturally over time. Notching the dam to draw down the impoundment and allow
dewatered sedimentto stabilize prior to construction would facilitate a more gradual erosion process
once the dam is removed. Sedimentin the large backwater areas to the left and especially to the right
(i.e., in the area of the floating towpath peninsula) of the lower impoundment would likely stabilize in
place as restored wetland floodplains. Justification for partial instream management at this site may
include, but not be limited to, the following factors:

e The volume of potentially mobile sediments within the active channel form of the impoundment
is relatively small (approximately 9,500 CY) and would likely provide beneficial habitat-forming
material fordownstream reaches.
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e Preliminary sedimentsamplingindicates the presence of limited pollutant concentrations.

e Active removal and/or channel construction through the former impoundment presents the
potential for significantly greater damage to adjacent resources (e.g., wetlands and
historical/archeological resources) associated heavy equipment use.

HydraulicAnalysis

To simulate the dam removal, the primary spillway was replaced in the model with estimated channel
elevations representing natural conditions directly beneath the dam. Since historic drawings depicting
detailed cross-sections of the dam and underlying hydrauliccontrol (e.g., bedrock) were not available for
this study, elevations under the spillway were assumed from sediment probing data conducted just
upstream (Section 3.2.1)7%. For the preliminary approach, the spillway abutments were leftin place
(discussed below). Figure 4.3.3-1 depicts across-section of the proposed breach.

To simulate dam removalthrough the impoundment, the results of the sediment depth mapping (Section
3.2.1) were used to “remove” potentially mobile sediment within the expected future channel through
the lowerimpoundment (atsedimenttransects T-1 through T-7). Roughness coefficients were modified
from 0.05 to 0.035 within the channel to represent the transition to a more typical riverine reach, and
from 0.05 to 0.07 withinthe former backwaterarea off the main channel torepresentthe transitiontoa
more vegetated wetland/floodplain.

Figures 4.3.3-2 and 4.3.3-3 provide modeled water surface profiles for the proposed dam removal
alternative under a range of high (500-year flood) and low flows for the full extent of the dam
impoundmentinthe Concord Riverand zoomedinto the lowerimpoundment, respectively. Table F-3in
Appendix F provides selected model output parameters (e.g., channel elevation, water surface elevation,
flow depth, velocity, top width, surface area, and volume) at key locations for the proposed dam removal
alternative. This table may be compared to Table F-1 (also in Appendix F) to determine the anticipated
change from existing conditions.

500-year Flood Backwater Check

Accordingto streamlined permitting regulations fordam removal, a dam breach large enough to ensure
floodplain connectivity underthe 500-year flood is desired, which will resultin minimal backwater at the
formerdam location due to the 500-year flood. Modeled water surface profiles for existing and proposed
dam removal conditions under the 500-year flood were shown in Figure 4.3.3-2 and 4.3.3-3. The
proposed profile depicts minimal backwater at the former dam location due to the 500-year flood. The
profile also shows that the various grade controls throughout the impoundment would constrict the 500-
yearflood and cause a backwater effect; thus the proposed dam removal would havelittle effect on water
surface elevations above the Fordway Bar.

Breach Width Sensitivity Analysis

Removal of one (river right only) or both spillway abutments was also modeled as a sensitivity test to
evaluate whether there would be any additional reduction in backwater due to the 500-year flood over
the preferred approach of preserving the spillway abutments. Figure 4.3.3-4 presents a comparison of
watersurface elevations underthe 500-year flood at the dam for the three potential scenarios: 1) removal

76 Note that the actual bedrock elevation under the dam may be lower than this conservativeassumption.
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of the primary spillway only, 2) removal of the primary spillway and right abutment, or 3) removal of the
primary spillwayand both abutments’’. The figure shows that, compared to removal of the spillway only,
500-year flood elevations would be reduced by about 0.6 and 0.8 feet with the removal of the right or
both abutments, respectively. However, the differenceswouldbe negligible (less than 0.2feet) upstream
of the Pollard Street bridge. Watervelocity duringthe upstream fish migration season was also checked
at the dam cross-section, but the differences amongthe scenarios would be small, on the order of 0.2 ft/s
less for removal of one or both abutments. Because the differences are relatively small and do not
propagate very far upstream, preserving one or both abutments may be a viable option to minimize any
potential impacts to cultural resources as a result of the dam removal alternative.

Ability to Meet Target Fish Passage Thresholds

Table F-4 in Appendix F provides the average channel velocity and maximum channel depth for the
proposed dam removal conditions under the fish passage design flows for all model cross-sections
upstream of the dam in existing and dam removal conditions. Differences from existing conditions are
negligible above the Pollard Street bridge and Fordway Bar. All proposed velocities and depths meet
target fish passage thresholds, with the exception of the high flow immediately upstream of the dam,
which has an estimated velocity of 7.5 ft/s. However, thisisthe high end of the fish passage flow range
and barely exceeds the maximum velocity threshold, soitis not a significantconcern. Minor alterations
to the channel or the removal of one or both spillway abutments could alleviate this small exceedance if
itisfoundto beanissue. Overall, the proposed damremoval alternative is expected to meet target fish
passage thresholds.

As mentioned, itis likely that natural falls will develop at the site of the former dam, upstream at the
bedrock grade control below the Fordway Bar, and potentially at otherlocation(s) betweenthetwoina
post-dam removal scenario. Itis possible that these natural features will create flow conditions that do
not meet the target fish passage thresholds and may impede fish passage at some flows. If the dam
removal alternative progresses to the next level of feasibility study, ground-penetrating radar (GPR) is
recommended forthe dam. GPR could be conducted above the primary spillway to attempt to map the
uppersurface of bedrock beneath the dam. Thisinformation could thenbe added to the hydraulic model
to more accurately predict whetherthe falls willimpede fish passage underarange of fish passage design
flows. (Additionally, GPR could be collected just upstream to attempt to locate and characterize the
reportedly buried 1798 dam structure, to help inform cultural resource mitigation approaches and for
cost estimating purposes. Additional sediment probing immediately upstream of the dam is also
recommended forthe same reasons.)

Potential Benefits and Impacts
Fisheries

Dam removal would meet the ultimate goal of full fish passage restoration at the Talbot Mills Dam.
Compared to a fishway, complete elimination of the barrier would be effective for all target species as
well as resident freshwater fish that demonstrate in-stream migration behaviors. Successful passage at
this site would open access to over 35 miles of diadromous fish habitat on the mainstem Concord, Assabet,
and Sudbury Rivers, plus more than 100 miles of habitat on tributaries to these rivers and at least 260
acres of lacustrine habitat (not including areas that could be accessed with fish passage at additional

77 Removal of the primary spillway and left abutment only was not modeled, as the right abutment is larger and
presumed to be less historically significantdueto its more recent concrete repairs. Therefore, if only one abutment
is removed, itis assumed that the left abutment would be the one to remain.
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upstream dams). Diadromous fish populations could potentially become self-sustaining in the Concord
River system with the implementation of this alternative.

Water Quality & Aquatic Habitat

This alternative is anticipated to improve water quality and aquatic habitat in the Concord River by
restoring natural river processessuch as flow and sediment regimes. The establishment of new bordering
vegetated wetlands along the riparian corridor (describedbelow) willalso help to filter runoffand improve
water quality. Temperature and dissolved oxygen levels are expected to improve throughout the former
impoundment with the transition to a more riverine reach and the associated decreased water depths
and increased velocities. These improvements will support the restoration of the diadromous fishery.

Any potential impacts to water quality and aquatic habitat as a result of downstream transport of
sediments (e.g., due to aggradation of aquatic habitat and/or release of sediment-bound contaminants)
would be minimized with an appropriate sediment management plan forthe site.

Wetlands & Riparian Habitat

The Talbot Mills Dam impoundment is classified as an open water wetland. However, it does not
represent natural (pre-dam) conditions. Dam removal wouldrestore free-flowing riverine conditions and
continuity inthe formerimpoundment, replacing the unnatural lacustrine conditions caused by the dam.
Impacts to upstream wetland resources are anticipated to be only short-term in nature, as similar
conditions are likelyto re-establish at lower elevationsalong therestored river channeland newbordering
vegetated wetlands are created in formerlyimpounded areas. This transition would be an overallgain for
the native plantand animal community.

If dam removalis the preferred alternative, aformal wetland delineation wouldbe required. Specifically,
the size, type, function, and value of the wetlands would be quantified. In addition, consultation with
state and federal agencies to identify any potentialrare, threatened, orendangered species in the project
vicinity would be necessary. Short-term impacts to wetlands during construction—including turbidity,
altered flows,and disturbances from heavyequipment—should be minimizedand timed appropriately to
lessenimpacts.

The new riparian area created withinthe currentimpoundment should be monitored for erosion and for
the establishment of invasive species. Native shrubs and trees could be planted along the banks of the
new channelinthe lowerimpoundmentto provide additional bank stabilization and reduce the potential
for the establishment of invasive species. A more passive approach could allow for natural revegetation
from the existing seed bank. A vegetation inventory should be performed to determine existing fauna
and likelihood of invasive encroachment.

It is possible that artificially raised water levels due to the dam’s presence may contribute to upstream
bordering vegetated wetlands, such as the Great Meadows NWR alongthe Concord and Sudbury Rivers.
However, the hydraulic modeling results indicate that the predicted drop in water surface elevation for
the proposed partial dam removal is small —ranging fromlessthan 0.1 feetunderlow flows to less than
1 foot for high (flood) flows at the downstream extent of the Great Meadows NWR Concord Unit. The
greatest change would be for flood flow flows, when most wetlands and floodplains are already
underwater. Further, the adjacent wetlands are already subjected to a broad range of seasonal
fluctuation in Concord River water levels—nearly 7 feet from low flows to 2-year flood flows at the
downstream extent of the Great Meadows NWR Concord Unit, and even higher (over 12 feet) when larger
floods are considered. Also, although much has changedin the hydrology and operation of the watershed
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since then, an 1861 study found thatloweringthe dam produced only anegligible drop of the waterlevel
inthe upstream wetlands (Alvord etal., 1862). Therefore, itisassumed that the relatively smallupstream
waterlevel reductions predicted forthe proposed partial dam removal would not likely cause significant
changesinwetland boundaries, vegetative composition, orvalue upstream of the Fordway Bar.

Sediment Transport

Dam removal generally redistributes sediments trapped behind adam, restoring the riverand its riverine
habitats to pre-dam conditions. Following dam removal, sediment transport controls the process of
channel evolution, including upstream erosion in the former impoundment (i.e., “head cutting”),
deposition of transported sediment in downstream reaches, narrowing of the channel, and creation of
new floodplains. These processes alsohaveimportant benefits for nutrient cycling and habitat availability.
Previously embedded gravel and cobble substrate in the formerimpoundment may become re-exposed,
as the fine sediments that covered them are washed downstream, restoring aquatic habitat for fish and
otherorganisms.

One concern of the dam removal processis the short-termincreasein turbidity and water quality impacts
that may occur if sediment accumulation is not addressed properly. However, appropriate sediment
management can significantly reduce sediment-related impacts. Dams can first be breached with a
narrow notch to allow the reservoir to drain before removing the remainder of the dam, or the
impoundment can be drawn down in advance (using a low level outlet or gate), allowing fine-grained
sediments to consolidate and strengthen and thereby minimizing the likelihood for erosion.

Upstream Water Levels & Flooding

The proposed partial removal of the dam would resultin a reduction in water levels upstream. For low
and normal flows, the drop in watersurface elevation is predicted range from approximately 1.8 feet and
3.1 feet, respectively, immediately upstream of the damto 0.1 and 0.6 feet, respectively, at the upstream
extentof the ConcordRiver.

The Talbot Mills Dam is operated as “run-of-river” dam where inflow equals outflow on a nearly
continuous basis and therefore doesnot provide flood control but ratherartificially raises theriver’s water
surface elevation and contributesto upstream flooding as discussedin Section 2.2.3. Removal of the dam
would reduce this increased level of flooding. Forthe preliminary approach involving removal of the
primary spillway only, water surface elevations would be expected to drop by approximately 2.7 feet to
0.7 feet for the 100-year-flood, from a point just above the dam to the upstream extent of the Concord
River, respectively’®. Thiswould alleviateflooding upstream of the dam.

Infrastructure

Infrastructure that could potentially be impacted by dam removal was discussed in Section 2.3 and
includesthe Middlesex Canal(a historicstructure), the Billerica water and wastewater treatment facilities,
and both downstream and upstream bridges.

If the dam were removed, water levels would drop most significantly in the lower impoundment (mill
pond), which would have the greatest effect on the historic Middlesex Canal compared to other
infrastructure. Canal Segment 24, which is currently wetted, would likely become dewatered and

78 Removal of both spillwayabutments in addition to the primaryspillway would be expected to increasethe drop
inwater surfaceto 3.5 feet justupstream of the dam and 0.8 feet at the upstream extent of the Concord River.
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transition to a dry prism. The water level in the area of the canal entrance near the floating towpath
peninsula (cross-section 25698) would drop by about 1.6 feetunderlow flows and 2.2 feetunderthe 2-
yearflood flow.

Atthe Billericawater supplyintake, which is upstream of the Fordway bar grade control, the effect of dam
removal on water surface elevations would be somewhat diminished. Water surface elevation under
normal and low flows would drop by approximately 0.7and 0.1 feet to elevations of 109.4 and 107.4 feet
NAVD 88, respectively, at cross-section 31902 just upstream of the intake. The invert elevation for the
intakesisassumed to be 102.2 feet NAVD 88 according to the drawingin Figure 2.3.2-1, whichis over5
feet below the predicted water surface elevation for the low flow (95% exceedence for September).
Therefore, the proposed partial removal of the Talbot Mills Dam would not be anticipated to have an
impact on the Billerica watersupply intake.

As discussed in Section 2.3.2, a water main and a sewer main cross the impoundment just upstream of
the intake nearan abandoned abutment from the former Bridge Street bridge (near cross-section 32728).
In the partial dam removal simulation, channel velocities at this location are predicted to increase only
slightly underarange of flood flows—specifically from 2.6 to 3.0 ft/sforthe 2-yearflood and from 4.1 to
4.6 ft/s for the 100-year flood. The 2-year flood is informative for this analysis because it is often
considered the channel-forming flowduring which many of ariver’s erosiveforces are at work. Based on
these negligible velocity increases, dam removal is not anticipated to impact buried water or wastewater
infrastructure that crosses the impoundment.

The potential impact to bridges was also assessed. As discussed in Section 2.3.3, the Faulkner Street
bridge is located immediately downstream of the Talbot Mills Dam. Because the damis a “run-of-river’
dam, as explained in Section 2.2.3, inflow generally equals outflow and thus flow characteristics (e.g,
depth, velocity) should not change downstream of the dam if it were removed. Thisis confirmed by the
hydraulic model, which reports the same water surface elevations and velocities at the bridge (cross-
section 25081) before and after dam removal for the range of flows. Furthermore, the channel
immediately downstream of the dam and continuing through the Faulkner Street bridge appears to
consistalmost exclusively of solid ledge and large boulders, and the bridge pierand abutments appearto
be armored and founded directly on bedrock, so the potentialforscourat this bridge isvery low.

Upstream of the dam, nine bridges cross the impoundment, including the Pollard Street and Boston
Road/Route 3A bridges within 1% miles upstream. The hydraulicmodeling results show thatif the dam
were removed, the water surface elevationis predicted to drop about 1.2 to 1.6 feet at the Pollard Street
bridge under the 2- and 100-year floods, respectively, with velocities increasing approximately 25% (to
3.0 and 4.4 ft/s, respectively). This could presentamoderate risk forscouratthe Pollard Street bridge. If
dam removal progresses to the next level of feasibility analysis, a sediment transport study could be
conducted in which the grain size of the sediment under the bridge would be characterized and the
potential for predicted water velocities to transport or “scour out” the sedimentin the area of the bridge
piers/abutments would be evaluated. Additionally, visual inspection and probing could be conducted
around the bridge piers/abutmentsto confirm whetherthe dense substratesindicated by the boring logs
(Figures 2.3.3-2 and 2.3.3-3) are presentand would reduce the risk forscour.

There appearsto be little impact to structures upstream of the Pollard Street bridge dueto dam removal.
Water surface elevations at the remaining eight structures would be predicted to drop about 0.8 to 1.1
feet and velocities would likely increase at most by 1.3 ft/s for the 2- and 100-year floods, which is not
expected to present an increased risk for scour. As expected, the Fordway Bar feature in the vicinity of
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the Pollard Street bridge would actas a new hydraulicgrade control following dam removal which would
effectively minimize upstream changes to watersurface elevation and velocity.

Cultural Resources

PAL's historicand archaeological reconnaissance survey (Section 3.5) found that the removal of the Talbot
Mills Dam would constitute an adverse effect onthe Middlesex Canal Historicand Archaeological District
and the Billerica Mills Historic District by destroying an important contributing resource and altering the
functional relationship of the impoundment, lock, Canal Segment 24, floating towpath peninsula, and the
floating towpath anchorstone of the Middlesex Canal.

If removal of the Talbot Mills Dam is selected as the preferred alternative, archaeological monitoring
would be recommended in the high-sensitivity area at the dam during removal activities to record any
potentially intact portions of earlierdam and/orfishway structures. AsdiscussedinSection 2.2.3, a 1798
dam is reported to lie immediately upstream of the current Talbot Mills Dam. If the 1798 dam remains
and possessesintegrity, it would have strongassociations with the development of the Middlesex Canal
and would be a potential contributingresourceto the Middlesex Canal Historicand Archaeological District
and the Billerica Mills Historic District. If removal of the Talbot Mills Dam also necessitates the removal
of the 1798 dam, this activity may also constitute an adverse effect. Archaeological monitoring and
recording would be required to confirmthe presence of this resource and its status as a historic property
withinthe historicdistricts.

Dam removal would also create a permanent drawdown of thedam impoundment (MillPond) and expose
and potentially impact archaeologically sensitive upland shoreline and underwater ground surfaces.
Archaeological walkover with close ground surface inspection would be needed for the high-sensitivity
pond shoreline and exposed impoundment drawdown areas to locate and identify any potentially
significant pre-contact Native American archaeological resource areas and any buried remains of the
documented Middlesex Canal elements, including the canal prism, the floating towpath,and the towpath
anchor stone.

Access and staging would likely be concentrated in the small paved open area above the stone retaining
wall between the river right abutment and Faulkner Street. If any construction activities would directly
impact soils below the paved ground surface or the existing retaining/training wall (which is not
anticipatedforthe current conceptdesign), intensive archaeological survey wouldbe recommended prior
to construction and/or archaeological monitoring during construction in the high-sensitivity area to
identify and record any potentially significant buried structural remains associated with the mid-
nineteenth-century dye/store house and earlier dam retaining walls.

If the dam removal alternative is selected forfurtheranalysis and design, the lead federal agency for this
project (NOAA) would consult withinterested parties on ways to avoid, minimize, or mitigateany adverse
effectsto historicproperties that may result from the project.

Recreation & Aesthetics

Potential impacts or benefits to recreation and aesthetics due to the dam are somewhat subjective and
based onindividual preferences. Some people may valuethe existing aesthetics of water falling smoothly
over the spillway of a historic structure and the flatwater boating opportunities provided by the slow-
moving backwater created by that structure. Others may value the aesthetics of water cascading over
natural falls, as would likely develop at the site if the dam were removed, and the recreational
opportunities provided by a free-flowing river. Removing the barrier of the dam could allow for more
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continuous boatingtrips on the riverat higherflow levels without having to portage around the dam’®, as
well as the potential for whitewater boating opportunitiesin the natural falls that would likelydevelop at
the formerdam site and upstream?®°.

The restoration of diadromous fishinthe Concord River would represent a recreational benefit, as some
target species are valued as sport fish (e.g., American shad), orwere in the past before theirdeclinesled
to moratoriums on their harvest (e.g., river herring). Recreational benefits would also extend to the
recreational and commercial fisheries of otherspecies (e.g., striped bass, trout, cod, bluefish, tuna, etc)
that forage upon diadromous fish along the Atlantic coast. The restored riverine conditions upstream of
the dam may resultin changes in the resident fish assemblages and/or increased habitat use by fish,
potentially providing greater inland angling opportunities as well. The sight of returning diadromous
fishes migrating upstream may be valued foraesthetic, recreational, and cultural purposes and as a sign
of a healthyriver.

There is also the potential for enhancement of upland recreational and aesthetic resources. Following
dam removal, much of the lower impoundment (mill pond) would be expected to dewater and stabilize
in place, opening up additionallandthat could be transformed into parks, utilizedfor riveraccess, or other
recreational improvements. As an option, coordination could occur with the MCA and other interested
parties on the proposed Mill Pond/Canal Park design (Figure 2.3.1-2) to conceptualizea parkin which mill
dam era history could be coupled with pre-contact history (i.e., Native American use of the free-flowing
riverand its diadromous fishery) totell amore complete story at the site.

Operation and Maintenance

Dam removal would eliminate ongoing operation and maintenance costs as well as liability. The potential
for the dam to fail unexpectedly and cause unintentional impacts to natural and cultural resources and
infrastructure (as discussedin Section 4.3.1) would nolongerbe a concern.

Recommendations for Additional Studies

If the dam removal alternative were to progress to the next level of feasibility study, additional
recommended studiesinclude, but are not limited to, the following:

e Topographic survey — Detailed topographic survey should be collected of the Talbot Mills Dam
and vicinity, including all potential construction access and staging areas and the channel
downstream of the dam.

e Wetlands, wildlife, & botanical resources survey — A formal wetland delineation would be
needed to quantify the size, type, function, and value of the wetlands within and adjacent to the
lowerimpoundment (up to the PollardStreet bridge). A vegetationinventory could be performed
to determine existing fauna and likelihood of invasive encroachment. Additionally, state and
federal agencies should be consulted to identify any potential rare, threatened, or endangered
speciesinthe projectvicinity.

73 Portage may still be necessary around the natural falls that would likely develop at the site of the former dam,
although the navigability of these falls under varying flows is unknown.

80 A 1700 map of Billerica (Figure 2.2.3-6) documents the existence of a series of falls in the Concord River between
the present day Pollard Street and Faulkner Street bridges prior to the damming of the river in North Billerica
(Ingraham, 1995).
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e Bathymetric survey — Bathymetric survey of the lower impoundment and extending up to the
Boston Road/Route 3A bridge could be collected to capture the highest point of the Fordway Bar
(above the Fordway Bar would be sufficient, but the Boston Road/Route 3A bridge would be
conservative to ensure thatthe highest point of the baris captured).

¢ Sedimentprobing— Additional sediment probingimmediately upstream (about 8-12 feet) of the
dam could be conducted to attempt to locate the 1798 dam structure and in the area of the
highest point of the Fordway Bar (as determined by the bathymetric survey) to evaluate the
potential for the barto head cut followingdam removal.

e Ground-penetrating radar — GPR could be conducted above the primary spillway to attempt to
map the uppersurface of bedrock beneath the dam for the purposes of the hydraulicmodel and
for evaluating upstream impacts and the ability to meet target fish passage thresholds following
dam removal. Additionally, GPR could be collected just upstream to attempt to locate and
characterize the reportedly buried 1798 dam structure, to help inform cultural resource
mitigation approaches and for cost estimating purposes.

e Hydraulic modeling — Additional hydraulic modeling could be conducted to incorporate the
results of the bathymetry survey, additional probing, and GPR.

e Sediment sampling — Additional samples will likely be needed to inform the sediment
management plan. Up to 8 additional samples may be required to be collected within the
impoundment to fully characterize the estimated volume of mobile sediment with one sample
per 1,000 CY of sediment (foratotal of 10 samples within the approximately 9,500-CY volume of
mobile sediment). Samples couldalso be collected within areas of the impoundment expected to
stabilize as floodplain wetlands post-dam removal as discussed above, such asinthe areas north
and south of the floating towpath peninsula. Additionally, samples couldbe taken in depositional
areas downstream of the dam to provide context of contaminant levels in the river system
compared to levels in the impoundment. Upstream of the dam’s influence, samples could be
collectedin eitherorboth of the Sudbury and Assabet Rivers.

e Pollard Street Bridge assessment — Sediment samples would be collected at the bridge site to
characterize the grain size distribution for use in the sediment transport analysis (below).
Additionally, visual inspection and probing could be conducted around the bridge
piers/abutments to confirm whetherthe dense substrates indicated bythe boring logs are present
and would reduce the risk forscour.

e Sedimenttransport analysis— If sediment qualityand quantity are determined to be appropriate
for stabilization or release, a sediment transport and redistribution analysis could optionally be
performed.

e Recreation/aestheticstudy — Optionally, asurvey of recreation and aestheticinterests could be
conductedtoinform future uses of the site.

e  Cultural resources mitigation planning — While not technically a study, it will be essential to
initiate planning efforts to mitigate potential impacts to historicand/or archeological impacts as
early as possibleinthe process.
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Summary and Cost Opinion

A budgetary cost opinion for this alternative is shownin Table 4.3.3-1. The estimated costforadditional
studies, engineering, permitting, and construction of partial removal of the Talbot Mills Dam is
approximately $470,000. This estimate assumes that nosignificantimpounded sediment contamination
is found in future sampling efforts and that an instream sediment management approach (e.g,
downstreamrelease and natural transport of impounded sediments)is approved by regulatory agencies.

In summary, the proposed partial removal of the Talbot Mills Dam would provide effective passage for
target species as well as significant benefits for other resources. Water quality, aquatic habitat
connectivity, and natural riverine sediment and flow regimes would be restored. Increased upstream
flooding resulting from the dam would be reduced. Aging and unsafe infrastructure would be
decommissioned, eliminating ongoing operation, maintenance, and liability costs and concerns.
Recreation and aestheticresourcesmayimproveas well, although these benefitsare subject to individual
preferences of the members of the public using the site. With the exception of cultural resources, few
impacts to other resources are anticipated. Assuch, partial removal of the Talbot Mills Dam is a feasible
alternative for restoring diadromous fish in the Concord River that could be further evaluated in future
phases of this project.

4.3.4 Other Concepts Considered
Nature-Like Fishway

The concept of nature-like fishwaysis to restore a passage barrier such as adam to a more natural, riverine
configuration by incorporating natural elements like rocks, boulders, and cobblesto dissipate flowenergy,
maintain velocities within a passable range for most fish, and provide resting pools. Nature-like fishways
are perceived as having advantages overtechnical fishway designs (e.g., fish ladders) in that they create
habitat as well as pathways around structures for many organismsin addition to target fish species.

Three common layouts foranature-like fishway include a bypass, arock ramp, or a partial rock ramp (see
Figure 4.3.4-1 for a schematicof each). A bypassis notfeasible atthe Talbot Mills Dam since there isno
space adjacentto the dam that would not be affected by Faulkner Street orthe nearby parkinglot.

Per USFWS guidelines,rock ramps and partial rock ramps should have maximum recommended slopes of
about3%. Forthe design head difference of 10.4 feet at the Talbot Mills Dam, this would require aramp
length of about 350 feet. For a full-width rock ramp, which would spanthe entire length of the primary
spillway face, this length would require the ramp passing underthe Faulkner Streetbridge and continuing
approximately an additional 200 feet beyond the bridge. This would require raising the channel
downstream of the dam and would significantly reduce the area available for flow to pass under the
bridge, which would not be acceptable from adam or bridge safety perspective.

The length requiredfora partial-width rock ramp would be problematicas well. To fitthe length of the
ramp inthe river channel, the ramp would need to pass underthe bridge. However, the clearance under
the bridge is likely not large enough and this layout would alsoreduce the area under the bridge that flow
could pass through. Alternately, the ramp could be turned multiple times between the bridge and the
dam face (similar to a fish ladder layout as shown in the schematic). However, several turns would be
necessarytofitthe required length of ramp, causing the ramp to occupy the space in front of the spillway
and furtherreducing spillway capacity to an unsafe level.
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Due to these physical constraints, the conceptual design of a nature-like fishway at the Talbot Mills Dam
was not pursued forthis feasibility analysis.

Bypass through Sluiceway Channelunder Faulkner Mills Complex

Another fish passage alternative that has been discussed for the Talbot Mills Dam is to make use of the
existing sluiceway channel that passes under the Faulkner Mills complex. This alternative was not fully
developed for this feasibility analysis in part because drawings or dimensions of the channel under the
building could not be obtained. Aninternal survey would require permission from and coordination with
the mill owner. Although the exact channelunderthe buildingis unknown, itappears to be approximately
350 feet long with a total elevation gain of about 10.2 feet, resultingin a slope of about 3%, which is
acceptable for a bypass fishway per USFWS criteriaas discussed above. The sluiceway gate structure at
the upstream end would need to be removed or modifiedfor fish passage. The watervelocityat this gate
(assumingitis fully open) is estimated to be approximately 7 ft/s during the fish migration season high
flow, whichis atthe high end of target fishpassage thresholds. However, fish wouldhave to pass through
another, smallersluice gate located at the outlet of the stilling basin north of Faulkner Street, which leads
into the building. The dimensions of this gate were not measured, but based on field observations, it
appearsto be about 2 feetwide by 3feet high. With these dimensions, water velocity underthe high fish
migration flow would be on the orderof 80 ft/s, much too high for fish passage. This gate would need to
be replaced with a significantly larger gate (with a flow area of at least 65 square feet to get velocities
down to 7 ft/s under the high fish migration flow) in order to accommodate swimming speeds of target
species, which would require enlarging the openingto the building. This assumesthat the channel on the
otherside of the gate is wide enough to allow for fish passage, and not asimilarly narrow channel or pipe
that would be under pressure at this flow. Additionally, any modifications made to send additional flow
downthischannel would needto be evaluated for potential impacts to infrastructure, such as the sewer
line that passes through the downstream entrance.
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5. Summaryand Next Steps

This study has demonstrated that diadromous fish passage restoration in the Concord River is feasible.
Alternatives at the two most downstream sites—Middlesex Falls and Centennial Falls Dam—arerelatively
straightforward and inexpensive and therefore could be implemented fairly quickly if pursued by the
projectteam andinterestedstakeholders. Channelimprovements at Middlesex Falls (Alternative 1A) may
help reduce flow turbulence to more acceptable ranges for upstream passage, or this project could be
deferred to a later phase after additional monitoring to confirm whether or not fish can successfully
navigate the falls at a satisfactory rate. Minor fishway and operational modifications can be made at
Centennial Falls Dam (Alternative 2A) to improve fish passage, and the opportunity for continued
stewardship and publiceducation at that site and throughout the watershed (Alternative 2B) would help
ensure the lasting effectiveness of theseenhancements and others.

At the Talbot Mills Dam, alternatives include atechnical fishway or partial dam removal. Although more
complex than options at the other sites, each of these alternatives has been demonstrated to be
technically feasible forimplementation at the dam.

Installation of a fishway (Alternative 3A)—including a Denil ladder, eel ramp, and downstream bypass
notch—atthe Talbot Mills Dam would provide effective passage fortarget species, furthering the goal of
diadromous fish restoration in the Concord River. Passage of other aquatic species and overall
connectivity of the river would be limited but would represent animprovement over existing conditions.
With the exception of cultural resources and aesthetics, little to no impacts to other resources are
anticipated. The obligationto bring the dam into compliance with dam safety regulations as well asthe
continued responsibilityfor ongoing operation, maintenance, and liabilityassociated with the dam would
impactthe cost effectiveness of this alternative. Still, afishway at Talbot Mills Damis a viable alternative
forrestoring diadromous fishin the Concord Riverthat could advance to the next phase of this project for
furtherstudy.

The proposed partial removal of the Talbot Mills Dam (Alternative 3B) would provide effective passage
for target species as well as significant benefits for other resources. Water quality, aquatic habitat
connectivity, and natural riverine sediment and flow regimes would be restored. Increased upstream
flooding resulting from the dam would be reduced. Aging and unsafe infrastructure would be
decommissioned, eliminating ongoing operation, maintenance, and liability costs and concerns.
Recreation and aestheticresources may improveas well, although these benefitsare subject to individual
preferences of the members of the public using the site. With the exception of cultural resources, few
impactsto other resources are anticipated. Assuch, partial removal of the Talbot Mills Dam is a feasible
alternative for restoring diadromous fish in the Concord River that could be further evaluated in future
phases of this project.

A summary of potentially required regulatory submittals, reviews, and permits associated withthe Talbot
Mills Dam alternatives is presented in Table 5.0-1. Many assumptions were made, and additional
feasibility work will need to be conducted to provide necessary information for the consultation and
permitting process. Note that the review process has already been initiated with the MHC with the
submittal of the PNF and the permit application to conductthe historicand archaeological reconnaissance
survey.

A decision matrix for Talbot Mills Dam alternativesis presentedin Table 5.0-2. This table comparesthe
relative benefit or impact of each alternative on various resources and considers other factors such as
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cost, permitting, operationand maintenance, etc. Infuture phases of this project, aweighted value could
be assigned to each parameter as a means to rank the alternatives with consideration for the goals of
project partners and otherstakeholders.

Providingfish passage at the Talbot Mills Dam and addressing any potential obstacles at Middlesex Falls
and Centennial Falls Dam would restore over 35 miles of diadromous fish habitat on the mainstem
Concord, Assabet, and Sudbury Rivers, plus more than 100 miles of habitat on tributaries tothese rivers
and at least 260 acres of lacustrine habitat (notincluding areas that could be accessed with fish passage
at additional upstream dams). The possibility of combining two or more alternatives together,
implemented simultaneously or in several phases, provides the flexibility to develop a watershed-wide
restoration plan that has bothimmediate and long-lasting success.

This feasibility study is not intended to identify a preferred alternative, but rather provides a critical
foundation for ongoing and future restoration activities as well as a framework for continued
communication between project partners and the publicto determine how best to reconcile project goals
with otherinterests. If preferred alternative(s) can be agreed upon, the project will advance to future
phases of securing funding, additional feasibility work, consultation with interested parties, design, and
constructionto ultimately restore diadromous fish passage to the Concord, Sudbury, and Assabet Rivers.
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