Water Level of Flow Effects on historical Resources Study Report
Lowell Hydroelectric Project (FERC No. 2790)
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Document Accession #: 20180814-5118 Filed Date: 08/14/2018

United States Department of the Interior
OFFICE OF THE SECRETARY

Office of Environmental Policy and Compliance
15 State Street — 8" Floor
Boston, Massachusetts 02109-3572

August 14, 2018

9043.1
ER 18/0281

Kimberly D. Bose, Secretary

Federal Energy Regulatory Commission
888 First Street, N.E.

Washington, DC 20426

RE: COMMENTS ON PRE-APPLICATION DOCUMENT
COMMENTS ON SCOPING DOCUMENT 1
STUDY REQUESTS
Boott Hydropower, LLC
Lowell Hydroelectric Project, FERC No. 2790-072
Merrimack River, Middlesex County, MA, and Hillsborough County, NH

Dear Secretary Bose:

This responds to the Pre-Application Document (PAD) for the Lowell Hydroelectric Project,
(Project) located on the Merrimack River in Middlesex County, Massachusetts and in
Hillsborough County, New Hampshire. The PAD is being provided in preparation of an
application for a new Federal license for the project. The U.S. Department of the Interior
(Department) offers the following comments based on the PAD (submitted to us by Boott
Hydropower, LLC, [Boott] on April 30, 2018) and additional information obtained at the
Federal Energy Regulatory Commission (Commission, FERC) scoping meeting held on July 17,
2018, and the site visit held on July 18, 2018. The comments represent contributions from the
Department’s U.S. Fish and Wildlife Service (Service) and the Lowell National Historical Park,
National Park Service (NPS).

U.S. FISH and WILDLIFE SERVICE

PRE-APPLICATION DOCUMENT
PROPOSAL

The Lowell Project consists of a 1,093-foot-long, 15-foot-high masonry gravity dam (Pawtucket
dam) topped by a 5-foot-high, pneumatic crest gate system,' which creates a 720-acre

! On April 18, 2013, the Commission amended the project license authorizing Boott to replace the wooden

flashboards on the Pawtucket dam with a pneumatic crest gate system (143 FERC 9 61,048). Installation of the crest
gate system is currently in progress.



Document Accession #: 20180814-5118 Filed Date: 08/14/2018

impoundment extending approximately 23 miles upstream. The dam has a gross storage capacity
of approximately 3,600 feet between the maximum normal water surface elevation of 92.2 feet
National Geodetic Vertical Datum of 1929 (NGVD) and the minimum water surface elevation of
87.2 feet NGVD when all five pneumatic gates are fully lowered. The spillway is 980.5 feet
long. The project includes a two-tiered network of man-made canals, totaling approximately 5.5
miles in length, which provide flow to 21 Boott-owned hydroelectric units.? Nineteen of the units
are located in four powerhouses (Assets, Bridge Street, Hamilton, and John Street) situated in the
canal and have various runner speeds and diameters. The remaining two units are located in the
main powerhouse (E.L. Field) on the Merrimack River, which uses water from the northern canal
to generate power. Units in the E.L. Field powerhouse are identical, 8.6-MW horizontal Kaplan
turbine-generator units, each with a maximum hydraulic capacity of 4,000 cfs.

Boott currently operates the project in a run-of-river mode. The current license requires an
instantaneous minimum flow of 1,990 cfs or inflow, whichever is less, as measured immediately
downstream of the project.

Boott operates both upstream and downstream fish passage facilities at the project. These include
a lift at the E.L. Field powerhouse that conveys fish to the northern canal, an upstream
anadromous vertical-slot fishway at the Pawtucket dam, and a downstream bypass facility at the
E.L. Field powerhouse. The fish ladder has a total operating flow of 500 cfs and acts as the
primary source of flow in the 0.7-mile-long bypass reach (other than spillage over the Pawtucket
dam spillway when inflow exceeds the maximum hydraulic capacity of the project’s stations).
The current license contains no minimum bypass flow requirement.

In the PAD, Boott has proposed no additional protection, mitigation, or enhancement (PME)
measures.

COMMENTS
4.0 Project Location, Facilities, and Operations

Boott provided a detailed description of the project facilities. However, several important pieces
of information are missing:

e the minimum hydraulic capacities, runner diameters and runner speeds of turbines at the
project (housed in the E.L. Field, Assets Station, Bridge Street, Hamilton Station, and
John Street powerhouses);

e clear trashrack spacing at intakes to all of the turbines; and,

e the calculated approach velocity at the trashracks/intakes (based on the wetted trashrack
area).

2 Boott submitted an Application for Amendment of License to the Commission on March 16, 2017. The

amendment of license proposes the removal of four of the project’s currently authorized generating units from the
license. These units include Bridge Street 1, 2, 3, and 12.
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4.1 Civil Works

Tailrace Channel

Telemetry studies in 2002, 2011, and 2013, showed emigrating American shad that approach the
Project via the tailrace have difficulty using the fishway entrance (Sprankle 2005; Alden 2011;
Blue Leaf Environmental 2013). In 2016, Gomez and Sullivan engineers performed an analysis
of upstream passage at the lift and recommended that Boott excavate the ledge outcropping in
the tailrace channel to approximately 10 feet below normal tailwater level extending 50 to 100
feet downstream from the entrance (Gomez and Sullivan 2016). On July 18, 2017, Boott
submitted design plans to the Merrimack River Technical Committee (MRTC; comprised of
Federal and State agencies) for review prior to the start of construction. On July 26, 2017, the
MRTC submitted their recommendations. On August, 18, 2017, at the request of Boott, the
National Oceanic and Atmospheric Administration (NOAA) and the United States Fish and
Wildlife Service (Service) provided additional information pertaining to the MRTC’s
recommendations (Attachment A). The PAD does not contain any information regarding the
tailrace excavation project. We recommend Boott update the PAD to include the details we have
provided here.

In the PAD, and the Commission’s pre-filing milestone timetable included in the scoping
document, the first study season is scheduled to begin during spring of 2019. However, Boott
plans to complete the tailrace excavation project during late summer of 2019 (Attachment B).
The tailrace excavation project will change flow dynamics in the tailrace channel and therefore
the hydraulic conditions fish will likely encounter as they migrate upstream. As such, we ask that
the studies requested herein related to upstream fish migration and flow in the tailrace area occur
after the excavation is complete (second study season, or 2020) so natural resource agencies can
properly assess the impacts project operations might have on migratory fish and develop
adequate passage and protection measures if necessary.

4.5 Description of Project Operations

Fish Passage Operations

Boott states it has provided, and assessed the effectiveness of, American eel (Anguilla rostrata)
passage at Lowell. The effort to pass eels at the project began in 2014 when temporary eel ramps
were deployed near the ladder. However, the effectiveness of these structures has never been
quantified. In 2018, Boott agreed to: (1) continue to operate the existing anadromous fish ladder
for eels (releasing 30 cfs) until September 30; and, (2) perform six, dewatered, visual inspections
of the ladder. To date, there have been no siting surveys performed at Lowell. Therefore, it is
unknown if eels congregate at other areas within the project boundary (e.g., the outfall of the
canal power stations) or if passing eels at the ladder is the most appropriate technique. The
Department likely will include, in any fishway prescription issued for the project, a requirement
that Boott conduct an upstream eel passage siting survey after a new bypass flow regime has
been implemented to determine areas of eel concertation so permanent upstream passage
facilities can be properly sited.
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National Park Service Requirements

In this section of the PAD, Boott states that it maintains canal water levels “within appropriate
limits during the May 15 to October 15 tour boat operating season,” however no additional
information is provided. We recommend Boott update the PAD to include further information
regarding water levels maintained in the canal and any additional, relevant, information
regarding the operations agreement they have with the National Park Service.

5.4 Fish and Aquatic Resources
Overview

The fish ladder at the Pawtucket dam has a total operating flow of 500 cfs and is the primary
source of flow in the 0.7-mile-long bypass reach which extends from the Pawtucket dam
downstream to the E.L. Field powerhouse. However, there is no information provided in the
PAD to support this flow release is adequate to meet the life history requirements of fish and
wildlife (including invertebrates such as freshwater mussels). Therefore, the Department
recommends that Boott undertake a study that evaluates habitat in the bypass reach at a range of
flows, including the existing 500 cfs release. The study design should include habitat mapping of
the entire bypass reach in addition to collecting hydraulic and habitat measurements (i.e., depth,
velocity, wetted perimeter, substrate) along a number of transects to assess the existing flow
release and alternative flows.

Boott states, “fish are capable of bypassing the Project’s entire canal system via the Merrimack
River and can use the existing upstream and downstream fish passage facilities at the Pawtucket
Dam and the E.L. Field Powerhouse.” While downstream-migrating fish can potentially avoid
entering the canal, despite there being no exclusionary measures in place, a study by
Normandeau Associates, Inc., found only 7 percent of juvenile alewives utilized the bypass
(Normandeau 1991). A follow up study (Normandeau 1995) performed after the bypass was
enlarged found that of 1,779 marked fish, only 37 percent utilized the downstream fish passage
facilities. While efficiency increased by approximately 30 percent from 1991 to 1995, the bypass
remains less than 40 percent effective at passing fish downstream.

Although bypass effectiveness studies were performed at Lowell in the early 1990s, it is still
unclear as to which route American shad (4losa sapidissima), alewife (4losa pseudoharengus),
blueback herring (4losa aestivalis), and eel select as they move downstream (spillway, fish
ladder, canal, turbines, existing bypass), the survival estimates associated with each route, the
effect the Pawtucket gatehouse has on downstream movement, the effect the pneumatic crest
gates have on emigration, etc. To fill these data gaps and better understand downstream passage
at Lowell, especially in relation to the canal, the Department recommends that Boott conduct
studies which assess: (1) the behavior, approach routes, passage success, survival and delay of
adult American shad and river herring as they emigrate to the ocean; (2) the impact project
operations have on the downstream migration of juvenile alewife which can serve as a proxy for
blueback herring and American shad in this instance; and (3) downstream route of passage and
survival of adult silver-phase American eel.
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Abundance

The Merrimack River supports a variety of migratory fish species, including American shad,
river herring (alewife and blueback herring), American eel, and sea lamprey (Petromyzon
marinus). Table 5.4-2 lists the number of river herring, shad, and eel that have passed the
Lawrence Project (FERC No. 2800, the first hydroelectric dam on the Merrimack River), and
Lowell since 1983. In 2017, Boott claims that 177,738 eels swam upstream past Lawrence.
However, our records indicate an estimated 8,645 elvers were lifted in the hopper and 17,691
passed the eelway at the dam (26,336 eels total). The Department recommends that Boott update
Table 5.4-2 to: (1) ensure listed, annual, fish passage counts are accurate; and (2) include sea
lamprey passage counts.

Other Site-Specific Fisheries Information

In this section of the PAD, Boott states that American shad studies were conducted in 1999 and
2000, which led to significant modifications and upgrades to the E.L. Field powerhouse fish lift,
thereby improving passage efficiency. However, it is unclear as to which modifications Boott is
referring.

According to our records, a lack of modifications and upgrades to the project coupled with poor
fish passage led to a radio-telemetry study of shad migration in 2002 (Sprankle 2005). This study
found 55 percent of the shad that passed upstream of Lawrence made their way into the Project
tailrace near the fishway entrance. However, only 6.2 percent of the tagged shad were actually
passed upstream of the project via the fish lift. This was consistent with fish passage counts
taken at Lowell in 2002; only 9.7 percent of the shad which passed Lawrence subsequently
passed Lowell. These data led to a dye test, also conducted by Ken Sprankle, in June 2003.
During this qualitative evaluation, concentrated dye was released into the fishway entrance
channel and observed. Results demonstrated the flow field extends downstream from the fishway
and stalls approximately 35 feet from the entrance, effectively cutting off the progression of shad
moving up the tailrace and into the fishway. Based on fish counts at Lawrence and Lowell,
passage efficiencies for American shad have not improved at the project over the past 20 years.
From 1996 to 2017, passage efficiency at the project has not exceeded 30 percent. Additionally,
the internal fish lift efficiency has remained low. In 1996, fish lift efficiency ranged from 0.5 to
2.4 percent. In 2000, studies conducted by Boott suggested efficiency increased to 42 percent
(Boott 2000). While this latest assessment does suggest an improvement in operations compared
to previous years, an internal fish lift efficiency of 42 percent is still low as overall passage
efficiency is based on the combined near/far field attraction efficiency and internal lift and ladder
efficiency. Based on the information above, and considering the ledge removal improvements
which will take place in 2019, the Department recommends that Boott perform a study assessing
American shad upstream route selection passage effectiveness and migratory delay after the
ledge is removed.

Boott goes on to state, “A 1988 acoustic telemetry study performed by RMC Environmental
Services (RMC) of adult American shad movement through the Northern canal demonstrated
successful passage through the Pawtucket Gatehouse, as well as incidental information regarding
downstream passage routes for post-spawning individuals. In a follow-up study in 1991 by
Normandeau Associates, Inc., found similar findings as the 1988 adult American shad telemetry
study.” While it is true that 80 percent of the fish successfully exited the canal, it should be
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noted: (1) the sample size was small, only 25 fish were used in the analysis; and (2) the delay
caused by existing infrastructure was substantial, ranging from 1 to 5 days. Also, as a point of
clarification, there were two studies conducted in 1991 by Normandeau Associates, Inc., which
focused on downstream passage of river herring and shad. The scope and findings of these
studies did not include upstream passage through the gatehouse, which was the focus of the
RMC 1988 study. To date, the RMC study has been the only evaluation of upstream passage of
shad in the northern canal and gatehouse. As a component of the studies provided herein, we
recommend that Boott track and monitor clupeid behavior in the canal.

Major Findings of Fish Passage Studies Since 1988

In the PAD, Boott provides an overview of the fish passage facilities at both projects, when they
began operating, and studies which have been conducted to determine their effectiveness at
passing target species. We would like to offer some points of clarification, specifically on
information listed in Table 5.4-3.

e 1988: Passage of Radio-Tagged American Shad through the Northern Canal Headgate
Structure. Boott states that “24 of 25 radio-tagged shad (96%) released at fish lift exit
passed the Northern Canal headgate structure with little delay.” However, 19 of the 24
shad (80 percent) which successfully passed did not pass through the headgate structure
but rather the adjacent boat lock facility. When the boat lock was closed, delay ranged
from 1 to 5 days. Since a majority of the shad were observed reaching the headgate
structure within an hour, the delay in migration associated with closing the boat lock was
approximately 23-119 hours. The study notes that most fish approached the road bridge
adjacent to the gatehouse but fell back downstream. The delay experienced by these shad
is significant and, from the information provided by Boott, it is unclear how often the
boat lock has been open during the upstream migratory season since the 1988 study was
performed. We are concerned that the operation and management of the northern canal
headgate may contribute to migratory delay and is an issue that will need to be resolved
in order to successfully pass fish upstream and achieve a sustainable population of shad
in the Merrimack River.

e 1991: An Assessment of the Effectiveness of a Fish Bypass for Passing Juvenile
Alewives at the Lowell Hydroelectric Project. The findings listed in the table fail to
include two critical results: (1) the bypass effectiveness for juvenile alewife was only 7
percent, even when bypass flows reached 2 percent of the turbine flow; and (2) when the
bypass flow was increased by 50 percent, due to the units shutting down, the number of
fish using the bypass increased by a significant amount (4,250 alewives in 10 minutes
versus 0 in the previous 4.5 hours)

e 1996: Lowell Hydroelectric Project Internal Fish Lift Efficiency Monitoring Program.
The internal fish lift efficiencies should be included in the findings, as they were
extremely low, ranging from 0.5 percent to 2.4 percent.

e 1999: An Assessment of Internal Fish Lift Efficiency at the Lowell Hydroelectric Project.
The study findings section states, “The ratio of total shad lifted at the Lowell Project to
the total lifted at the downstream Lawrence facility was nearly doubled, reaching
approximately 29% in 1999 compared to a historic ratio of 15% since 1986, and in the
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preceding two years.” While this statistic may technically be correct, it actually
represents a decrease from 1992 and 1995, when the ratios of total shad lifted at Lowell
were 31 percent and 38 percent, respectively.

e Boott performed two fish lift internal efficiency studies and in the major findings column
claims the crowder position has a beneficial impact on fish passage efficiency. However,
this contradicts the study findings listed for the 1996 Normandeau Associates, Inc. study.
As noted above, the Department suggests that Boott include information regarding
modifications made to the fish lift which supports its contention of improved internal
efficiency.

e A report by Gomez and Sullivan (2016) titled “Analysis of Upstream Fish Passage
Facilities and Operations” was not included in the PAD. We recommend Boott update
Table 5-4.3 to include this study, which identifies specific areas of improvement needed
to increase the Lowell fishways reliability and upstream passage efficiency.
Recommendations provided in the report include: (1) installing a pivot gate to update the
existing vertical gate; (2) excavating the ledge outcrop downstream of the fishway
entrance; (3) reopening the street side entrance; and (4) installing an entrance extension.
The analysis also highlights the aging infrastructure at the project and the need to replace
specific components, along with cost estimates.

6.0 Preliminary Issues, Project Effects, and Potential Studies

Fish and Aquatic Resources

Boott has not proposed any studies for relicensing at this time, but has identified potential
resource issues which include: bypass flows, fish passage, historical resources, boating access,
and inundation of upstream floodplains. Relevant to fish and aquatic resources, the Department
believes new studies need to be conducted, with sufficient fish sample sizes, to better understand
upstream and downstream passage at the project as well as instream flows in the bypass reach.

Downstream Passage

The Department recommends that Boott conduct new studies to fully understand how post-
spawned adult shad and river herring, juvenile shad and river herring, and adult silver phase eels
move past the Pawtucket dam, through the canal system, turbine intakes, and the downstream
bypass facility. In addition, turbine injury and mortality studies are needed and should be used in
conjunction with results of the passage routing studies, where applicable, to calculate total
through-project survival rates. The Department herein provides study requests in order to address
these information needs.

Upstream Passage

Yearly site inspections, performed by the Service, have identified a number of problems with
respect to American shad at the lift and ladder fishway entrances. The Department believes that a
comprehensive radiotelemetry study is needed to understand the relationship between project
operations, including spill flows, and shad and river herring movement through the Merrimack
River, including attraction to and passage through these facilities. Additionally, a study to define
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the relationship of the complex hydraulic conditions at the spillway fish ladder entrance and the
tailrace fish lift entrance is needed in order to evaluate data on fish behavior and passage at those
locations. Therefore, the Department is providing herein study requests to address these
information needs.

Instream Flows in the Lowell Bypass

The bypass reach is 0.7 mile long (from the Pawtucket dam to the E.L. Field powerhouse) and
contains diverse habitat. There are approximately 11 miles of free-flowing river downstream of
the Pawtucket dam which also contain a diversity of habitat, including important spawning and
rearing habitat for migratory fish species such as American shad. To date, there have not been
any empirical studies which assess the adequacy of the existing flow protocols. The Department
herein submits study requests intended to address these information gaps.

ADDITIONAL INFORMATION

The following information is needed:

e the minimum hydraulic capacities, runner diameters and speeds of the turbines in
each powerhouse associated with the project;

e amore thorough description of how project operations are monitored and recorded;

e hourly data (water surface elevations, dam discharge, generation) for the project in
spreadsheet format for the past 5 years;

e adetailed description of modifications made to the existing fish passage facilities,
including dates changes were made;

e adetailed description of canal operations; and

e adetailed description of modifications made to the bypass extending from the
Pawtucket dam to the E.L. Field powerhouse (weir installation, excavation, etc.).

RECOMMENDED STUDIES

Boott is not proposing to undertake any studies as part of this relicense proceeding. Enclosed
please find formal study requests (Attachment C) by the Service in the format required pursuant
to 18 CFR §4.38(b)(5). Please note the Service also supports the study requests provided by the
other agencies including, but not limited to, National Marine Fisheries Service, Massachusetts
Division of Fish and Wildlife, and Massachusetts Department of Environmental Protection.

SCOPING DOCUMENT 1

3.6.3 Project Decommissioning

The Commission proposes to eliminate this alternative from detailed study in the environmental
analysis, because no party has suggested project decommissioning would be appropriate in this
case. The Commission asserts that there would be significant costs involved with

decommissioning the project, including lost energy production.

We recommend that the Commission include project decommissioning in the environmental
analysis. Although no party has suggested this alternative, up to this point in the Integrated
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Licensing Process, there has been no formal opportunity to provide such a recommendation.
Further, the Commission has supplied no supporting information to justify the contention of
significant decommissioning costs (which could run the gamut from “locking the door” to full
dam removal at the Lowell Project). Given the substantial increase in the numbers of proposed
renewable energy projects, it is possible that there may be no net loss of energy production when
viewed on a regional basis. Also, we are requesting a number of studies to understand the
impacts of the project. Study results could identify impacts which either cannot be mitigated or
would be prohibitively expensive to mitigate. In light of that possibility, decommissioning of the
Lowell Project should be retained as a potential alternative that the Commission may need to
address.

4.1.2 Geographic Scope

The Service recommends the geographic scope of the Commission’s environmental analysis
(pertaining to impacts to cumulatively affected fishery, water quantity, and water quality
resources) extend from the Eastman Falls dam (FERC No. 2457) and Lake Winnipesaukee to the
confluence of the Pemigewasset and Winnipesaukee Rivers, downstream to the Atlantic Ocean,
as this represents the extent in which river herring and American eel are managed in the basin.

4.2.1 Aquatic Resources

Effects of project facilities and operations on fish migration should be analyzed cumulatively as
well as for individual projects. Additionally, effects of entrainment should not be limited to fish
populations, but should include impacts to food web interactions and overall ecosystem

productivity.

LOWELL NATIONAL HISTORICAL PARK, NATIONAL PARK SERVICE

COMMENTS
PAD Section 1.0 Introduction and Background

The 5.6 miles of historic canals are wholly within the boundary of Lowell National Historical
Park and are a principle resource that Congress directed the Park to protect. Additionally, the
canal system and support buildings are designated as a National Historic Landmark, offering the
highest provision of historic preservation protection under the National Historical Policy Act of
1966. The canal system is also located within the boundaries of:

e [Lowell Locks and Canals National Historic Landmark District;

e Lowell Water Power System National Historic Civil Engineering Landmark; and

e Lowell Power Canal System and Pawtucket Gatehouse National Historic Mechanical

Engineering Landmark.

The first mention of historic resources in the PAD is located on Page 28, section 4.9 following
the description of all resources. These significant designations should be inserted into the
Intro/Background Section.

PAD Section 4.0 Project Location, Facilities, and Operations
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Nearly all of the Civil Works described in Section 4.1 are historically significant structures,
listed as contributing features within the National Historic Landmark District. Please include
date of construction for each of the Civil Works referenced on pages 10-15 or Sections 4.1.1
through 4.1.11. Please also include, where applicable, a reference to significant historical
resources in this section. For example, “Constructed in 1847, the Pawtucket Gatehouse is located
at the southern abutment of the Pawtucket Dam...The Pawtucket Gatehouse is the site of origin
for the historically significant Francis Turbine which is still intact within the building.”

The following table cross-references PAD names with the language produced by Proprietors of
Locks and Canals on Merrimack River (PLC) as recorded in the “Lowell Canal Survey” by the
1976 Historic American Engineering Record (HAER). The current PAD names of certain Civil
Works do not match the naming convention used in the National Register Nomination or by the
National Historical Park and should be revised accordingly.

PAD PAD name Historic Name (construction dates)

ID [alternate names]

4.1-1 Pawtucket Dam Pawtucket Dam (1826, 1830, 1847,1875)

4.1.2 Northern Canal Northern Canal (1848)

4.1.2a Great River Wall (1848)

4.1.2b Northern Canal Waste Gates (1848,1872)

4.1.3 Pawtucket Gatehouse Pawtucket Gatehouse (1848) [a.k.a. Northern
Canal Gatehouse]

4.1.4 Pawtucket and Downtown Canals

4.44a Pawtucket Canal (1796, 1823)

4.4.4b Merrimack Canal (1823)

4.4.4c Lowell Canal (1828)

4.4.4d Hamilton Canal (1828)

4.4.4e Western Canal (1831)

4.4.4f Lawrence Canal (c. 1831)

4.4.4¢ Eastern Canal (1836)

4.4.4h Moody Street Feeder (1848) [see 4.1.5.2
below]

4.1.5 Miscellaneous Canal Structures

4.1.5.1 | Guard Lock and Gates Facility

4.1.5.1a Guard Locks (1824, 1850) [Gatehouse over
upper lock gates constructed 1881]

4.1.5.1b Francis Gate (1850)

4.1.5.1c Pawtucket Canal Gatehouse (1870)

4.1.5.2 | Moody Street Feeder Gatehouse Moody Street Feeder Gatehouse (1848)

4.1.5.3 | Lawrence Dam Lawrence Dam (1831) [at junction of Western
and Lawrence Canals]

4.1.5.4 | Hall Street Dam [on Western Canal]

4.1.5.5 | Tremont Wasteway [Treemont on | [at confluence of Western and Northern canals]

map — PAD fig 4.0.2]

4.1.5.6 | Lower Locks and Dam Lower Locks (1824, 1843) [includes two
chamber navigation lock, dam, gatehouse,
spillway, and associated structures]
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4.1.5.7 | Swamp Locks and Dam Swamp Locks (1824, 1841) [Where the upper
Pawtucket Canal splits into the Western,
Merrimack, Lower Pawtucket, and Hamilton
canals. Swamp Locks complex includes two
chamber navigation lock, dam, spillway,
control house, and associated structures]

4.1.5.8 | Merrimack Dam and Merrimack | [at foot of Merrimack Canal]

Gate

4.1.5.9 | Rolling Dam [controls flow from Merrimack Canal into
Boott Mill arm of the Eastern Canal]

4.1.5.10 | Boott Dam

4.1.5x | [Historic canal water control

structures not identified in PAD

of concern to National Park

Service]
Western Canal Guard Gates [between
Merrimack and Moody streets]
Hamilton Canal Guard Gates [at head of
Hamilton Canal near Swamp Locks]
Hamilton Wasteway and Gatehouse [at foot of
Hamilton Canal near Central St]
Massachusetts Wasteway Gatehouse [at Bridge
St, where Eastern Canal bents to feed Boott
Mills/John Street Powerhouse]

4.1.6 Mill Buildings The PAD notes that only the turbines and
associated equipment are included in the
project boundary, not the buildings that
surround them. Nonetheless, it would be useful
to cross reference generating facilities and the
mill complexes where they are housed

John Street Power Station Boott Mills

Bridge Street Power Station Massachusetts Mills (unit numbers?) and
Prescott Mills (unit numbers?)

Hamilton Power Station Hamilton Mills (unit numbers?) and Appleton
Mills (unit numbers)

Assets Power Station Market Mills Powerhouse

4.1.7 Tailrace Channel

4.1.8 Bypass Reach

4.1.9 Control Structures [across Northern Canal at EL Field
powerhouse. Colloquially called “Hydro Lock”
by National Park Service staff. Need more
precise name to avoid confusion with 4.1.3
Pawtucket Gatehouse, a.k.a. Northern Canal
Gatehouse. |

4.1.10 | Fish Passage Structures

4.1.11 | Eldred L. Field Powerhouse
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PAD Section 5.8 Recreation and Land Use

In Section 5.8.1 — Please include canal-adjacent walkways and NPS boat tours as recreational
resources.

On Page 108, please revise “Portions of the Lowell National Historical Park are within the
project boundary” to “The entire 5.6 mile power canal system and supporting historic structures
and equipment along with paved recreational trails constructed immediately adjacent to the
canals are recreational resources within the Project Area and boundary of the National Historical
Park. Additionally, the 5.6 mile power canal system is located within the boundary of the
Lowell Locks and Canals National Historic Landmark District, Lowell Water Power System
National Historic Civil Engineering Landmark; and Lowell Power Canal System and Pawtucket
Gatehouse National Historic Mechanical Engineering Landmark.*

Please add in the system of interconnected walkways/multi-use
trails located along the canal and river edge as existing
recreational facilities. Lowell National Historical Park has
worked for decades, together with our partners, to build a
system of interconnected river and canal adjacent trails. Boott
has helped facilitate the construction of some trails by
providing necessary easements. As key links in the trail
network are constructed, we’ve witnessed increases in both
recreational and transportation use by park visitors and the
local community. Trails are an essential component of the
Park’s alternative transportation system — which also includes
trolleys and tour boats — designed to link the Park’s scattered
sites located throughout the densely developed city. The vision
for the trail system is outlined in the Park’s 1980 General
Management Plan and sister documents, the Preservation Plan
(1980) and the Preservation Plan Amendment (1990). Because
Lowell was developed as a textile factory town, with industrial
efficiency as the most important factor in determining
historical land uses, very few parks exists. These linear trails
connect residents to waterfronts and offer a reprieve from the
industrial city. In addition, trail systems have been an
economic engine for the City with $54 million in public
investments toward trail development resulting in over $527M
in private investment in the development of adjacent
properties. With strong support from our partners and local
community, developing the missing links and connecting to
other regional trails, increasing public access, and maintaining
trails in good condition continues to be a priority of the
national park.

The National Park Service offers seasonal ranger-guided canal and river boat tours which
provide unprecedented access to the historic canals. Each summer, thousands of visitors
experience the canals and learn about their history in NPS-led boat tours,
https://www.nps.gov/lowe/planyourvisit/guidedtours.htm.



https://www.nps.gov/lowe/planyourvisit/guidedtours.htm
https://www.nps.gov/lowe/planyourvisit/guidedtours.htm
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PAD Section 5.9 Aesthetic Resources

Please include mention of trash accumulation and vegetation in
the Aesthetic Resources as an existing condition. One of the top
public complaints/concerns regarding aesthetics relates to the
presence of trash and the overgrowth of vegetation which
collects additional trash. (See photo, August 2018 near
Hamilton Gatehouse).

PAD Section 5.10 Cultural Resources

The section on Historic Resources is only 3 pages long, does not reference the Congressional
mandate for the National Park Service to protect and preserve the historic 5.6 mile canal system
for this and future generations, and does not include any photos. Many of the resources listed as
“Key Components” of the Locks and Canals Historic District on pages 135-136 are also
described in Section 4.1 “Civil Works.” The historical significance of these structures and date of
construction should be described in further detail in this section of the report given their national
significance, location within the boundary of multiple protected areas, and because the resources
contribute to the significance of the Lowell National Historical Park; Lowell Locks and Canals
National Historic Landmark District; Lowell Water Power System National Historic Civil
Engineering Landmark; and Lowell Power Canal System and Pawtucket Gatehouse National
Historic Mechanical Engineering Landmark.

Please find and replace reference to National Historic Park to the correct naming convention
Lowell National Historical Park throughout the document.

“The Lowell National Historical Park™ Section contains numerous inaccuracies. Please reference
PL 95-290, Lowell Canal System Cultural Resources Inventory, and subsequent plans and
studies referenced in this letter to correct, or to incorporate text below:

Lowell National Historical Park was established by Congress June 5, 1978 (PL 95-290).
Although the area within the park boundary is 142 acres and the larger Lowell Historic
Preservation District encompasses 583 acres, only 19 acres are in federal ownership. The
Park is by design a partnership park in which federal, state, and local governments as
well as the private sector and local community carry out the legislative intent of the park
unit. Physical resources protected by the park include the original 5.6-mile power canal
system, a nationally recognized engineering marvel with its sophisticated dams, locks,
and gatehouses; 7 of the original 10 textile mill complexes (5.3 million square feet);
significant examples of early housing types, institutions, and transportation facilities; and
diverse museum collections. In addition to the industrial artifacts, Lowell retains much of
its rich cultural heritage, as reflected in the ethnic diversity and preserved traditions of its
citizens.

Lowell National Historical Park’s museum collection includes the Proprietors of Locks
and Canals (PLC) Records from 1747 through 2008 which document the original
construction and on-going maintenance of the canal system and includes 9,304
architectural / engineering drawings, 6,770 original photographic prints, 79 film
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negatives, 9 glass-plate negatives, and 39 glass lantern-slides produced by PLC between
the years 1883 and 1956.
PLC Volume I https://www.nps.gov/lowe/learn/historyculture/upload/ LOWE-
ARCHIV-FindingAid-0908-PL-CI.pdf
PLC Volume II https://www.nps.gov/lowe/learn/historyculture/upload/LOWE-
ARCHIV-FindingAid-0908-PL-CII.pdf

Lowell National Historical Park together with the University of Massachusetts Lowell
College of Education facilitate education programs at the Tsongas Industrial History
Center at the Boott Mills that reach approximately 40,000 students and teachers annually.
These programs use the resources of the National Park including the historic canals,
industrial mills powered by the canals, and the Merrimack River.

Lowell National Historical Park would not be a unit of the national park system if the
historic canal system were not present. Continued preservation of and public access to the
5.6 mile historic canal system and supporting historic structures are essential to meet
Lowell National Historical Park’s Congressional intent.

There is no reference to the Lowell Heritage State Park in the Historic Resources section of the
PAD. A summary description of the state park should be included in the Historic Resources
Section. The Massachusetts Department of Conservation and Recreation (DCR) issued a
comprehensive Resource Management Plan in 2014, that describes its complex rights on the
canal system, including gatehouse structures and other elements.

Page 137 — The current condition of buildings in the historic district is not up to date and requires
additional research and revision. As of August 2018, the collaboration between Lowell National
Historical Park and its partners has resulted in the rehabilitation of over 98% of the 5.3 million
square feet of historic mill space adjacent to the canals and hundreds of additional buildings in
the downtown historic district.

PAD Section 6.2.1 — Preliminary List of Resource Issues Table

Please add “Historic Resources” as a “Resource Area” and “Ownership and maintenance
responsibilities / obligations of the 5.6 mile historic canal system and supporting historic
buildings and mechanical equipment, Impacts of High/Low Water Levels, Vegetation” as
“Issues pertaining to Specific Resource Areas.”

Please add “Aesthetic Resources” as a resource area and “Vegetation and Trash” as
“Issues...”

Under Recreation, please also include “Flow rates, water levels, and functional lock
chambers” under “Issues.”

In April 2008, FERC initiated a request to Lowell National Historical Park for information
regarding compliance and status of the license agreement. NPS enumerated several on-going
license issues in a response letter. The NPS letter was forwarded to Enel/Boott Hydropower, Inc.
and an additional response was provided by Enel/Boott Hydropower, Inc. These letters
illuminate many on-going issues and areas of concern between the national park and licensee and
are attached as Attachment D for reference.


https://www.nps.gov/lowe/learn/historyculture/upload/LOWE-ARCHIV-FindingAid-0908-PL-CI.pdf
https://www.nps.gov/lowe/learn/historyculture/upload/LOWE-ARCHIV-FindingAid-0908-PL-CI.pdf
https://www.nps.gov/lowe/learn/historyculture/upload/LOWE-ARCHIV-FindingAid-0908-PL-CII.pdf
https://www.nps.gov/lowe/learn/historyculture/upload/LOWE-ARCHIV-FindingAid-0908-PL-CII.pdf
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Additionally, preliminary discussions with staff and partners following the July 17 Scoping
Meeting revealed the following specific issues which are directly related to Boott Hydropower
Inc.’s (Boott’s) current license / project operations.

IMPACT OF PROJECT OPERATIONS ON CULTURAL RESOURCES

Cultural Resource Issues Requiring Repair

1.

Great River Wall Maintenance: The structural integrity of the Great River Wall and
public safety are issues of highest concern to the NPS, given a past collapse of a portion
of the wall. Vegetation management, water levels, and other factors related to Boott’s
operation may affect the structural integrity of this National Historic Landmark District
feature as well as the life and safety of trail and canal users.

Repair Hydro Locks: This set of locks was installed by Boott as part of the mitigation
for their 1983 FERC license and remains under the applicant’s ownership. The Park has
been unable to use the lock chamber because the gates need repair and are mired in mud.
This needed repair is also a high priority for the NPS.

Repair Northern Canal Waste Gatehouse: The water level in the Northern Canal runs
high and damages some of the wood structure under this gatehouse at the Great River
Wall. The National Park hired EYP Architects to assess the repair needs which are now
substantial (See Attachment E, 2017 Northern Canal Waste Gatehouse Project Scoping
Report). Plans and specifications can be provided. The damage is directly attributable to
Boott operations and should be repaired.

Replace/Repair of Moody St Feeder Gatehouse Gate: Boott cut a hole in a portion of
one of the gates some years ago to install a high voltage power line and never replaced
the gate materials. If the hole in the gate was filled, the Park could continue using its
historic water turbine for student and visitor programs at Suffolk Mill when the system is
drained. This will also be an essential issue if partner organizations would like to move
forward with plans to activate ice skating or other recreational activities in the Merrimack
Canal.

. Lower Locks Fill Valve: The Lower Locks Fill Valve is owned by Boott while DCR

owns the adjacent lock chambers and gatehouse superstructure. Boott does not use the
valve in its canal system control operations and no longer maintains it. The valve, which
is no longer operable, is needed for the operation of the locks, which are most often used
for recreational purposes by the Lowell Parks and Conservation Trust for its whitewater
rafting program. In addition, the above-water part of the valve mechanism, the granite
platform, and its railing are a focal point of the Lower Locks site, forming a part of the
historic scene. The valve is in failure mode because of the deterioration of the section of
canal wall on which the mechanism and its operating platform are set. The National Park
had 50% construction documents prepared by a consultant in 2012 for the rehabilitation
of the valve, which would consist of reconstruction of the section of failing wall beneath
and the resetting of the valve operating mechanism and its granite platform slab atop the
wall. Those documents can be shared with Boott, but would have to be finalized to be
used as contract documents. The NPS consultant's contract has since expired. The full
repairs were not completed because that contract was modified due to funding limitations
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to instead provide documents for a temporary stabilization of the valve mechanization,
which was exhibiting signs of potential catastrophic failure. In 2012, the National Park
contracted the stabilization of the valve platform as a temporary stopgap measure.
However, that stabilization was presumed to be a temporary fix to last 2 or 3 years
because it could not address the root problem of the deterioration of the wall supporting
the valve. Permanent repairs are needed.

Hall Street Dam & Lawrence Dam: This is a scenic area beside the arena and
Lawrence Mills. There is a lot of vegetation that has grown on and around the dam so that
the point may be lost on a visitor that it is a dam. The vegetation is further damaging the
existing stone work. Rebuilding the dam would allow the water to cascade over the
stepped dam as it did in the past and refill the pond that existed behind the dam. The
nearby Lawrence Dam needs rehabilitation work so that the gates will allow the basin
between Hall Street Dam and the Lawrence Dam to be maintained at a higher water level
more regularly. The reconstruction of the missing gatehouse structure on the dam is a
long term goal.

Western Canal Sectional Gates: Repairs are needed to many gates which isolate water
levels within the system. If the Western Canal Sectionalized Gates are repaired, areas of
the canals could be de-watered without interrupting power production while keeping the
optimal water levels in other areas throughout construction duration.

IMPACT OF PROJECT OPERATIONS ON RECREATIONAL, LAND USE, AND
AESTHETIC RESOURCES

Recreational, Land Use, and Aesthetic Resource Issues Requiring Repair

1.

Repair Hydro Locks: This set of locks was installed by Boott as part of the mitigation
for its FERC license. They have not been transferred to NPS and remain owned by Boott.
The Park has been unable to use the lock chamber because the gates need repair and are
mired in mud. NPS cannot operate boat tours along the Northern Canal without repair to
the locks.

Replace/Repair of Moody St Feeder Gatehouse Gate: Boott cut a hole in a portion of
one of the gates some years ago to install a high voltage power lines and never replaced
the gate materials. Water leaks through the whole cut in the gate for the cable and as a
result water levels cannot be controlled. This could prohibit future on-water recreation
proposed by partners due to lack of water control.

Trash removal: One of the top public complaints Lowell NHP hears is regarding trash
floating in the canal. Trash accumulation can result in negative impacts to recreational
users as well as aesthetic resources. A plan for optimal trash removal should be
documented in a formal agreement among parties.

PAD Section 7.1 Qualifying Comprehensive Plans Deemed Applicable

The NPS intends to file a number of the plans listed below with FERC for certification as
Comprehensive Plans pursuant to Section 10(a)(2)(A) of the Federal Power Act.
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Legislative History of the Lowell National Historical Park (LOWE) and Associated
Planning and Management Documents.

In 1976, the Lowell Locks and Canals National Historic District (the District) was listed on the
National Register of Historic Places (NR). It was included as part of Lowell National Historical
Park’s designation as a National Historic Landmark (NHL) in 1977. The NHL District
encompasses approximately 125 acres of land including canals, gates, locks, dams and associated
structures. The first canal dates to 1796 and was initially used for transportation of goods around
Pawtucket Falls. The canal system was adapted in 1822 to provide waterpower for the
developing textile industry. The District also included several mill yards and worker housing
associated with the textile industry that were constructed in the early 19% century.

On June 5, 1978, Congress established Lowell National Historical Park. The enabling legislation
states that the purpose of the park is to “preserve and interpret the nationally significant historical
and cultural sites, structures, and districts in Lowell, Massachusetts, for the benefit and
inspiration of present and future generation by implementing to the extent practicable the
recommendations in the Report of the Lowell Historic Canal District Commission.” The “five-
and-sixth-tenths-mile power canal system” is named specifically as a historical resource to be
protected and preserved by the NPS and is located wholly within the 142 acre boundary of the
National Historical Park and the 583 acre Preservation District established under the 1978 Act.

The Lowell Canal Survey by the Historic American Engineering Record (1976) documented
the history of the development of the canal system in Lowell and includes detailed narrative,
photographs, drawings, and maps of the historic canal system.

The Brown Book (1977) entitled Report of the Lowell Historic Canal District Commission to
the Ninety Fifth Congress of the United States of America
https://www.nps.gov/lowe/learn/management/upload/1977 -Brown-Book-_reduced.pdf provided
the justification for the establishment of the Lowell National Historical Park (LOWE) in
1978. PL 95-290 June 5, 1978 https://www.gpo.gov/fdsys/pkg/STATUTE-92/pdf/STATUTE-
92-Pg290.pdf established LOWE and tasked the Commission with develop what became the
Preservation Plan in 1980
https://www.nps.gov/lowe/learn/management/upload/LOWE 475 D5 A _0001-18-0613.pdf.
That plan set out the primary themes and responsibilities for LOWE which are listed at page 5 as
1. “Preserving the 19" Century Setting,” 2. Encouraging the Varieties of Cultural Expression,”
and 3. Projects Mandated by the enabling legislation. Details of the Preservation Plan was
issued shortly afterward.
https://www.nps.gov/lowe/learn/management/upload/LOWE 475 D5 18-0612.pdf.

The 1981 General Management Plan for Lowell National Historical Park (LOWE)
https://www.nps.gov/lowe/learn/management/upload/1981-LOWE-GMP.pdf was the initial long
term planning document for LOWE. Included in the GMP at page 37 is a discussion on Canal
System Management which identifies the initial parties to the cooperative agreement that formed
the basis for future MOU'’s, the most recent of which was signed 1991 in association with the
original licensing of the hydro project in 1983. Those parties included the NPS, the City of
Lowell and the Commonwealth of Massachusetts. The NPS, along with the City of Lowell and
the Commonwealth of Massachusetts (DCR) intend to work with the applicant to develop a new
MOU to address canal operations and management.



https://www.nps.gov/lowe/learn/management/upload/1977_-Brown-Book-_reduced.pdf
https://www.gpo.gov/fdsys/pkg/STATUTE-92/pdf/STATUTE-92-Pg290.pdf
https://www.gpo.gov/fdsys/pkg/STATUTE-92/pdf/STATUTE-92-Pg290.pdf
https://www.nps.gov/lowe/learn/management/upload/LOWE_475_D5_A_0001-18-0613.pdf
https://www.nps.gov/lowe/learn/management/upload/LOWE_475_D5_18-0612.pdf
https://www.nps.gov/lowe/learn/management/upload/1981-LOWE-GMP.pdf
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LOWE and its associated canal system was designated a National Historic Landmark in
1977. The Commonwealth of Massachusetts effected a Taking (see Middlesex North Registry of
Deeds Book 3830 Page 70) in 1986 whereby the Commonwealth took ownership of various
canal resources in order to consolidate ownership. This gave the Commonwealth the right to
provide public access to the canal system and adjacent walkways, and provided authority to
spend money to improve and maintain various historic structures.

In 1987, Congress (PL 100-143) reauthorized the Lowell Historic Preservation Commission
http://uscode.house.gov/statutes/pl/100/134.pdf and directed them to prepare a Preservation
Plan Amendment which was submitted to the Secretary of the Interior on May 19, 1990.
https://www.nps.gov/lowe/learn/management/upload/ LOWE 475 D5 A _0001-18-0613.pdf.

The Amendment focuses on development, management and use of the canal system and adjacent
properties, many of which were developed into public walkways which remain an integral part of
the park and the visitor experience.

In 1995, the Commonwealth granted an easement, assigning the Commonwealth’s non-fee
interests to the NPS for the purpose of developing canal resources, preservation of historic
resources associated with the canal and providing continued and additional public access. The
1978 enabling legislation provided for the NPS to manage resources associated with the District
without fee ownership, in what is now referred to as a Partnership Park.

In 2003, the NPS completed the Addendum to the 1981 General Management Plan for
LOWE https://www.nps.gov/lowe/learn/management/upload/2003-LOWE-2003-GMP-
Addendum.pdf, focused primarily on re-establishing roles and responsibilities following the

sunset of the Commission. Most of the Commission’s responsibilities were transferred to NPS
staff at LOWE.

The most recent NPS prepared document is the September 2017 Foundation Document
https://www.nps.gov/lowe/learn/management/upload/2017_LOWE-Foundation-Doc_Email-
Size.pdf for LOWE, outlines why LOWE was established, which resources are nationally
significant, and updates our management priorities. The Foundation Document (FD) reaffirms
our Legislative Purpose, National Significance and Fundamental Resources and Values.

As part of the FD, NPS prepares Significance Statements (P.6) that express why a park’s
resources and values are important enough to merit designation as a unit of the National Park
System. Among those are The Lowell Canal System?® and Integrity of Historical Urban
Landscape.* The plan identified LOWE’s Fundamental Resources and Values, those resources or
values essential to meeting the legislated purpose of the park and warrant primary consideration
for future planning and management decisions including maintenance and operations.

3 The Lowell canal system is nationally recognized as one of the most impressive civil and mechanical engineering
achievements of the 19th century because of its grand scale and technological complexity, and is the site of origin
for the famed “Francis” turbine. The canal system, used as both a transportation corridor and power source,
facilitated the growth of the industrial city. Lowell NHP Foundation Document (Lowell, MA: NPS, 2017) p6.

4 A very large proportion of original buildings, structures, and urban landscapes have survived in Lowell’s park and
preservation district and now are recognized as important historical artifacts. These include the entire 5.6-mile
power canal system with its sophisticated dams, locks, and gatehouses, 7 of the original 10 mill complexes, and
significant examples of early housing types, institutions, and transportation facilities. Lowell NHP Foundation
Document (Lowell, MA: NPS, 2017) p7.


http://uscode.house.gov/statutes/pl/100/134.pdf
https://www.nps.gov/lowe/learn/management/upload/LOWE_475_D5_A_0001-18-0613.pdf
https://www.nps.gov/lowe/learn/management/upload/2003-LOWE-2003-GMP-Addendum.pdf
https://www.nps.gov/lowe/learn/management/upload/2003-LOWE-2003-GMP-Addendum.pdf
https://www.nps.gov/lowe/learn/management/upload/2017_LOWE-Foundation-Doc_Email-Size.pdf
https://www.nps.gov/lowe/learn/management/upload/2017_LOWE-Foundation-Doc_Email-Size.pdf
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Fundamental Resources and Values (P.7) include the Water Power System/Canal System? and
the Immersive Experience® provided to visitors, including water-based tours of the canal
system and hands on interpretive and educational opportunities that provide insights into
Lowell’s industrial past and that of the nation as a whole. Significance Statements outlined
current conditions and trends, and identified key threats to NPS resources as well as
opportunities to protect and enhance those resources. NPS developed a fundamental resources
and values table in the 2017 Foundation Document that provides details on data and planning
needs associated with the Water Power System/Canal System (P.12-14) and for the Immersive
Experience (P.18-20). Key Issues and Associated Data Needs were identified at pages 33-35 and
the associated tables at pages 36-41. Among them are the Renewal of the Enel Green Power
License, Jurisdictional Challenges (land rights and ownership), and Private Ownership in the
Park and Preservation District. See Attachment F for further detail.

RECOMMENDED STUDIES

Please see Attachment G for study requests recommended by NPS.

5 Water Power System / Canal System. The Lowell National Historical Park boundary includes 9.6 miles of major
riverbanks and all 5.6 miles of historic canals in Lowell, all of which comprise the waterpower system that
harnessed waters of the Merrimack River to power the city’s mills. In fact, the Merrimack River and its natural
attributes dictated the location of the city itself. The water power and canal system includes the Pawtucket,
Merrimack, Hamilton, Western, Eastern, Lowell, and Northern Canals and canal banks, as well as several associated
locks, gatehouses and dams, and Pawtucket Falls. This system, which still operates as a source of hydroelectric
power, provides an opportunity to interpret both the historic significance of water in industry, as well as the
engineering of a waterpower system. Public access has been expanded over the years to support these interpretive
opportunities, including creation of a pedestrian canalway and riverwalk and the development of related exhibits and
programs such as the Suffolk Mill Turbine Exhibit.

¢ Immersive Experience. Lowell National Historical Park provides a variety of hands-on interpretive and
educational opportunities that allow visitors to immerse themselves in Lowell’s industrial past. Key park
experiences include exhibits that feature a working turbine and weave room, as well as boat tours of the canal
system and rides through the park on historic replica trolleys, which are among the most popular and unique
experiences in the park. The Tsongas Industrial History Center, a partnership between Lowell National Historical
Park and the University of Massachusetts Lowell College of Education, is a hands-on center where students can
learn about the American Industrial Revolution through interactive activities such as weaving, working on an
assembly line, creating canal systems and testing water wheels, and measuring water quality.



Document Accession #: 20180814-5118 Filed Date: 08/14/2018

Thank you for the opportunity to review and comment on this project. If you have questions
regarding these comments, please contact Julianne Rosset, U.S. Fish and Wildlife Service at
julianne_rosset@fws.gov, (603) 227-6436 or Kevin Mendik, National Park Service at
kevin_mendik@nps.gov, (617) 223-5299. Please contact me at (617) 223-8565 if I can be of
further assistance.

Sincerely,

Andrew L. Raddant
Regional Environmental Officer

ATTACHMENTS

CC:  Enel (kevin.webb@enel.com

20
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Rosset, Julianne <julianne_rosset@fws.gov>

[EXTERNAL] Lawrence and Lowell 2018 Action Items List

1 message

St Pierre, Conrad (EGP North America) <Conrad.StPierre@enel.com> Tue, Jun 19, 2018 at 2:37 PM
To: "Rosset, Julianne" <julianne_rosset@fws.gov>

Cc: "Smithwood, Doug" <doug_smithwood@fws.gov>, Bryan Sojkowski <Bryan_Sojkowski@fws.gov>, Michael_bailey
<Michael_bailey@fws.gov>, Matthew A Carpenter <Matthew.Carpenter@wildlife.nh.gov>, "Donahue, Pat (EGP North
America)" <Pat.Donahue@enel.com>, "Medford, Skip (EGP North America)" <Skip.Medford@enel.com>, "Fournier, Scott
(EGP North America)" <Scott.Fournier@enel.com>, "ben.gahagan" <ben.gahagan@state.ma.us>, Bjorn Lake - NOAA
Federal <bjorn.lake@noaa.gov>, "claudia_hernandez@fws.gov" <claudia_hernandez@fws.gov>, Caleb Slater
<caleb.slater@state.ma.us>, "Tuxbury, Sue" <Susan.Tuxbury@noaa.gov>

To All—Per our meeting in March, we now have an update on the Lowell tailrace excavation project.
Early in 2018, Enel permitting staff submitted applications for the project to local, state and federal
agencies for approval. Unfortunately, some of these approval processes now appear to approach or
exceed 9 months in duration. Also, after receiving only a single initial bid for the 2018 work, we
received several competitive proposals in a second RFP, when the schedule was extended to summer,
2019. Because of these factors, Boott plans to complete the tailrace excavation project during late
summer of 2019.

We appreciate your understanding and patience on this important but long-awaited improvement.
Please feel free to contact me or anyone on the team with questions.

Thank you,

Conrad St. Pierre, PE.
Sr. Director of Hydro North America
Operations and Maintenance

Enel Green Power North America, Inc.
100 Brickstone Square, Ste 300
Andover, MA 01810

(978) 513 3441 office

(978) 337 8939 cell

Conrad.StPierre@Enel.com

https://mail.google.com/mail/u/0?ik=58b9e252a8&view=pt&search=all&permthid=thread-f%3A1603727261204736407 &simpl=msg-f%3A16037272612... 1/2


https://maps.google.com/?q=100+Brickstone+Square,+Ste+300+%0D%0A+Andover,+MA+01810&entry=gmail&source=g
https://maps.google.com/?q=100+Brickstone+Square,+Ste+300+%0D%0A+Andover,+MA+01810&entry=gmail&source=g
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Boott Study Request # 1

Instream Flow Habitat Assessment of the Lowell Bypassed Reach
(Lowell, P-2790)

Goals and Objectives

The goal of this study is to determine an appropriate flow regime that will protect and enhance
the aquatic resources in the bypass reach (Northern Canal) between the Pawtucket dam and the
E.L. Field powerhouse. Specifically, the objective of this study is to conduct an instream flow
habitat study to assess the impacts of a range of project discharges on the wetted area and
optimal habitat for key species, including the quantity and location of suitable habitat.

The specific objectives of this field study, at a minimum, include:

1. Characterize and map wetted perimeter of the bypass reach over a range of bypass flows;
Survey and evaluate the water depth and mean channel velocity at transects within the
bypass reach over a range of flows; and

3. Map and assess the value of aquatic habitat in the bypass reach over a range of flows,
focusing on potential habitat for resident species, and spawning and migration habitat or
rest/regrouping areas for migratory species.

Target fish species should include American shad, river herring (alewife and blueback herring),
fallfish, white sucker, freshwater mussels and benthic macroinvertebrates. The final target
species list should be developed in consultation with the fisheries agencies and based on the
results of the mesohabitat mapping.

Resource Management Goals

The U.S. Fish and Wildlife Service (Service) seeks the accomplishment of a number of resource
goals and objectives through the relicensing process for the project. General goals include the

following:

1. Ensure that protection, mitigation, and enhancement measures are commensurate with
project effects and help meet regional fish and wildlife objectives for the basin.

2. Conserve, protect, and enhance the habitats for fish, wildlife, and plants that continue to

be affected by the project.
Specific to aquatic resources within the Lowell bypassed reach, the Service’s goals are:

1. Protect, enhance, or restore diverse high quality aquatic and riparian habitats for plants,
animals, food webs, and communities in the watershed and mitigate for loss or
degradation of these habitats.

2. Provide a flow regime in the bypassed reach that meets the life history requirements of
resident fish and wildlife (including invertebrates such as freshwater mussels) and
diadromous fishes.
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3. Minimize current and potential negative project operation effects on water quality and
aquatic habitat.

These study requests are intended to facilitate the collection of information necessary to conduct
effects analyses and to develop reasonable and prudent conservation measures, and protection,
mitigation, and enhancement measures pursuant to the Fish and Wildlife Coordination Act, as
amended (16 U.S.C. §661, et seq.), and the Federal Power Act (16 U.S.C. §791a, et seq.).

Public Interest
The requester is a natural resource agency.
Existing Information

The Lowell Project bypasses a 0.7-mile-long section of the Merrimack River, from the
Pawtucket dam to the E.L. Field powerhouse. There is presently no required minimum bypass
flow. However, during the upstream fish passage season, the bypass reach receives 500 cfs
through operation of the spillway fish ladder. In addition, the bypass reach receives flow
whenever inflow exceeds the hydraulic capacity of all the project’s stations. Pursuant to Article
37, Boott Hydropower, LLC, (Boott) maintains a minimum flow of 1,990 cfs or inflow,
whichever is less, as measured immediately downstream of the project.

Available information in the PAD does not indicate how project operations have altered
downstream hydrology, habitat quantity and quality, and water quality, which may affect
resident and migratory fish, macroinvertebrates, aquatic plants and other biota and natural
processes in the Merrimack River. The PAD provides no detailed description of the physical or
biological characteristics of the bypassed reach.

An empirical study is needed to provide information on the relationship between flow and habitat
in the bypassed reach for the Service to use in determining a flow recommendation.

Nexus to Project Operations and Effects

Although the project license requires Boott to maintain a minimum flow of 1,990 cfs or inflow
(if less), downstream of the project, Boott states that in practice the project operates in a true run-
of-river mode. The Department of the Interior is not recommending a below-project flow study,
based on the assumption that any new license issued for the project will require instantaneous
run-of-river operation (essentially codifying current operations).

The project includes a 0.7-mile-long bypassed reach. The current license contains no minimum
bypass flow requirement. During the upstream fish passage season, the bypass reach receives
500 cfs via operation of the spillway fish ladder; otherwise, the reach only receives flow when
inflow exceeds the hydraulic capacity of the project’s generating capacity. To our knowledge,
the lack of a required bypass flow was not based on any quantitative, rigorous scientific studies.
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This section of the Merrimack River contains habitat which supports native riverine species,
including important spawning and rearing habitat for migratory species like American shad and
river herring (MRTC 2010). While the existing license does not require a minimum bypass flow,
the Service believes one is needed to sufficiently protect the aquatic resources inhabiting the
bypassed reach.

Results of the flow study will be used by the Service to determine an appropriate flow
recommendation which will protect and/or enhance the aquatic resources in the bypassed reach
for the duration of any new license issued by the Federal Energy Regulatory Commission
(Commission).

Methodology Consistent with Accepted Practice

Bypass flow habitat assessments are commonly employed in developing flow release protocols
that will reduce impacts or enhance habitat conditions in reaches of river bypassed by
hydroelectric projects.

Given the size of the bypassed reach (0.7 mile long) and the important resources known to
inhabit the reach (i.e., diadromous fishes); we believe a study methodology which utilizes an
instream flow incremental methodology (IFIM) approach is appropriate for this site. This same
protocol was used during the relicensing of the Housatonic River Project (FERC No. 2576),! and
has been accepted by the Commission in other licensing proceedings.?

The study should have two components. The first component entails mapping habitat within the
bypass reach. The number, location, and size (area and linear distance) of each mesohabitat type
in the reach should be documented, including qualitative characterizations (e.g., dominant
substrate, average depth, overhead and instream cover, etc.). The second component consists of
conducting an instream flow study.

At a minimum, the study design should involve collecting wetted perimeter, depth, velocity, and
substrate data within a range of discharge levels along transects located in the reach of river
between the dam and the E.L. Field powerhouse. The measurements should be taken over a
range of test flows, to be agreed upon by the natural resource agencies. This information should
then be synthesized to quantify habitat suitability (using mutually agreed upon Habitat Suitability
Index curves) of each test flow for target species/life stages identified by the fisheries agencies.
We recommend Boott perform habitat modeling using one dimensional modeling techniques to
better characterize flows and velocities in this complex channel area.

Level of Effort/Cost, and Why Alternative Studies Will Not Suffice

! Housatonic R iver P roject L icense Application, V olume 4, Appendix F. Connecticut Lighta nd P ower

Company, August 1999.

2 Glendale Project (FERC No. 2801) Final Bypass Reach Aquatic Habitat and Instream Flow Study in Glendale
Hydroelectric Project Application for Subsequent License (FERC No. 2801), Volume 2, Appendix B, pp. 7-8, October
2007.



Document Accession #: 20180814-5118 Filed Date: 08/14/2018

Field work for flow studies can be reasonably extensive but will depend on consultation with
Boott on study methodology and on-site decisions on locations for data collection and the
number of collection locations. Post-field work data analysis would result in a moderate cost and
effort. We anticipate that the level of effort and costs will be comparable to those experienced on
similar Commission relicensing projects (e.g., the Glendale Project, FERC No. 2801).

REFERENCES

MRTC, 2010. A Plan for the restoration of American shad, Merrimack River Watershed.
Prepared by the Technical Committee for Anadromous Fish Management of the
Merrimack River Basin. 12 pp.
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Boott Study Request # 2

Adult Alosine Downstream Passage Assessment and Protection Evaluation
(Lowell, P-2790)

Goals and Objectives

The goal of this study is to assess the adequacy of the turbines at the E.L. Field, Assets, Bridge
Street, Hamilton, and John Street powerhouses, to minimize injury, entrainment, and mortality of
fishes residing in the Merrimack River, and to recommend appropriate mitigative measures as
necessary.

The specific objectives of the field study, at a minimum, are: (1) assess the risk of adult
American shad and alewife becoming injured, impinged, or entrained in the E.L. Field, Assets,
Bridge Street, Hamilton, and John Street powerhouse units; (2) estimate turbine survival; (3)
assess the risk of injury or mortality at the spillway and downstream bypass; and (4) evaluate
potential passage and protection measures.

Resource Management Goals

The Atlantic States Marine Fisheries Commission has developed several documents related to
the management of American shad and river herring:

1. Atlantic States Marine Fisheries Commission. 1999. Amendment 1 to the Interstate
Fishery Management Plan for shad and river herring. (Report No. 35). April 1999.

2. Atlantic States Marine Fisheries Commission. 2000. Technical Addendum 1 to
Amendment 1 of the Interstate Fishery Management Plan for shad and river herring.
February 9, 2000.

3. Atlantic States Marine Fisheries Commission. 2009. Amendment 2 to the Interstate
Fishery Management Plan for shad and river herring, Arlington, Virginia. May 2009.

4. Atlantic States Marine Fisheries Commission. 2010. Amendment 3 to the Interstate
Fishery Management Plan for shad and river herring, Arlington, Virginia. February 2010.

Amendment 3 to the Interstate Fishery Management Plan for Shad and River Herring includes an
objective of maximizing the number of juvenile recruits emigrating from freshwater stock
complexes and recommends enhancing survival at dams during emigration by evaluating
survival of post-spawned adults and juvenile fish passed via each route (e.g., turbines, spillage,
bypass facilities, or a combination of the three) at any given facility, and implementing measures
to pass fish via the route with the best survival rate.

Specific to resident riverine and migratory fish entrainment, the Service’s goals are:

1. Minimize current and potential negative project operation effects such as turbine
entrainment that could hinder management goals and objectives.
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2. Minimize project-related sources of mortality to resident and migratory fishes in order to
restore natural food web interactions and ecosystem functions and values.

These study requests are intended to facilitate the collection of information necessary to conduct
effects analyses and to develop reasonable and prudent conservation measures, and protection,
mitigation, and enhancement measures pursuant to the Fish and Wildlife Coordination Act, as
amended (16 U.S.C. §661, et seq.), and the Federal Power Act (16 U.S.C. §791a, et seq.).

Public Interest
The requestor is a natural resource agency.
Existing Information and the Need for Additional Information

No project-specific information exists regarding risk of impingement and/or entrainment of adult
alosines. In the PAD, Boott provided little information that would inform the relative risk of
impingement or entrainment in any of the 21 units associated with the project. Moreover,
information regarding fish mortality at the spillway and the downstream bypass was not
discussed. While Normandeau Associates, Inc., performed a study in 2003 pertaining to the
survival of Atlantic salmon smolts through the turbines, (1) the sample size was small (20 fish);
(2) the study was not performed at a full range of gate settings; and (3) salmon are a robust fish
species and cannot be used as a proxy for alosines. The 2003 study did shed light on a predation
issue, however, in the project’s tailrace. Of the salmon that passed downstream, 69 percent were
suspected to be preyed upon after using the downstream bypass facility. As Normandeau
Associates, Inc., noted in their study results, predators residing in the tailrace can have a large
impact on emigrating migratory fish species that use the current bypass facility at the project.

To date, no directed studies of alosine injury, entrainment, or mortality have been conducted at
the project’s modified spillway, the downstream fish bypass facility, or through the turbines.
These information gaps need to be filled so the natural resource agencies can assess the relative
and cumulative impacts of project operations on outmigrating adult alosines and develop
adequate passage and protection measures to meet management goals and objectives.

Nexus to Project Operations and Effects

Hydropower projects generate electricity by moving water through a turbine-generator system.
Typically, there are trashracks in front of the intakes leading to the turbines. If the rack spacing is
narrow and velocities at the racks too high (relative to the swim speeds of fish species inhabiting
or moving through the headpond), fish may become impinged against the racks and die. If rack
spacing is wide and the velocities too high (relative to the swim speeds of fish species inhabiting
or moving through the headpond), fish may become entrained (i.e., pass through the racks) and
get injured or die while passing through the turbines.

Lowell’s configuration likely presents problems with respect to providing safe, timely, and
effective passage for outmigrating alosines. Pre-spawned adult American shad and river herring
pass upstream through the Lowell fishways and/or are stocked into upstream habitats. These fish
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need to be able to migrate back downstream because they are iteroparous in this region (McBride
et al. 2016). Therefore, it is necessary to understand how alosines move through the project area
and the level of injury or mortality caused by entrainment through the project’s turbines and/or
passage via the dam spillway and downstream bypass facility.

Methodology Consistent with Accepted Practice
The Service proposes a phased approach to this study.
Phase 1:
Spill, bypass, and turbine mortality should be assessed using a balloon-tag method.

For spill mortality sites (dam spillway and downstream bypass), tagged alosines will be
injected or released into spill flow at points where water velocity exceeds 10 ft/sec to
minimize the possibility of the fish swimming upstream into the headpond or canal.
Passed balloon-tagged alosines will be recovered below areas of spill and held for 48
hours in isolated tanks for observation of injury and latent mortality; unrecovered
balloon-tagged alosines will be censored from the data.

For turbine mortality sites, tagged alosines will be injected into the intakes of units
operating at or near full generation at points where intake water velocity exceeds 10 ft/sec
to minimize the possibility of fish swimming back upstream through the intakes. Passed
balloon-tagged alosines will be recovered in the tailrace and held for 48 hours in isolated
tanks for observation of injury and latent mortality; unrecovered balloon-tagged alosines
will be censored from the data.

Phase 2:

Boott should investigate existing or potential future operational and/or physical measures
that would minimize injury or mortality to outmigrating adult alosines moving past the
project. Based on the results of this investigation, we recommend Boott provide a range
of potential alternatives (e.g., increasing attraction to the existing downstream bypass,
installing exclusionary screening, etc.).

Project operations (flows, levels, gate openings, number of units operating, and operation level)
and environmental conditions (river flow, temperature, turbidity, air temperature, precipitation)
should be monitored and recorded regularly (hourly measurements if possible) throughout the
duration of the study to establish a more comprehensive understanding of how migration patterns
are influenced by these parameters.

These methodologies are consistent with accepted practice.

Level of Effort/Cost, and Why Alternative Studies Will Not Suffice

The cost and effort of each individual phase of this study are expected to be moderate. Based on
the scale and scope of the subject study, we estimate the cost to be $25,000 to $50,000. In the
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PAD, Boott proposes no studies to address this issue. The Service is not aware of any previously
conducted or ongoing studies related to impingement, entrainment or survival of adult alosines at
the project.

REFERENCES
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Boott Study Request # 3

Telemetry Study of Upstream and Downstream
Migrating Adult American Shad and River Herring to Assess Passage Routes,
Effectiveness, and Delay
(Lowell, P-2790)

Goals and Objectives

The goal of this study is to assess the behavior, approach routes, passage success, survival, and
delay of adult American shad and river herring as they encounter the Lowell Project during their
upstream and downstream migrations to determine if project operations negatively impact their
survival and production.

The following objectives will address this request:

1. Assess project operations effects on the timing, orientation, routes, and migration rates of
shad and river herring;
2. Determine route selection and behavior of upstream migrating shad and river herring at

the project under varied operational conditions, including a range of spill conditions (e.g.,
movement to the dam, attraction to the E.L. Field station discharge, movement between
locations, delay, timing, etc.);

3. Determine delay/fallback associated with the northern canal;

4. Assess near field attraction to, and entrance efficiency of, the fish lift under a range of
spill conditions and with the river-side entrance and street-side entrances open;

5. Assess near field attraction to, and entrance efficiency of, the spillway ladder under a
range of spill conditions;

6. Evaluate the internal efficiency of the Pawtucket dam ladder;

7. Collect ladder and lift efficiency data, to include rates of approach to fishway entrances,

entry into fishways, and passage under varied operational conditions, including a range of
spill conditions;

8. Determine the proportion of post-spawned adults that select the power canal as a
downstream passage route under varied operation conditions, including a range of spill
conditions up to full spill; determine post-spawned adult downstream migration route
selection, passage efficiency, and delay associated with the power canal under various
operational conditions, including a range of spill conditions; and

0. Compare rates and measures of delay and movement among project areas and routes
utilized (e.g., spill at dam vs. power canal) under the range of permitted and proposed
spill and operational conditions.

If project operations are adversely affecting shad or river herring migration timing or are
resulting in other deleterious population effects, we recommend Boott identify operational
solutions or other passage measures that will reduce and minimize these impacts within the
project area.
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This study will require 3 years of field data due to the tailrace ledge excavation project which
will be completed in 2019 and to capture inter-annual variability of river discharge, water
temperatures, and variability in outmigration timing. We recommend that Boott perform the
downstream routing portion of the study in 2019 (pre-ledge excavation) and 2020 (post-ledge
excavation). In 2020 and 2021, after the ledge has been excavated, we recommend Boott perform
the upstream portion of this study.

Resource Management Goals
The Atlantic States Marine Fisheries Commission, Amendment 3 to the Interstate Fishery
Management Plan for Shad and River Herring, approved in 2010, includes the following

objectives:

Upstream Passage

1. Fish must be able to locate, enter, and pass the passage facility with little effort and
without stress.

2. Where appropriate, upstream fish passage effectiveness should be improved through
operational or structural modifications.

3. Fish which have ascended the passage facility should be guided to an appropriate area so
they can continue their upstream migration and avoid being swept back downstream.

Downstream Passage

1. Enhance survival at dams during emigration.

2. Evaluate survival of post-spawned adults and juvenile fish passed via each project route
(e.g., turbines, spillage, bypass facilities, or a combination of the three).

3. Implement measures to pass fish via the route with the least delay and best survival rate.

The Service seeks the accomplishment of a number of resource goals and objectives through the
relicensing process for the projects. General goals include the following:

1. Ensure that protection, mitigation and enhancement measures are commensurate with
project effects and help meet regional fish and wildlife objectives for the basin.

2. Conserve, protect, and enhance the habitats for fish, wildlife, and plants that continue to
be affected by the project.

Specific to American shad and river herring movement and migration, the Service’s goal is to
minimize current and potential negative project operation effects on the safe, timely and effective
upstream and downstream passage of adult American shad and river herring.

These study requests are intended to facilitate the collection of information necessary to conduct
effects analyses and to develop reasonable and prudent conservation measures, and protection,
mitigation, and enhancement measures pursuant to the Fish and Wildlife Coordination Act, as
amended (16 U.S.C. §661, ef seq.), the Federal Power Act (16 U.S.C. §791a, ef seq.), the
Atlantic States Marine Fisheries Compact (P.L. 539, 77" Congress, as amended by P.L. 721, 81%
Congress), and the Atlantic Coastal Fisheries Cooperative Management Act (16 U.S.C. 5107).
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Public Interest
The requestor is a natural resource agency.
Existing Information and the Need for Additional Information

Several studies pertaining to the fish lift and downstream passage facilities at Lowell have been
conducted for American shad. Studies of alewife passage are limited to a single downstream test
performed in 1991. Previous studies pertaining to upstream shad migration (listed in Table 5.4-3
of the PAD) demonstrate passage through the existing lift at Lowell is relatively poor. Also,
when analyzing annual passage counts for river herring and shad, the number of fish that utilize
the Lowell lift versus those that pass at Lawrence is low (from 1996 to 2017 passage efficiency
at Lowell has not exceeded 30 percent).

In 2016, for the first time since the issuance of the original license for the project, Boott agreed
to operate the fish ladder at the Pawtucket dam for the duration of the anadromous fish upstream
passage season, consistent with the operating timeframes defined for the powerhouse fish lift in
the project’s Commission-approved Comprehensive Fish Passage Plan. Therefore, to date,
studies performed at Lowell have not tested the nearfield attraction, entrance efficiency, or
internal efficiency of the ladder. Moreover, past studies have had statistically low sample sizes
(less than 60 fish) and were all performed prior to the ledge excavation project which will occur
in August 2019. Future studies should have a robust sample size (at a minimum, 150 fish per
species) and array system. Additionally, to obtain a comprehensive understanding of fish
behavior at Lowell, for both upstream and downstream migration, studies are needed to: (1)
determine if project operations affect pre-spawned and post-spawned river herring and shad
migration timing; (2) assess fish movement to, and through, the ladder at the Pawtucket dam; and
(3) assess passage success at the tailrace fish lift post-ledge removal.

Nexus to Project Operations and Effects

Lowell tailrace turbulence, potentially exacerbated by the existing ledge outcropping, creates
attraction issues at the entrance of the fish lift. Moreover, a lack of effective protection at the 21
turbines associated with the project increases the risk of entrainment and mortality alosines may
experience as they migrate downstream to the ocean. During the upstream fish passage season,
the Lowell bypass reach receives 500 cfs during the day and 300 cfs at night via operation of the
spillway fish ladder; otherwise, the reach only receives flow when inflow exceeds the hydraulic
capacity of the project’s generating capacity. The spillway ladder is, therefore, only partially
effective due to lack of flow.

Existing project operations and limited bypass flows can have a direct impact on diadromous fish
migration. Migration delays, increased predation, mortality during passage over the dam or
through turbines, and changes in route selection under different flow conditions are potential
influences of the project on shad and river herring populations in the Merrimack River. Effective
upstream and downstream passage and successful spawning and juvenile production are
necessary to help achieve shad and river herring management restoration goals for the
Merrimack River, particularly in the upstream reaches.
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Methodology Consistent with Accepted Practice

The movement of migratory shad and river herring would be best studied by using radio
telemetry, including passive integrated transponder (PIT) tags. Radio telemetry is an accepted
technology that has been used for a number of studies associated with hydropower projects,
including at the Bellows Falls (FERC No. 1855), Wilder (FERC No. 1892), and Vernon (P-1904)
projects.

The study design must specify sample sizes, as well as tag and receiver configurations, to ensure
rates of entry and exit to the tailrace, fish lift and fish ladder, downstream bypass, the bypassed
reach, and canal, can be calculated with sufficient precision. We recommend that Boott capture
shad and river herring below Lawrence and tag at least 150 individuals per species. Double-
tagged (radio and PIT) shad and river herring should be released upstream of the Lawrence dam
and upstream of the Lowell dam. Fish should also be released directly into the Pawtucket canal
to adequately assess project conditions likely to be encountered during downstream migration.
Additional, tagged, individuals may need to be released farther upstream to ensure enough fish
encounter the dam during a sufficient range of turbine and operational conditions to test for
project effects (especially in 2020 and 2021). A large array of stationary monitoring stations
(radio and PIT) will be needed to provide an appropriate level of resolution for data analyses and
to answer the natural resource agencies’ questions regarding project operation effects.
Additionally, since fish can drift a considerable distance downstream after they have died (Havn
et al. 2017); a minimum of 25 dead river herring and 25 dead shad should also be released as a
control group in this study. A plan and schedule for spill releases should be developed which
provides sufficient periods of spill and various generating levels (treatments will require multiple
days of consistent discharge).

Each component of this study will require 2 years of field data collection to attempt to account
for inter-annual variability in river discharge, water temperatures, and the ledge excavation
project which will be completed in 2019. We recommend Boott perform the downstream routing
portion of the study in 2019 (pre-ledge excavation) and 2020 (post-ledge excavation). In 2020
and 2021, after the ledge has been excavated, the upstream portion of this study should be
performed.

A related study request on computational fluid dynamics (CFD) modeling in the Lowell tailrace,
in and around the fish lift and fish ladder entrances and powerhouse forebay, will complement
this study and address related project operational effects.

These methodologies are consistent with accepted practice.
Level of Effort/Cost, and Why Alternative Studies Will Not Suffice

Estimated cost for this study is expected to range from $400,000 to $500,000, with the majority
of costs associated with equipment (radio and PIT tags, radio receivers, and PIT readers) and
related field work labor. Since tagged shad and river herring will move throughout the area, to
varying degrees, there will be expected cost savings (e.g., radio tags) to Boott, provided
cooperation in study planning and implementation occurs.
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Boott did not propose any studies to meet this need in the PAD.
REFERENCES
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Boott Study Request # 4
Impact of Project Operations on Downstream Migration
of Juvenile Alosines
(Lowell, P-2790)

Goals and Objectives

The goals of this study are: (1) conduct a field study of juvenile alewife outmigration in the

Lowell impoundment, the power canal, and at the Pawtucket dam, to determine if project

operations negatively impact juvenile alosine survival and production; and (2) determine if

project operations affect juvenile alosine outmigration survival, recruitment, and production.

The following objectives will address this request:

1. Assess project operations effects of the Pawtucket dam on the timing, orientation,
passage routes, migration rates, and survival of juvenile alewife;

2. Determine the proportion of juvenile alewife that select the Lowell canal versus the
Pawtucket powerhouse, downstream bypass facility, or dam spill as a downstream
passage route, under varied operational conditions;

3. Determine if there are any delays associated with downstream movement related to either
dam spill or the Pawtucket powerhouse due to operations;

4. Determine the juvenile downstream passage timing and route selection in the Lowell

canal, assess delays associated with the canal, and with project operations (e.g.,
stockpiling in the canal).

If it is determined the project operations are adversely affecting juvenile alosine survival,
migration timing, or causing other deleterious population effects, identify operational solutions
or other passage measures which will reduce and minimize these impacts within the project area.
This study will require 2 years of field data to capture inter-annual variability of river discharge
and water temperatures.

Resource Management Goals

The Atlantic States Marine Fisheries Commission Amendment 3 to the Interstate Fishery
Management Plan for Shad and River Herring (American Shad Management), approved in 2010,
includes the following objective:

Maximize the number of juvenile recruits emigrating from freshwater stock complexes.
To enhance survival at dams during emigration, evaluate survival of post spawning and
juvenile fish passed via each route (e.g., turbines, spillage, bypass facilities, or a
combination of the three) at any given facility, and implement measures to pass fish via
the route with the best survival rate.

The Service seeks the accomplishment of a number of resource goals and objectives through the
relicensing process for the projects. General goals include the following:
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1. Ensure that protection, mitigation, and enhancement measures are commensurate with
project effects and help meet regional fish and wildlife objectives for the basin.
2. Conserve, protect, and enhance the habitats for fish, wildlife, and plants that continue to

be affected by the project.

Specific to juvenile American shad and river herring movement and migration, the Service’s goal
is to minimize current and potential negative project operation effects on the safe, timely and
effective downstream passage.

These study requests are intended to facilitate the collection of information necessary to conduct
effects analyses and to develop reasonable and prudent conservation measures, and protection,
mitigation, and enhancement measures pursuant to the Fish and Wildlife Coordination Act, as
amended (16 U.S.C. §661, ef seq.), the Silvio O. Conte National Fish and Wildlife Refuge Act
(P.L. 102-212; H.R. 794), the Federal Power Act (16 U.S.C. §791a, et seq.), the Atlantic States
Marine Fisheries Compact (P.L. 539, 77" Congress, as amended by P.L. 721, 81% Congress), and
the Atlantic Coastal Fisheries Cooperative Management Act (16 U.S.C. 5107).

Public Interest
The requestor is a natural resource agency.
Existing Information and the Need for Additional Information

The seaward migration of juvenile alosines is of great importance to the restoration of alewife,
blueback herring, and American shad in the Merrimack River. However, data on the downstream
migratory movements and rates of alosines past Lowell is sparse and relatively incomplete. In
1994 and 1995, Normandeau Associates, Inc., documented use of the bypass facility by
downstream migrating alosines via the installation of a removable box trap. Passage efficiencies
were 7 percent and 37 percent, respectively. However, to date, no directed studies of downstream
alosine passage route selection has been conducted at the Lowell Project. These information gaps
need to be filled so the natural resource agencies can assess the relative and cumulative impacts
of project operations on outmigrating juvenile alosines and develop adequate passage and
protection measures to meet management goals and objectives.

Studies conducted farther upstream on the Merrimack River, at Garvins Falls (FERC No. 1893),
have shown it is possible to radio-tag juvenile alewife to evaluate alosine outmigration
(Normandeau 2016). Alewife can be used as a proxy, in this instance, for the natural resource
agencies to assess blueback herring and shad downstream migration patterns.

Nexus to Project Operations and Effects

Adult alosines, passed at Lowell via the fishways and/or stocking efforts, utilize upstream habitat
to spawn on an annual basis. Similarly, juvenile alosines require safe and timely downstream
passage measures at the project in order to successfully emigrate back to the ocean to contribute
to the population. Presently, downstream migrants can easily enter the Lowell canal system, via
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the Pawtucket canal, as there are no exclusionary measures in place. There are 19 turbines
located in the canal, housed at four powerhouses (Assets, Bridge Street, Hamilton, and John
Street), none of which have passage or protection measures. There are a variety of unit-types
housed in each of the powerhouses, ranging in speed from 100 to 150 rpm. A study is needed to
assess the impacts project operations have on outmigrating juvenile alosines.

The Service is not aware of any studies conducted specifically designed to answer the following
questions:

1. What is the rate of alewife survival under a range of spill and gate configurations?
Are there delays in migration/movement at the dam, gatehouse, or in the canal?

3. For juveniles that enter the Pawtucket canal, what proportion subsequently enter the
Western, Merrimack, Pawtucket, or Hamilton canals?

4. What is the rate of movement through the canal, what is the delay to juvenile alosine
outmigration, and the potential accumulation of juveniles in the canal?

5. What proportion of juvenile alosines use the downstream bypass sluice versus the E.L.

Field powerhouse turbines under varied operational conditions?

The Service is concerned project operations are: (1) impacting juvenile alosine outmigration
survival; and (2) contributing to the failure of the Merrimack River alosine population to meet
management targets.

Methodology Consistent with Accepted Practice

The impact of project operations to juvenile alewife outmigration, passage route selection, and
migratory delay would be best studied via radio telemetry. This methodology has successfully
been tested and employed by Normandeau Associates, Inc., at the Garvins Falls hydroelectric
project (FERC No. 1893; Normandeau 2013; Normandeau 2016). Project discharge over a full
range of existing and, to the extent possible, potential future operational conditions at the dam
(likely increased bypass reach flows in new license), should be examined relative to migration
rate and passage route selection of juvenile alosines to, and through, various areas of the project.

In addition, study fish should be collected and balloon-tagged to empirically determine rates of
survival for fish passed over or through the dam’s bypass sluice, main powerhouse, and 19 canal
units under varied operations. For spill mortality sites (dam spillway and downstream bypass),
tagged alosines should be injected or released into spill flow at points where water velocity
exceeds 10 ft/sec to minimize the possibility of the fish swimming upstream into the headpond or
canal. Passed balloon-tagged alosines will be recovered below areas of spill and held for 48
hours in isolated tanks for observation of injury and latent mortality; unrecovered balloon-tagged
alosines will be censored from the data.

For turbine mortality sites, tagged alosines will be injected into intakes of units operating at or
near full generation at points where intake water velocity exceeds 10 ft/sec to minimize the
possibility of fish swimming back upstream through the intakes. Passed balloon-tagged alosines
will be recovered in the tailrace and held for 48 hours in isolated tanks for observation of injury
and latent mortality; unrecovered balloon-tagged alosines will be censored from the data.



Document Accession #: 20180814-5118 Filed Date: 08/14/2018

18

Radio-tagged juvenile alewife will be released in areas upstream of the project at multiple release
locations, to determine operation effects on migration rates, route, orientation, and entrainment,
over a full range of permitted and operational conditions. The release of radio-tagged fish
upstream of the project, and induction into the power canal, will provide data on concerns of
delay and route selection to the canal, downstream bypass, crest gates, and turbines.
Additionally, since fish can drift a considerable distance downstream after they have died (Havn
et al. 2017); a minimum of 50 dead alewife should also be released as a control group in this
study.

Level of Effort/Cost, and Why Alternative Studies Will Not Suffice

Boott does not propose any studies to meet this need. Estimated costs for the study are expected
to be moderate to high, between $100,000 and $300,000, with the majority of costs associated
with equipment (radio tags, radio receivers) and related field work labor.

REFERENCES
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Boott Study Request # 5

Downstream American Eel Passage Assessment
(Lowell, P-2790)

Goals and Objectives

The goal of this study is to determine the impact of the Lowell hydroelectric project on the
outmigration of silver eels in the Merrimack River. Entrainment in the canal and at the
conventional turbines at the project powerhouses (E.L. Field, Assets Station, Bridge Street,
Hamilton Station, and John Street) can result in mortality or injury. It is important to understand
the passage routes at the project and the potential for delay, injury, and mortality to assess
alternative management options to increase survival.

The objectives of this study are:

1. Quantify the movement rates (including delays) and relative proportion of eels passing
via various routes at the project (i.e., through the turbines, through the downstream
bypass, spilled at the dams, etc.).

2. Evaluate instantaneous and latent mortality and injury of eels passed via each potential
route.

Resource Management Goals

The Atlantic States Marine Fisheries Commission has developed two documents related to the
management of American eel:

1. Interstate Fishery Management Plan for American Eel. April 2000. Atlantic States
Marine Fisheries Commission.

2. Addendum II to the Fishery Management Plan for American Eel. Atlantic States Marine
Fisheries Commission. Approved October 23, 2008. 8 pp.

Objectives of the management plan include: (1) protect and enhance American eel abundance in
all watersheds where eel now occur; and (2) where practical, restore American eel to those
waters where they had historical abundance, but may now be absent, by providing access to
inland waters for glass eel, elvers, and yellow eel, and adequate escapement to the ocean for pre-
spawning adult eel.

Addendum II contains specific recommendations for improving upstream and downstream
passage of American eel, including requesting that member states and jurisdictions seek special
consideration for American eel in the Commission relicensing process.
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The Service seeks the accomplishment of a number of resource goals and objectives through the
relicensing process for the project. General goals include the following:

1. Ensure that protection, mitigation and enhancement measures are commensurate with
project effects and help meet regional fish and wildlife objectives for the basin.
2. Conserve, protect, and enhance the habitats for fish, wildlife, and plants that continue to

be affected by the project.

Specific to downstream passage of American eel, the Service’s goals are:

1. Minimize current and potential negative project operation effects that could hinder
management goals and objectives.

2. Minimize project-related sources of downstream passage delay, injury, stress, and
mortality in order to maximize the number of silver eels migrating to the spawning
grounds.

These study requests are intended to facilitate the collection of information necessary to conduct
effects analyses and to develop reasonable and prudent conservation measures, and protection,
mitigation, and enhancement measures pursuant to the Fish and Wildlife Coordination Act, as
amended (16 U.S.C. §661, ef seq.), and the Federal Power Act (16 U.S.C. §791a, ef seq.).

Public Interest
The requester is a natural resource agency.
Existing Information and the Need for Additional Information

Data on downstream migratory movements and rates of American eels past the project are sparse
and relatively incomplete. A single study was performed by Normandeau Associates, Inc., in
2017 (Normandeau 2017). Seventeen silver-phase eels were tagged and released into the
Merrimack River upstream of the Garvins Falls project. Of the 17 released individuals, 14
approached the Pawtucket dam. Eight were determined to have passed through the gatehouse and
enter the forebay canal upstream of the E.L. Field powerhouse. Five eels passed the project via
spill flow. One eel’s passage route was classified as unknown. Zero individuals used the
downstream bypass. This study had a small sample size, was of a relatively short duration
(October 20-November 28, 2017), did not include monitoring stations or antenna arrangements
in the canal, and was performed prior to the installation of the pneumatic crest gate system.

To date, no other directed studies of eel entrainment or mortality have been conducted at the
Lowell Project. These information gaps need to be filled so the natural resource agencies can
assess the relative and cumulative impacts of project operations on outmigrating eels and
develop adequate passage and protection measures to meet management goals and objectives.
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Nexus to Project Operations and Effects

The project configuration presents problems with respect to providing safe, timely, and effective
passage for outmigrating eels. The intakes are likely deep and, while no specification for the
trashracks were provided in the PAD, it is unlikely they would prevent entrainment of eels. The
anadromous downstream passage facility at the project is also not expected to be effective for
eels; the target anadromous species are surface-oriented, while eels tend to move much deeper in
the water column. Additionally, there are no data pertaining to eel movements in the Lowell
canal. Eels that move into the canal potentially have no alternative but to pass through
hydropower turbines at the Assets, Bridge Street, Hamilton, and John Street powerhouses. Eels
are known to occur upstream of the dam; therefore, it is necessary to understand how eels move
through the project and the level of injury and/or mortality resulting from each potential passage
route (i.e., the spillway, the downstream bypass facility, or the 21 turbines associated with the
project).

Methodology Consistent with Accepted Practice

In order to understand the movements of outmigrating silver eels as they relate to operations at
Lowell, radio telemetry technology should be utilized. Radio telemetry is an accepted technology
which has been used for a number of studies associated with hydropower projects, including at
the Bellows Falls (FERC No. 1855), Wilder (FERC No. 1892), and Vernon (P-1904) projects.

Studies should be designed to investigate route selection (i.e., entrainment vs. spill)
independently from estimation of mortality/injury, because these metrics require different
methodologies. Studies will also likely benefit from data collected over 2 study years (especially
route selection studies, which may be more significantly affected by environmental conditions
during a given season than mortality/injury studies). It is also envisioned that results from route
selection studies can guide design of turbine mortality studies. Therefore, it is proposed, at a
minimum, route selection studies be conducted in multiple years, but mortality/injury studies
may be conducted after the first year of route selection studies have been completed.

Objective 1: Route Selection

This study will involve systematic releases of radio-tagged silver phase eels at strategic
points above areas of interest, to assess general routes of passage (i.e., via spill, bypass,
or turbines). Active downstream migrants should be collected within-basin if possible
(i.e., Cabot or Holyoke bypass samplers), but fish sourced from out-of-basin may be
acceptable to meet sample size demands. Experimental fish must meet morphometric
(e.g., eye diameter relative to body size) criteria to ensure they are migrant silver phase.
Collections should be made within the migratory season (late August to mid-October),
and eels should be tagged and released within 21 days after capture, but preferably within
7 days (particularly if the test eels are from out-of-basin).

All telemetered eels will be radio- and PIT-tagged. PIT antennas will be installed and
monitored continuously to verify passage of eels via bypass channels.
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A minimum number of 150 telemetered eels (e.g., five separate groups of approximately
30 eels each) will be required to maximize the data return. Tagged eels should be released
at least 5 km upstream of the Lowell Project. Groups of eels should be released during
spill (if any) and non-spill and during periods of low, moderate, and high generation
conditions. Up to 50 additional eels should also be released in the upper canal and
allowed to volitionally descend through the canal to assure that a sufficient number of
eels are exposed to canal conditions. Groups of eels should be released when the canal
units are running and when the canal units are off. Additionally, since fish can drift a
considerable distance downstream after they have died (Havn et al. 2017), a minimum of
25 dead eels should also be released as a control group in this study.

Telemetry receivers and antennas should be located upstream and downstream of the
spillway, at the canal entrance, within the canal, in the downstream fish bypass entrance,
at turbine intakes, the station tailrace, and downstream of the confluence of the
Merrimack and Concord rivers. These locations will permit assessment of passage via the
following potential routes: the power canal, spillway, downstream fish bypass, station
turbines,and upstream fishway attraction water intake. The final placement of receivers
and antennas should be developed in consultation with the fisheries agencies.

Mobile tracking (i.e., via boat) in the River and canal between release sites and several
km downstream will be performed at regular intervals during and after releases to
confirm routes and fates of passed fish or lost fish.

Movement rates (time between release and detection at radio antenna locations, and
between radio antenna locations) of eels passing the projects by various routes will also
be quantified.

The route selection portion of this study should occur in both study years.
Objective 2: Spill, Bypass, and Turbine Mortality/Injury Studies
Spill, bypass, and turbine mortality will be assessed using a balloon-tag method.

For spill mortality sites (dam spillways and downstream bypasses), tagged eels will be
injected or released into spill flow at points where water velocity exceeds 10 ft/sec to
minimize the possibility of eels swimming upstream into the headpond or canal. Passed
balloon-tagged eels will be recovered below areas of spill and held for 48 hours in
isolated tanks for observation of injury and latent mortality; unrecovered balloon-tagged
eels will be censored from the data.

For turbine mortality sites, tagged eels will be injected into intakes of all 21 units
associated with the project, operating at a full range of settings where intake water
velocity exceeds 10 ft/sec to minimize the possibility of eels swimming back upstream
through the intakes. Passed balloon-tagged eels will be recovered in the tailrace(s) and
held for 48 hours in isolated tanks for observation of injury and latent mortality;
unrecovered balloon-tagged eels will be censored from the data.
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If the balloon-tag mortality component of the study occurs in study year one, all possible
route selection sites would need to be evaluated. If the balloon-tag mortality component
of the study occurs in study year two, results from the route selection study could be used
to inform which sites need to be evaluated for mortality. Eels recovered from balloon-tag
studies should not be used for route selection studies.

Data analyses of route selection and mortality (instantaneous and latent) will follow standard
methodology.

Project operation (flows, levels, gate openings, number of units operating and operation level)
and environmental conditions (river flow, temperature, turbidity, air temperature, precipitation)
will be monitored regularly (hourly measurements if possible) throughout the duration of the
studies and assessed for potential relationships to passage route selection, migratory delay,
and/or passage survival.

These methodologies are consistent with accepted practice.
Level of Effort/Cost, and Why Alternative Studies Will Not Suffice

The level of cost and effort for the downstream eel passage study will be moderate to high; silver
eels would need to be collected, tagged, and released in several locations over the course of the
migration season. Antennas and receivers would need to be installed throughout the canal, at the
intakes of the E.L. Field powerhouse, at the dam spillways and station bypass and monitored
regularly. Data would need to be retrieved periodically, then analyzed. A multi-site route
selection study conducted by the USGS Conte Lab on the Shetucket River in Connecticut cost
approximately $75,000 for the first year of study. Costs are estimated at $100,000 per year for
the route selection study and $50,000 to $75,000 for the spill, bypass, canal, and turbine
mortality/injury study.

Boott did not propose any studies to meet this need in the PAD.
REFERENCES
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Boott Study Request # 6

Operations Analysis of the Lowell Canal
(Lowell, P-2790)

Goals and Objectives

The goal of this study is to understand the operations of the Lowell canal system. The specific
objective of this study is to describe the operations of the Lowell canal which include, but are not
limited to: how all of the canal units interact with the main units, how the canal units are
sequenced, how often each of the units operate, the prioritization sequence of canal unit
operations, the amount of time the units are operated during the downstream passage season, etc.

Resource Management Goals

The Service seeks the accomplishment of a number of resource goals and objectives through the
relicensing process for the project. General goals include the following:

1. Ensure that protection, mitigation, and enhancement measures are commensurate with
project effects and help meet regional fish and wildlife objectives for the basin.
2. Conserve, protect, and enhance the habitats for fish, wildlife, and plants that continue to

be affected by the project.
Specific to aquatic resources, the Service’s goals are:
1. Protect, enhance, or restore diverse high quality aquatic and riparian habitats for plants,

animals, food webs, and communities in the watershed and mitigate for loss or
degradation of these habitats.

2. Minimize current and potential negative project operation effects on fish in the project
area.
Public Interest

The requestor is a natural resource agency.
Existing Information and the Need for Additional Information

The Merrimack River supports a variety of migratory fish species. However, there is no
information pertaining to fish mortality and population effects resulting from entrainment in the
canal and/or the canal units. Since there are no exclusionary measures at the entrance of the
project’s canal system, fish can easily enter the two-tiered network of man-made canals, which
are approximately 5.5 miles in length. These man made canals provide flow to 19 Boott-owned
hydroelectric units. Since the issuance of the original license for the project, there have been no
directed studies of the Pawtucket, Western, Merrimack, or Hamilton canal units. Additionally,
the PAD provides little operational information regarding the canal: flows of up to 2,000 cfs are
routed into the canal, typically once the E.L. Field station’s hydraulic capacity of 8,000 cfs has
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been reached. These information gaps need to be filled so the natural resource agencies can
assess the relative and cumulative impacts of project operations on riverine fishes and migratory
alosines which may be moving through, or inhabiting, the canal and develop adequate passage
and protection measures to meet management goals and objectives.

Nexus to Project Operations and Effects

The Lowell Project consists of a two-tiered, 5.5-mile-long, network of man-made canals which
include several small dams and 19 turbine units. Flows enter the canal system upstream of the
Pawtucket dam via the Pawtucket canal. There are no exclusionary measures for fish in place.
Therefore, the Lowell canal presents problems with respect to providing safe, timely, and
effective passage for fish trying to move past the project through the canal system.

Methodology Consistent with Accepted Practice

In order to determine the relative risk the canal units present to riverine and migratory fishes, it is
necessary to understand how the canal operates. Therefore, we request Boott provide a detailed
description of the operational protocol it uses to determine when and how much water flows into
the canal at a time scale relevant to the migratory fish species expected to potentially utilize the
canal as a passage route (e.g., May, June, and July for spent alosines; August through November
for adult eels and juvenile alosines). Historical operations data should be examined relative to the
hydrological data set to determine the percent of time the canal units would be expected to
operate during each passage month. This analysis should be used in conjunction with the results
of the passage route and turbine mortality studies to estimate total through project mortality for
each target fish species/life stage.

Level of Effort/Cost, and Why Alternative Studies Will Not Suffice
The expected level of effort and anticipated cost will be low. Operations and hydrologic data are

readily available and only need to be compiled and analyzed. We estimate the cost to be less than
$10,000.
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Boott Study Request # 7

Three-Dimensional Computational Fluid Dynamics (CFD) Modeling in the
Vicinity of Fishway Entrances and Powerhouse Forebays
(Lowell, P-2790)

Goals and Objectives

The goal of this study is to determine the flow field conditions that exist in and around fishway
entrances and the powerhouse forebay. The information from this request is meant to be coupled
with data from the telemetry studies, such that a comprehensive understanding of fish behavior is
developed.

The objective of this study is to create a series of color contour maps of velocity magnitude at
select discharges agreed upon by the resource agencies and the licensee. With respect to
upstream passage, the results will show approach velocities and flow fields that may create a
response in fish. This information can be coupled with telemetry data (from the requested shad
and river herring telemetry study) and passage counts to understand which conditions are optimal
for guiding migrating fish to the fishway entrances and stimulating fishway entry.

With respect to downstream migration, the results will show velocities and flow fields in front of
the E.L. Field powerhouse. Additionally, the results will indicate to what degree, if any, flow
directs downstream migrating fish towards the downstream bypass facility.

Resource Management Goals

The management goals of this study request are to obtain information that will assist in
enhancing the effectiveness of the current upstream fish passage facilities for upstream migrating
trust species and reduce impingement, entrainment, and delay for downstream migrating fish.
CFD models are a relatively cost effective way to analyze existing and future conditions. As
such, changes in the amount of attraction water, changes in which turbines are operating, and
which spillway gates are releasing water can all be examined. As stated, the results from this
study are meant to be used along with the data generated from the requested telemetry study. The
combined analysis from these two data sources can help assess which flow conditions are most
advantageous for migrating trust species to enter the fishway under current and proposed
conditions.

As for downstream migration of adult and juvenile shad, river herring, and adult eel, the results
from the models will reveal flow magnitude and direction in front of the powerhouse. Given the
limited information that currently exists on survival through the project, our management goal is
to direct as many downstream migrating fish as possible towards the downstream bypass facility.
With respect to upstream passage, we want to maximize the number of fish that find and enter
the fishway entrances.These study requests are intended to facilitate the collection of information
necessary to conduct effects analyses and to develop reasonable and prudent conservation
measures, and protection, mitigation, and enhancement measures pursuant to the Fish and
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Wildlife Coordination Act, as amended (16 U.S.C. §661, et seq.), and the Federal Power Act (16
U.S.C. §791a, et seq.).

Public Interest

The requestor is a natural resource agency.
Existing Information and the Need for Additional Information

To date, no CFD modeled data exists in front of either the fish ladder or lift, nor do they exist in
front of the E.L. Field powerhouse. A comprehensive understanding of fish behavior at the
ladder and lift entrance, and the powerhouse forebay, is needed in order to create safe, timely,
and effective upstream and downstream passage for American shad, river herring, and eels.
Additionally, a better understanding of flow and how it affects fish passage is needed after Boott
performs the ledge removal excavation project.

Nexus to Project Operations and Effects

The Lowell Project has direct impacts to upstream and downstream migrating shad, river herring,
and eel. The development of these models will give resource agencies valuable information into
the hydraulic cues which may elicit a response from upstream migrants. For downstream
passage, the Service has approach velocity guidelines; the output from these models would
inform the resource agencies under what conditions appropriate approach velocities are being
met and when they are being exceeded.

With respect to upstream migration, the auxiliary water system (AWS) plays a critical role in
determining whether or not fish are attracted to the entrance. The results from this study would
allow an assessment of how well the AWS is performing and under what conditions it attracts the
most fish.

With respect to downstream migration, the development of a CFD model under existing
conditions also informs the design of future modifications and improves the survivability of
downstream migrating shad, river herring, and eel.

The CFD models for the Pawtucket fishway and fish lift should be developed as part of year two
studies, after the ledge excavation project is complete. It would be useful to have the gatehouse
area CFD modeling completed in year one. This analysis may provide information on
adjustments to canal operations or structures that can subsequently be analyzed.

Understanding the entrance conditions of the Pawtucket fishway under a range of spill conditions
would be informative. If developed prior to the year one upstream shad telemetry studies, it
would provide information on spill gate settings which would likely best achieve entrance and
ultimately passage. Further work with the model can help in evaluating changes in ladder
entrance or spill conditions that could improve passage and be tested with telemetry, video,
and/or count data.
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CFD modeling of the flows leading to the canal would aide in our interpretation of year one
downstream passage telemetry results, but would not need to be completed prior to the year one
telemetry (downstream juvenile alewife and downstream eel) studies. Those studies will provide
the context for how and where shad, river herring, and eels are passing the project and how
successful passage is. The CFD modeling could focus on the locations identified as important in
the study results and Boott could assess changes to structures or operations and evaluate them in
the model. Promising alternatives would then be tested in year three studies.

Methodology Consistent with Accepted Practice

A three-dimensional CFD model has become an increasingly common standard of analysis at
hydroelectric projects around the nation. Within the northeast region, we have seen these types of
models developed at the Holyoke (P-2004), Brunswick (P-2284), Shawmut (P-2322), Milford (P-
2534) and Orono (P-2710) projects. We would expect to engage with the licensee in terms of
determining the appropriate area and flows to be modeled. We expect the spatial extent of the
model at each study site will vary. Given the large number of ways in which output from these
models can be presented and the near infinite number of flows which could potentially be
modeled, we would expect to consult with the licensee to reach agreed upon modeling efforts

and scenarios to be examined.

Level of Effort/Cost, and Why Alternative Studies Will Not Suffice

The cost of developing, running and testing a CFD model can vary tremendously; one large
variable in determining the cost is based on the amount of existing bathymetric data to which
Boott currently has access. We roughly estimate that the cost of each CFD model could run as
high as $50,000, assuming no bathymetric data currently exists. Proactive communication with
resource agencies will reduce the cost and iterative effort. Given the level of effort that has
occurred at other projects that have proposed to amend their license, we see the level of effort
requested here as reasonable and in line with frequent modern industry practice.
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Boott Study Request # 8

Bypass Zone of Passage
(Lowell, P-2790)

Goals and Objectives

The goal of this study is to determine zone-of-passage flows in the bypass reach that facilitate
safe, timely, and effective fish passage through the project.

Specifically, the objectives of this study are:

AR o e

Complete a detailed survey of the bypass reach;

Develop a high-resolution, two-dimensional hydraulic model of the bypass reach;
Release multiple flows from the dam to collect calibration data for the model;
Simulate additional flows through the bypass reach with the calibrated model; and
Determine minimum and optimal zone-of-passage flows for the project.

Resource Management Goals

The Service seeks the accomplishment of a number of resource goals and objectives through the
relicensing process for the project. General goals include the following:

1.

2.

Ensure that protection, mitigation and enhancement measures are commensurate with
project effects and help meet regional fish and wildlife objectives for the basin.
Conserve, protect, and enhance the habitats for fish, wildlife, and plants that continue to
be affected by the project.

Specific to aquatic resources within the Lowell bypassed reach, the Service’s goals are:

1.

Protect, enhance, or restore diverse high quality aquatic and riparian habitats for plants,
animals, food webs, and communities in the watershed and mitigate for loss or
degradation of these habitats.

Provide a flow regime in the bypassed reach that meets the life history requirements of
resident fish and wildlife (including invertebrates such as freshwater mussels) and
diadromous fishes.

Minimize current and potential negative project operation effects on water quality and
aquatic habitat.

These study requests are intended to facilitate the collection of information necessary to conduct
effects analyses and to develop reasonable and prudent conservation measures, and protection,
mitigation, and enhancement measures pursuant to the Fish and Wildlife Coordination Act, as
amended (16 U.S.C. §661, et seq.), and the Federal Power Act (16 U.S.C. §791a, et seq.).
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Public Interest
The requester is a natural resource agency.
Existing Information and the Need for Additional Information

Article 36 of the original license required the licensee, in consultation with resource agencies, to
develop an in-stream flow study plan to determine: (1) the relationship between project
discharges and downstream aquatic habitat; and (2) a fishery study plan to determine project
discharges necessary to provide for the migration of anadromous fish (i.e., zone of passage).
After completion of the approved studies, the licensee was to file a report on the results of the
studies, and, for Commissions approval, recommendations for the flow releases from the project.
The study plan was filed on August 13, 1983, with proof of agency consultation (Accession No.
19830818-0191). However, there are no study reports included in the record. Therefore, we have
no quantitative data supporting the agreement that 300 cfs at night and 500 cfs during the day are
adequate flows for zone of passage in the bypass reach.

In the Comprehensive Fish Passage Plan filed on March 9, 2000 (Accession No. 20000313-
0322), the licensee states “The adequacy of flows for upstream fish passage at the Project was
addressed by BHI’s construction of six (6) concrete flow control weirs (with adjustable stoplog
sections) in the bypass reach, at the request of U.S. Fish and Wildlife Service and in response to
Article 36, section (2) of the Project’s FERC license.” Similar to the study plan, this is an
agreement with no supporting information to substantiate the conclusion flows in the bypass
reach are adequate for the full suite of diadromous species.

As part of compliance for Article 34 of the original license, the licensee filed as-built drawings
of the existing fish passage facilities (Accession No. 19860902-0215). Within this abbreviated
drawing set, drawing number 344D-PC001, 3844D-FC001, and 3844D-FC004 show topographic
surveys for portions of the bypass reach. However, the drawings do not document the accuracy
and precision of the survey, do not show the majority of the bypass reach, and are otherwise
illegible.

Since agreeing upon the current zone-of-passage flows during the original license, there have
been developments in topographic survey capabilities, a better understanding of the hydraulic
requirements of diadromous species, multi-dimensional hydraulic modeling capabilities, and an
increased need to pass fish at the spillway ladder.

Nexus to Project Operations and Effects

Diadromous fish orient their migration based on the environmental conditions of the river: flow,
depth, velocity, and temperature (Goodwin 2014). Project operations affect the environmental
conditions in the River, specific to this study request, the bypass reach. Two key hydraulic model
outputs from the requested study are depth and depth-averaged velocity, which can be used to
determine the likelihood of predation, delay, and the cessation of migration. Evaluating the flow
fields in the bypass reach under different spill conditions will assist in the consultation process
for determining an appropriate zone-of-passage flow in the bypass reach to optimize fish passage
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at the project. These data will also contribute to the development of an administrative record in
support of a potential settlement agreement, Section 18 fishway prescriptions, or 10(j)
recommendations.

Methodology Consistent with Accepted Practice

We proposed the following methodology to accomplish the five objectives and ultimately the
goal of the study, to determine zone-of-passage flows for the bypass reach.

Topographic survey

The bypass reach area is large, making traditional topographic survey methods
laborious and costly. We recommend using Light Detection and Ranging (LiDAR)
methods with limited traditional surveying. Outside of the fish passage season and
during a river flow when the project is in control of the River, the bypass reach will be
mostly dewatered. At this time, a licensed surveyor can fly the area to collect LIDAR
data. Once this data is processed, traditional methods will fill in the gaps (e.g., pooled
water areas, under bridges). The topographic survey shall be of sufficient resolution
and quality to complete the remaining objectives.

Two-dimensional hydraulic model

There are many two-dimensional hydraulic models that are acceptable for
accomplishing the goal of this requested study, many of which are open source. We
are not requiring one model over the other, but Boott should understand and document
the limitations of the modeling software used. At a minimum, the modeling output
should produce depth-average velocity and depth for each cell in the mesh. The
modeling domain shall be of sufficient size and mesh to delineate a zone of passage
through the entire length and width of the bypass reach.

Calibration flows

The licensee should collect calibration data by spilling a minimum of two flows from
the Pawtucket dam. The calibration flows should bracket the range of simulated flows
in the study. We recommend 300 cfs for the low flow as it represents the current
lowest operation flow for the fish ladder. For the high calibration flow, we recommend
collecting data near the high fish passage design flow (i.e., the 5 percent exceedance
value for the migratory period of record) which is approximately 26,000 cfs in the
Merrimack River (bypass flow would be approximately 17,000 cfs with full project
operation). Boott should collect calibration data (depth-averaged velocity and depth)
with an Acoustic Doppler Current Profiler (ADCP) at a minimum of four cross
sections, including the downstream boundary condition and use the ADCP in locations
spread evenly throughout the bypass which are less turbulent.
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Additional flow simulations

After calibrating the model, additional bypass flows should be simulated (and agreed
upon with the natural resource agencies), including 500 cfs, 1,000 cfs, and up to the
high calibration flow. The additional simulations should represent the full range of
hydraulic conditions in the bypass reach from the low to high fish passage design flow.

Zone-of-passage determination

The model output should be used to delineate a zone-of-passage pathway for each of
the modeled flows. To determine the zone of passage, we recommend Boott use the
SprintSwim model developed by U.S. Geological Survey researchers (Haro et al.
2004).

Level of Effort/Cost, and Why Alternative Studies Will Not Suffice

The licensee should be able to finish the bypass zone-of-passage study in one year depending on
seasonal flow conditions. The level of effort and cost is commensurate with a project the size of
the Lowell facility and the likely license term. No alternatives are proposed.
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FEDERAL ENERGY REGULATORY COMMISSION
Office of Energy Projects

Division of Dam Safety and In S York Regional Office
19 West 34' , 00
New York, NY 10001
Telephone No, (212) 273-5900 Fax No. (212) 631-8124

April 30, 2008

Re: Hydropower Projects Inspection
and Compliance

To the Party Addressed:

Staff from this office conduct periodic inspections to ensure that hydropower
projects licensed or exempted by the Federal Energy Regulatory Commission (FERC) are
properly operated and maintained in compliance with license and exemption terms and
conditions.

During FERC staff dam safety inspections, the project's structural features are
inspected and all matters of dam safety, operations, maintenance and compliance are
reviewed and discussed with the licensee or exemptee. During FERC Environmental and
Public Use Inspections (EPUI), recreation, fish, and wildlife requirements are specifically
addressed. Any concerns or questions resulting from the inspections are discussed at the
projects, with follow-up letters as necessary.

Since an important part of these inspections includes an assessment as to whether
the projects are being operated and maintained in compliance with their license or
exemption terms and conditions, it is requested that you provide this office with

i oncerns 45 from is
1 we will ty aff as
To help ensure that pr are  rating in with e and

exemptions, and to improve li am  the licen tees, S and



Document Accession #: 20180814-5118 Filed Date: 08/14/2018
-2

[Tesource agencies, we will continue to notify you of each EPUI and dam safety
inspection, as appropriate, by forwarding a copy of our inspection confirmation letter to
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Sincerely,

Citu R \fade,

Peter R. Valeri
Acting Regional Engineer
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United States Department of the Interior

NATIONAL PARK SERVICE
Lowell National Historical Park
67 Kirk Street

IN REPLY REFER TO:
Lowell, Massachusetts 01852-1029

June 12, 2008

Peter R. Valeri

Acting Regional Engineer

Office of Energy Projects

Division of Dam Safety and Inspections
Federal Energy Regulatory Commission
19 West 34" Street, Suite 400

New York, NY 10001

Re: FERC Project no. 2790-000, Lowell, MA
Dear Mr. Valeri:

Thank you for the opportunity to comment on the above referenced hydropower project located
on the Lowell Canal System in Lowell, MA by Enel/Boott Hydropower, Inc.

We do work with this licensee on a regular basis to accommodate the canal tours offered by the
Lowel]l National Historical Park and on protection of the historic resources that make up the
Lowell Canal System, which is a National Engineering Landmark and on the National Register
of Historic Places, as well as being located fully within the Lowell National Historical Park, a
unit of the National Park Service, as designated by P. L. 95-290, Title1 § 103.

First and foremost, we wish to reinforce the requirements enacted in the law establishing the
National Park in Lowell, which are applicable to FERC actions:

§ 410cc-12. Consultations, cooperation, and conduct of activities by Federal entities;
issuance of licenses or permits by Federal entities
(a) *“Any federal entity conducting of supporting activities directly affecting the park or
preservation district shall-
(1) Consult with, cooperate with, and to the maximum extent practicable, coordinate its
activities with the Secretary and the Commission; and
(2) Conduct or support such activities in a manner which (A) to the maximum extent
practicable is consistent with the standards and criteria established pursuant to section
410cc-32(e) of this title, and (B) will not have an adverse effect on the resources of the
park or preservation district.
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(b) No Federal entity may issue any license or permit to any person to conduct an activity
within the park or preservation district unless such entity determines that the proposed activity
will be conducted in a manner consistent with the standards and criteria established pursuant to
section 410cc-32(e) of this title and will not have an adverse effect on the resources of the park
or preservation district.

The Commission referenced in the law is the Lowell Historic Preservation Commission which is
defunct, but whose legal obligations have been assumed by the Lowell National Historical Park.
The Secretary reference is the Secretary of the Interior, under which the Lowell National
Historical Park operates.

The National Park’s primary concemns fall within two categories

1. Operation of National Park canal-related programs in a safe manner and allow for
consistent public programming based on the Park’s annual operating program.
2. Preservation of the Canal and related structures that make up the Lowell Canal system.

1. Operation of National Park canal related programs in a safe and responsive manner.

Article 33, Section 7 of the License calls for “the Advisory Council on Historic Preservation
to review and comment upon any future actions related to the project that would change the
mean seasonal water levels in the canal system or that would impair navigability in the
system.”

a. Maintaining appropriate water levels for tour operations: The National Park Service
has made considerable public investment in the development of the Canalway that includes
public walkways and boat tour operations. The main attraction for visitors to come 1o Lowell
National Historical Park is to experience Lowell by boat via the canals. The park collects a
fee for the general public boat tours as well as a school group fee that is charged for school’s
participating in our daylong programs. The school programs in particular, are programmed
well in advance. The inability 1o use the canals because of unexpected water levels drops
causes great concemn due to the Joss of revenue and credibility 1o a nationally recognized
education experience.

At the current level of the river (June 2008) National Park tour boats cannot enter the river
pond for two reasons: 1) because of the removal of the flashboards, the water level is too low
{0 operate above the guard lock chambers of both the Northern and Pawtucket Canals a and
in the Merrimack River above the Pawtucket Dam, and 2) the trash boom 1is still across the
mouth of the Pawtucket Canal. Because the water is so Jow, National Park Maimtenance
crews cannot get a work boat into the river o open up the boom. If the water levels are not
raised soon this will have a major impact in the park tour operation for the beginning of our
full summer season.

b. Timely Communication of Changing Water Levels for Safe Tour Operations: The
park is respectful of the operational requirements for Boott Hydro but there needs to be a
more formalized agreement/plan in place to ensure that changes in operation that effect water
levels are communicated to the park to ensure that there will not be damage to property,
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i1y to park visitors that use the canals, and

e rience. As boat tours expand in the canal

Swamp Locks this year, certain bridge clearan

more deliberate changes in the canal surface elevations to help assure the safety of the boat
passeng  Unsafe tional p es which quick c levels wi  t proper
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¢. Impairing Navigability: Many of the Boott Hydro owned bridges that the Park visitors

pass under are in poor condition. This year t e
Canal by the Hydro Plant is in particularl T
walkways on each side sending concrete chu a

condition makes it unsafe for the Park to exercise its right to run boat tours and open the
walkway under the bridge without some protective scaffolding type structure or heavy duty
netting to protect Park visitors from the falling concrete. Similarly, the Pawtucket Street
Bridge over the Upper Pawtucket Canal has some exposed reinforcing and deteriorating
concrete although not to the extent of the bridge over the Northern Canal. Lastly, the
Broadway Street Bridge over the Pawtucket Canal requires constant vigilance in order to
prevent an unsafe condition for Park visitors. :

d. Accommodating Public Use; Operation of Surge Gate: The Commonwealth of
Massachusetts acquired Recreation and Transportation Rights to sections of the Lowell Canal
Sys which have been availab

of t tate Legislature. ational

installation of a surge gate in the Northern C

written, understanding that adding this structure would increase recreation access. However,
Licensee’s policy of locking down the surge gate "for safety reasons" whenever there are
tours scheduled or walkway access is occurring along that canal negates what we were given
{o believe was the purpose of the surge gate. In other words, "Why did the surge gate get
built if it's not operational when the public has access?" We understood that boating and
pedestrian safety would be enhanced by having the surge gate operational at the times of
public use and that the time of pedestrian access could potentially be extended as well.

2. Preservation of the Canal and related structures that make up the Lowell Canal
system.

In the Cultural Resources section of the FERC License, mitigation is defined in order to
address potential adverse effects of the original plant development to the Locks and Canal
Historic District. However, this mitigation does not allow inconsistent actions afier the date
of the license that could result in adverse effects to the historic resources of the Lowell Canal
System. Several past and proposed actions should be subjected to appropriate reviews:

a. Overtopping The Great River Wall: As a result of running the water at high levels
within the Northern Canal, overtopping, extended surcharge loading, and lack of
maintenance of the Great River Wall resulted in a failure of a section of that wall March
15, 1994 While repairs were accomplished with historical sensitivity, the National Park
Service continues 1o be concerned that practice could result in further wall failures that
would constitute an adverse effect to the historic district. There is a need 1o adjust the



Document Accession #: 20180814-5118 Filed Date: 08/14/2018

operating levels in this canal to assure that overtopping does not occur and historic
resources are prolected.

b. Pawtucket Dam: Preservation of the historic Pawtucket Dam is a major preservation
objective of the Lowell National Historical Park. We have communicated on several

ensee o e a m
s the t X1 nd
I resou t s N he

Nationa] Park will continue to oppose a Bladder Dam solution on this historic site.

c. Flashboards & Pins: As FERC is aware, there are great concems in the community that
the flashboard system is not working in the same manner as in the past and there 1s a
belief that the pins and/or the flashboard system have been strengthened to prevent the

seful bending over of the flashboar We

Hydro was issued a permit by the L ] rll a

of flashboard pin holes in the capstones, t n th
ic as “moving the hole locatio  so ecre
ki oblems.” As actually carried 1 ears
were made in the new row than in the ear  tw oser

addition to other problems this situation has been causing, we are especially concerned
that this practice of more closely spaced pins could result in damage to the capstones of
{he Pawtucket Dam. The National Park has not been included in any correspondence on
this issue locally and request that FERC not take any action to finalize an agreement with

reg e pins flashbo without consulta with us and ermination as to
wh ther S nl106a 1isneeded. We also concern at the unilateral
change fi using smaller boards to plyw s s as flashboards some years ago
occurred jout such consultation and may e lted in higher water levels and the

risk of additional damage to historic resources.

On behalf of the Lowel]l National Historical Park, 1 would like to thank you for consideration of
these issues and would respectfully request a meeting 10 review them with you or your staff so
that proper procedures will be in place going forward to assure that the power generation can
occur without the impacts described above. 1look forward to hearing from you at your earliest
convenience. 1 may be reached at 978-275-1700 or Michael creasey@nps.gov

Si ly,

Mi

Superintendent

cc Bernard Lynch, City Manager

U. S. Rep. Niki Tsongas
ENEL/Boott Hydropower, Inc
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Energy in tune with you

Enel North Americaq, Inc

One Tech Drive, Suite 220, Andover, MA 01810
Tel. 978 681 1900  Fax 978 681 7727

Via eFiling

August 4, 2008

Peter R. Valeri, P.E.

Regional Engineer

Federal Energy Regulatory Commission
19 West 34th Street, Suite 400

New York, NY 10001

Re: Lowell Hydroelectric Project (FERC No. 2790-MA);
Response to National Park Service letter.

Dear Mr. Valeri:

We are in receipt of your letter of June 20, 2008 in which you requested our response to
a letter from the National Park Service (NPS) dated June 12, 2008, which raised a number of
issues regarding the perceived impact of the Lowell Hydroelectric Project on the NPS’ operations
at the Lowell National Historical Park. For the record, we note that the NPS’ letter is dated the
day before the June 13 Operations Inspection of the project by your staff, which inspection was
attended by an NPS representative. None the concerns listed in the NPS’ letter were voiced by
the NPS representative during the inspection.

Our response to each of the concerns raised by the NPS follow:
1. Operation of National Park canal related programs in a safe and responsive manner.

Article 33, Section 7 of the License calls for "the Advisory Council on Historic Preservation to review and
comment upon any future actions related to the project that would change the mean seasonal water levels
in the canal system or that would impair navigability in the system."”

Response: There presently are no future actions proposed by BHI which would change the
mean seasonal water levels in the canal system, that would impair navigability, or which would
otherwise invoke review and comment by the Advisory Council on Historic Preservation under
Article 33.

a. Maintaining appropriate water levels for tour operations:

The National Park Service has made considerable public investment in the development of the Canalway that
includes public walkways and boat tour operations. The main attraction for visitors to come to Lowell National
Historical Park is to experience Lowell by boat via the canals. The park collects a fee for the general public boat
tours as well as a school group fee that is charged for school's participating in our daylong programs. The
school programs in particular, are programmed well in advance. The inability to use the canals because of
unexpected water levels drops causes great concern due to the loss of revenue and credibility to a nationally
recognized education experience.
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At the current level of the river (June 2008) National Park tour boats cannot enter the river pond for two
reasons: 1) because of the removal of the flashboards, the water level is too low to operate above the guard lock
chambers of both the Northern and Pawtucket Canals a and in the Merrimack River above the Pawtucket Dam,
and 2) the trash boom is still across the mouth of the Pawtucket Canal. Because the water is so low, National
Park Maintenance crews cannot get a work boat into the river to open up the boom. If the water levels are not
raised soon this will have a major impact in the park tour operation for the beginning of our full summer season.

: The Lowell canal system has multiple uses and operating conditions based on
river flows and corresponding river elevations which are neither predictable nor constant.
BHI manages and maintains canal system water levels to the best of its ability within the
limits as agreed to with the NPS. In many cases the target operating band is relatively
narrow, constrained by the minimum level necessary to pass tour boats through the locks
and the maximum level necessary to allow for safe passage of tour boats under bridges.
Any adjustments necessary to maintain the proper water levels and system water balance
typically take time to achieve and must be done gradually.

BHI has the right to maintain its project works, including the flashboards, and to the extent
feasible attempts to accommodate the needs of other water and canal users, including the
NPS, in its operations and maintenance planning. BHI provides ample prior notice of all
water level changes to the NPS and other affected parties.

With respect to the low water levels experienced during 2008, BHI removed the flashboards
from the crest of the Pawtucket Dam on May 30, 2008 in direct response to a Commission
order. BHI expeditiously undertook the necessary corrective measures, and after gaining
Commission approval and purchasing new flashboard pins, completed reinstallation of the
flashboards on June 20, 2008. BHI immediately began to refill the headpond while
maintaining the project's downstream minimum flow requirement, and restored the
headpond to normal levels on June 25, 2008. Shortly after refiling the impoundment,
damage to the flashboards occurred as a result of elevated river flows and debris impact.
Had BHI not repaired the flashboards quickly, the impoundment could not have been
maintained near normal levels, due to low river inflows, likely resulting in impacts to
recreational use upstream of the Pawtucket Dam. Notifications were made that the
impoundment was to be lowered again for the repairs which were accomplished on July 10,
2008.

b. Timely Communication of Changing Water Levels for Safe Tour Operations:

The park is respectful of the operational requirements for Boott Hydro but there needs to be a more formalized
agreement/plan in place to ensure that changes in operation that effect water levels are communicated to the
park to ensure that there will not be damage to property, injury to park visitors that use the canals, and a loss of
revenue and integrity to the visitor's experience. As boat tours expand in the canal system, as they have by the
restoration of the Swamp Locks this year, certain bridge clearances have become tighter which requires slower
more deliberate changes in the canal surface elevations to help assure the safety of the boat passengers. Unsafe
operational procedures which quickly change canal levels without proper notice need to be reduced to a
minimum with continual effort made to eliminate them.

: BHI keeps the NPS and other affected parties informed of any planned changes
in operations that would impact river or canal water levels. Other than for emergencies or in
unusual circumstances, BHI provides at least a 24 to 48 hour advance notification of any
major water level changes (e.g., drawdowns) by email or telephone. For planning purposes,
BHI has requested and obtained the NPS' anticipated event schedule which, to the extent
possible, BHI attempts to accommodate by postponing scheduled maintenance canal draw
downs to avoid conflicts.

Canal water surface elevations and bridge clearances are addressed in BHI's Revised
Report on Recreational Resources, filed pursuant to license Article 38, which included a
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canal system water elevation maintenance plan. BHI's Article 38 filing was approved by the
Commission on September 12, 1984. As noted above, in many cases the target operating
band for the lower canal system is relatively narrow, constrained by the minimum level
necessary to pass tour boats through the locks and the maximum level necessary to allow
for safe passage of tour boats under bridges. The lower canal system below the Swamp
Locks has siphon outlets to assist in maintaining the water surface elevations within this
narrow elevation band.

c. Impairing Navigability:

Many of the Boott Hydro owned bridges that the Park visitors pass under are in poor condition. This year the
Pawtucket Street Bridge over the Northern Canal by the Hydro Plant is in particularly rough shape with the
reinforced concrete walkways on each side sending concrete chunks falling to the lock chamber below. This
condition makes it unsafe for the Park to exercise its right to run boat tours and open the walkway under the
bridge without some protective scaffolding type structure or heavy duty netting to protect Park visitors from the
Jfalling concrete. Similarly, the Pawtucket Street Bridge over the Upper Pawtucket Canal has some exposed
reinforcing and deteriorating concrete although not to the extent of the bridge over the Northern Canal. Lastly,
the Broadway Street Bridge over the Pawtucket Canal requires constant vigilance in order to prevent an unsafe
condition for Park visitors.

BHI owns and maintains several bridges which provide public access across
the canal system throughout downtown Lowell. All of these bridges are specifically excluded
from the project boundary as shown on the approved Exhibit G-2, and furthermore are not
described as project features within the Lowell Project’s license. These bridges are
therefore not subject to the Commission’s jurisdiction.

Nevertheless, BHI has a program of continually monitoring, performing engineering
evaluations of and repairing its bridges. As was discussed during a meeting with the NPS in
early June, BHI anticipates that repair work will be performed on each of the bridges
referenced above during 2008. As it has recently done during previous work on its bridges,
BHI will provide the NPS with ample advance notice of its anticipated work schedule, and will
ensure that its bridge repair contractors make special provisions to not impede tour boat
operations and canal navigability during construction activities.

d. Accommodating Public Use; Operation of Surge Gate:

The Commonwealth of Massachusetts acquired Recreation and Transportation Rights to sections of the Lowell
Canal System, which have been made available to the National Park by easements provided by acts of the State
Legislature. The National Park and other city and state agencies concurred with installation of a surge gate in
the Northern Canal by the Licensee based on a stated, if not written, understanding that this structure
would increase recreation access. However, Licensee's policy of locking down the surge gate "for safety reasons"”
whenever there are tours scheduled or walkway access is occurring along that canal negates what we were given
to believe was the purpose of the surge gate. In other words, "Why did the surge gate get built if it's not
operational when the public has access?" We understood that boating and pedestrian safety would be enhanced
by having the surge gate operational at the times of public use and that the time of pedestrian access could
potentially be extended as well.

Following the partial failure of the bayboard section of the canal wall in 1994,
BHI undertook feasibility studies to determine the best option for surge suppression in the
Northern Canal. A hydraulically-activated surge control gate was installed in January, 1997
and was fully automated in 1999. The surge gate is designed to automatically open when
the E.L. Field station is tripped off-line to mitigate overtopping of the Great River Wall to
provide safe pedestrian access to the wall and island areas, to prevent flooding of the
historic Northern Gatehouse, and to prevent undermining and/or weakening of the
gatehouse and portions of the Northern Canal. The gate was never intended to enhance
boating in the Northern Canal, and in fact raises the safety concern that should the station
trip off-line while the NPS is operating tour boats on the Northern Canal, the boat and
passengers could be drawn through the open surge gate. Because it has been
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demonstrated that the transient wave produced on unit trip is not large enough to overtop the
Great River Wall when the Northern Canal flow is less than 3,500 cfs, the gate may be
temporarily deactivated under such conditions. Thus, NPS and BHI have agreed that
boating tour operations can occur on the Northern Canal only if the canal flow is less than
3,500 cfs and if the surge gate is locked out and tagged out to prevent automatic opening.
This lock-out/tag-out procedure is jointly undertaken by BHI and NPS personnel.

There are also circumstances under which BHI can not deactivate the surge gate in order to
protect worker safety and/or to ensure compliance with the project's minimum flow
requirement. For example, during any work on the crest of the Pawtucket Dam, such as
during flashboard maintenance, the surge gate must remain active to prevent spillage from
occurring in the event of a unit trip. Likewise, while the impoundment is being refilled
following flashboard repairs the gate must remain active to ensure minimum flow compliance
should the E.L. Field Station trip off-line. In such situations BHI notifies the NPS and advises
against any boat access to the Northern Canal until normal operations resume. BHI has
never denied pedestrian access to the Canal Walkway due to inactivation of the surge gate,
and has only recommended that the NPS restrict such access due to general safety
concerns not related to the surge gate (e.g., lack of appropriate safety fencing).

2. Preservation of the Canal and related structures that make up the Lowell Canal system.

In the Cultural Resources section of the FERC License, mitigation is defined in order to address potential adverse
effects of the original plant development to the Locks and Canal Historic District. However, this mitigation does not
allow inconsistent actions after the date of the license that could result in adverse effects to the historic resources of the
Lowell Canal System. Several past and proposed actions should be subjected to appropriate reviews:

a.

Overtopping The Great River Wall:

As a result of running the water at high levels within the Northern Canal, overtopping, extended surcharge
loading, and lack of maintenance of the Great River Wall resulted in a failure of a section of that wall March 15,
1994. While repairs were accomplished with historical sensitivity, the National Park Service continues to be
concerned that practice could result in further wall failures that would constitute an adverse effect to the historic
district. There is a need to adjust the operating levels in this canal to assure that overtopping does not occur and
historic resources are protected.

There is no need to adjust the water level in the Northern Canal to prevent
overtopping, because overtopping is prevented by the surge gate. Following the 1994
Northern Canal wall failure, BHI installed the surge gate, as described above, to prevent to
overtopping of the Great River Wall when the two generating units at the E.L. Field Station
are suddenly tripped offline. During normal operations BHI maintains the water level within
the Northern Canal at or near El. 91.5 with the surge gate engaged in automatic mode. The
only time the Great River Wall can become overtopped is when the Northern Canal flow is
greater than 3,500 cfs (i.e., more than the capacity of one unit at the E.L. Field Station) while
the surge gate is disengaged from automatic mode. Overtopping of the Great River Wall
may also occur when NPS personnel inadvertently leave the lock chamber open at the
Northern Gatehouse, which allows the Northern Canal to rise to the same level as the
project impoundment.

Pawtucket Dam:

Preservation of the historic Pawtucket Dam is a major preservation objective of the Lowell National Historical
Park. We have communicated on several occasions with the Licensee in response to proposals to install a
Bladder Dam system. The Pawtucket Dam is the reason the city of Lowell, MA exists and a fundamental element
of the historic resources that justified the creation of a National Park here. The National Park will continue to
oppose a Bladder Dam solution on this historic site.
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: Historical preservation is but one of many resource areas which would need to
be considered in any assessment of installing a “Bladder Dam” or inflatable crest gate
system on the crest of the Pawtucket Dam. Such a system would have positive benefits for
a wide range of resource areas including water management, fish passage, upstream
recreation, reduction of upstream backwatering impacts, worker safety, and most importantly
with respect to the NPS’ concerns, protection of the historical structure from debris and ice.

BHI does not agree that an inflatable crest gate system would be inconsistent with the
historical nature of the Pawtucket Dam. The history of Lowell is founded on continual
innovation in hydropower technology, most notably the numerous developments by James
B. Francis. The construction of the E.L. Field powerhouse along the historic canal system
juxtaposes these historic technologies with more modern technologies. If determined to be
feasible, installation of a crest gate system on the Pawtucket Dam would be in keeping with
this line of innovation. The compatibility of an inflatable crest gate system mounted on a
historic dam is clearly demonstrated immediately downstream at the historic Great Stone
Dam at the Lawrence Project (P-2800).

Should BHI actively pursue the installation of an inflatable crest gate system on the
Pawtucket Dam in the future, an application for amendment of license would be filed with the
Commission. In preparing any such application BHI would conduct the necessary
consultation with all appropriate agencies, including the Advisory Council on Historic
Preservation, the Lowell Historic Board and the NPS. BHI has already consulted with the
NPS on this subject on two separate occasions.

¢. Flashboards & Pins:

As FERC is aware, there are great concerns in the community that the flashboard system is not working in the
same manner as in the past and there is a belief that the pins and/or the flashboard system have been
strengthened to prevent the purposeful bending over of the flashboards 10 reduce upstream flooding. We note that
Boott Hydro was issued a permit by the Lowell Historic Board in 2000 to drill a new row of flashboard pin holes
in the capstones, which Boott Hydro represented in that permit application as "moving the hole location" so as
"to decrease or eliminate capstone breaking problems." As actually carried out, it now appears that many more
pin holes were made in the new row than in the earlier two rows closer to the face of the dam. In addition to
other problems this situation has been causing, we are especially concerned that this practice of more closely
spaced pins could result in damage to the capstones of the Pawtucket Dam. The National Park has not been
included in any correspondence on this issue locally and request that FERC not take any action to finalize an
agreement with to the pins and flashboards without consultation with us and a determination as to
whether further Section 106 action is needed. We are also concerned that the unilateral change from using
smaller boards to plywood sheets as flashboards some years ago occurred without such consultation and may
have resulted in higher water levels and the risk of additional damage to historic resources.

: BHI has previously submitted evidence to the Commission demonstrating that
the flashboard and pin materials in use today are the same as those used prior to
commercial operation of the Lowell Project in 1985. Furthermore, the NPS’ charge that the
use of plywood flashboards instead of “smaller boards” may have resulted in higher water
levels and damage to the Pawtucket Dam is without basis. The strength of the flashboard
system and the height of failure are controlled by the spacing and strength of the supporting
pins and have little, if anything to do with the material used for flashboard panels. We note
that in their review of BHI's updated flashboard design specifications, Commission staff did
not raise any concerns over the use of plywood flashboards on the Pawtucket Dam, and in
fact approved same in the Commission’s order authorizing re-installation of the flashboards
dated June 4, 2008.

Contrary to the NPS’s claim there are fewer, not more, holes in the row of flashboard pin
holes now used by BHI than exist in the original alignment. The flashboard pin socket holes
have been re-drilled several times over the dam’s 150+ year history as the original holes
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have become worn or broken. These holes are generally aligned in three rows running
along the dam’s axis: 1) the original alignment of 776 holes drilled approximately 6 inches
upstream from the downstream face of the capstones; 2) a row of 333 more widely spaced
holes drilled approximately 12 inches back from the downstream face of the capstones,
which were historically used as a safety measure to tie off workboats when working on the
dam crest; and 3) a total of 723 holes in the row currently used by BHI which are drilled
approximately 16 inches upstream from the downstream face of the capstones. As noted
by the NPS, this latter alignment of pin socket holes includes the 660 holes drilled by BHI in
2000, to prevent damage to the capstones and to preserve the dam. As now installed, BHI
has selectively eliminated flashboard pins such that only 588 of the holes in the back row
are being used, in order to achieve the 20-inch average pin spacing approved by the
Commission.

Thank you for this opportunity to clarify and address the issues raised by the National
Park Service. Please do not hesitate to contact me at (978) 681-1900, extension 809 if you have
any questions concerning any of the topics addressed above.

Sincerely,

Boott Hydropower, Inc.
1S/

Kevin M. Webb

Environmental Affairs Coordinator

cc M. Creasey, NPS
V. Engel, BHI

F:\Projects\NE\Merrimack\Lowell\Response to NPS June 2008.doc
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Introduction

On 17 August 2017, architects and engineers from EYP (Eric Ward, RA; Rebecca Young, RA; and Mark
Kanonik, PE) visited the site to observe the general condition of the Northern Canal Waste Gatehouse. On
19 and 20 October 2017, Mark Kanonik and Chuck Volans of EYP again visited the site to observe the
general condition of the building. The Gatehouse is a single-story, heavy-timber-framed building that
measures approximately 70’ by 15’ in plan. The building was built circa 1872 atop a dam that was built
circa 1847 and houses the canal gates, including the machinery that operates the gates. Refer to
Photograph 1 for additional information.

We understand that the canals and gatehouse structure are owned by the Commonwealth of
Massachusetts but maintained by Lowell National Historical Park and that the operational machinery
within the gatehouse is controlled and maintained by Enel Green Power North America, Inc. It is our
understanding that the wood siding, the roofing membrane, and a portion of the sill at the northeast
corner of the building were replaced in the 1980s by NPS staff. At an unknown time in the past,
supplemental steel shoring was installed to support both the south and north walls of the building.

Please note that no calculations were performed to determine the load-carrying capacity of any of the
elements of the gatehouse building; furthermore, no destructive tests were performed, and no material
samples were collected. Lastly, no evaluations of any of the utilities inside or outside of the building were
made.

Observations

The Northern Canal Waste Gatehouse is a single-story, heavy-timber-framed, building that measures
approximately 70’ by 15 in plan. The gatehouse building is built atop a horizontally-curved masonry dam
that separates the Northern Canal above from the Merrimack River below. The sills of the sidewalls do
not bear directly on the dam; the sill of the north (downstream) wall bears on iron posts which are
themselves bolted into the masonry dam, and the sill on the south (upstream) side bears on a wooden
ledger that was bolted into the masonry dam. The sills of the endwalls bear directly on the dam.

The roofing is not original and is estimated to be about 30 years old; while it appears to be generally
watertight, the edges of the roof membrane are delaminating around the perimeter of the roof. Refer
Photograph 2 for additional information. The roofing has reached the end of its useful life and should be
replaced. The siding appears to be original, but some siding boards at the eastern end of the north wall
were replaced about 30 years ago. The siding is in remarkably good condition except for a few missing
siding boards at the eastern end of the north wall. Refer to Photograph 3 for additional information. The
paint is reaching the end of its useful life, and the siding should be repainted.

Except for the sills under the north and south walls, the wood framing is in very good condition. The sills
themselves are in very poor condition. The eastern end of the north sill was replaced about 30 years ago,
but it is now completely missing in some areas. Refer to Photographs 3 and 4 for additional information.
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It appears that the normal operating elevation of the Northern Canal was raised when the hydroelectric
power plant was installed to the east of the gatehouse building. Photograph 5 (Historic American
Engineering Record [HAER] Photograph MA-8C-2, taken in either 1974 or 1975) shows the south face of
the dam and gatehouse when the Northern Canal was dewatered and the walkway decking was removed.
Photograph 6 is a close-up of the southeast corner of the building, showing the heavy timber ledger which
supports the south (upstream) sidewall. Staining of the large masonry units under the gatehouse, as well
as vegetation growing in a few masonry joints, indicate that the elevation of the Northern Canal was
typically about 4 feet below the top of the dam. However, it appears that the “normal” canal elevation is
now only a few inches below the top of the dam, and the heavy timber ledger is now nearly constantly
partially submerged. Refer to Photograph 5 for additional information. Not surprisingly, the heavy timber
ledger and the wall sill plate atop the ledger are badly deteriorated and are completely missing in some
areas. Refer to Photographs 7 and 8 for additional information. At an unknown time in the recent past,
12 shoring posts (with shoring beams and cable ties) were installed throughout the gatehouse building,
presumably to redistribute the load away from the deteriorated walls. Given the level of deterioration of
the wood framing, it is possible that the building would have partially collapsed if these shoring posts were
not installed. Please note that it is impossible to repair the deteriorated heavy timber ledger and south
wall sill to match the original design without permanently lowering the elevation of the canal; we assume
that this is not feasible, so an alternate method to repair / restore the south (upstream) sidewall will be
detailed in the construction documents that are currently progressing.

HAER Photograph MA-8C-2 (Photograph 5) appears to indicate several open joints in the larger masonry
units at the top of the dam, directly underneath the eastern half of the gatehouse building. Inside the
gatehouse building, the capping stones atop the dam are separated and have settled a couple of inches,
and water can be both seen and heard flowing through the open joints. At some time in the recent past,
steel staples were installed in the capping stones, presumably to stop the stones from separating further.
Refer to Photograph 9 for additional information. Vegetation is growing on the north face of the dam,
and a significant quantity of water can be seen flowing through the side of the dam. Refer to Photograph
10 for additional information. It seems very likely that the water flowing through the dam is eroding the
mortar joints, thus causing both the lateral movement and the settlement seen in the capping stones at
the top of the dam. It seems very unlikely that the issues in the capping stones are caused by uneven
settlement of the dam as a whole since bedrock is visible throughout the bed of the Merrimack River. We
understand that NPS does not “own” the dam and is not, therefore, responsible for maintaining and/or
repairing the dam; however, we recommend that NPS share our concerns expressed in this Report with
the Enel Green Power North America, Inc., at which point they may choose to commission a detailed
engineering study. Our concerns expressed in this Report are based solely on very limited information; it
should be noted that we did not perform an analysis of the dam to determine its load-carrying capacity,
nor did we perform any destructive tests or any investigations of the dam.

Recommendations

The deterioration noted in the bases of the walls is adversely affecting the structural stability of the
gatehouse building, although it is not yet affecting the operation of the gates. If no action is taken to
address these areas of deterioration, the deterioration will continue to worsen until the building settles
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or shifts to such an extent that the operation of the canal gates is compromised. Consequently, we
recommend the following: :

1. Shore the building until all loads are removed from the wall framing and/or the temporary shoring
posts.

2. Remove all deteriorated sections of the wall framing (such as wall studs, sill plates, etc.) at the

north and south walls, estimated to be about 6 to 12” above the top of the dam.

install newsteel framing to support the north wall.

Install additional steel framing to support the south wall.

Provide wood decking atop the steel framing along both the south and north walls.

Remove all temporary shoring posts, beams, and cables.

Remove and replace the roofing with an adhered EPDM roof membrane.

Repair all windows on the north wall so that the windows may be opened if desired.

® N YA W

No work will be performed to the gates or the gate-operating machinery, including active utilities serving
the gate-operating machinery.

Refer to Appendix A for a Class C cost estimate corresponding to the recommended work listed above.

Photographs
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Photograph 1- Northern Canal Waste Gatehouse viewed from the southeast
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Photograph 2 — Delaminated edge of roof membrane at northeast corner of roof.




Document Accession #: 20180814-5118 Filed Date: 08/14/2018

Lowell National Historical Park
Northern Canal Waste Gatehouse E i P/

Photograph 3 — Deteriorated / mising sill and missing iding boards a eastern end of north wall; entire
building has settled in this area, as evidenced by the downward curvature of the siding boards under
the left-most window.

Photograph 4 — Deteriorated / missing sill under easern ege of north wall; note large gap between
dam and wall.
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Photograph 5 — HAER Photograph MA-8C-2, taken in 1974 or 1975; note staining in wall and vegetation
in joints below gatehouse, indicating that the normal elevation of the Northern Canal was several feet
below what it is today. Also, note many open joints in larger masonry units at the top of the dam.
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Photograph 6 — Close-up of HAER Photograph MA-8C-2, taken from Photograph 5, showing heavy
timber ledger and wall sill.
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Photograph 7 — Underside of walkway along south side of gatehouse; the deteriorated sill that is now
ater is visible in Photographs 5 and 6.
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Photograph 9 — Capping sone top dam, inside gatehouse building; severl units have separated, and
water can be seen flowing through open joints.
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Photograph 10 — North face of dam and gatehouse building; note vegetation growing on face of dam
and significant water flowing through dam.
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PARK PURPOSE

The purpose statement identifies the specific reason(s) for establishment of a particular park.
The purpose statement for Lowell National Historical Park was drafted through a careful analysis
of its enabling legislation and the legislative history that influenced its development. The park
was established when the enabling legislation adopted by Congress was signed into law on June 5,
1978 (see appendix A for enabling legislation and legislative acts). The purpose statement lays the
foundation for understanding what is most important about the park.

Lowell National Historical Park preserves and interprets the historic structures and stories of
the Industrial Revolution and its legacies in Lowell, serving as a catalyst for revitalization of the
city’s physical and economic environment and promoting cultural heritage and community
programming.

PARK SIGNIFICANCE

Significance statements express why a park’s resources and values are important enough to merit
designation as a unit of the national park system. These statements are linked to the purpose of
Lowell National Historical Park, and are supported by data, research, and consensus. Statements of
significance describe the distinctive nature of the park and why an area is important within a global,
national, regional, and systemwide context. They focus on the most important resources and values
that will assist in park planning and management.

The following significance statements have been identified for Lowell National Historical Park.
(Please note that the sequence of the statements does not reflect the level of significance.)

1. Lowell’s (economic) success was based in innovation, from manufacturing technology and
processes, to new business models, to city planning designed to benefit both industry and the
worker. Unique industrial concepts were implemented and demonstrated at a massive scale
at the Lowell mills, which served as a model for textile production and industrial cities.

2. Avery large proportion of original buildings, structures, and urban landscapes have survived
in Lowell’s park and preservation district and now are recognized as important historical
artifacts. These include the entire 5.6-mile power canal system with its sophisticated dams,
locks, and gatehouses, 7 of the original 10 mill complexes, and significant examples of early
housing types, institutions, and transportation facilities.

3. The Lowell canal system is nationally recognized as one of the most impressive civil and
mechanical engineering achievements of the 19th century because of its grand scale and
technological complexity, and is the site of origin for the famed “Francis” turbine. The canal
system, used as both a transportation corridor and power source, facilitated the growth of
the industrial city.
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4. Lowell National Historical Park preserves and interprets the stories and heritage of the
people of Lowell, including the early female workforce (aka “mill girls”) and those who came
from across the globe seeking opportunities. Today, Lowell’s residents continue to shape the
culture of the city and contribute to its revitalization.

5. The collaboration between Lowell National Historical Park and its partners has resulted in
the rehabilitation of almost all of the 5.3 million square feet of historic mill space and
hundreds of additional buildings in the downtown historic district. This effort continues to
serve as a successful example of leveraging public-private partnerships for economic
development through historic preservation.

6. Lowell National Historical Park embraces partnerships as an integral approach to
accomplishing park and community goals. Lowell National Historical Park serves as a model
for leveraging collaborative public-private partnerships and community engagement.

FUNDAMENTAL RESOURCES AND VALUES

Fundamental resources and values (FRVs) are those features, systems, processes, experiences,
stories, scenes, sounds, smells, or other attributes determined to warrant primary consideration
during planning and management processes because they are essential to achieving the purpose of
the park and maintaining its significance. Fundamental resources and values are closely related to a
park’s legislative purpose and are more specific than significance statements.

Fundamental resources and values help focus planning and management efforts on what is truly
significant about the park. One of the most important responsibilities of NPS managers is to ensure
the conservation and public enjoyment of those qualities that are essential (fundamental) to
achieving the purpose of the park and maintaining its significance. If fundamental resources and
values are allowed to deteriorate, the park purpose and/or significance could be jeopardized.

The following fundamental resources and values have been identified for Lowell National Historical
Park:

Water Power System / Canal System. The Lowell National Historical Park boundary includes
9.6 miles of major riverbanks and all 5.6 miles of historic canals in Lowell, all of which comprise
the waterpower system that harnessed waters of the Merrimack River to power the city’s mills. In
fact, the Merrimack River and its natural attributes dictated the location of the city itself. The
water power and canal system includes the Pawtucket, Merrimack, Hamilton, Western, Eastern,
Lowell, and Northern Canals and canal banks, as well as several associated locks, gatehouses and
dams, and Pawtucket Falls. This system, which still operates as a source of hydroelectric power,
provides an opportunity to interpret both the historic significance of water in industry, as well as
the engineering of a waterpower system. Public access has been expanded over the years to
support these interpretive opportunities, including creation of a pedestrian canalway and
riverwalk and the development of related exhibits and programs such as the Suffolk Mill Turbine
Exhibit.

Boott Cotton Mills Complex. This complex is architecturally and historically the most
significant mill site in the city, and the only one with buildings owned and managed by the
National Park Service. The millyard was constructed and then adapted over a 100-year period by
the Boott Cotton Mills company, one of the 10 major textile corporations in Lowell. Of the city’s
original millyards, the Boott Cotton Mills complex is the most intact example of Lowell’s historic
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mill complexes. Changes in technology and production capability influenced the development
and appearance of the millyard over time. Its clock tower, completed about 1865, survives today
as one of the most distinctive architectural monuments in Lowell and has become a symbol of
the park. Today, the restored mill complex houses the park’s Boott Cotton Mills Museum, the
Tsongas Industrial History Center, and several NPS Northeast Region offices.

Immersive Experience. Lowell National Historical Park provides a variety of hands-on
interpretive and educational opportunities that allow visitors to immerse themselves in Lowell’s
industrial past. Key park experiences include exhibits that feature a working turbine and weave
room, as well as boat tours of the canal system and rides through the park on historic replica
trolleys, which are among the most popular and unique experiences in the park. The Tsongas
Industrial History Center, a partnership between Lowell National Historical Park and the
University of Massachusetts Lowell Graduate School of Education, is a hands-on center where
students can learn about the American Industrial Revolution through interactive activities such
as weaving, working on an assembly line, creating canal systems and testing water wheels, and
measuring water quality.

Cultural Heritage and Arts Programming. Immigration and cultural expression were a part of
Lowell’s story from the beginning—from the Yankee “mill girls” who flocked to the city in search
of economic independence to the Irish, French-Canadians, Greeks, Poles, Portuguese, and other
ethnic groups that came in search of the American Dream. This cultural heritage, its evolution
over time, and its impacts on the cultural character of Lowell today are expressed through
programming and exhibitions at the park, including the Mill Girls &Immigrant Exhibit at the
Patrick J. Mogan Cultural Center, the Lowell Folk Festival, and the Lowell Summer Music Series.
Cultural heritage and arts events are among the most well known and best attended at the park,
and feature a range of activities that appeal to local and nonlocal visitors alike.

Historic Urban Industrial Landscape. Lowell is often recognized as one of America’s most
significant industrial cities, and, as such, the assemblage of buildings, structures, and public
spaces that comprise its historic urban industrial landscape are critical to telling the story of the
mills and the Industrial Revolution in America. Lowell was an innovative mill town where the
focus was on both industry and the worker, and it includes not only extensive mill space and
supporting structures but also boardinghouses, churches, and parks. Although the landscape is
central to the story of Lowell, many of the buildings, structures, and greenscapes are owned and
managed by other entities. Lowell National Historical Park works with the community and
partner organizations as well as private owners and developers to ensure continued preservation
of the historic urban industrial landscape, including mill buildings and smokestacks. This
collaborative preservation effort is fundamental and will continue to be a central focus for
Lowell National Historical Park into the future.

Partnerships. Since its establishment Lowell National Historical Park has embraced
partnerships as an integral tool for accomplishing park and community goals. Partnerships with
entities such as the City of Lowell, the state, and community organizations have allowed the
leverage of funds for historic preservation and supported the economic growth of the city. These
partners have been critical to meeting the mission of the park, assisting with interpretation,
education, and resource stewardship. Through strong, mutually beneficial relationships with its
partners, the park has not only succeeded but thrives as a model for community cooperation in
the National Park Service.

Museum Collections. The museum collections at Lowell National Historical Park contain more
than one-half million artifacts and historical documents, spanning from the early 19th century to
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the present. These objects and documents provide a tangible link to the Industrial Revolution in
Lowell and its enduring legacies.

INTERPRETIVE THEMES

Interpretive themes are often described as the key stories or concepts that visitors should understand
after visiting a park—they define the most important ideas or concepts communicated to visitors
about a park unit. Themes are derived from, and should reflect, park purpose, significance,
resources, and values. The set of interpretive themes is complete when it provides the structure
necessary for park staff to develop opportunities for visitors to explore and relate to all park
significance statements and fundamental resources and values.

Interpretive themes are an organizational tool that reveal and clarify meaning, concepts, contexts,
and values represented by park resources. Sound themes are accurate and reflect current scholarship
and science. They encourage exploration of the context in which events or natural processes
occurred and the effects of those events and processes. Interpretive themes go beyond a mere
description of the event or process to foster multiple opportunities to experience and consider the
park and its resources. These themes help explain why a park story is relevant to people who may
otherwise be unaware of connections they have to an event, time, or place associated with the park.

The following interpretive themes have been identified for Lowell National Historical Park:

The creation of the Waltham-Lowell system helped to change the nature and meaning of work
by revolutionizing labor relations in the United States and transforming gender, racial, and
ethnic identities ultimately leading to socioeconomic opportunity and inequity.

The accumulation of capital led to new investment opportunities in the United States centered
on industrialization. Innovations in large-scale production systems in Lowell affected society in
social, political, and economic ways and became a model for the future.

Through innovations in textile production, transportation, waterpower, and canal engineering,
Lowell became a premier industrial city and helped propel the United States into a new industrial
age. Cycles of innovation and technological development shaped, and continue to shape, the city
and Lowell’s influence on the world.

The commodification and use of abundant natural resources in Lowell, as part of a global
Industrial Revolution, changed human relationships with the environment and modernized
societies throughout the world but resulted in environmental damage that presents challenges
today.

Lowell is a microcosm of the historical and contemporary shifting of cultural identities and
tensions brought about by broader social changes such as industrialization, urbanization, and
globalization.

From its earliest days as a planned industrial city, through boom and bust economic cycles to
today’s historic preservation renaissance, Lowell’s urban landscape has evolved and now serves
as a model of development and revitalization.
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Analysis of Fundamental Resources and Values

The fundamental resource or value analysis table includes current conditions, potential threats and
opportunities, planning and data needs, and selected laws and NPS policies related to management
of the identified resource or value.

Fundamental
Resource or Value

Water Power System / Canal System

Related Significance
Statements

Lowell’s (economic) success was based in innovation, from manufacturing technology and
processes, to new business models, to city planning designed to benefit both industry and the
worker. Unique industrial concepts were implemented and demonstrated at a massive scale at
the Lowell mills, which served as a model for textile production and industrial cities.

A very large proportion of original buildings, structures, and urban landscapes have survived in
Lowell’s park and preservation district and now are recognized as important historical artifacts.
These include the entire 5.6-mile power canal system with its sophisticated dams, locks, and
gatehouses, 7 of the original 10 mill complexes, and significant examples of early housing
types, institutions, and transportation facilities.

The Lowell canal system is nationally recognized as one of the most impressive civil and
mechanical engineering achievements of the 19th century because of its grand scale and
technological complexity, and is the site of origin for the famed “Francis” turbine. The canal
system, used as both a transportation corridor and power source, facilitated the growth of the
industrial city.

Current Conditions
and Trends

Conditions

=  The canal system is in fairly good condition overall.

»  The canal system actively generates power and houses high-voltage submarine
cables.

= All canals are within the park boundary. The canal system comprises roughly half of
the overall park acreage.

= Elements of the canal system are owned and operated by a variety of entities that are
responsible for the overall condition of the system. The canal walls and floor and
waterpower equipment are owned by Enel Green Power, whereas the buildings and
gatehouses, with the exception of the Moody Street Feeder Gatehouse, are owned by
the Massachusetts Department of Conservation and Recreation.

»  The park has easements associated with properties owned by the state and
hydropower company, such as the gatehouses, canal walls, and much of the canal
margins. These easements enable the park to create walkways, install railings,
support trolley tracks, and perform related maintenance.

»  The public walkways along the canal are in fairly good condition.

= Water flow through the canal affects the overall condition of the canal infrastructure,
including walls that support NPS-owned assets (e.g., walkways, trolley, Boott Mill).

= There are 52 interpretive waysides. As areas are added to the park, additional
waysides will be needed.

Trends

= Use of the canalway system is increasing as additional disparate segments are
connected.

= Visitation to the canalway system is increasing as community efforts to bring new
events to the canalway increase.

= Use of the canalway system will increase as downtown development continues.
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Fundamental
Resource or Value

Water Power System / Canal System

Activation of a new canal lighting system by the City of Lowell has increased
attention to the canalway. If proposals by the public to expand the lighting system
are implemented, visitation could increase.

Threats and
Opportunities

Threats

There is a negative public response to trash in and around the canal system. The
cleanup of debris remains a challenge due to the active power generation function
and subsequent limitations on access authorized by Enel Green Power.

Some perceive the canalways to be unsafe, particularly at night, and poor lighting is
often identified as a concern.

Gatehouses are sometimes broken into and vandalized.

Clear lines of jurisdictional law enforcement authority have not been defined for
much of the canal’s resources (see key issue on “Jurisdictional Challenges”).

Lack of maintenance of the canal walls, which are not owned by the National Park
Service, can threaten the stability of canal walkways and the trolley system, much of
which runs adjacent to the canalway.

Vegetation growing along the canal walls can cause structural deterioration over time
and poses an ongoing maintenance challenge, especially as NPS staff levels decrease.
The park is monitoring environmental containment efforts to manage the lasting
effects of prior industrial uses along the canal. These effects are most prominent
along the Upper Pawtucket Canal adjacent to the former location of a coal/gas plant.
Water flow and levels are controlled by Enel Green Power. Fluctuating water levels
directly affect public access, historic structures, the natural environment, and the
overall visitor experience (e.g., presence of visible debris).

Modernization of the historic dam, approved by the Federal Energy Regulatory
Commission, has changed a system used for more than 200 years. The effects of the
new crestgate system on water levels in the canal system, and on the scenic wonder
of the falls over the dam, remain to be seen.

Opportunities

Continue dialogue with Enel Green Power on how it could work with the park and its
partners to allow for increased public use and/or interpretation.

Work with independent volunteer groups to clean up the canal system.

Expand recreational access through walkways along all of the canal system.

Explore new recreational opportunities through increased use of surface water, such
as kayaking and paddle boating and ice skating in the winter.

Expand signage along walkways, which could increase visitation.

Consider offering science-based programming along the canals. This programming
could include expanded discussions about the tradeoffs between industrial uses and
the environment and the effects of climate change.

Collaborate with community partners on an anti-litter campaign to discourage
littering along and in the canalway.

Engage the community in discussions related to safety along the canals. Explore
opportunities to install LED lighting along canalways as that technology improves.
Install additional lighting and retrofit existing lighting to LED to reduce energy
footprint. Additional lighting would probably attract visitors and improve public
perception of threats to safety.

Advocate for an overlook at Pawtucket Falls within the preservation district.
Advocate for completion of the final section of the canalway along the Upper
Pawtucket Canal.

Data and/or GIS
Needs

Visitor surveys.

Visitor counts.

Population survey.

GIS data for jurisdictional inventory and cooperative management.
Customized high-water study.
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Fundamental
Resource or Value

Water Power System / Canal System

= Mapping of List of Classified Structures data related to the canal system.

= Wayfinding study.

= List of roles and responsibilities related to maintenance, leasing agreements, special
events, and jurisdiction.

= Administrative history.

= Historic resource study.

Planning Needs »  Updated Downtown Lowell Historic District Design Review Standards (in collaboration
with Lowell Historic Board).

= Lighting plan for canalways.
=  Comprehensive interpretive and education plan.
=  Planning for adaptation to climate change.
= Accessibility self-evaluation and transition plan.
= Preservation advocacy and funding strategy.
Laws, Executive Laws, Executive Orders, and Regulations That Apply to the FRV
Orders, and = (Clean Air Act (42 USC 7401 et seq.)
Regulations That = (Clean Water Act (33 USC 1251-1387,33 USC 1151)
Apply to the FRV, . Hist‘oric Sites‘Act of 1935 (54 USC 320101 et seq.)
and NPS Policy-level ] Nat!onal Erl1V|rolnmenta| qulcy Act of 1969 (42 USC 4321)
Guidance = National Historic Preservation Act of 1966, as amended (54 USC 300101 et seq.)
= Secretarial Order 3289, “Addressing the Impacts of Climate Change on America’s

Water, Land, and Other Natural and Cultural Resources”

NPS Policy-level Guidance (NPS Management Policies 2006 and Director's Orders)

NPS Management Policies 2006 (84.1) " General Management Concepts”

NPS Management Policies 2006 (84.1.4) "Partnerships”

NPS Management Policies 2006 (84.7.2) “Weather and Climate”

NPS Management Policies 2006 (chapter 7) “Interpretation and Education”

NPS Management Policies 2006 (chapter 8) “Use of the Parks”

NPS Management Policies 2006 (chapter 9) “Park Facilities”

Director’s Policy Memorandum 12-02, “Applying National Park Service Management
Policies in the Context of Climate Change”

= Director’s Policy Memorandum 15-01, “Addressing Climate Change and Natural
Hazards for Facilities”

Fundamental
Resource or Value

Immersive Experience

Related Significance | A very large proportion of original buildings, structures, and urban landscapes have survived in
Statements Lowell’s park and preservation district and now are recognized as important historical artifacts.
These include the entire 5.6-mile power canal system with its sophisticated dams, locks, and
gatehouses, 7 of the original 10 mill complexes, and significant examples of early housing
types, institutions, and transportation facilities.

The Lowell canal system is nationally recognized as one of the most impressive civil and
mechanical engineering achievements of the 19th century because of its grand scale and
technological complexity, and is the site of origin for the famed “Francis” turbine. The canal
system, used as both a transportation corridor and power source, facilitated the growth of the
industrial city.
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Fundamental
Resource or Value

Immersive Experience

Lowell National Historical Park preserves and interprets the stories and heritage of the people
of Lowell, including the early female workforce (aka “mill girls”) and those who came from
across the globe seeking opportunities. Today, Lowell’s residents continue to shape the culture
of the city and contribute to its revitalization.

The collaboration between Lowell National Historical Park and its partners has resulted in the
rehabilitation of almost all of the 5.3 million square feet of historic mill space and hundreds of
additional buildings in the downtown historic district. This effort continues to serve as a
successful example of leveraging public-private partnerships for economic development
through historic preservation.

Current Conditions Conditions

and Trends = A wide variety of well-received, full-sensory experiences are offered at the park,
including canal boat tours, Lowell Folk Festival, Tsongas Industrial History Center
programs, weave room, and Lowell Summer Music Series.

»  The Tsongas Industrial History Center provides popular programs targeted at
providing students with curriculum-based, place-based immersive experiences.

= OQverall, visitors report consistently high levels of satisfaction with immersive
experiences at the park.

=  Existing signage does not provide consistent or adequate direction to visitors
navigating to and through the park.

*  Educational offerings at the Tsongas Industrial History Center continue to be
responsive to changing curriculum standards.

Trends

= Visitation by different grade levels varies at the Tsongas Industrial History Center
because of changing curriculums and educational standards. For example, visitation
by fourth grade classes has increased because of the current framework for social
studies education, whereas visitation by eighth grade classes has decreased because
the topic of industrialization is now addressed in the high school curriculum.

= Visitation for external partner-led/coordinated programs is increasing.

*=  The need for science, technology, engineering, and mathematics educational
programs is increasing.

= The park’s immersive experiences meet the needs of 21st-century learners who desire
more engaging, free-choice, and self-directed learning environments.

Threats and Threats

Opportunities * Immersive experiences are generally staff intensive, requiring more personnel with
specialized skills than other interpretive experiences. Thus, these experiences can be
difficult to sustain as employees retire and staff levels decrease.

= Immersive experiences have high operating costs and require ongoing infrastructure
improvements and maintenance.

= Hiring uniquely skilled employees (e.g., trolley operators and maintenance staff,
weavers and loom fixers, museum curators, bilingual interpreters) can be challenging.

= Immersive experiences require attention to safety and related training, staffing, and
eguipment, including the operation of heavy equipment and machinery (e.g., boats,
trolleys, looms) and the movement and management of large numbers of people
during bigger events (e.g., Tsongas Industrial History Center programs, Lowell
Summer Music Series, Lowell Folk Festival).

=  There are challenges associated with offering immersive experiences in an urban
environment such as traffic, noise, etc.

= Immersive experiences are considered the primary driver for attracting audiences, but
their use is not up to date with trends in delivering immersive and other interpretive
experiences to new and diverse audiences.
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Fundamental
Resource or Value

Immersive Experience

=  Fluctuations in canal levels, which are managed by the power company, limit the
park’s ability to use the canals for immersive experiences.

Opportunities

= Continue to update and evolve programming to ensure relevancy. Examples include
updating exhibits using 2 1st-century practices, co-leading programs with community
members to explore contemporary topics, and conducting evening programming that
uses park resources in creative ways (e.g., open-mic nights based on park themes and
tied to community-relevant topics).

=  Continue to explore and evolve business models and partnerships that support
operational costs, needs, and staffing required by immersive programming.

= Continue to develop community engagement and partner-led initiatives that use
immersive experiences to attract new audiences and build the next generation of park
stewards.

= Research and institute new techniques to improve current immersive experiences and
develop new experiences at Lowell National Historical Park and the Tsongas Industrial
History Center. These could include greater emphasis on audience-centered learning,
family learning, audio tours and experiences, and bilingual offerings.

= Leverage assistance of nonprofit groups, partners, and volunteers to help meet
staffing needs.

= Adapt programs and facilities at the Tsongas Industrial History Center to engage
nonstudent visitors.

= Develop succession plan and training opportunities to maintain skilled staffing levels
necessary to offer immersive experiences.

= Pursue phased design and funding strategy to introduce 21st century immersive
experiences to park exhibits.

=  Engage with partners to expand awareness of park’s immersive experiences and
attract new audiences.

= Continue to develop creative programming in response to shifts in visitation and/or
other trends.

= Consider ways in which the National Park Service might certify canal boat operators
for watercraft use as an alternative to the U.S. Coast Guard certification process.

Data and/or GIS
Needs

= Visitor surveys.

= Visitor counts.

= Wayfinding study.

= Customized high-water study.

=  Population survey.

= Administrative history.

= Trolley system condition assessment.

Planning Needs

= Marketing plan and visitation/tourism plan.

= Comprehensive interpretive and education plan.
= Wayfinding/sign plan.

= Succession plan.

= Collection management plan (update).

= Accessibility self-evaluation and transition plan.

Laws, Executive
Orders, and
Regulations That
Apply to the FRV,
and NPS Policy-level
Guidance

Laws, Executive Orders, and Regulations That Apply to the FRV
= Americans with Disabilities Act (42 USC 12101 et seq.)
= Architectural Barriers Act (42 USC 4151 et seq.)
=  Rehabilitation Act of 1973 (29 USC 701 et seq.)
= “Architectural Barriers Act Accessibility Guidelines” (36 CFR1191.1)

NPS Policy-level Guidance (NPS Management Policies 2006 and Director’s Orders)
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Fundamental
Resource or Value

Immersive Experience

NPS Management Policies 2006 (chapter 7) “Interpretation and Education”

NPS Management Policies 2006 (chapter 8) “Use of the Parks”

NPS Management Policies 2006 (chapter 9) “Park Facilities”

Director’s Order 6: Interpretation and Education

Director’s Order 42: Accessibility for Visitors with Disabilities in National Park Service
Programs and Services

Identification of Key Issues and Associated Planning and Data Needs

This section considers key issues to be addressed in planning and management and therefore takes a
broader view over the primary focus of part 1. A key issue focuses on a question that is important for
a park. Key issues often raise questions regarding park purpose and significance and fundamental
resources and values. For example, a key issue may pertain to the potential for a fundamental
resource or value in a park to be detrimentally affected by discretionary management decisions. A
key issue may also address crucial questions that are not directly related to purpose and significance,
but that still affect them indirectly. Usually, a key issue is one that a future planning effort or data
collection needs to address and requires a decision by NPS managers.

The following are key issues for Lowell National Historical Park and the associated planning and
data needs to address them:

Jurisdictional Challenges. Lowell National Historical Park has complicated boundaries and
multiple jurisdictions. As a result, there can be confusion regarding ownership, boundaries, and
law enforcement jurisdiction. It can be difficult to determine ownership of key parcels and
identify areas lacking lands processing. Continued collaboration with partners to update
agreements specifically regarding law enforcement and maintenance jurisdictions is needed. The
park should continue to work with the NPS Northeast Region to advocate that the state
legislature update designated national park lands in Massachusetts to concurrent law
enforcement jurisdiction.

Associated data needs:

Updating and digitization of park segment maps

GIS data for jurisdictional inventory and cooperative management
Jurisdictional inventory (update)

Outreach and Relevancy. Lowell National Historical Park has evolved with the city of Lowell,
and it is a challenge to effectively communicate that changing story in an inclusive and relevant
way. Conveying the historic context of Lowell and the national historical park to community
members is particularly challenging because some exhibits are outdated. It is essential to connect
with people and their stories more effectively, including updating interpretative media to provide
information to nonnative English speakers. Tourism should be promoted more broadly to
increase visitation and overcome the negative perception of Lowell that began during the city’s
post-industrial decline.

Associated planning needs:
Marketing plan and visitation/tourism plan
Wayfinding/sign plan
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Comprehensive interpretive and education plan
Exhibit plan for Mill Girls & Immigrant Exhibit and Boott Cotton Mills Museum

Associated data needs:

Visitor surveys

Visitor counts

Population survey

Wayfinding study

Historic resources study: Lowell, A City of Spindles (update)

Maintenance/Preservation of Park-Owned Resources and Facilities. The park owns and
operates a variety of resources and assets that require significant staffing and funding, including
historic mill buildings, boardinghouses, boats, trolleys, and associated infrastructure.
Collaboration with park partners to identify ways to leverage funding for maintenance is
essential. Reclassification of maintenance positions would allow greater flexibility within the
park’s diminishing workforce (e.g., maintenance mechanics vs. specialists). Continued creative
thinking about appropriate paths for hiring, as well as effective ways to attract and retain
maintenance staff, is necessary, including using University of Massachusetts Lowell work-study
students and partnering with the local vocational technical high school, social services agencies,
and the Student Conservation Association.

Associated planning need:
Comprehensive management and maintenance plan

Associated data needs:

List of roles and responsibilities related to maintenance, leasing agreements, special events, and
jurisdiction

Trolley system condition assessment

Loss of Specialized Skills and Knowledge. The nature of the resources of the park requires a
large number of staff having specialized skills, such as loom fixers, masons, and woodworkers.
Many staff members have worked with the park since its establishment or were part of the
Lowell Historic Preservation Commission. They have knowledge of the park and city that is
irreplaceable, including the history of preservation and changes in park management over time.
As those individuals retire or otherwise move on from the park, specialized skills and knowledge
will be lost and must be replaced if possible or somehow captured.

Associated planning needs:

Succession plan

Record management plan

Collection management plan (update)

Associated data needs:
Administrative history
Oral history project on development/preservation

Private Ownership in the Park and Preservation District. Many lands and buildings within
the park and preservation district are privately owned but are major components of the historic
urban industrial landscape. Their preservation, maintenance, and integrity of design are critically
important to the park. Although there are certain mechanisms in place to ensure historic and
new buildings in the district meet design and preservation standards, such as city design review
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processes, maintaining historic integrity is a continual challenge. As the economy has improved
and development pressures have increased, challenges increase. The City of Lowell and the
commonwealth are exempt from the Lowell Historic Board standards and controls.
Additionally, development of structures on nonpark land could encroach on historic resources
(e.g., gatehouses and canalways) and diminish the visitor experience. Review of the Lowell
Historic Board standards and new, creative approaches to preservation and design control might
provide new solutions to these challenges.

Associated planning needs:

Updated Downtown Lowell Historic District Design Review Standards (in collaboration with
Lowell Historic Board)

Preservation advocacy and funding strategy

Renewal of Enel Green Power License. The water power license, issued by the Federal Energy
Regulatory Commission to Enel Green Power, is near its renewal date. Use of the canal system, a
major component of the park experience and interpretation, is subject to terms in that
agreement, and the National Park Service should be involved in renewal conversations. Terms
should be sought that allow for expanded recreational use of the canalways. Through proactive
NPS involvement, the needs of both Enel Green Power and the National Park Service could be
met.

Associated data need:
Customized high-water study

Climate Change. Some parts of the park, including the Boott Mill No. 6 building and Counting
House, are within a designated floodplain that primarily is related to the canal system
surrounding the central part of the city of Lowell. As a result, a majority of park buildings,
structures, and other resources are at risk to the effects of climate change, with the threat of
increased storm incidents and more regular flooding. Resources most at risk include those
associated with the water power system / canal system, which is identified as a fundamental
resource. Planning is needed to determine potential impacts and provide mitigation strategies.

Associated planning need:
Planning for adaptation to climate change

Associated data need:
Customized high-water study
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Study Requests
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NPS Boott Study Request #1

Resources, Ownership, Boundaries and Land Rights Study
(Lowell, P-2790)

Goals and Objectives

Ownership and use of the canal system in Lowell is very complex. In any given area, there could
be several entities with land rights or other entitlements granting authority to access, maintain, or
utilize the canal system. The objectives of a boundary study would be to determine current
ownership of resources within the canal system in a comprehensive manner, record maintenance
responsibilities and obligations to those resources, clarify FERC jurisdiction, and document
recreational, educational, or other land access rights to resources within the canal system. The
study should also project future conditions for the terms of the license. Decommissioning
downtown power stations could result in impairment to historic resources. The large historic
water power infrastructure will continue to require costly maintenance, but risks disinvestment if
it is no longer needed for on-going project operations and remains under the licensee’s
ownership. Decommissioning of canal infrastructure and other reasonably foreseeable changes in
project operations that could result in changes in ownership or maintenance liabilities should also
be considered within the study.

The ultimate goal of this study would be to denote which entity is ultimately responsible for
specific resources, in light of overlapping jurisdictions and to serve as a factual baseline
document to update the MOU for Canal Maintenance Responsibilities in the Project Area with
Boott Hydropower Inc., Lowell National Historical Park, the Department of Conservation and
Recreation, and the City of Lowell as signatories.

Resources Management Goals

See Attachment E from September 2017 Foundation Document.

Public Interest

Requester is a Federal Resource Agency.

Existing Information

NPS has a complete record of its land rights and can provide this for the study. Land rights
obtained by Boott Hydropower Inc., Massachusetts Department of Conservation and Recreation,

City of Lowell, and private entities would also need to be accessed for this study.

Nexus to Project Operations and Effects
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Property ownership and less than fee easement rights are directly related to the ongoing
maintenance and preservation of the historic canal system. Identifying which parties have
authority to maintain and use and/or an obligation/right to maintain/use the canal system will
inform the development of license requirements as well as roles and responsibilities of any future
MOUs for the historic canals. Boott also needs the rights necessary to comply with license
requirements; a firm understanding of what rights Boott has or may need to acquire will be
essential to the licensing determination.

Methodology Consistent with Accepted Practice

The information from this study can be pulled from title and land records, existing legislation,
and other legal documents.

Level of Effort/Cost, and Why Alternative Studies Will Not Suffice

This type of study can be completed at a reasonable cost within the FERC study period.
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NPS Boott Study Request #2

Water Level and Flow Effects on Historic Resources
(Lowell, P-2790)

Goals and Objectives

Changes to the elevation of water or flow rates throughout the system directly affect the
condition of historic resources. Abnormally high water levels in the Northern Canal, for
example, have caused damage to wooden structural elements of the Northern Canal Waste
Gatehouse and structural undermining of the Great River Wall. Conversely, extended drain
downs and low water levels have caused damage to historic turbines and waterwheels made of
wood and leather elsewhere in the system. The effects of the Crest Gate operation are unstudied
and may include acute or prolonged impacts to historic resources throughout the system.
Decommissioning downtown power stations may also result in changes to water levels and flows
in some areas of the canal system and the effects are unstudied and unknown.

The objectives of this study should include evaluating how project operations, including
manipulation of the newly installed Crest Gate, canal headgates, spillways, locks, fish passage
structures, and generating units will change water levels in any location within the canal, and
determine the extent to which water flows or elevations can be modified and or controlled to
diminish loss of historic resources. The study would:

e Document impacts of current project operations on nationally significant historic
resources, including a structural engineering assessment of the Great River Wall.

e Project future water levels and flows as a result of reasonably foreseeable changes
to the project operation such as operating the Crest Gate system,
decommissioning certain facilities, or modifying operations for fish passage.

e Evaluate impact of on-going and future project operations on nationally
significant historic resources.

e Develop 100 and 500-year flood plans to protect nationally significant historic
resources.

Resources Management Goals
See Attachment E from September 2017 Foundation Document.

Public Interest

Requester is a Federal Resource Agency.
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Existing Information

NPS can provide an architectural and engineering evaluations of historic structures at multiple
locations as well as maintenance records for previous repairs. Boott Hydro Power may have
existing data on the impacts high and low water flows and elevations have on historic resources,
but new data demonstrating how the new Crest Gate System effects water levels and flows
would also need to be analyzed.

Nexus to Project Operations and Effects

Understanding the impacts water levels and flows will have on nationally significant historic
resources will directly inform the development of license requirements and will inform future
MOU . The study data can also be used to better understand public and dam safety threats.

Methodology Consistent with Accepted Practice

The study would compare existing conditions of structures associated with canal operations and
identify potential changes in conditions that may result from changes in project operations and
resulting water and flow levels. This study would require an engineering assessment of the Great
River Wall and may require additional structural assessment of other historic properties damaged
by current project operations.

Level of Effort/Cost, and Why Alternative Studies Will Not Suffice

This type of study can be conducted within the study period.
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NPS Boott Study Request #3

Water Level and Flow Effects on Recreation Study:
(Lowell, P-2790)

Goals and Objectives

Water levels and flows directly affect public recreational access to and within the canals. The
elevation and flow rates currently limit the number of days canal walkways are safely accessible
to the public, particularly the Northern Canal Walkway which opens seasonally when flow rates
are lower than 3,500 cubic feet per second (cfs). For years, NPS has received numerous
complaints regarding the walkway’s closure and the public has repeatedly requested increased
access to the Northern Canal Island and Great River Wall. This study would assess if changes to
project operations can be made to increase recreational access and whether 3,500 cfs is an
appropriate threshold for the walkway’s closure.

NPS boat passage is another recreational issue affected by water level and flows. NPS boats
barely pass under the Pawtucket Street Bridge over Pawtucket Canal and the Central Street
Bridge over the Lower Pawtucket Canal. With even 1 foot elevation rise to the crest pool, NPS
boats would be unable to pass under the Pawtucket Street Bridge. A study is needed to determine
the effects the Crest Gate system on on-going project operations will have on NPS tour boats and
other potential future on-water recreational uses.

Additionally, NPS partners and the public have expressed interest in new, different, and
expanded recreational access to and within the canals. The canal system should be evaluated to
determine which segments are most suitable for various recreational opportunities (paddle
boarding, ice skating, kayaking, etc.) so that recreational and economic development partners
develop plans only where deemed compatible with on-going project operations and preservation
of nationally significant historic resources.

The objectives of this study should include evaluating how project operations, including
manipulation of the newly installed Crest Gate, canal headgates, spillways, locks, fish passage
structures, and generating units will change water levels in any location within the canal,
determine the extent to which water flows or elevations can be modified and or controlled to
diminish public access restrictions to recreational amenities. Information to be obtained would
come from photos, videos and direct observations of flows under different levels, magnitude and
duration. The study would address the following issues:

o Effect of water levels and flow rates on existing recreational facilities and
activities, including the Northern Canal Walkway and NPS Boat Operations
e Potential for future recreation within or adjacent to the canal system.
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Resources Management Goals

See Attachment F from September 2017 Foundation Document.
Public Interest

Requester is a Federal Resource Agency.

Existing Information

Boott Hydro Power may have existing data on the impacts high and low water flows and
elevations have on historic resources and recreation, but new data demonstrating how the new
Crest Gate System effects water levels and flows would also need to be analyzed.

Nexus to Project Operations and Effects

Understanding the impacts water levels and flows will have on recreational opportunities and
nationally significant historic resources will directly inform the development of license
requirements and will inform future MOU .

Methodology Consistent with Accepted Practice

The study would compare existing conditions on structures associated with canal operations and
identify potential changes in conditions that may result from changes in project operations and

resulting water and flow levels.

Level of Effort/Cost, and Why Alternative Studies Will Not Suffice

This type of study can be conducted within the study period.
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NPS Boott Study Request #4

Vegetation and Aquatic Trash Management Study
(Lowell, P-2790)

Goals and Objectives

Study the impact of vegetation growth on historic canal walls and propose appropriate
techniques and schedules for vegetation removal to prevent deterioration and obviate long term
capital needs. Review the current waterborne trash removal operation, determine the extent to
which the operation can be changed to prevent damage to historic resources, improve access to
recreation, aesthetics, and public safety.

Resources Management Goals

See Attachment E from September 2017 Foundation Document.

Public Interest

Requester is a Federal Resource Agency.
Existing Information

The study could pull maintenance records from stakeholders to determine the baseline cyclical
vegetation and trash management activities and use condition assessment data to determine asset
condition. The study could also involve a public feedback component to better understand areas
of particular concern.

Nexus to Project Operations and Effects

The results of the study will have a direct impact on the terms of the license agreement and
corresponding updates to the canal maintenance MOU among stakeholders.

Methodology Consistent with Accepted Practice

The study would use baseline vegetation and trash removal activities as a no action alternative
and develop at least two alternatives to demonstrate how changes in frequency or level of effort
would result in changes to the condition of historic resources, the total dollar amount of deferred
maintenance, access to recreation, canal aesthetics, and public safety. Results of the study will
enable stakeholders to determine an optimal and appropriate maintenance reoccurring
maintenance schedule for clearing vegetation and trash which would hopefully result in fewer
major capital investments towards stabilizing canal walls and increased protection of the historic
resources, and increased public safety.
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Level of Effort/Cost, and Why Alternative Studies Will Not Suffice

This type of study can be conducted within the study period.
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NPS Boott Study Request #5

Historically Significant Water Power Equipment Study
(Lowell, P-2790)

Goals and Objectives

The objectives of this study are to identify historically significant water power equipment and
develop plans to preserve the equipment and provide public access for their future enjoyment or
make use of scrap parts from the equipment. The ultimate goal of this study is to diminish loss of
historic property. Protection of historically significant water power equipment is complicated by
boundary issues. Vertical ownership is current set at 101 ft. MSL. Historic hoisting equipment,
gates, and control equipment that are not used for modern operations fall into a state of disrepair
and can be abandoned or thrown away without communication. For example, two hydraulic
cylinders at Guard Locks were discarded and NPS would have liked to interpret them to visitors.
As power buildings are decommissioned, NPS may want to evaluate equipment for exhibit
potential or for scrap equipment to maintain and operate other historic machinery.

Resources Management Goals

See Attachment E from September 2017 Foundation Document.

Public Interest

Requester is a Federal Resource Agency.

Existing Information

The study could reference Lowell National Historical Park’s Scope of [Museum] Collections.
Nexus to Project Operations and Effects

The results of the study will have a direct impact on the terms of the license agreement and
corresponding updates to the canal maintenance MOU among stakeholders. It will also be
essential information in the Commission’s consultation under the NHPA.

Methodology Consistent with Accepted Practice

The study would photograph existing mechanical equipment, provide documentation of the
history of that equipment, and document current equipment ownership. This information would
be used in subsequent meetings between the applicant and the National Park Service so that
historical equipment worthy of preservation and interpretation may be saved for the enjoyment
of current and future generations.
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Level of Effort/Cost, and Why Alternative Studies Will Not Suffice

This type of study can be conducted within the study period.
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