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1.0

SUMMARY & ACKNOWLEDGEMENTS

The purpose of this work was to investigate and report on the physical characteristics, preservation
issues, and reuse possibilities of the Mine Falls Gatehouse located at the head of the Nashua canal,
adjacent to Mine Falls Dam, Nashua, New Hampshire. The Gatehouse is a small brick building
constructed in 1886 to control the flow of water from the Nashua River into a canal and millpond
system to provide waterpower to the Nashua Manufacturing Company mill complex. The City's
overall objective is to arrest and reverse the deteriorated aspects of the Gatehouse and rehabilitate the
structure into a useful historic resource of Mine Falls Park, as well as redefining the educational
benefit to the community.
This study has been undertaken by The Louis Berger Group, Inc., for the City of Nashua Public
Works Division. Work tasks fell under three major disciplines, Historic Preservation, Engineering,
and Architecture, and included site investigation, data collection, historic research, prior study and
document review, data analysis, recommendations, cost estimates, and this written report. Field
investigation and data gathering at the Gatehouse was conducted on six occasions.
Historic research findings include important new information on the history of the design and
construction of the Gatehouse including its identification as an important example of the work of a
master engineer, James B. Francis, considered one of the founders of American engineering and the
leading hydraulic engineer of his day. Inspection findings did identify two serious health and safety
concerns, but it was determined that these can be remedied quickly and economically. The detailed
structural and underwater inspection and evaluation concluded that there are no imminent structural
problems or threats to the building. The cause of the ground subsidence and sinkhole problem in the
area of fill over the former canal was identified and a practical and economical solution has been
proposed. Although architecturally the appearance of the Gatehouse is of a simple utilitarian
industrial building, it is a highly specialized structure that possesses unique and refined construction
methods for its type. A variety of repairs are required to arrest further deterioration of the building,
including a new roof, but considering that maintenance has been deferred for over 30 years, the
Gatehouse is overall in good condition. The inspection and study of the sluice gates and the
mechanical equipment that raised and lowered them has found a well-preserved collection of
specialized machinery important to the knowledge and history of 19th century sluice gate structures.
The Louis Berger Group, Inc., wishes to acknowledge the following individuals and organizations
for their contributions to the completion of this study and report: Amy Prouty Gill, Nicholas
Caggiano, Magnus Pardoe, Chair of the Mine Falls Advisory Committee, Mary Coe Foran and the
Fairgrounds Middle School Student Historic Preservation Team, Michael Jean, Don McAlman,
Chuck Parrott, Patrick Malone, and the Nashua Historical Society.

The Louis Berger Group, Inc., JanuGl)', 2006

Page 1

City Of Nashua, New Hampshire, Mine Falls Dam Catehouse
Historic Structure Preservation Study

2.0

INTRODUCTION

2.1

Project Purpose, Background and Objectives

The purpose of this work was to investigate and report on the physical characteristics, preservation
issues, and reuse possibilities of the Mine Falls Gatehouse located at the head of the Nashua canal,
adjacent to Mine Falls Dam, Nashua, New Hampshire. This work has been undertaken by The Louis
Berger Group, Inc. (Berger), for the City of Nashua Public Works Division (City).
Background

In 1969 the City of Nashua purchased 325 acres ofland along the Nashua River formerly belonging
to the Nashua Manufacturing Company and created Mine Falls Park. The Gatehouse, dam,
millpond, canal system, and other properties formerly belonging to the Nashua Manufacturing
Company are located within the boundaries of the park. Throughout the 1970s, various studies were
conducted for the future use and planning of the parklands, including the completion of a Master
Plan in 1973, and a study of the millpond and canal system in 1975. Together these studies set a
course for the development of the parklands and remaining associated mill structures in keeping with
the natural surroundings. On September II, 1987 the Nashua Manufacturing Company Historic
District was listed in the National Register of Historic Places, encompassing 34 mill buildings and
structures on 61 acres, including the Gatehouse, dam, millpond, and canal system.] In 2003, the Park
Master Plan was revisited and updated, and around the same time a historic structure report was
completed for the Gatehouse.
The Gatehouse is a small brick building constructed in 1886 to control the flow of water from the
Nashua River into a canal and millpond system to provide waterpower to the N ashna Manufacturing
Company mill complex. Water flow was controlled by five vertically-sliding sluice gates beneath
the building and operated by lift machinery on the main floor above. The gate lifting machinery has
evolved over the years from manual to electric to semi-automated electric operation, and components
of each operating system survive.
In 1984 a hydroelectric plant was constructed a short distance downstream and significant alterations
were made to the Gatehouse, including the sealing of the sluice openings, backfilling the uppermost
portion of the canal adjacent to the Gatehouse, installation of an underground piping system through
the Gatehouse to direct a reduced flow into the canal, and raising the height of the dam with 4-foot
high flashboards to increase the hydropower potential. Without a functional purpose for over 20
years, the Gatehouse has not been maintained and is presently in a state of disrepair and
deterioration, evidenced by missing and crumbling bricks and mortar, boarded-over windows, and
rusted and rotted steel and wood structural and mechanical components.
In the interest of saving an important part of the city's history from neglect, Nashua's Fairgrounds
Middle School formed a Student Historic Preservation Team in May 1998, with the interpretation
and preservation of the Gatehouse their primary objective. The Student Historic Preservation Team
has sparked renewed interest in the Gatehouse on a local and state level and stimulated fresh ideas
for its reuse. As a National Register Listed property, any undertakings with the potential to affect the
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Gatehouse require the consultation of New Hampshire Division of Historic Resources (NHDHR),
and James Garvin, State Architectural Historian, has been working in conjunction with the City and
the Student Historic Preservation Team to insure that proper historical preservation procedures are
followed. 2
Objectives
The City's overall objective is to prevent and repair the deteriorated portions of the Gatehouse and
rehabilitate the structure into a useful historic resource of Mine Falls Park. Work tasks and project
needs to meet that objective have been identified by the City of Nashua Public Works Division, the
Student Historic Preservation Team, and the New Hampshire Division of Historic Resources. The
goal of this study has been built upon previous work and to integrate the useful and practical ideas
that have not yet been realized into the recommendations. 3
Gatehouse preservation objectives that have been identified include:
•
•
•
•
•

•
2.2

Remove health and safety hazards and make the building safely accessible.
Eliminate threats to the historic structural and architectural integrity of the Gatehouse
building.
Identify and preserve the remaining historic components and machinery of the Gatehouse
Conduct research and compile information and documentation on the history, design and
operation of the Gatehouse.
Develop a phased preservation, restoration, and reuse plan for the building and equipment
that allows for its interpretation as a historic element of Mine Falls Park and the Nashua
Manufacturing Company Historic District.
Educational component for schools and visitors.

Scope ofInvestigation

Work tasks fall under three major disciplines: Historic Preservation, Engineering, and Architecture.
The study process includes site investigation, data collection, historic research, prior study and
document review, data analysis, recommendations, cost estimates, and a written report.
Specific tasks assigned to the Historic Preservation team include: inspect and photograph the exterior
and interior features and equipment of the Gatehouse and immediate surroundings; describe and
explain the operation of the Gatehouse components and recommend preservation/restoration
treatments; meet with Student Historic Preservation Team (SHPD to gather prior studies, plans, and
historical information they have compiled; conduct historical research; identify sources of grant
funding and methods to promote the Gatehouse as a nationally recognized historic resource;
incorporate SHPT ideas for educational reuse of the Gatehouse and recommend a phased
preservation, restoration, and reuse plan.
Specific tasks assigned to the Engineering team include: investigate and report on the structural
condition of the building, its equipment and site; review existing drawings and plans and confirm
their accuracy based on field inspection observations and data; snpervise underwater inspection of
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submerged Gatehouse components including modifications made for the hydroelectric plant
construction; assess the long-term detrimental effects, if any, resulting from the alterations made to
the Gatehouse and dam for the hydro-electric installation; summarize structural and other
engineering deficiencies and recommend a remedy with priority level and estimated cost.
Specific tasks assigned to the Architecture team include: investigate and report on the architectural
features of the building and their condition; identify elements requiring immediate repair and/or
future rehabilitation or preservation, including masonry, windows, doors, woodwork, and other
architectural features; identify interior cleaning requirements and quantify debris and detritus for
removal and disposal; confirm accuracy and update of existing plan, elevation, and section drawings
produced by previous consultant adding dimensional information and areas of architectural
deficiencies; summarize structural and other architectural deficiencies and recommend a remedy with
priority level and estimated cost.

2.3

Methods
General

The methods employed in this field investigation, findings analysis, and report follow the guidelines
and standards for preparation of technical reports on existing buildings and historic structures
established by the American Society of Civil Engineers and the National Park Service 4 Technical
reports and informational materials that were consulted to support the analysis of data, conclusions,
and recommendations are noted accordingly.
All work will be performed in accordance with applicable professional standards. The Berger project
team meets the professional standards for historic preservation consultants for the National Park
Service as specified in 36 CFR Part 61. All repair, restoration, and reuse recommendations proposed
in the study for the Gatehouse will conform to the Secretary of the Interior's Standards for the
Treatment of Historic Properties.
Project Personnel
Research, historic resource assessment and reporting was conducted by Berger personnel Richard M.
Casella, Senior Architectural Historian, and Amy Dixon, Architectural Historian. Engineering
inspection, assessment, and reporting was conducted by Berger personnel Joe Lowry, PE, Senior
Civil Engineer, and John Stockton, PE Senior Structural Engineer. Architectural inspection,
assessment, and reporting was conducted by Bruce Hultgren, RA, Senior Architect of the firm of
Domenech, Hicks & Krockmalnic of Boston. Underwater inspection services were provided by
Coastal Diving Services, LLC., of Middletown, RI.

Site Investigations
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21 April 2005
Purpose: (1) Perfonn Structural Engineering Inspection of exterior upstream (west) wall of
Gatehouse from a boat during period of low water to detennine condition of masonry nonnally
submerged when dam flashboards are in place; (2) Examine interior side of west wall, substructure
and sluiceways of Gatehouse from the lower level to extent possible to detennine conditions during
low water; (3) Examine interior and exterior of Gatehouse to determine equipment and preparations
necessary for full inspection; (4) Examine loose contents of Gatehouse in preparation to making an
inventory of the loose historic Gatehouse parts and equipment.
Personnel: Richard Casella, John Stockton
I June 2005
Purpose: (I) Meet Michael Jean of Algonquin to leam operation of24" pipe valve in Gatehouse; (2)
Photograph and measure Gatehouse equipment
Personnel: Richard Casella
8 June 2005:
Purpose: (I) Perform Architectural Inspection of Gatehouse; (2) Install lower-level inspection
staging, lighting, ladders, power, and other inspection support equipment; (3) Perfonn Historic
Preservation Planning inspection of Gatehouse.
Personnel: Bruce Hultgren, John Stockton, Amy Dixon, Richard Casella
9 June 2005:
Purpose: (I) Perform Structural and Civil Engineering Inspection of Gatehouse; (2) Supervise
underwater inspection of exterior, interior of Gatehouse and 8' discharge pipe by Coastal Diving
Services, LLC. (3) Continue Historic Preservation Planning inspection of Gatehouse with advisors
from Charles Parrott (National Park Service -Lowell) and Dr. Patrick Malone (Brown University).
Personnel: Joe Lowry, John Stockton, Amy Dixon, Richard Casella,
20 July 2005:
Purpose: Inspect Gatehouse site and building and gather additional measurements and photos to
support recommendations
Personnel: Joe Lowry, Richard Casella
28 July 2005:
Purpose: Additional measurements and photos.
Personnel: Richard Casella

Project Meetings

In addition, several project meetings were held throughout the duration of the project to kick off
the project, to meet with the Student Historic Preservation Team to exchange research materials
and ideas, and to present the findings of the fieldwork and inspection.
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Historic Research and Existing Data Review
Prior to commencing historical background research, the Berger team received historical materials
collected by the Fairgrounds Middle School Student Historic Preservation Team (SHPT) over the
almost 8 years the organization has been involved with the research and preservation of the
Gatehouse. The SHPT, led by Mary Coe Foran, has conducted extensive research at both the Nashua
Historical Society and local public library, among other places. Over the years they have collected
volumes of articles, books, photographs, maps and plans pertaining to the history of the Nashua
Manufacturing Company, and some information specific to the 1886 Gatehouse. Berger's goal was
to build upon the research begun by the SHPT by exploring historical newspaper articles,
investigating depositories not already visited by the SHPT, and to further explore the materials held
at the Harvard Business School's Baker Library, with a focus on finding information pertaining to
the design and construction of the 1886 Gatehouse.
Historical background research efforts began in March 2005, with a file search conducted at the New
Hampshire Division of Historical Resources (DHR) office in Concord. Several previous studies
containing significant amounts of general information about the City of Nashua and the Nashua
Manufacturing Company are on file in DHR's office, including the Nashua Manufacturing Company
Historic District National Register Nomination, completed in 1987, as well as other town wide and
project area forms, which incorporate information on the Manufacturing Company and the city
overall. Additional research was conducted at the New Hampshire Historical Society in Concord.
As the statewide historical society, their collections contained several books about the history of
Nashua, and their Special Collections some photographs of the city, including general views of the
Nashua Manufacturing Company; however, nothing specific to the 1886 Gatehouse was revealed
through research at the historical society.
The microfilm collection of the New Hampshire State Library, Concord, proved to be an important
source of primary information about the construction of the 1886 Gatehouse. The state library's
holdings included editions of The Nashua Daily Telegraph dating back to 1869. Various editions of
the newspaper included important articles about the decision to construct the Gatehouse in June
1886, with follow-up articles until the completion of construction in January 1887. The names of
those who worked in designing and constructing the Gatehouse were revealed through the course of
th
several articles. Later editions, through the early 20 century, also mentioned, and sometimes
detailed breaches in the Nashua Manufacturing Company's canal. A comprehensive examination of
the newspaper was not completed, owing to time constraints; however, it is clear that The Nashua
Daily Telegraph is an important source of information on the Nashua Manufacturing Company.

The Baker Library at Harvard's Business School in Cambridge, Massachusetts, was visited on March
24, 2005. Whereas some of the Nashua Manufacturing Company's files are now in Baker Library's
collection, none of the volumes or folders provided detailed information about the 1886 Gatehouse's
design or construction. Much of the information about the company was financial or statistical
information. Early papers on file, including the papers of the directors' , discuss the construction of
the canal. Upon further research, it was revealed that the papers of James B. Francis, an engineer
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with the Locks and Canals Company of Lowell, Massachusetts, and consulting engineer on the 1886
Gatehouse, are in the collection of Baker Library. The Francis collection was inaccessible during
further research attempts as the historical collections of the Harvard Business School are in transit to
a new facility through August 2005. Additional research into Francis' files may contain
correspondence between himself and L.F. Kittredge, the contractor who built the 1886 Mine Falls
Gatehouse.
A meeting between the Berger team and the SHPTwas held on April 8,2005. During the meeting,
members of the SHPT presented over 80 different articles, photos, book excerpts, and
correspondence detailing the research effort and information gathered by the group over the years.
Over a dozen maps and plans were provided to Berger by the SHPT. Many of these items were an
important jumping off point for Berger's more in-depth research, and were invaluable in providing
an introduction to the 1886 Gatehouse and its history.
In the search for drawings and technical information about the design and operation of the
Gatehouse, research was conducted at numerous libraries, historical societies, as well as over the
Internet, and inquires were made by telephone and email in an effort to obtain information. Libraries
utilized include: Brown University, Providence Library, University of Rhode Island, and Roger
Williams University, all located in Rhode Island; Boston Public Library; University of Massachusetts
Center for Lowell History Library; Lowell National Historical Park Library and Archives; and
Pollard Memorial Library, Lowell.
Telephone and Internet inquiries and information were obtained from Worcester Polytechnic
Institute, Massachusetts Institute of Technology, and Rensselaer Polytechnic Institute.
The technical literature published on the subject of gatehouses from 1829 to the present was searched
and several articles pertinent to the study were located and copied. A patent search was conducted
and copies of the pertinent patents obtained. Prior plans, documents and reports on the Gatehouse
were reviewed. This information is noted in the text and cited in the bibliography.
Charles Parrott, Architectural Historian for the Lowell National Historical Park was consulted
regarding James B. Francis gatehouse technology since Lowell was where Francis was based and
many Francis resources survive. Dr. Patrick M. Malone, Associate Professor of America Civilization
th
and Urban Studies at Brown University, an expert of 19 century textile mill technology and a
specialist on J. B. Francis, was consulted. Both Mr. Parrott and Dr. Malone volunteered their time to
attend a site investigation ofthe Gatehouse with the SHPT and provided valuable information and
insight to the project.

3.0

DESCRIPTION OF STRUCTURE

3.1

General Building & Site Description

The Gatehouse is a small, highly specialized, brick industrial building located in the City ofN ashua's
Mine Falls Park at the south end of the Mine Falls Dam. The building is rectangular in plan with a
nearly-flat roof, sits on a cut-stone foundation, and measures roughly 20' wide by 57' deep by 23'
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high. Single entrance doors are located on the front and back walls (south and north), and five
window openings are located on the west wall overlooking the Nashua River. Built in 1886 by the
Nashua Manufacturing Company, the purpose of the building was to shelter the sluices, sluice gates,
and equipment necessary to regulate the flow of water from the river impoundment above the dam
into the canal leading to the company's textile mills downstream in the City of Nashua. The river
water was channeled into the canal through five stone sluices and regulated by five vertical-lift gates
of heavy timber construction. The sluices, constructed of massive, precisely hand-cut granite blocks,
form the foundation of the building.
Located over two miles from the industrial center of Nashua, the immediate area remained
unchanged up to the creation of the park in 1969. In 1984 a hydroelectric power plant was built
adjacent to the Gatehouse, resulting in significant alterations to the building and its setting. On the
upstream side, the sluices were sealed-off with concrete slabs and the canal water supply directed
through a 24" iron pipe running through one sluice. On the downstream side, the upper portion of the
canal was filled with large rocks and stone to allow construction of an access road to the new power
plant. Please see Photo Nos. # 1-10 for views of the Gatehouse and its setting.
3.2

Building Elements

Foundation
Historical information, old photographs, and field observations strongly indicate that the Gatehouse's
granite block foundation is bearing directly on exposed ledge that was excavated during its
construction. The surrounding rock outcroppings along the river and the lack of any perceptible
settlemeut of the building support this conclusion. A historical account of the construction states that
"12,000 cubic yards of solid rock were removed and 2,500 cubic yards of masonry was laid. ,,5
Granite walls consisting of both large and small stones, both rubble and rough-cut, partly coursed
and laid in mortar, support the river and canal embankments on either end of the Gatehouse. On the
west side the walls form the inlet channel to the sluice gates; on the east they formed the outlet
channel to the canal and are now largely buried by the road fill (see Photo Nos. 7-9). The granite
sluice walls that run under the Gatehouse and serve as foundations and anchorages for the gate-lift
machinery and part of the interior floor, are discussed below.

Exterior Walls
The exterior walls of the Gatehouse are constructed of standard red brick masonry 3 wythes thick
(approximately 12") laid in a Common bond pattern with 114" white lime mortar joints raked flush.
The walls are straight and flush without any offsets, pilasters, buttresses or corbelling. There are no
interior walls. The long sidewalls (east and west walls) carry the loads of the roofjoists as well as the
ends of the gate counterweight girders.
The bond pattern consists of eight stretcher courses followed by a header course and is somewhat
atypical, the usual practice employing six stretcher courses or less commonly four or five (Photo
Nos. 10-11). The eight-course Common bond pattern results in a slightly weaker wall than one with
more closely spaced header courses, but on a building of such small size and wall height it is
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irrelevant. The thickness of the west wall increases to 5 wythes (20") from the floor level down to its
bearing on the granite sluice inlet lintels.
On the interior, the counterweight girders are set in 8" deep beam pockets leaving one wythe of brick
for the exterior surface (counterweight girders and posts are described below). The girders are
anchored to the walls with %" diameter square-head lag bolts. The bolt heads and decorative castiron star-washers are visible on the exterior of the walls (Photo No. II).
At the roofline the sidewalls are stepped-in 2 wythes to accommodate a wood sill-plate on which the
roof joists bear. The joists project through the wall past the exterior face, with the wall extended one
wythe thick up to the top of the joists and underside of the roof decking. Window and door wallopenings are segmentally-arched, with two-row brick headers over the windows and rough-faced
granite sills.

Roof
The roof structural system appears original to the building and consists of a wood plank deck on
heavy timber joists. The decking measures I O%" wide and is assumed to be standard 3" thick tongue
and groove mill flooring. The roof joists are 7%" wide by II Yz" deep, spaced on approximately 8' -0"
centers, and span 20 feet bearing on the sidewalls on a wood sill-plate. A roof pitch of '/2' per foot
from the centerline of the building to the sidewalls is made with wood wedges on top of the joists
that taper to a thickness of 5" at the roof centerline (Photo No. 12).
The roof joists project through the wall and carry the decking 18" past the exterior face to provide a
wide overhang. The joist ends are scroll-cut in an Ogee shape and trimmed with I" quarter-round
molding at the wall juncture. The underside of the roof deck is trimmed at the wall juncture with a
2"quarter-round molding around the entire roof perimeter. The exterior exposed wood roof elements
are painted red (Photo No. 13).
The finish roofing material appears to be one or two layers of asphalt-impregnated roofing felt,
topped with a tar coat and fine, light-colored gravel, trimmed at the eave with 3" aluminum drip edge
(Photo Nos. 13 & 14).

Windows & Doors
Five arched window openings measuring 36" x 84" (to the spring of the arch) are located on the west
wall arranged in an symmetrical pattern with equal distance between each other and equal distance
from each end of the building (see Photo No.7). The window sash is not original, consisting of
roughly constructed 8-light single wood sash mounted in the original wood frames (Photo No. 15).
Glazing is a mixture of glass and plexiglass, hardware cloth has been applied over the exterior, and
plywood covers the north window. The jambs originally held weight-balanced double-hung sash, as
evidenced by the parting beads, balance pulleys and balance-weight access doors (Photo No. 16).
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Single arched door openings are located on the front and back walls (south and north) approximately
three feet from building corners and measure 36" x 84" (to the spring of the arch). The doors are
flush steel doors with heavy-duty steel frames installed in 1973 and are not original to the building
(Photo No. 17). The front door (south wall) is 39" above the interior floor, while the back door (north
Wall) is set lower in the wall with the sill only 12" above the floor. Earth fill across the front and rear
of the building brings the grade up to the bottom of the door sills. A set of simple open-riser wood
stairs without railings is located inside the front door (Photo No. 18).

Interior Walls, Floor & Woodwork
The interior brick walls are finished with a thin white plaster skim-coat, brush applied, for lightreflective purposes. The plaster is loose and flaking off in many areas especially on the lower
sections of the east and south walls that are below exterior grade and continually damp. The moisture
infiltration problem is discussed further below (Photos No. 19 & 20).
A single-flue brick interior chimney is located in the southwest corner of the building built integral
with the exterior walls. The portion above the roof has been removed, however a historic photo
shows it to have been a simple square about 5' tall with three courses slightly corbelled out just
below the top (Photo No. 27). A thimble for a stove-pipe connection remains on the interior (Photo
19).
The main floor of the Gatehouse consists of two types of construction, staggered along the
longitudinal centerline of the building relative to the location of the lift-gate openings. The east half
of the floor consists of a thin unreinforced concrete slab bearing on cinder and gravel filL Portions of
the floor appear to be patches of bituminous concrete. The fill is retained on the bottom by granite
lintels that form the roof of the sluiceways, and on the sides by brick and stone partitions and
sidewalls. The west half of the floor around the gate machinery consists of 18" thick granite blocks
spanning 6' across the sluice walls, supported on brick columns and partition walls. Along the west
wall under the windows is a continuous opening in the floor 40" wide by 40'-6" long. This opening
was originally covered over with wood planking, now removed. A rudimentary 2"x4" guard railing
has been erected along the length of the opening. At the north end of the floor opening is a hinged
wooden trap door that opens onto the remains of a set of wood stairs leading down to a wood plank
platform above the sluices (Photo No. 21).

Lower Level and Sluices
The stairs from the ground floor originally landed on wood plank walkway supported on 4" x 6"
timbers bolted to granite lintel slabs near the sluice gates and spanning to beam pockets in the
interior face of the exterior (west) brick walL Because the location of Gates 2 and 4 are staggered
about 3' to the east to accommodate placement of the lifting machinery above, wood platforms are
extended from the walkway about 3' into these areas. According to 1973 Gatehouse repair drawings,
all of the woodwork was replaced at that time.
Five stone sluiceways with openings 6' wide by 9' high and 30' long, pass under the building and
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under the concrete sidewalk along the east side of the building. The sluices are separated by walls
24" thick built of cut granite blocks. Granite lintel blocks 2' square and 8' long span the sluice walls
to form a continuous roof over the sluiceways. Vertical notches, or slot mortises, not measured but
presumed to be about 12" wide and 6" deep, are cut into opposite sides of the sluice walls to accept
the solid timber gates. The gates slide up and down in these tracks during opening and closing. Also
visible at the lower level are large iron bolts that anchor the gate lift machinery, brick walls and
columns that support the floor slabs above, and the rotted mid-sections of the sluice gate lift frames
(Photo Nos. 22-26).

3.3

Repairs & Alterations

The Gatehouse was built in 1886 by the Nashua Manufacturing Company to regulate water flow
through the canal to the mill complex downstream and replaced an earlier structure located on or
near the site of the present Gatehouse. The gate-lift mechanism was converted from manual handcranked operation to electrical operation using a single motor to drive a multi-pUlley line shaft with
individual belts and drive wheels driving each gate lift-gear mechanism. This modification is thought
to have occurred sometime after 1902 when hydro-electric turbines were installed in the Nashua
Manufacturing Company Mills.
A third alteration occurred with the installation of individual electric drive motors for each gate that
were controlled semi-automatically by contact and magnetic switches. The date 1929 is embossed in
the concrete sidewalk along the east side of the building and the second electrification could have
coincided with that improvement. A historic photo owned by the Nashua Historical Society depicts
the Gatehouse at some time prior to the construction of the sidewalk (Photo No. 27).

In the late 1940s the wood gates were reconstructed, as evidenced by metal plates embossed with the
month, day and year that are affixed to three of the gates. TIle plates are missing from the other two
gates, evidenced by the shadow and attachment holes that remain. It is also possible that the second
electrification occurred at that time, or more automated controls were installed then.
At some point in time the Gate No.2 counterweight suspension eyebolt snapped, dropping the
counterweight to the floor. It appears that the block crushed the chain-drive machinery judging by the
shattered gears and mangled parts piled in one corner of the building. The fallen counterweight now
rests outside the south entrance door and a plywood replica hangs in its place.

In 1973 the City of Nashua Parks Recreation Commission made various repairs to the Gatehouse as
evidenced by a drawing by Hamilton Engineering Associates of Nashua. The work included
installation of the existing metal doors, installation of counterweight "safety chains" around the lineshaft to the counterweight eyebolts, and replacement of all of the wood building components (other
than the roof and window frames) including stairs, stairway trapdoor, well cover, floor-opening
planking and lower-level platforms. It is not apparent if the original wood double-hung sash were
replaced with the existing rudimentary fixed 8-light sash at this time.
The original roofing material is unknown. The existing single-layer asphalt, tar and gravel roof is
estimated at 30 years of age and may have been part of the 1973 repairs. The chimney above the roof
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was probably removed when the roof was last replaced. At least one roof deck plank was replaced in
the vicinity of the chimney.
In 1984, with the construction of the Mine Falls Hydroelectric Project, the upstream sluice gates
were sealed off with concrete slabs and the upper section of the canal adjacent to the sluice outlets
was filled for construction of an access road (Photo No. 28-36). These modifications are discussed
elsewhere in the report. The counterweights were recognized as a continuing hazard and steel "safety
cables" were installed around the support beams and counterweights.

3.4

Equipment & Operation

The equipment of the Gatehouse consists of the five wood sluice gates, the mechanical and electrical
components for raising and lowering the gates, and a river-level gauging well. The surviving gate-lift
machinery reveals that three types of lift systems were used over the operational lifetime of the
Gatehouse. The original manual gate-lift machinery was typical 1886 technology: a hand-cranked
horizontal worm-gear shaft, driving spur, pinion, and rack gearing. The second system followed
electrification of the mills in 1902 and used an overhead line-shaft and belt-drive system powered
with a single large electric motor. The third system used small individual electric motors with chain
drive reduction gears on each gate that were controlled with automatic or semi-automatic electric
controls.
The equipment is grouped for discussion as follows: sluice gates and counterweighted manual
gate-lift assembly; one-motor belt-drive system; multiple motor chain-drive system; electrical
supply panels and controls; river-level gauging well and float gauge.

Sluice Gates and Counterweighted Manual Gate Lift Assembly
The five wooden sluice gates are all of similar construction and all appear to have been
reconstructed in the late 1940s. The gates are of wood and iron or steel construction and measure
approximately 26' tall, 7' wide and 7" deep overall. The wood appears to be white oak. The gate
assemblies have three main components: the solid timber sluice gate proper, located at the base
of the assembly, which slides into slot mortises in the sluice sidewalls to block the flow of water;
the timber lifting frame; and the cast iron rack gears bolted to the sides of the lift frarne that are
driven by a stationary pinion gear. The gate, lift frarne and rack gears are all joined with steel or
iron thru-bolts, straps and angle braces.
The sluice gate is simply a horizontal stack of solid 7 "x7"x7' timbers vertically thru-bolted with four
long bolts (± 10'-6") to form a solid gate 10' high, 7' wide by 7" thick. At the top of the gate, the
thru-bolts anchor four heavy cast iron right-angle brackets that join the lifting-frame legs to the gate
(see Photo No. 26).
The gate lifting-frame consists of vertical side members (legs), 9-1/2" wide x 6-5/8" deep x 16' long,
joined with thru-bolts to horizontal and diagonal wood members. There are a total ofthree horizontal
members, each 7" x 6-5/8" x 2'-11". The two top members are spaced 4'-8" apart with diagonal
timber cross bracing between them. The third horizontal member is positioned approximately 4'-8"
above the sluice gate. The frame legs are thru-bolted to the angle brackets on the gate and diagonally
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braced at the bottom with two wood members about 3' long. Rack gears, estimated to be 15' long and
6" wide, are thm-bolted to the legs. Iron flat -bar lifting straps with loose iron lift-rings are attached to
the top of the frame legs. The counterweight chains attach to the lift-rings with large forged pelican
hooks (Photo No. 37).
The rack gears are driven by pinion gears which are turned by a large diameter spur-gear. The spur
and pinion gears are mounted on a common shaft supported by bearing stanchions anchored to the
floor by long bolts extending through the floor down to the sluice-wall blocks. The large spur gears
are turned by worm gears attached to the primary drive shaft mounted horizontally at waist level
across the front of the gates. A hand crank is attached to the drive shaft for single man operation (the
belt pulleys and chain drive gears also attached to the primary drive shaft are described below).
Please refer to photos for a further description of the drive train (Photos Nos. 37-39).
The three sets of reduction gearing - worm-spur, spur-pinion, pinion-rack - provide a large
mechanical advantage that greatly reduces the primary drive-shaft power needed to raise the gates.
Although the weight of the gates is fully offset by the weight of the counterweights, a tremendous
amount of lifting force is required to overcome the frictional resistance of the wood gate under 19' of
water pressure, bearing against its seats in the granite sluice wall. The total force of the water
pressure water on one gate is approximately 60,000 pounds.
Each gate counterweight system consists of a granite block weight suspended from overhead wood
girders by iron chains that pass over a cast-iron sheave mounted on the girders. One end ofthe chain
is attached to the counterweights with eyebolts, the other end is attached to the top of the gate legs
with and iron hook, ring and strap (Photos Nos. 40-44).
The granite blocks measure approximately 2' -0" wide x 2' -6" high x 7'-0" long and weigh about
5800 pounds, about the same weight as the gates. Two iron eyebolts pass through two vertical holes
drilled through the block and are secured with a washer and nut on the bottom. The counterweight
chains (± Yz" chain) have forged pelican hooks at each end to connect to the counterweight and gate
hardware. The chains, hook and bolts are believed to be original and of wrought-iron composition.
The sheaves appear to be cast-iron, measure 30" diameter, and turn on a 2%" axle mounted in
bearing blocks bolted to the top of the counterweight beams.
The counterweight beams span the short direction of the Gatehouse. Based on measurements of third
beam from southerly end of Gatehouse (the southerly beam of Sluice Gate No.4), the timber beams
measure II \Ii" wide by 13Yz" deep, with approximately 8" placed into the beam pockets of the brick
walls and wedged into place. The beam pocket was formed on the top and bottom by a wooden
bearing pad and lintel. The counterweight beams are additionally supported at a point 8' out from the
west wall by six timber posts. The posts are 9W' square with IV2" corner chamfers, bearing on the
granite floor slabs directly above the granite sluiceway walls. The posts at the north and south end of
the building each carry a single counterweight beam. The four intermediate posts each carry two
counterweight beams by means of a short cantilevered cross-beam resting on top of the post. The
cross beam is 9-112" square by 4' long with scroll-cut ends. The counterweight beams are thru-bolted
to the ends of the cross-beam with a resultant cantilever length of9-1I2". Wood splice plates, 2"x 10",
are nailed to either side of the post-beam connections.
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The counterweight for Sluice Gate No.2 fell at some point in time, and is presently sitting outside
the building near the southerly entrance door. 6 The fallen counterweight was replaced with a hollow
plywood box with a stucco skim-coat applied to mimic the other counterweights. Remedial efforts to
secure the remaining granite counterweights have been made at various times in the past and include
wrapping the stone with wire cable, and attaching an additional, smaller, safety chain.

Electric Belt-Drive Gate-Lift System
The electric belt-drive gate-lift components originally consisted of a single large electric motor, an
overhead line-shaft with belt drive wheels attached, a sliding belt-shifting transmission, and the beltdrive wheels attached to the primary gate-lift drive shaft (worm-shaft) mounted horizontally at waist
level across the front of the gates. Please refer to Photos Nos. 38, 39,41,44-48 during the following
discussion.
The motor has been removed, but was originally bolted to the granite floor between the electric
panels and Gate # 1 directly under the overhead triple-gang drive wheels mounted on the north end
of the line shaft. It is not known if the motor was equipped with reduction gears or was a low-speed
direct -drive motor with the drive wheel mounted on the motor shaft. In either case, two long wide
belts ran from the motor drive wheel up to the gang of three large-diameter cast-iron drive wheels
mounted on the line shaft. The center wheel was the drive wheel keyed to the line-shaft, the two
outside wheels were free spinning. One belt ran straight, presumably to raise the gates, the other was
twisted in a figure-eight to drive the shaft in the reverse direction to lower the gates. The belts were
"parked" in neutral on the outside free spinning wheels until shifted to the center drive wheel thereby
engaging the power from the motor to the line shaft. The shifter consists of two U-shaped iron rods
mounted on two horizontally sliding wood boards attached to the columns supporting the line-shaft
(the counterweight beam columns). Each belt passes through the "U" of the shifter and is "shifted" by
manually sliding the shifter board right or left to apply sideways pressure on the belt with the rod.
The pressure coaxes the belt when it is running to "walk" to the right or left onto the adjoining wheel.

Smaller diameter drive wheels mounted on the line-shaft were connected by belt to the large
diameter drive wheels on the worm-shaft. It is thought that one or more of the gates were equipped
with a clutch to disengage its operation from the other gates. The purpose of several iron brackets
that remain mounted on the columns is uncertain but they are thought to have held the clutch
mechanism (see Photo No. 39).

Electric Gear-Drive Gate-Lift System
At some time between 1923 and 1950 the belt drive system was replaced with five individual electric
motors, mounted alongside each gate and connected by a chain-drive reduction-gear transmission to
the worm shaft. One motor remains and is identified by serial number plate as a General Electric
Textile Mill Motor Model 62A875. The motor is rated at 2 horsepower continuous duty when
supplied with 60 cycle, 220 volt, 3-phase electricity. The motor is coupled to the first stage of a twostage reduction-gear chain-drive transmission manufactured by the Morse Chain Company ofIthaca,
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New York. The manufacturers label refers to the unit as a "Morse Silent Chain." The second stage
gears are connected to the gate worm-shaft (Photos Nos. 49-51).

Electrical Supply Panels and Controls
Electrical distribution and control equipment that regulated and directed power to the gate-lift motors
and other electrical components in the Gatehouse are for the most part mounted on the east wall in
the northeast corner of the building (Photos Nos. 52-58). The initial source of power was
undoubtedly the Nashua Manufacturing Company's own electric plant built in 1902. There is no firm
evidence that a different supply source was ever used, but a meter socket mounted on the west wall
near the gauging well raises the question.
The primary equipment consists of the following: three-phase n2 volt knife-switch service
disconnect with cartridge fuses; eight-circuit distribution panel with cartridge fuses; two-circuit subpanel with knife-switch breaker and cartridge fuses; low-voltage transformer (220v. to 85v/0.65a.)
probably for automatic control circuitry; and four General Electric Type CR 7002-B8 magneticswitches for individual gate motor control. Additional secondary equipment includes typical lighting
circuit components, a meter socket, and conduit.
The magnetic motor switches that supplied the nO-volt 3-phase power were actuated by a l20-volt
circuit of adjustable gate-up/gate-down contact switches, which opened or closed the nO-volt power
supply to the motors.
Two ceramic-insulated four-conductor thru-wall wire conductors are mounted on the exteriorofthe
east wall, are though to have carried low-voltage gate-position or gate-control signals to the mill
downstream.

River Level Gauging Well & Float Gauge
The River Level Gauging Well is located in the northwest corner of the Gatehouse, adjacent and
north of Gate No I. Known as a float-type water-level indicator, the device consisted of a well of
masonry construction connected to the river by an opening or pipe, a float that would rise and fall
with the level of the water in the well, and a vertical scale mounted on the wall over the well that
showed the relative position of the float. An indicator needle, which pointed to the divisions on the
scale, was attached to the float by a small rope that ran over a pulley to a small counterweight. At the
center of the scale is the reading "zero" that would have been calibrated to the river's "normal"
elevation by adjusting the scale up or down on its mounting brackets. Attached to the side of the
scale is a small narrow box that held a notebook to record river level measurements (Photos Nos. 5862).
Initial research reveals very little information in the technical literature on early float-type waterlevel indicators such as this. A 1920 article discusses the accuracy of such devices and mentions that
their use in hydroelectric and irrigation systems is demanding more use of automatic water level
indicators and recorders. The description given in the article of a basic float-type water level
indicator essentially describes the device found in the Gatehouse: "A float rises and falls with the
water, which, by means of a line consisting of a chord, cable, tape, or chain, running over a pulley
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and counterpoised, operates the pen, pencil, indicating hands, or dials of the instrument.,,7
The scale, upper pulley, a section of rope and wood notebook and pencil holder remains. The wood
well-cover remains but is presumed to be a reproduction of the original. Large and small pieces of
wood and other debris can be seen floating in the bottom of the well. A detached metal pipe (± 1112") in the well is suspected to have been a part of an electric water-level sensor that announced
extreme high or low river levels, an/or automatically opened or closed the gates.
According to Dr. Patrick Malone and Charles Parrott, the leading authorities on the Francis designed
gatehouses at Lowell, Massachusetts, the gauging well and float-type indicator is an important
surviving industrial a11ifact that reflects the importance Francis placed on scientific (hydraulic) data
gathering.

3.5

Historic Context
Nashua Manufacturing Company History

The City of Nashua, located at the confluence of the Merrimack and Nashua Rivers, followed the
precedents set forth by the early industrial cities of Massachusetts, and became one of New
th
Hampshire's first textile manufacturing cities in the early 19 century with the establishment of the
Nashua Manufacturing Company in 1823 8 Priorto that time, Nashua's settlement was concentrated
along the north side of the Merrimack, but after the Nashua Manufacturing Company opened its
cotton mill on the south side of the river, expansion of the village center flourished with the layout of
new streets and construction of tenements for mill employees. 9 The incorporation of the Nashua
Manufacturing Company marked the beginning of the city's dramatic period of growth in terms of
both industry and population made possible in part by the water sources that provided abundant
power and transportation opportunities.

The two major rivers in Nashua provided useful sources of transportation and power, but neither
could provide both. The investors of the Nashua Manufacturing Company, who included Daniel
Abbot, Joseph Greeley, and Moses Taylor along with investors from Boston and Salem,
Massachusetts,1O looked at Mine Falls on the Nashua River as a productive source of water powerfor
their mill, but the surrounding location had limited development potential and it was too far removed
from established transportation corridors. II The Merrimack on the other hand was more navigable
and connected to the Middlesex Canal, which provided access to the port of Boston.1 2 Ultimately,
the solution was to locate the mill complex closer to the established village center, and to dig a canal
from Mine Falls to power the mills. Completed in 1824, the hand dug canal was three miles long,
thirty-five feet wide and approximately six-and-one-half feet deep. Hundreds of acres along the
length of the river and canal were purchased by the Nashua Manufacturing Company and left in their
natural state to ensure a clean and uninterrupted source of power and transportation. 13
The company's early agents were integral in the development of the millyard and its associated
infrastructure. Asher Benjamin, the noted Boston architect, was the company's first agent between
1825 and 182814 Benjamin was actively involved in the construction and design of the company's
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first mill buildings, completion of the canal from Mine Falls, and particularly for the early layout of
the streets for family housing and the boarding houses in downtown Nashua. ls Ira Gay, the
company's second agent, was an agent in at the mills in Chelmsford, Massachusetts before coming to
Nashua, and was integral to the design and invention of much of the early cotton machinery used in
the Nashua Manufacturing Company's mills. 16
Upon completion of the canal, construction began on the first of several large brick mill buildings in
downtown Nashua. The first building, a five-story mill, was completed in 1826, and thus began the
expansion of the millyard. In relatively rapid succession, Mill No.2 was completed in 1827, Mill
No.3 in 1835, Mill No.4 in 1844. Mill No. I was reconstructed in 1856 after it was destroyed by
fire. The last building of significant size constructed in the millyard was Mill No. SA, completed in
1902.17 The increasing size of the company required the construction of smaller facilities and
support structures such as storage and office that were added over time. The expansion of the
millyard was due in part to the increasing need to stay abreast of the turbulent and competitive textile
industry.
Throughout its history the Nashua Manufacturing Company continually broadened its product lines
to include the production of flannel cloth, blankets, and by 1893 the company manufactured over one
hundred different kinds of cloth. IS Coupled with the construction of the mill buildings, was the
expansion of the mill's infrastructure. The original canal completed in 1824 was followed by the
construction of a lower dam near the present Nashua Dam and a second canal along the path of the
modern Canal Street. In addition, a system of locks and canals were built to connect the mills to the
Merrimack River and Middlesex CanaL 19 These water-based sources of power and transportation
were completed by 1830.
Additional access to the mills arrived later in the 1830s with the completion of the Nashua & Lowell
Railroad, which was extended to points farther north throughout the 1840s and early 1850s. The
railroads provided a more efficient means of transportation to Boston and other trade ports than the
river 20 With the ability to transport more goods, the mill's focus on the production of lower grade
cottons and flannel sheeting ("grey goods") expanded to include the manufacture of shirtings, jeans
and finer sheetings in the 1840S 21
The company continued to strengthen its hold on the textile industry throughout much ofthe second
half of the 19th century while expanding its product line; however, production was occasionally
delayed due to breaches in the canaL Being a hand-dug canal with largely earthen walls, the canal
was sometimes subject to major breaks such as the ones that occurred in 1825, 1833, twice in 1853
and October 1887, which were attributed to muskrat burrows undermining the canal walls.
Significant improvements, such as reinforcing the walls with granite were completed in 1825, and
some of the curves were straightened after 1887.22 The last significant break, which eroded
approximately 300 feet of earthen wall, occurred in 1907, and was attributed to tree roots causing
.
23
erosIOn.
A good technical account of the 1887 breech of the canal wall was given by John R. Freeman in an
article published in 1888.24 Freeman was a noted hydraulic engineer for the Essex Company in
Lawrence at the time and consulted the Nashua Manufacturing Company on hydraulic matters
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between 1887 and 1892, possibly on the recommendation of James B. Francis who was winding
down his consulting work. He designed and built an innovative waste-weir in 1891 for the Nashua
canal near its outlet to act as a "safety-valve in preventing the rise of water high enough to endanger
the embankment. ,,25 Freeman went on to become one ofthe leading hydraulic engineers of his day.26
Despite the decline in importance of textile manufacturing locally towards the end of the 19th
century, the Nashua Manufacturing Company tried expanding its product line, and continued making
improvements in its facilities.27 Among these improvements was the construction of a formidable
brick gatehouse at the inlet of the canal.

1886 Gatehouse at Mine Falls
Little is known about the previous gate structures located at the head of the canal on or near the site
of the 1886 Gatehouse. In the early 1820s, the proprietors of the Nashua Manufacturing Company
decided to utilize the abundant water power provided by the nearly 30 foot drop in the Nashua River
at Mine Falls by building a gravity type dam constructed of split stone on a ledge foundation that
would divert water into a canal to power the mills downtown. Records from the company's annual
directors' meeting updated progress on the canal construction by stating: "The water is now entirely
stopped in the southern branch of the river by the Mine Island - and all things are now in order for
building the Guard Gate and finishing the earth dam, the materials of which are nearly all
prepared.,,28 This is the earliest indication of the installation of gates to control the river's flow into
the canal.
Construction of the dam and 3-mile long canal was supervised by James F. Baldwin, an engineer
who worked previously on the Middlesex Canal in Massachusetts. Shortly after its completion, the
Nashua Manufacturing Company's canal had a small break, and heavy flows of water from rain and
snow melt the following spring seriously damaged the canal. The canal was described as "a
miserable ditch, which gave endless trouble, on account of its faulty construction.,,29 No historical
accounts of these early breaks describe the guard gates in any detail. The guard gates were replaced
circa 1863 presumably with a similar installation but perhaps equipped with more sophisticated
operating machinery. Within 23 years the 1863 guard gates, described as 20 feet wide and
"somewhat complicated and hardly worth talking about," were determined to be rotten and unsafe
and "liable to give way under fall or spring pressure and thus possibly cause an immense amount of
damage." 30 The decision was made to replace the old gates with new gates enclosed in a brick
building.
The new gatehouse project was the responsibility of Nashua Manufacturing Company's business
agent R.A. Maxfield. To design the gatehouse the company secured the services of James B. Francis,
who was widely regarded at the time as the country's leading hydraulic engineer (see discussion of
Francis below).
By mid-June 1886, the contract for the new gatehouse had been awarded to Luther F. Kittredge, a
masonry contractor from Lowell, Massachusetts, and construction had begun. Kittredge, who was 34
years old and had "spent his life in such service," erected a "mammoth shanty" near the site of the
gatehouse to house his crew of 63 men. 31 A blacksmith shop was also erected at the site and the
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latest in power equipment brought up from Lowell including two 5-ton steam derricks with 50'
booms, a steam power plant to drive steam pumps and drills, and two large hand derricks. Kittredge's
operation was "so systematized that the work goes on without friction or delay. ,,32
George F. Leonard, a draftsman from Lowell, apparently served as the resident engineer on the job,
probably under the employ of Francis to inspect the work to insure it was built to according to
plans. 33 Both Francis and Leonard were present at the extravagant banquet hosted by Kittredge in
34
the worker's shanty to celebrate the completion of construction in January 1887.
The Nashua Daily Telegraph periodically published summaries and updates on the construction of
the Gatehouse. In October 1886, the newspaper reported: "The dressed stone masonry and the gates
are in place and the work now to be done consists of building a gatehouse and setting and attaching
the hoisting machinery, making and excavation east of the gates for an outlet, laying up some outside
wall and a general cleaning Up.,,35 It was estimated that work would be completed in eight weeks,
and approximately eleven weeks after that article was published a ceremony was held to celebrate the
completion of the Gatehouse. The Gatehouse was completed over the course of seven months and
was described as a "long, laborious and costly undertaking and the work has been done so thoroughly
that it will undoubtedly stand for ages.,,36 Statistics included in the January 1887 article reported that
12,000 cubic yards of sold rock were removed and 2,500 cubic yards of masonry was laid.
Dimensions for the five individual gates measured 6 feet wide and 9 feet high. The stone division
walls measured 2 feet wide, 9 feet high and 30 feet long, with lintel covers 2 feet thick and 8 feet
long from one division wall to another. The exterior dimensions of the Gatehouse measured
approximately 50 feet by 20 feet, with an exterior height of 20 feet and interior measurement of 25
feet to the roof. Inside, the manually operated gates were hoisted by rigging attached to a gear with a
worm shaft running through ten stands anchored in stone. The five off-set gates hung on counter
balance stones of solid granite that weighted approximately 3 tons and rose approximately 14 feet
high when the gates were closed 37 This system of counter balance stones continued to balance the
weight of the gates through two subsequent generations of gate-moving mechanisms. In the early
20th century, perhaps shortly after the electrification of the Nashua Manufacturing Company's mill
operations in 1902, a motorized belt-drive gate operating system was installed in the Gatehouse. This
system utilized one large electric motor connected by belt to an overhead line-shaft. The shaft was
mounted on the center posts and ran nearly the length of then building above all five gates. Belts
connected pulleys on the gate-lift gears to pulleys on the line shaft, all of which was controlled by a
single operator working a sliding belt-shift transmission.
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The belt-drive system gave way to a more modern electrified gate operation system that utilized
individual motors attached by chain-driven reduction gears to each gate, which may have been
operated remotely by the flick of a switch at the main mill operation nearly 3 miles away.38
A 500' long cofferdam held back the river's water during construction. Upon completion of the
Gatehouse, the cofferdam was removed with dynamite 39 Exploding cofferdams was common
practice for Francis and other engineers of the day. Following the completion of other gatehouses in
New England by Francis and others, the cofferdams were removed by using explosive black powder,
and later nitroglycerine. The use of dynamite, a nitroglycerin-based explosive, is much safer to
40
handle, and was innovative for the time
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After more than 120 years of successful operation, the Nashua Manufacturing Company ceased
operations in 1948, and thus, without the need for power at the mills, the Gatehouse was left idle.
Like many of the other large textile operations in New England, the Nashua Manufacturing Company
was no longer able to compete with the new mills in the southeastern United States who were
supported by a large supply of inexpensive, nonunion labor 4J The land holdings of the Nashua
Manufacturing Company were acquired by the Nashua Foundation, which sold the land to the City in
1969 at which time the land surrounding the canal, including the Gatehouse became part of the city's
park system, and was named Mine Falls Park. In 1984, a hydroelectric facility was built adjacent to
the Gatehouse and part of the canal was filled to create an access road to the power plant. The
sluices at the Gatehouse were sealed to divert water to the new power plant and a single 24" pipe was
run through one gate to discharge a prescribed volume of water (10 cubic feet per second) into the
42
canal.

James B. Francis
James Bicheno Francis (Photo No. 63) has been called "one of the founders of American
engineering" and was in fact one of the original twelve founding members of the American Society
of Civil Engineers upon it organization in 1852, later serving as President in 1880.43 His
contributions to engineering go far beyond his role in the establishment of one of the pre-eminent
professional engineering associations in the world. His work in the field of hydraulics, both as a
practical inventor and a scientific investigator have earned him a place in history as the father of
modem hydraulic engineering. In 1887, Engineering News called Francis "the founder of a new
school of hydraulic engineers" for his "inauguration of a system of experimental research which,
through his patient and careful study, has reached a degree of precision before unknown. ,,44 As a
result of his pioneering experimental methods in hydraulics, Francis is regarded today by leading
historians of technology as one of the principal founders of the field of industrial research, as well as
the broader field of scientific technology.45
Francis was born in England in 1815 and began his association with hydraulic engineering at the age
of 14 when he was employed on the harbor works of Porth canal and later the Great Western canal.
He came to America in 1833 to work for the renown engineer George W. Whistler, first on the layout
of the New York, Providence and Boston Railroad, and then in Lowell on the design of canals for the
Proprietors of Locks and Canals on the Merrimack River. In 1837 Francis was appointed Chief
Engineer of the Locks and Canal company, and he held that position until his retirement in 1884. 46
He was best known for his experiments with hydraulic turbines (the Francis turbine design is still in
use today), his design of power canals and the measurement and regulation of water flow through
them and over weirs (his 1855 treatise, Lowell Hydraulic Experiments was internationally recognized
as the authority on hydraulic engineering methods), and his famous prescient design and construction
of a guard-gatehouse on the Pawtucket Canal which saved the city of Lowell from destruction by
flood.
After his retirement Francis entered private practice as a consulting engineer, and was retained by
Locks and Canals for various assignments. His work as a consultant until his death in 1892 is not
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well documented and the discovery of the Mine Falls Gatehouse as one of Francis' works add
important information to his known history. Francis was responsible for the design of numerous
gatehouses in Lowell and it is apparent that he elevated the practice to such a degree that he might
also be regarded as the father of the modem scientifically designed gatehouse. The Pawtucket
Gatehouse, designed by Francis and built in 1847 to control the flow of water from the Merrimack
River into the northern canal of the Lowell Hydraulic Canal System, uses a Francis turbine and
counterweighted belt drive system to operate ten headgates. The Pawtucket Gatehouse is a registered
ASME Historic Mechanical Engineering Landmark; however, the Mine Falls Gatehouse survives as
perhaps the premier example of his later work.

4.0

INSPECTION FINDINGS

4.1 Summary
Physical inspections of the Gatehouse were conducted on six occasions by engineers, architects and
historic preservation specialists as discussed in Section 2.3 above. The findings of the visual
inspection and evaluation of the health and safety issues, and the engineering, architectural,
mechanical and historic characteristics of the Gatehouse are presented below. One critical
safety/structural engineering problem and several high-priority safety and health concerns were
identified. In addition to the critical structural problem, several moderate-priority civil engineering
issues were identified. Several high-priority and moderate-priority architectural problems were
identified.

From the historical standpoint, the Gatehouse has been previously identified as an important
contributing resource to the Nashua Manufacturing Company Historic District. As a result of the
historical research and detailed inspection conducted for this report, a much greater understanding of
the magnitude of the importance of the Gatehouse on a national level has been realized.

4.2

Safety & Health

The sluice gate counterweights were determined to pose a serious threat to the safety of persons
inside the Gatehouse.
Recommendations: Access should be strictly limited to persons aware of the hazard until a
permanent method of suspending the counterweights can be put in place. Under no circumstances
should individuals stand below the weights. See structural finding below for further discussion and
recommendations.

Active growths of mold due to the high humidity levels in the building were observed.
Accumulations of grease and oil, bird excrement, dirt, and debris are also potential health-hazard
agents. The lower level wood platforms, and other wood components including the stairwell access
door and well cover are deteriorated and should not be trusted to supporting human or other loads.
Recommendations: Materials and equipment unrelated to the Gatehouse should be removed. All
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loose wood items should be removed, including planks, sawhorses and plywood sheets to remove a
moisture-absorbing medium on which mold will grow. Removal and replacement of certain wood
building members dating from 1973 repairs is recommended and discussed below. Once cleared of
debris the building should be fully cleaned, first by vacuuming with an industrial vacuum equipped
with HEPA filters and disposable liner bags, then by low-pressure power washing with a mild
biodegradable detergent and wash water recovery system.
4.3

Structural & Civil

Foundation
As previously noted, general observations, photographs and historical accounts of the building of the
Gatehouse indicate that it is supported on a granite block foundation bearing directly on ledge. The
building appears to be level and plumb, with no indications of settlement. Other signs of differential
foundation settlement, such as cracks in the masonry walls and evidence of substantial repair areas,
were not noted on any part of the structure. Though hampered by limited visibility, the underwater
inspection performed on June 9, 2005 encountered no indications of compromised structural
integrity.
Stacked granite walls support soil on either end of the Gatehouse, forming an inlet channel to the
sluice gates (Photos Nos. 64 & 65). These walls also appeared to be in good condition, with no large
loose or missing stones, settlement, tilting or bulging noted. Water seeping between the stones from
the backfill was observed at several locations, as was vegetation growing in the wall joints above the
normal water line. The backfilled soil may be washing out in the areas where grout and small
chinking stones are missing.

Recommendations: Vegetation should be removed from the joints and the masonry re-pointed at
periodic intervals. The small amount of vegetation and the presence of what appears to be grouted
areas suggest this type of periodic maintenance is already being performed, and it is recommended
that it continue.
Building Walls
The walls of the Gatehouse appear to be level, plumb, and square. No indications of structural
distress or compromised structural integrity were noted. Small areas of localized spalling, brick
damage and previous repairs were observed at a few locations, such as the deterioration around the
doorframes and the damaged southerly comer of the building (discussed in architectural section
below). There is also evidence of wall repair between the pockets of counterweight beams. These
all appeared to be from localized wear-and-tear and minor accident-related causes, and some damage
of this nature would be expected to occur over the 119-year life of this structure.
There was concern over the section of brick wall on the west elevation that is underwater when the
dam flashboards are up. Inspection of the normally submerged section of the wall was made on June
21,2005 from a boat (Photos Nos. 66 & 67). Notes and measurements were taken on the condition of
the masonry and mortar joints, depth of water adjacent to the wall, and water level relative to the
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granite foundation. Measuring from the stain marks on the bricks, the water level was 3.3 to 3.5 feet
below the level maintained with the f1ashboards in place. A series of overlapping close-up photos
were taken along the length of the wall to document the area normally submerged. No significant
structural failures or concerns warranting immediate attention were observed. The brick mortar joints
were found to be intact and solid.
Approximately three feet of soil has been placed against the easterly wall of the Gatehouse. This fill
likely dates to at least 1929, when the concrete sidewalk in this area was constructed. The inside
face of the below-grade bricks were found to be damp and mildewed, and the mortar in this location
is powdery and can be easily scraped out (Photo No. 20). See additional comments in Architectural
section below.
Recommendations: Small areas of brick repair and repointing should be performed on the exterior
surface of the walls. The deteriorating grout at the below-grade locations of the interior surface
should be removed and replaced. If the exterior of the easterly wall is ever excavated to the bottom
of the brick courses (to construct a new concrete sidewalk as described below), waterproofing should
be applied prior to backfilling.
Ground Floor & Lower Level
The main floor of the Gatehouse is supported by the walls of the granite block sluiceways and brick
columns, and is comprised of granite slabs and concrete as previously described. Bituminous
concrete asphalt was noted under the counterweight of Gate No.2. It is suspected that this is a
deteriorated floor repair. The floor damage may have occurred when the original counterweight fell.
With this exception, the floor system was found to be in good condition, with no structural
deterioration noted.
All wood members associated with the ground floor opening over the sluices, the lower level
platforms over the sluices, the stairs leading to the lower level platforms, and the trap door over the
stairs, are all in a state of deterioration that warrant complete replacement (see Photos Nos. 21-23).
In particular, the beams supporting the lower level platforms along the west wall above the
sluiceways are mold infested, severely decayed and unsafe for supporting inspection personnel. The
beams were easily probed with a knife and found to be soft and moist (Photo No. 68).
According to the 1973 repair plans, all these members date from that time. The constant moisture
and humidity has rotted nearly all of the support members and as a result some were replaced in
order to support aluminum scaffolding during the inspections. Due to the high humidity levels in the
building, especially near the tops of the sluiceways, all wooden structural members should be
replaced with pressure treated materials, as was specified in the 1973 repairs but apparently never
done. As an alternative, moisture-resistant tropical hardwoods could be utilized.
Recommendations: Replace all wood members associated with the ground floor opening over the
sluices, the lower level platforms over the sluices, the stairs leading to the lower level platforms, and
the trap door over the stairs. It is recommended that the scaffold system be replaced essentially in-
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kind using pressure-treated lumber. This work is necessary before other work at the lower level can
proceed, such as restoration of one or more of the sluice gates.

Roof Structure
The roof beams and planks were observed to be dry and in good condition, with no visible
deterioration. No signs of structural distress were noted in the roof framing system, suggesting that
no rehabilitation or remedial work is required and that the roof framing is of sufficient strength.
Water found inside the Gatehouse during a site visit appeared to come from the previous night's
rainfall through a roof leak near the Gate No.2 counterweight. Occasional staining found on the top
side of the counterweight support beams suggest the presence of previous roof leaks as well. See
additional comments in the Architectural section below.

Recommendations: The roof covering has likely reached the end of its useful life and should be
replaced with a system appropriate for this type of roof pitch.
Counterweight Supports
On the top of the stone counterweights around each eyebolt hole are concave depressions that were
observed to be full of bird droppings (see Photo No. 43). The failure of one of these eyebolts is the
suspected cause of the falling counterweight. It is believed that the corrosive nature of the organic
material in these depressions caused the metal eyebolt to deteriorate to the point where it could no
longer support the weight of the granite stone. The top part of one of the broken eyebolts can be seen
attached to the end of the counterweight chain of Gate No.2; note that this condition exists on the
remaining granite counterweights. It is also important to note that the age, grade, and quality, and
thus the safe working load, of the main counterweight chains and attachment hooks, rings, straps and
fasteners is unknown. Similarly, the adequacy of the mechanical apparatus, including the 30"
diameter pulley and 2%" axle on top of the counterweight beams cannot be determined without
disassembly and/or specialized testing.
Remedial efforts to secure the remaining granite counterweights have been made at various times in
the past and include wrapping the stone with wire cable, and attaching an additional, smaller, safety
chain. Neither remedial method appears to provide an acceptable level of safety. The grade and
quality of the additional safety chain is unknown. Some of the counterweights appear to be
supported by the original chain, while others appear to be supported solely by the smaller safety
chain. However, this safety chain is connected to the same eyebolt as the counterweight chain, so
there is no additional protection from an eyebolt failure (see Photo Nos. 41-43).
Though the wraps of wire cable do not rely on the eyebolt, it remains unclear whether they are
sufficient to support the weight of the counterweight, should it fall. The wire cables wrap around the
entire stone block, passing over the pulley axle, and in some cases the counterweight support beam.
It appears that there is enough slack in the wire cables to allow the counterweight to fall several
inches before the cables are pulled taut, bearing on the somewhat sharp edges of the stone block.
Only one or two wire-clips (or Crosby clips) were noted at each end of wire cable. Since there
appears to be an inadequate number of clips, the ability of this system to perform as intended cannot
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be verified.
The counterweight chain pulleys are supported by timber beams spanning the short direction of the
Gatehouse, supported at their ends by the brick sidewalls in 8" deep beam pockets, and by
intermediate posts. The beams ends are wedged into the beam pockets between a wooden bearing
pad and lintel. No crushing of the wood bearing pads, counterweight beams, or support posts was
noted (see Photos Nos. 41-43 & 69).
The wood species of the timber counterweight support framing is unknown, but all members
47
appeared to be in good condition. No damage or deterioration was observed during the visual
inspection. Nothing was detected to indicate overstressing or insufficient capacity of the structural
members. Bird droppings and other organic material, including a bird nest with two eggs, were noted
on the top surfaces of the counterweight beams and corbels. The timber members were found to be
dry, though a few areas of localized discoloration were observed, possible indicating locations of
previous or current roof leaks. Cleaning the debris from these members should be included as part of
a general clean-up, but no structural remedial work is required.
Currently, all five sluice gates are inoperable and broken. The sluice gates, previously described, are
comprised of the solid timber sluice gate 10' high, and a timber lifting frame 16' high. With the
exception of Gate # 4, all of the other gate lifting frames have rotted completely through and the
sluice gates have dropped into their closed position in the sluices. The vertical timber members of the
lift frame of Sluice Gate # 4 have been spliced with several oak surveying stakes and stainless steel
strapping (Photo No. 24).
The load of the counterweight on Gate # 4 is presently being carried by the safety chains which are
placing a bending force on the eyebolt and creating an extremely unsafe condition. The full weight of
the other three counterweights are on their original hardware, which, absent the balancing weight of
the solid sluice gates, are being restrained from falling by steel rods or large U-bolts inserted tlrru the
gate lift gears to lock their movement. Although the rods and bolts appear adequate to restrain
movement of the gears, it does nothing to insure the adequacy of the counterweight eyebolts which
have been weaken to an unknown degree by corrosion. Furthermore, the entire gate-lift gear
assemblies, which are restraining the three counterweight loads, are secured to the main floor by long
anchor rods that pass down through the granite slab floor to the be anchored to the granite sluice
walls. Advanced corrosion of the bolts was noted from the lower level platforms where the bolts are
exposed. The original material properties and strength of these anchor rods are unknown, but their
condition is poor. The failure of these members would result in the suspended counterweights
dropping into the wire rope "safety" slings, which would also likely fail, resulting in the blocks
falling to the floor. These anchor rods should either be replaced, or the tension of the granite
counterweight removed. If retained, they should be thoroughly cleaned and painted.

Recommendations: The current condition of the counterweight system presents a significant safety
hazard to personnel and equipment inside the Gatehouse. Simply restricting personnel from placing
themselves under the counterweight is an insufficient precaution because rock or cast iron fragments
might be projected outward from the impact. The four remaining granite counterweights should be
immediately supported with a properly designed support system that transfers the counterweight
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loads independently and directly to the support girders. This is a critical safety concern, and this
work should be completed prior to addressing other cleaning, preservation or restoration work inside
the Gatehouse.

Sidewalk
A concrete slab sidewalk was constructed in 1929 on the easterly side of the Gatehouse between the
building and stone parapet of the sluice-outlet facewall (Photo No. 70). Prior to the construction of
the access road for the hydroelectric project (1984), this walkway was the only means of access from
the south side of the canal to the north. A metal gate attached to the building almost directly under
the date stone secured the northern half of the walkway. Fill under the slab is visible at the north end
of the slab at the corner of the building where erosion has slightly undermined the slab, and appears
to be a mixture of cinder and gravel. The slab has uniformly settled at a slope of about 1/8" per foot
in the direction of the building. Water runoff from the slab as well as from one-half of the roof runs
into a y,j" to I" gap between the slab and building (Photo No. 71). Although the section of buried
wall was parged with mortar, the water is either breeching the parge-coat, wicking-up (rising-damp)
from the base of the wall, or both. Although the water and moisture infiltration does not appear to
indicate any immediate structural threat to the building, it is causing the deterioration of the wall
bricks and mortar on the interior of the building and is further discussed below.

Recommendations: As a temporary and economical measure to reduce the infiltration and slow the
deterioration the gap between the concrete walk and the building face should be filled and caulked.
This will prevent a larger amount of the runoff from getting under the slab and should reduce the
moisture levels on the interior of the brick wall, but it will not completely solve the problems. Rain
from the roof lands 18" from the wall and splashes against the wall. Either a historically compatible
roof gutter or brick waterproofing agent, or both should be installed. The larger problem of
correcting the sidewalk slope could be addressed by removing the existing sidewalk and installing a
new concrete walk gradually sloped toward the back of the building and the river (See Figure A- I).
The new walk would act as a wheelchair ramp to the back (north) door of the building where
wheelchair access is recommended due to its lower elevation on the building, 12" above interior
floor versus the front (south) door which is 39" above the floor.
Ground Subsidence
It has been reported that the ground surface to the east of the Gatehouse has been experiencing
subsidence for several years. Sinkholes have developed in at least four locations and have been filled
repeatedly to eliminate the hazard they present to pedestrians using the park. The problem appears to
be the greatest along the stone retaining wall supporting the concrete sidewalk on the east side of the
Gatehouse as indicated on Figure C-I and Photo No. 72.

The subsidence is occurring in an area that was previously part of the canal channel (see Photo Nos.
27-33). This area was filled in, and a portion of the stone retaining wall demolished in 1984 to
provide road access to the hydroelectric plant constructed at that time. It was reported that the
channel was filled in part with broken ledge material that was excavated as part of the hydroelectric
project. Photographs taken during the construction confirm the random and unspecified nature of the
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fill. This broken ledge material may not have been thoroughly chinked and compacted during its
placement. Finer-grained fill material would have been placed on top of the broken ledge to provide
a smooth surface. This method of construction would create voids in the ledge fill, which allows
migration of the finer material placed near the surface into the voids, and could cause settlement of
the surface over time.
This condition is further evidenced by the existing flow of water through the Gatehouse, especially
Sluice # 2. A significant volume of water is leaking through the west side of the Gatehouse. Some of
this leakage is occurring through the joints in the granite foundation wall and some leakage is
occurring around the concrete sealing slabs that were placed over the sluice openings to permanently
block water flow. The leakage is greatest into Sluice #1. The water then flows from Sluice #1 into
Sluice #2 and then flows easterly through Sluice #2, through the rock fill in the old canal channel.
The water enters the canal (also referred to as the Mill Pond) on the north side of the 8' diameter
concrete pipe (see Figure C-l). This condition was confirmed during the field investigations with the
use of colored dye which was poured into Sluice #2 and then observed exiting the canal embankment
approximately 35 minutes later. Dye was only observed flowing out of the embankment; no dye was
observed flowing out of the concrete pipe.

The subsidence appears to be the greatest adjacent to the retaining wall because the downstream side
of the sluices were not sealed in any manner (see Figure C-2). Care was apparently not taken to
backfill and compact material into the sluices to prevent the gradual but continual slumping of fine
material into them. The entire filled area between the road and the retaining walls along the building
and the river, has subsided slightly toward the sluices, so that runoff now runs toward the wall and
naturally drains down toward the sluices carrying fines with it. This allows more of the fill material
to migrate not only into the voids, but also directly into the downstream openings of the sluices.

Recommendations: The continual subsidence of the ground surface is a long-term maintenance issue
for the City and may create safety hazards. It is recommended that the top surface of the existing fill
be removed. If possible, the material should be removed to the top of the ledge fill. If uncovered,
any stone remnants or pieces of the stone wall that were removed during construction of the access
road should be recovered and used in landscaping the area. A layer of non-woven geotextile fabric
should be placed over the excavated area to prevent migration of the finer particles into the rock
voids. Graded fill can then be replaced, compacted and the area graded to gently slope away from the
retaining wall (see Figure C-3). The area can then be loamed and seeded or in the event it is decided
to utilize the filled area for some specific purpose such as an educational, seating or picnic area, a
combination of grassed and stone or brick paved areas can be specified. As an alternative, the area
between the Gatehouse and the new access road could be excavated to restore a portion of the
original downstream raceway as shown on Photo No. 27. However, due to the grade differential
between the access road and the channel (approximately 25 feet), most of the area between the
gatehouse and the access road would be filled in by a 2: 1 slope embankment, and very little of the
channel would remain.
Water Infiltration and Flow Through Gatehouse
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Consideration was given to reducing the flow of water through the Gatehouse but is not
recommended. Due to the nature of the granite block foundation and the sealing slabs on the west
side of the Gatehouse, attempts to keep all water out of the Gatehouse will require great efforts and
continual maintenance. Even if the upstream side was effectively sealed, water would percolate into
the sluices from the canal side since the water elevation in the canal and in the Gatehouse is
essentially equal (water elevation in Sluice #2 = 59.4', canal = 59.0'). The sluice outlets would
therefore also have to be sealed which would require excavating the fill away from them and
installing effective sealing slabs. Even with the east and west walls sealed, then there are no reason
to assume that the north and south foundation walls would not allow seepage that would then stand
and stagnate or require regular or continual pumping.
The flow therefore can be considered to have the beneficial effect of reducing the potential for
stagnant conditions to develop in the Gatehouse while allowing additional flow into the canal
system. The original design allowed the river water level to extend into the Gatehouse as far as the
sluice gates when they were in the closed position or completely through building when the canal
elevation and river elevation reached equilibrium. The sluices and building were designed for water
to flow through them and there is no evidence that the present situation is resulting in conditions
adverse to the long-term stability of the building.
One of the questions that the diving inspection sought to answer was if the 8" PVC pipe sluice
"drains" specified on the 1984 Gatehouse Water Diversion Plan by Rivers Engineering Corporation
were installed. The diving inspection found that they were not. Elevations taken during the
inspection found the elevation of the water in the canal (June 9, 2005) to be about 9' above the floor
of the sluices, so for the 8" pipes to drain the sluices the water elevation of the canal would have to
be lowered 9 feet, leaving it completely dry in most places.
Underwater Inspection Findings

An underwater inspection was performed at the Gatehouse on June 9, 2005 and included an
inspection of the upstream side (Nashua River) of the Gatehouse, interior inspection of the sluices
and gates, and the inspection of the 8-foot concrete pipe. The diving was performed with surface
supply air diving equipment with voice and video recording in full compliance with OSHA diving
regulations (Photo No. 73)
The diving inspection on the upstream side of the Gatehouse examined the concrete sealing slabs
installed over the sluice openings, the backfill placed against the sealing slabs to hold them in place,
the inlet to the 24" pipe that provides water to the canal, and the stone foundations and retaining
walls in the immediate area to the extent that they were accessible (not obscured with backfill). It
was determined by touch that water was flowing into the sluices around the edges of the sealing slab
due to inadequate, failed or missing "seals." It is not known what type of sealant was used to fill the
gap between the slab and the irregular surface of the granite blocks forming the sluices. Large rock
backfill was placed against the slabs to hold them in place leaving I' to 2' of slab exposed at the top,
so the slab inspection was limited to that area.
A very pronounced inflow of water was detected by the diver at the upper left comer of the sealing
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slab over Sluice #1. The diver was able to temporarily seal this area with a rag and within a few
minutes the flow of water from inside the Gatehouse from Sluice #1 to #2 diminished noticeably.
Within V2 hour the water level in Sluice #1 had dropped several inches.
Water flowing into the rock backfill, and therefore past the lower portions of the slabs and into the
sluices, was also detected by the diver. The 24" iron pipe was found to be protruding approximately
4" from the face of Sluice #4 sealing slab, and it is believed from photographs that the pipe was
grouted into a hole cut or chipped in the slab.
The diver inspected the 8' diameter concrete pipe under the hydroplant access road by entering the
pipe from the canaL The diver found the 24" iron pipe entering the 8' conduit through a concrete seal
at approximately a 45-degree angle. No 8" PVC drain pipes were found. The concrete conduit was
found to be in good condition with no major flaws, damage or cracks detected.
Inspection of the sluices and gates was accomplished by placing a long extension ladder into the
sluiceway from the ground floor of the Gatehouse. The diver dropped into each of the sluices but was
unable to proceed past the solid wood sluice gates which have rotten off and dropped into the closed
position in all of the sluices except # 4 where the 24' pipe passes through. In Sluice #4 the diver
inspected the pipe and pipe valve, which was determined by its shape to be a butterfly valve. The
pipe valve flange is resting on the rock floor of the sluice, possibly on blocking. The sluice gate is
resting on the pipe approximately 30" above the floor. The diver was able to pass under the gate and
swim into the sluice until he encountered an embankment of rock and gravel fill that sloped up to the
ceiling. This was determined to be the fill from the canal basin that had been pushed or naturally
slumped into the sluice during backfilling.
4.4

Architectural
Roof

The wood roof decking appears to be in good condition from visual inspection with some water
infiltration spots noted. Although not apparent from the underside of the deck, areas of deck subject
to roof leakage may be rotted on the top side which will need to be inspected for during roof
membrane replacement. New roof decking has been installed at the location of a previous chimney at
the southeast corner of the building, more on that later. The Bituminous membrane roof appears to
be approximately 20 years old. It has blistering in several locations and the ballast has pooled in
several locations, which is a definite indication that the roofing material is starting to break down
(Photos Nos. 12-14,75). Water was observed in the building June 9, 2005 after the rainstorm the
night before.
Recommendations: Inspection has revealed at least one leak and roofing replacement should be
considered a priority work item to prevent deterioration of other components of the Gatehouse.
Replace roof and drip edge with new. Inspect roof deck after roof removal, repair any damaged
components. Roof replacement may be rubber membrane type with a life span of twenty years or a
flat seam copper roof with a life span of 50 years or more. Existing aluminum drip edge should be
replaced with copper. All exposed wood roof components are to be inspected for deterioration and
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replaced if required. All exposed wood roof components require finish painting. Paint should be
tested to verify composition before removal.

Brick Walls
Exterior brick walls are in good condition with no displacement due to settlement or water
infiltration except for some damaged bricks at the building corners, and door openings, some small
areas of localized spalling, and two old repair locations higher up on the west sidewall (Photo No.
76). The majority of the existing exterior mortar joints are in good condition with the possible
exception of the portion of the east and south walls below ground. The south fa~ade has some brick
staining from metal star shaped beam anchor plates and other miscellaneous metal pieces attached to
the building. Although the building envelope must be secured to the effects of weather to prevent
deterioration of the structure, the areas in need of brick repair and repointing do not appear to pose a
critical threat to the structural integrity of the Gatehouse. However, continued water and moisture
infiltration will continue to deteriorate the masonry over time and repair work should be considered
sooner rather than later in the restoration process.
Interior brick walls are finished with a thin white plaster skim-coat, brush applied, for light-reflective
purposes. The plaster is loose and flaking off in many areas especially on the lower sections of the
east and south walls that are below exterior grade and continually damp (see Photo No. 19).
Note: The plaster was sampled and tested for lead content using two methods available to the general
consumer. Both tests were negative.
The moisture infiltration problem is causing failure of the mortar joints and water saturation of the
softer bricks used (typically) on the interior to a height of 3-4 feet above the interior floor along the
south and east walls (see Photo No. 20). The faces of the saturated bricks are crumbling due to frost
spalling. All other mortar joints appear to be in good condition.
The floor is constructed of 18" thick granite slabs and concrete. The floor is covered with bird
droppings and other debris but it appears to be in good condition except for an area of the concrete
floor adjacent to one of the sluice gates, believed to be where the counterweight fell, that was
patched with asphalt.
A brick masonry chimney is located in the southeast comer but no longer projects above the roof. A
new roof deck panel has been installed where chimney once projected thru the roof (see Photo No.
19).

Recommendations: Replace damaged bricks at building corners, areas of localized spalling, door
openings, and at patched areas with new to match existing or reuse some existing bricks at exterior
and use new bricks inside wall. Test mortar, or consult the results of Dr. James Garvin's mortar test
patch, and match exactly in strength, composition, color, and texture for repairs. Repoint areas
required with mortar to match existing. Excavate and waterproof exterior walls below grade. Clean
exterior graffiti and stained brick with low-pressure water and soda Armex machine owned by the
City. Low-pressure power-wash all interior surfaces of building with using Armex machine. Apply
new white lime plaster skim-coat on interior wall after exterior waterproofing and walls have
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completely dried to ambient humidity. Repoint and patch masonry floor as required.

Windows
The original wood window frames show extreme deterioration from weather and lack of
maintenance. The replacement wood fixed sash components are of poor quality and do not protect
the building from the weather (Photos Nos. 15 & 16).

Recommendations: Windows require immediate repair to protect building interior from the elements
and prevent further deterioration of the original historic frames. Repair existing wood window
frames as required, caulk and paint. Reconstruct new painted counterbalanced 4/4 wood sash
windows to match original windows and install in existing openings (see discussion below on 4/4
windows and Photos Nos. 77-78).

Exterior Doors
Doors and frames are not original building components but provide security and protection from the
elements. The south door is functional but severely rusted and unsightly due to the steel security box
constructed around the rudimentary padlock locking plates. The rear door is welded shut for security
purposes and this greatly limits the ability to cross-ventilate the building during times of access
(Photo No. 17). The original door design was most likely the solid wood vertical tongue-and-groove
plank door that appears in a historic photograph view of the building (see Photo No. 27).

Recommendations: Install new painted metal doors and frames customized with a vertical wood
plank overlay on the doors to emulate the original doors in appearance. Note that the existing
openings can accommodate ADA compliant doors.
Interior Woodwork
Interior woodwork consists of repairs done circa 1973 as per design prepared by Hamilton
Engineering Associates for the City of Nashua. The wood repairs appear to have designed mostly inkind with existing conditions although this is not a certainty. A wood plank walkway was designed
to be installed over the ground floor level floor opening (3' 4" x 40') centered along the south wall. It
was to be constructed of 3"x9" pressure treated spruce planking on 4"x6" wood beams 6' on center
with a stairway hatch at the north end of the opening. The hatch is present and in fair to poor
condition with areas of dry-rot deterioration and structural weakness. A simpletwo-by-four wood
railing is around the opening now and it is not apparent if the wood plank platforms were ever
installed. The stairs appear to have been replaced but are now in a very advanced state of decay with
missing treads and rotted stringers (Photo No. 21). The wood plank platforms at the lower level are
constructed of 3"x9" spruce planking carried on 4"x6" wood beams 6' on center. The walkway is
completely deteriorated with only a few of the beams remaining (Photos Nos. 22, 23, 68). It is very
doubtful that pressure treated wood was specified. The wood may have been surface-treated with a
brush applied preservative, which would be insufficient give the humidity levels in the Gatehouse.
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Recommendations: The lower-level wood platforms, stairs and access doors should be replaced in
kind but using pressure treated lumber. It is not recommended that the floor opening planking be
replaced. Instead two 4' long sections of floor opening covers should be constructed and placed over
the opening without fastening down. These will provide the dual purpose of showing what the
original construction looked like, and also serve as a platform for ladders for workers to operate or
repair the windows. A stainless steel cable railing meeting building code should be erected around
the opening to provide safety but good visual access to the area below. A second stainless steel cable
railing should be erected around the machinery and floor openings to define and limit access between
the "public area" of the ground floor and the "authorized personnel only area" around the gates and
openmgs.

4.5

Mechanical & Electrical

As described in Section 3.4, the mechanical and electrical components of the Gatehouse consist of
the five wood sluice gates and their associated lifting mechanisms and electrical equipment, and a
river-level gauging well. None of this equipment is fully intact and operational, although several of
the gate-lift mechanisms are manually functional to the extent that the gear trains move.
Note: The counterweights have been fully addressed in the structural section above.

Sluice Gates and Counterweights
The uppermost lift-frame section of the sluice gates are all in good condition, and it is likely that the
solid gate section at the bottom may also be in relatively good condition due to being submerged
most of the time (Photo No. 37). The bottom of the gates are all completely down, or closed, with the
exception of Gate # 4 which is resting on the 24" iron pipe that runs through the bottom of that
sluice. The other gate lift frames have rotted thm at their mid-point, a condition visible from the
lower level platforms, allowing the bottom half of the gates to drop into the down position. The
frame legs of Gate #4 are rotted but reinforced sufficiently to allow the frame to be raised and
lowered slightly, which was done as an experiment (Photo No. 24). The gate is raised about 3 feet to
allow the pipe to pass under, and this has transferred the weight of the counterweight from the
original gate!counterweight chain to the short" 1973 safety chains", which as previously discussed is
a highly unsafe condition. The gate is capable of being raised manually without the aid of the
counterweight because there is no water pressure against the gate, the entire sluice is flooded and
therefore the only force it exerts is upward due to whatever buoyancy the wood gate possesses.

Recommendation: There is no practical argument that can be made for repairing/restoring all of the
gates since it is very unlikely that the canal will be restored to its original function as a waterpower
canal at anytime in the foreseeable future. It is practical to consider the restoration of one gate for
historic demonstration purposes. The gate could be removed, repaired, reinstalled and made
manually or electrically functional. Alternatively, a restored gate could be displayed outside the
building (they are too tall to stand-up in the building) vertically as a "tower" or hung horizontally on
the across the south side of the building, erected horizontally on posts as a mount for signage, or set
on posts laying down as a bench. The interior reconstruction work would have to follow replacement
of the lower level platforms since the gate lift frame must be bolted/un-bolted to the sluice gate at
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that level.

Gate-Lift Mechanisms
The manual gate-lift gears are intact and in good condition on all the gates (Photo Nos. 37-39). The
exception is the rack gears on the gate legs of all but Gate # 4 which have become broke, separated at
a joint or are severely rusting in the areas where the gate legs have rotted through. The gate-lift gears
on Gate 2 and Gate 4 were operated with the one remaining hand-crank (left attached to Gate 2) and
found to be fully and smoothly functional, largely due to the copious amounts of grease covering the
parts.
The electric belt-drive gate-lift components that remain were found to be in good condition (Photos
Nos. 39,4 1,44-48). A section of the overhead line-shaft extending to Gate # 5 is missing along with
parts of the bearing stanchion that supported it on the post south of the gate. The large diameter
primary belt drive-wheel that attaches to the worm-gear shaft has been removed from Gate # 3 and is
in the comer with the other loose mechanical parts. The one motor that powered the belt-drive
system has of-course been removed. It was located next to Gate # I under the overhead triple-gang
drive wheels mounted on the line shaft. The motor was bolted to the granite floor evidence by the
bent-over threaded rods protruding from the floor.
The electric gear-drive gate-lift components are complete on Gate # 3 (a chain shroud has been
removed and is in the collection of loose parts but can be easily reinstalled). The motor on Gate 3 is
the only one that remains and it appears in near serviceable condition (Photo No. 49). Gates #4 and
#5 retain all of the chain drives as well; a shroud for Gate 5 is removed but can be reinstalled (Photos
Nos. 50 & 51). The chain drive assemblies on gates Gate 1 and 2 have been completely removed
with some of the components remaining in the loose parts collection.

Recommendations: The manual gate-lift gears need only routine maintenance and lubrication to
prevent rusting at this time. The electric belt-drive components should be retained in place as-is and
do not require any specific repair or restoration at this time with the exception of remounting the
loose drive wheel on the Gate #3 worm-shaft. For restoration/exhibitions purposes a leather belt
could be fabricated and installed on a gate that selected to be operated manually or electrically. The
line shaft would then tum in conjunction with the gate being operated. The electric gear-drive gatelift components that are loose should be reinstalled. The one surviving "textile mill motor" should be
evaluated for its restoration and reuse potential, either tested in-place (preferred) or removed and
taken to a motor shop for evaluation. If the motor can't be converted to single-phase, then a threephase electric service to the building should be considered.
Electrical Equipment
There is presently no electric service to the building and therefore none of the equipment can be
powered-up to see if it is functional. Continuity and resistance testing of the motors and switches was
not done. All of the knife-breaker, cartridge-fuse, magnetic switch and relay boxes are steel and
severely rusted. The components represent two or three installations dating from the early to mid 20th
century. One electric chain-drive motor remains are installed on Gate # 3 (Photos Nos. 52-58).
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Recommendations: Although not rare or unusual, they are contributing historic elements of the
operating system and may provide the only clues to understanding the exact evolution of the gate
operating systems. The magnetic and stop-and-limit switches are probably early examples of the type
and preservation of these is important. The knife switches are an uncommon site and could be
restored to operate some spot-lighting or other component using a safe low-voltage/low-amperage
relay circuit. All electrical components should be preserved in place. Loose rusting and paint should
be carefully removed and a clear protective wax or other approved moisture barrier applied. A
suitably economical active or passive electronic corrosion protection system should be investigated
(since the technology and costs are quickly evolving) and installed to prevent further deterioration.
As stated above, the one surviving "textile mill motor" should be removed and evaluated for its reuse
potential.
Gauging Well & Float Gauge
The Gauging Well was inspected visually from the ground floor (Photos Nos. 58-62). A light was
lowered into the well to enable better inspection of the walls and the items that have fallen or been
discarded in the well. The brick and stone masonry lining of the well appears in sound condition
without noticeable open cracks or displacements. The well cover is wood and dates to the 1973
repairs. Although presently serviceable, the wood plank members are exhibiting softening due to
moisture deterioration and the nails fastening the planks together are corroding. A steel pipe (± 11/2"), rotted planks and other wood items are in the bottom of the well and obstructed measurement
of the water depth. The Float Gauge was found to be in remarkably well-preserved condition for its
120-year age, with the scale board, record keeping box, and ceiling pulley intact.

Recommendation: Reconstruct well cover with pressure treated lumber. Remove large debris from
well and retain for evaluation by industrial historian for association with the well or Gatehouse.
Pump out well with submersible pump and conduct visual or remote camera inspection to the bottom
to locate structural concerns, other features such as the inlet to the river, and sunk items. Take care to
find the counterweight and indicator needle, probably wood or copper and arrow-shaped. Determine
purpose of steel pipe and look for evidence of electric water level sensor. Retain all items found for
evaluation. Reproduce missing parts and restore operation of the float gauge.
Loose Equipment
The loose mechanical, wood and other items inside the Gatehouse were examined to determine what
items are directly related to the Gatehouse and its equipment. In the northeast comer of the building
near the rear doorway a collection of mechanical components was found that were removed from
several of the gate operating mechanisms. A loose shroud and loose drive wheel were moved and
placed with the other items to consolidate the items and facilitate the removal of debris and other
unrelated items. The loose items associated with the Gatehouse are all mechanical gate-lift
components and include: two secondary (large) chain-drive shrouds; one large diameter belt-drive
wheel off worm shaft; two primary (small) chain-drive shrouds; a primary and secondary drive chain;
chain-drive gear; chain-drive gear-shaft; broken chain-drive gear; and two bent chain-drive gear-shaft
bearing-stanchions (Photos Nos. 79-80).

The Louis Berger Group, Inc., January, 2006

Page34

City Of Nashua, New Hampshire, Mine Falls Dam Gatehouse
Historic Strncture Preservation Study

Recommendation: Store the loose parts on a pressure-treated or plastic pallet in the northwest comer
of the Gatehouse. Hire an industrial or engineering historian to reattach the serviceable parts to their
original equipment, and reassemble the broken parts in their original location to the extent possible.

4.6

Historical
Significance Statement

In 1987 the Mine Falls Gatehouse was listed in the National Register of Historic Places as a
contributing element of the Nashua Manufacturing Company Historic District for its association with
the district asa whole. The Gatehouse can be also be considered individually eligible for listing on
the Register for its national engineering significance under Criterion C, as an important, rare and
well-preserved example of a technologically unique industrial property type. It is also an important
example of the work of a master, James B. Francis, the founder of modem hydraulic research and
engineering. The building is significant for its unique and refined construction methods, integrity of
design and materials, and surviving mechanical equipment integral to the design and function of the
building. The surviving components represent the evolution of the operation of sluice gates from
manual power through early and later electrical systems and therefore provide insight into the
changing technologies and equipment associated with such specialized structures.

Building Elements Contributing to the Historic Significance of the Resource
All of the building components and equipment are contributing elements with the following
exceptions: window sash (frames are original), doors and frames, roof coating, interior wood
planking, stairs and platforms (replaced 1973, apparently "in-kind" replacements). Three of the gates
are reconstructions from the 1940s evidenced by their date-plates. The other two had identical date
plates that were taken or fell off. That fact, together with other similarities leads to the conclusion
that all gates are reconstructions from the 1940s. Due to the requirements of the gate design and the
reuse of the original hardware, the reconstructions are in everyway identical reproductions of the
original gates, the only difference being the new oak timbers. Since the gates are all over 50 years of
age and are accurate representatives of the originals utilizing all of the original hardware and
compatible new materials, they can be considered contributing historic elements. The gates and all
the other building components, excepting those noted above are subject to The Secretary of the
Interior's Standards for the Treatment of Historic Properties. 48

Recommended Restoration of Missing Elements
The existing metal doors should be replaced with doors similar in appearance and materials to the
wood plank doors visible in an early photograph of the Gatehouse (see Photo No. 27). Due to the
isolated location of the building and the history of break-ins and vandalism, it is imperative that the
need for accurate restoration be balanced with the greater need to protect the remaining rare historic
machinery inside the building. Steel doors in steel frames provide the necessary security and uniform
functionality in humid environments therefore it is recommended that standard commercial heavyduty steel doors be customized with exterior and interior overlays of vertical wood planking to match
the doors in the historic photograph.
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The existing fixed single sash 8-light windows are crudely constructed and do not exhibit the quality
of joinery and material typical of window shops. They appear to have been built and installed 20 or
30 years ago which would coincide with the 1973 or 1984 repair work. The effort to make the sash
look like 4/4 sash, typical of Italianate style mill buildings from the late 19 th century, strongly
suggests that the carpenter was emulating some original 4/4 sash that remained on the building. This
premise was reinforced by careful inspection of the existing window jambs which were found to be
original and to have sash-balance pulleys and sash weight doors, more typical of sash with larger
glass and fewer lights. An investigation of surviving Nashua Manufacturing Company buildings was
undertaken in downtown Nashua and the former Office was located and found to possess 4/4
balanced sash in openings nearly identical to those of the Gatehouse (Photo No. 77). The final bit of
evidence is given by a historic photo which shows the interior of the business agent's office with the
exact 4/4 sash visible in the photo of today (Photo No. 78).
Recommendations for Compatible Rehabilitation and Reuse
The primary goal in the Gatehouse site's reuse in an educational capacity should be to incorporate
the historic site into the local public education system's curriculum. TIle development of lesson
plans for teachers at various grade levels that address a variety of grade-level appropriate topics
should be a priority. The SHPT and its advisor, Mary Coe Foran, have used the Gatehouse as a
learning tool for 8 years, and their presence at the engineering and underwater investigation of the
Gatehouse for the purposes of this study, and the impromptu discussion session that stemmed from
their observations illustrate its effectiveness in this capacity. The Gatehouse not only provides an
abundance of information about history and historic preservation, but the function and location of the
building lends itself to multi-disciplinary inclusion in K-12 curricula, in which the building can be
the physical embodiment of math, science and history concepts that carries advanced concepts
throughout different grade levels. Familiarity with the building and its location may extend through
several years, and several topics of a student's career. For instance, a child may first be introduced to
the Gatehouse from a historical perspective at a young age, and in later years may revisit the
Gatehouse to learn physics and engineering concepts in an already familiar setting. Models for
lesson plans are available through two local venues: the Lowell National Historic Site, another
industrial mill site, has developed lesson plans through the National Park Service's Teaching with
Historic Places Program, and the New Hampshire Historical Society's education department has
49
sample lesson plans about the state's industrial heritage in addition to other resources for teachers
As a valuable resource and educational tool, the Gatehouse may be eligible for funding opportunities
that are specific to developing and demonstrating the concepts in the educational curriculum across
50
disciplines. Educational funding opportunities may be available at the state or federal leveL
Development of lesson plans can be carried out by a consultant, or through the volunteer efforts of
educators or a committee of educators, students, and museum professionals. One way of developing
lesson plans and interpretation of the site may be through providing internships or for-credit
opportunities to local college students majoring in history, museum studies, historic preservation,
education or a related field. Many of the universities and colleges in the region have faculty and
students that may be valuable resources in helping realize the goals for the preservation and
interpretation of the site. For instance, the University of New Hampshire has as a component of its
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history program, a museum studies internship for credit, as well as a Master's level museum studies
program. Daniel Webster College in Nashua has a program in historical studies in the social
sciences department, which may have students and faculty that are interested in assisting the future
development of the site. Regionally, Boston University and the University of Vermont both have
established Master's programs in historic preservation that may be of assistance for free or a nominal
51
fee.

A strong component of the site interpretation will be telling the Gatehouse's story to park visitors
and the general public. Interpretation of the Gatehouse can have an exterior and interior focus, based
on the level of access made available to the public. The level of detail and effort expending signage
and interpretation may vary depending on whether the interior of the Gatehouse is open to the public
or a regular basis, and whether it will be staffed. At a minimum an exterior sign, much like the
existing one at the site, should give an overview of what the building is and why it is there. For
aesthetic and comfort reasons, the sign, which should be in keeping with existing park signage,
should be set on a brick or hard packed level surface to provide a visual focus as visitors approach
the site, and to provide a comfortable spot in which to read the sign. A brochure, or a series of
brochures by topic, could be developed and left in a weather-tight box or kiosk affixed to the sign.
The brochure(s) would provide more detailed infonnation for those visitors who are interested in
learning more about the site. Topics could include the ecology of the millpond, hydroelectric power
generation, information about the Nashua Manufacturing Company and the local textile industry, as
well as other topics in technology and industry, among others. In addition, the brochure(s) could
direct visitors to a website that would contain extensive information on the Gatehouse, the Nashua
Manufacturing Company, and broader concepts associated with the Gatehouse and its technology.
The website could also be an education tool for teachers with lesson plan ideas. Funding for the
design, support, and maintenance of a website could tie in with the curriculum development ideas
mentioned above.

,:

-,,j

The key elements of interior interpretation is that there be clearly worded, and concise signage at
stations throughout the building that tell a story with focused lighting to draw attention to significant
features. These could fulfill the interpretive needs of a self-guided tour or could be focal points for a
guided tour. The same brochure(s) developed for the outside kiosk could be used inside as well.
These brochures and signs could supplement guided tours if planned for the future. A relatively
simple and clean layout is the best way to present the interior of the Gatehouse; the small interior
space does not lend itself to visual or audio stations, which would overwhelm the space with visual
and audible distractions from the key features, which are the intact historical objects. In addition,
these methods of interpretation are expensive to install and maintain, and would prove difficult to
operate in an unheated small space such as the Gatehouse.
When designing the signage, both interior and exterior, cost should be kept to a minimum so that
there is opportunity to update infonnation or repair damaged or worn signs as needed and not at a
great expense, and with minimum effort. For students and teachers, the lesson plans developed
specifically to the site, in conjunction with the interpretive signs and brochures will give a balance
between providing necessary background infonnation and experiences that will make the learning
come alive and become active and captivating.
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The SHPT suggested that an outside circular seating area be created around a "compass rose" for use
as an open air learning place. There are two areas that are potentially suitable for a seating area for
educational or interpretive talks, or to provide respite for park visitors, located just north of the
Gatehouse, and possibly in the filled area of the canal to the east of the Gatehouse. The latter area is
presently fenced-off due to soil subsidence and sinkholes, but as stated in the engineering
recommendation of this study should be addressed. In conjunction with the repairs to this area, a
circular "patio" of brick and/or stone construction in the form of a compass rose could be created
with seating to provide a focal point that draws park visitors to the Gatehouse for a respite, to step
away from the trail, or to take in the historical vicinity. The grassy area north of the Gatehouse is a
pleasant area for picnicking or taking in the views of the river and falls, and should remain in its
natural state. Materials used in these areas for landscaping and benches should be in keeping with
other areas throughout the park. Considerations should also be made to restrict vehicular access to
the Gatehouse. Easy vehicular access to the area only promotes gathering and may invite potential
vandals to the area and detracts from the historical and natural setting.

5.0

RECOMMENDATION TABLES

Problems and recommendations have been grouped and summarized into three tables based on the
consultant's assessment of priorities and long-term project goals.
The Safety and Stabilization Priorities (Table 5. I) presents the health and safety hazards, structural
issues, and conditions of progressive deterioration of historic building materials that warrant
immediate attention. All of the problems listed in Table 5. I are considered priorities to be addressed
in the first phase of any work. The counterweight suspension problem has been deemed a Critical
Priority, and should be remedied before further access or work in the building.
The Primary Restoration, and Reuse Recommendations (Table 5.2) presents a series of near-term
improvements necessary to provide limited public access to the building, improve the appearance
and function of the building envelope and provide informational displays and other facilities that put
the building and site in basic public service as a "preservation learning center".
The Secondary Restoration & Reuse Recommendations (Table 5.3) presents a series of less
important or longer-term restoration proposals designed to continually provide ongoing preservation
learning experiences for new SHPT members.

TABLE 5.1 SAFETY & STABILIZATION PRIORITIES
PROBLEM
PRIORITY
Gate counterweights
suspension system unsafe.

Critical: components of
existing counterweight
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DESCRIPTION OF WORK

Secure stone counterweights to
overhead beams with direct

COST
$10,000
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TABLE 5.1 SAFETY & STABILIZATION PRIORITIES
PROBLEM
DESCRIPTION OF WORK
PRIORITY
suspension system may
attachment, bypassing existing
fail and stone weights faIL eyebolts and chain.
Building cluttered and
High: health and safety
Empty building of unrelated items.
hazard (organic waste,
Pressure clean all exposed surfaces;
unsanitary and requires
cleaning
tripping hazards); Provide floors, beams, weights, equipment, etc.
safe working environment Remove all items not required for use
of bId' g 4,880 SF, lump sum cost
for repairs and additional
studies.
High: wood roof decking,
Option (J) remove existing and install
Asphalt roof membrane
roof joists, counterweight
failing and leaking
new 20 yr. rubber roof membrane and
drip edge, 1400 SF, lump sum cost.
beams subject to rapid
deterioration and costly to Option (2) flat seam copper roofing
repair
with 50 yr expectancy.
Dry rol and peeling paint at High: wood roof decking
Replace damaged wood components.
roof overhang planking,
and roof joists subject to
Clean and paint all exposed wood
roof beam extensions,
rapid deterioration
surfaces, 240 SF, lump sum cost
wood trim and metal beam
anchors.
Tooth in replacement bricks at
Exterior brick requires spot (1) High priority at
locations where brick is
locations where brick is missing and
replacement
damaged at all facades. 400 SF, unit
missing, 100 SF.
cost
(2) Low priority at
locations where brick is
damaged, 300 SF.
Exterior brick requires spot Medium: areas of mortar
Repoint using historically matched
repainting
loss will progressively
lime mortar.
deteriorate
Drainage problems on
south and east wall of
building causing interior
brick and mortar
deterioration

High priority at location
where ground water is
entering the building at
east wall.

Interior brick requires spot
replacement

(I) High priority at

Interior brick requires spot
repointing

Windows: Sash Existing
wood sash deteriorated, not

locations where brick is
missing, 100 SF.
(2) Low priority at
locations where brick is
damaged, 100 SF.
(I) High priority where
ground water moisture is
entering the building on
the north wall.
(1) Low priority at all
other locations.

High: Building interior
subject to deterioration
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(I) Immediate: fill and caulk joint

(2) Permanent: Excavate sidewalk&
earth to level of interior granite floor,
repoint and waterproof all brick;
install new accessible walk 720 SF,
Iump sum cost.
Tooth in replacement bricks at
locations where brick is missing and
damaged at all facades. 200 SF, unit
cost

Remove loose mortar and repoint as
required, 300 SF, lump sum cost.

COST

$10.000

(I) $20,000

(2) $40,000.

$20,000
Allowance

(I) $5,000.

(2) $15,000.
Al10wance

$ 10,000.
Allowance

(I) $1,000

(2) $25,000

(I) $5,000.
Allowance

(2) $5,000.
Allowance
(I) $10,000.
Allowance
(2) $5,000
Allowance

Custom fabricate new wood double
hung windows to match original style.

$ 20,000.
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TABLE 5.1 SAFETY & STABILIZATION PRIORITIES
PRIORITY
DESCRIPTION OF WORK
PROBLEM
from the elements. Seal
5 units plus security grilles, LS price
original and not weather
tjoht
windows ASAP.
Stainless steel cable guard railing
Lower level opening
High: Safety protection
from falling in opening to
around opening to lower level. 50 LF,
railings
sluice level required
lump sum
Remove existing granular fill, install
Sink holes and subsidence
Medium: safety fence
must be maintained;
geotextile fabric, grade slope from
of fill along east side of
unsightly and discredit to
building to road, loam and seed.
gatehouse (former canal
park; inhibits use of area
Instal1 membrane at wall.
basin)
for park purpose
(I) Install 100 amp service entrance
Medium: necessary for
Electric service to building
conduit/cable in road and thru south
lighting and power for
rehab work and for
wall.
(2) install 2"' conduit in trench for
security system after
future
telephone, digital, LAN, cables
windows/doors replaced
(3) Install panel, 2 general lighting &
2 utility circuits, fixtures and outlets
Medium:
required
after
Install
4 small video cameras under
Building perimeter security
investment
in
window
and
eaves
at
each corner and wire to
system needed
door repairs
digital video recorder in building

COST

$ 15,000.

$25,000.

(I) $10,000

(2) $2,000
(3) $5,000

$7,000

SUBTOTAL TABLE 5.1 (With membrane roof option) ..........................................................$ 225,000.
Architectural, Engineering and Permitting @ 15% ................................................................................... $

35,000.
Contingency @ 15 % .....................................................................................................................................$ 40,000.
TOTAL TABLE 5.1 ....................................................................................................... $300.000.

TABLE 5.2: PRIMARY RESTORATION & REUSE RECOMMENDATIONS
PRIORITY
DESCRIPTION OF WORK
RECOMMENDATION

COSTS

Doors: Existing nonoriginal flush metal
entrance doors not fully
functional, not historical1y
compatible

High: improved access
doors needed for public
access

Custom fabricate and install 2 steelcore access doors with wood vertical
plank overlay to resemble original
doors. Install new code compliant high
security hardware, unit cost

$10,000

Lack of defined entrance at
south exterior entrance.

Low priority: entrance
areas reqUIre
reconfiguration to comply
with current code
regulations for public
access.

Install granite steps at south entrance
and reduce grade level to provide
ramp to north end of building, approx
72 SF, lump sum
Add walkway from parking area

$20,000.

Primary (south) entrance:
Interior entrance/exit stairs

High: code approved
interior stairs required for
public access.

(I) Install code wood platform and

(1)$1,000.

stairs.
(2) Install stainless steel platform,
stairs & railings

(2) $ 10,000.

Medium: entrance areas
require reconfiguration to
comply with current code

Install granite platform flush with door
siB at north entrance connect to new
conc. ramp along east fac;adc sloping

Lack of defined and ADA
compliant at north exterior
entrance.
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TABLE 5.2: PRIMARY RESTORATION & REUSE RECOMMENDATIONS
RECOMMENDATION
PRIORITY
DESCRIPTION OF WORK
regulations for public
down from south to north entrance
access.
approx 72 SF, lump sum
Emergency and exit
liahtin o
Stairs to lower level

Wood access door and
wood covers for opening
above lower level
Lower level platforms
unsafe

High: Required by code
Medium: Existing stair
unsafe but access can be
restricted
Medium: existing access
door deteriorated, opening
cover missing

Install 2 lighted exit signs and 2
emergency battery lights
Install new treated wood stair and
handrails to lower level, lump sum

COSTS

$ 4,000.
$4,000.

Install new treated wood structural
supports and platform decking at
select locations, lump sum

$7,000.

Medium: Platforms unsafe
but access can be
restricted.
Low: clean white walls
will greatly enhance
lighting, appearance of
beams, and appeal
High: define accessible
areas for public access

Install new treated wood structural
supports and platform decking to
access sluice oate, 400 SF, lump sum
Remove scaling plaster base surface
coating on all interior brick surfaces,
3680 SF.

$ 20,000.

Stainless steel cable barrier railing, 70
LF, lump sum

$ 10,000.

Exterior brick cleaning

Low: Clean brick and
mortar at areas stained
from beam anchors and
areas soiled from graffiti.

Clean brick with Armex machine low
pressure washing and mild detergents
at east fa~ade and other misc.
locations; 500 SF.

$ 5,000.
Allowance

Provide interior spot
lighting on eguipment
Exterior flood lighting
Floor patch

Low: improves interior
aesthetics
Low
High: smooth walking
surface required
Low: drawings needed for
historic sign age

Install 80 LF suspended track spot
lighting, switches and fixtures 80 LF
Lights attached to building
Trowel applied concrete patch

$ 8,000

(1) Solicit engineering draftsman to
obtain grant from SIA.
(2) Pay draftsman directly
(I) Remove loose rust and seal with
approved clear sealant
(2) install electronic corrosion
protection

(1) No cost
(Grant $4000)
(2) $ 4000
(1) $ 1,000.

Interior brick cleaning,
plaster surface coating
removal
Access barrier railings at
ground floor level

Historic documentation:
measured drawings of
eguipment
Stabilize rusting of
electrical components

High: historic components

$ 15,000.
Allowance

$ 4,000,
$ 1,000.

(2) $ 2,000.

SUBTOTAL TABLE 5.2 ................................................................................................. $ 136,000.
Architectural, Engineering and Permitting @ 15% ................................................................................... $
20,000.
Contingency @ 15 % ..................................................................................................................................... $ 24,000.
TOTAL TABLE 5.2 ....................................................................................................... $180,00O.
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TABLE 5.3: SECONDARY RESTORATION & REUSE RECOMMENDATIONS
PROPOSAL
DESCRIPTION OF IMPROVEMENT
Install compass rose assembly area
Granite bench seating (around compass
rose)
Historic information signage (around
compass rose and near gatehouse
entrance and in interior)
Replace missing granite cap stones on
wall
Gate salvage and reconstruction

Install restored gate and make manually
operable
Restore automatic electrical operation
of a gale
Restore Gauging Well to operating
condition

Brick/stone paved area in-laid in fonn of compass rose
for Preservation Learning Center lecture/assembly area
InstaI1 6 granite benches

COST

Write copy & prepare graphics for signs; purchase
modular aluminum signs and instaH

$40.000.
Al10wance
$ 6.000.
Al10wance
$ 20.000.
Allowance

Bevel cut and install 35 cap stones

$15,750.

@

$450 each

Gale is too tall to display vertically inside Gatehouse
but could be placed horizontally along east wall inside
or out, erected vertically outside, perhaps in place of
the existing sign. or set fiat on posts to serve as a bench
in the lecture area. Or restore gate and reinstall to be
made operable
New counterweight eyebolts, chains; inspect and test
other hardware, install gate
Install new electric motor and stop-limit sWItches on
restored manually operable gate
Dewater, clean out, recover or reproduce missing parts,
apply conservation treatments, reassemble

$15,000.
Allowance

$ 20,000.
Allowance
$ 5,000.
$ 10,000.
Allowance

SUBTOTAL TABLE 5.3 ................................................................................................. $ 131,750.
Architectural, Engineering and Permitting @ 15% ................................................................................... $
20,000.
Contingency @ 15 % .....................................................................................................................................$ 23,250.
TOTAL TABLE 5.3 .......................................................................................................$175,000.

TOTAL TABLES 5.1, 5.2, & 5.3 COMBINED ...................................................................... $ 655,000.
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6.0

FUNDING GRANTS & MARKETING

6.1 Potential Grants and Funding Opportunities
•

The History Channel Save Our History Grant Program
http://www.saveourhistory.com
The History Channel, in collaboration with The American Association for State and Local
History and Rockefeller Philanthropy Advisors awards grants to local history organizations,
museums, historic sites, historical societies, archives, libraries, and other organizations to
help fund educational programming initiatives. Grants are awarded to organizations that
design and execute Save Our History local history education and preservation projects in
collaboration with local schools or youth groups.

•

Jane's Trust:
http://www.hembar.comlselectsrv/janes/
Grant areas of interest: Arts and Culture, Education, Environment, Health and Welfare.
Supports variety of objectives, including "Preservation of and increased access to historically
significant buildings and objects."

•

1772 Foundation:
http://www.1772foundation.org
Grants to preserve and enhance American historical structures with particular interest in
farming, industrial development, transportation and unusual historical buildings. New
Hampshire recipients include:
Folsom Tavern, Exeter
Wentworth House, Rollinsford
Canterbury Shaker Village, Canterbury
Claremont Opera House, Claremont
Historic Harrisville
The Lighthouse Kids, North Hampton
New Hampshire Farm Museum, Milton
Portsmouth Athenaeum, Portsmouth
Strawbery Banke, Jackson House, Portsmouth

•

Kresge Foundation:
http://www.kresge.org
Capital grants for acquisition of real estate, and for construction work, both for new
buildings, and for preservation or rehabilitation work.
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•

The McKenzie Foundation:
htto:llwww.mckenziefoundation.us

Supports early childhood development, education, the environment, and arts and culture.
Limitations: only grants money to tax-exempt organizations with 503(b) status from the IRS.
•

New Hampshire Division of Historical Resources:
http://webster.state.nh.us/nhdhrlmoose.html

Conservation License Plate Program (Moose Plate) grants for the conservation and
preservation of significant publicly owned historic resources or artifacts that contribute to
New Hampshire's history and cultural heritage.
•

Save America's Treasures (National Park Service):
http://www.cr.nps.gov/hps/treasures/

Grants are available for preservation and/or conservation work on nationally significant
intellectual and cultural artifacts and nationally significant historic structures and sites.
Intellectual and cultural artifacts include artifacts, collections, documents, sculpture, and
works of art. Historic structures and sites include historic distJicts, sites, buildings, structures,
and objects. Grants are awarded through a competitive process.
•

The Madeline G. von Weber Trust:
Madeline G. von Weber Trust, c/o James D. Dow, 95 Market St., Manchester, NH 03101.

Funds projects in community development, neighborhood development, human services and
the performing arts.
•

Transportation Enhancement Act Program:
http://webs.ter.state.nh.us/dotimunicipalhighways/tecmaq/index.htm
,

Project categories include: facilities for bicyclists and pedestrians; safety and educational
activities for bicyclists and pedestrians; acquisition of scenic easements and scenic or historic
sites; scenic or historic highway programs; landscaping and other scenic beautification;
historic preservation; rehabilitation and operation of historic transportation buildings,
structures or facilities; preservation of abandoned railway corridors; control and removal of
outdoor advertising; archaeological planning and research; environmental mitigation to
address water pollution due to highways or vehicles; and establishing transportation
museums.
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•

Public Service of New Hampshire:
http://www.psnh.comlBusiness/Economic/Advantage.asp
Public Service of New Hampshire Doris Burke, Community Development Mgr. 603-6342442 PSNH, 780 North Commercial St. Manchester, NH 03101.

Community development grants available in the PSNH service territory on a rolling basis
throughout the year for historic preservation and more.
•

The Society for Industrial Archeology:
http://www.sia-web.org

Offers Industrial Heritage Preservation Grants from $1000 to $3000 for the study,
documentation, recordation, andlor preservation of significant historic industrial sites,
structures, and objects. Awards are made to nonprofit organizations and qualified
individuals. Contributions of in-kind services, as well as cash resources from the sponsoring
and cosponsoring agencies may qualify for matching purposes. Funds may be used for a
range of projects including, but not limited to: increasing public awareness of preservation
efforts, photography, videography, preparing inventories and developing measured drawings
of extant significant industrial sites, structures, maritime facilities and industrial artifacts.
Grant recipients must agree to prepare a written summary of their project suitable for
publication in either the SlA Newsletter and/or for Industrial Archeology, the Society's
scholarly journal.
Grants are open to qualified individuals, independent scholars, nonprofit organizations and
academic institutions. Substantial participation from state, county or local history
organizations is encouraged, although such groups do not necessarily need to be a sponsoring
agency. Awards are limited. Applications are accepted year-round and, unless circumstances
warrant, awards will be announced following a regularly scheduled meeting of the SlA
board. This grant could be used to hire an architectural draftsman/illustrator to prepare
measured Historical American Engineering Record-type drawings of the gates and their
operation.
•

The James Marston Fitch Charitable Foundation, Inc.:
http://www.fitchfoundation.org/

The foundation's purpose is to advance the study and the practice of the preservation of the
historic architectural heritage of the United States. The Foundation supports preservation
through a research grant program as well as through such educational activities as
publications, seminars, and lectures. The grant is given to mid-career professionals with 10
or more years experience in preservation. Professional historians, architectural historians and
industrial historians might be interested in seeking a grant to do an in-depth study of the
history of the Nashua Manufacturing Company and the Gatehouse.
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•

Captain Planet:
http://www .captainplanetfdn.org
Grants for projects that promote understanding of environmental issues, focus on hands-on
involvement, and involve children and young adults 6-18. This grant would be of potential
interest for additional studies or improvements of an environmental nature, such as
environmental information displays that might be installed at the Gatehouse, or modifications
to improve canal water quality.

•

Federal Institute of Museum & Library Services:
http://www,imls.gov
Funds a broad range of museum and library projects. Not applicable at this stage of the
project, but perhaps if the Gatehouse were designated a city museum property, this
opportunity should be looked at.

•

Frank Stanley Beveridge Foundation, Inc.:
http://www.beveridge.org
Funds animal related, arts and culture, social action, employment/jobs, environment, health,
housing! shelter, human services, medical research, mental health, voluntarism, crime &
delinquency prevention, public!society benefit, recreation, leisure, sports, athletics, religion,
science and technology research, social science research, and youth development. This
foundation is not currently accepting applicants from New Hampshire, but does support
preservation projects and should be periodically monitored.

Two additional foundations were explored and determined not applicable: The Bill & Melinda Gates
Foundation (http://www.gatesfoundation.org) is limited to projects with an emphasis on global
health and education, and the J. M. Kaplan Fund (http://www.jrnkfund.org) which only gives
preservation grants to cross-border regions of North America (i.e., prairie churches, cliff dwellings,
and architecture of Havana and Miami).
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6.2 Marketing! Heritage Tourism !Increased Local and National Awareness
Awards/Recognition:
•

New Hampshire Preservation Achievement Award, New Hampshire Preservation Alliance:
http://www.nhpreservation.org
Recognizes
achievements
in
construction
projects (restoration/stewardship,
rehabilitation/adaptive use, compatible new construction/additions) and for preservation
initiatives and leaders (education and planning, and advocacy and public policy). The
Preservation Achievement Award Committee considers several factors in selecting
recipients. Among these factors are the impOltance of the historical resource, the quality of
work, the project's innovation, the degree of challenge or accomplishment, and the level of
community support for the project.
Local-National Awareness/ Marketing/ Heritage Tourism Development

The Student Historic Preservation Team (SHPT) at Fairgrounds Middle School, together with the
City of Nashua, have made great strides in promoting their efforts to save and restore the 1886
Gatehouse in Mine Falls Park by contacting local and state representatives, attracting local media
attention, and even hosting a section on the school's website about the SHPT. Recognition of their
efforts by the New Hampshire Division of Historical Resources (DHR) both through participation in
fieldwork and meetings attended by Dr. James Garvin, the State Architectural Historian, and through
coverage in DHR's quarterly publication The Old Stone Wall Newsletter has provided statewide
attention thus far. The SHPT was the first recipient of the Elizabeth Durfee Hengen Award for
Preservation Leadership. The SHPT also had brief national coverage in the National Trust for
Historic Preservation's (NTHP) monthly magazine Preservation in the September/October 2000
issue. The outstanding efforts and collaboration between the SHPT and the City may warrant
additional or updated coverage on their progress to restore the Gatehouse in theSe publications.
Additional sources of coverage that could expose the preservation community and those with an
interest in historic preservation to the Gatehouse restoration project may be possible through
contacting statewide preservation groups, and regional chapters of national preservation
organizations such as the New Hampshire Preservation Alliance, the Northeast Regional Office of
the NTHP, the Northern New England Chapter of the Society for Industrial Archaeology, and the
New England Chapter of the Society for Architectural Historians. These organizations publish
newsletters, often host tours, lectures, symposia and conferences, and in the ·case of the NTHP, have
professional preservationists on staff that may be able to assist or consult on future planning and
preservation efforts for the Gatehouse. They may also provide an important link to national coverage
of the project. The memberships of these organizations draw from the community of interested and
active citizens who care for cultural resources in their area, as well as professional historians and
preservationists. Providing an article or press release to these organizations may spark interest for
increased coverage, and becoming a member of these organizations can provide an important
network for future support of projects relating to the park and Gatehouse.
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Outside of the historic preservation community, it may be worth exploring a connection or contacting
the office of the Nashua River Watershed Association, which includes as part of its initiative the
protection of open space, vistas and community character along the Nashua River. Partnerships,
collaborations or associations with organizations such as this greatly expand the exposure of the
project to a variety of people concerned about the environment and their surroundings.
Contact Information:

,

•

New England Chapter of the Society for Architectural Historians
141 Cambridge Street
Boston, Massachusetts 02114
http://world.std.coml-NESAH

•

Northern New England Chapter of the Society for Industrial Archaeology
Membership:
Herman C. Brown
Secretaryffreasurer, NNEC-SIA
250 West Shore Road
Grand Isle, Vermont 05458-2104

•

President:
Dennis Howe
22 Union Street
Concord, New Hampshire 03301
http://www.sia-web.org/chapters/nnec/nnec.html

•

Northeast Regional Office of the National Trust for Historic Preservation
Seven Faneuil Hall Marketplace
Boston, Massachusetts 02109
nero@nthp.org

•

New Hampshire Preservation Alliance
87 North State Street, 2nd Floor
POBox 268
Concord, New Hampshire 03302-0268
adm.in@nhpreservation.org

•

Nashua River Watershed Association
592 Main Street
Groton, Massachusetts 01450
http://www .nashuari verwatershed .org

1

I
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City Of Nashua, New Hampshire, Mine Falls Park Gatehouse
Historic Structure Report & Preservation Study

Photo No. 1: Gatehouse setting at Mine Falls Dam on the Nashua River, from upstream (west).
Hydroelectric spillway gates and intake structure left of center, with weir-type dam on far
left. Looking east.

Photo No. 2: Gatehouse setting from the hydroelectric plant access road downstream of the Gatehouse
(east). Looking west.

The Louis Berger Group, Inc., August 2005
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City Of Nashua, New Hampshire, Mine Falls Park Gatehouse
Historic Structure Report & Preservation Study

Photo No. 3: Gatehouse setting to the south, with hydroelectric plant access road in foreground. Looking
north.

Photo No. 4: Setting looking southeast from Gatehouse at historic Nashua Manufacturing Company power
canal, with hydroelectric plant access road and area of canal filled for access road in
foreground. Looking southeast.
The Louis Berger Group, Inc., August 2005
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City Of Nashua, New Hampshire, Mine Falls Park Gatehouse
Historic Structure Report & Preservation Study

Photo No. 5: Mine Falls Dam, showing hydroelectric plant head race and lift-gates on left and in
foreground, with plywood flashboards in-place across crest of dam. Looking north.

Photo No. 6: Mine Falls Dam, showing Hydroelectric plant head race and lift-gates on left and in
foreground. Half the plywood flashboards are "down" lowering river level by 4 ft.
Remaining flashboards can be are seen across crest of dam. Looking west.
The Louis Berger Group, Inc., August 2005
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City Of Nashua, New Hampshire, Mine Falls Park Gatehouse
Historic Structure Report & Preservation Study

Photo No. 7: West Elevation. Looking East.

Photo No. 8: South Elevation. Looking North.

The Louis Berger Group, Inc., August 2005
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City Of Nashua, New Hampshire, Mine Falls Park Gatehouse
Historic Structure Report & Preservation Study

Photo No. 9: East Elevation. Looking west.

Photo No. 10: North Elevation. Looking south.

The Louis Berger Group, Inc., August 2005
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City Of Nashua, New Hampshire, Mine Falls Park Gatehouse
Historic Structure Report & Preservation Study

Photo No. 11: East exterior wall of Gatehouse, showing date stone, brick bond, star washers (see inset
detail), and hinge pintle remaining from former gate. Looking west.

Photo No. 12: Roof joist and underside of roof deck, showing wood wedge to provide roof slope. Wall
chimney visible in corner at right. Looking south.

The Louis Berger Group, Inc., August 2005
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City Of Nashua, New Hampshire, Mine Falls Park Gatehouse
Historic Structure Report & Preservation Study

Photo No. 13: Roof overhang, soffit, and exposed scroll-cut roof joist ends. Looking northwest.

Photo No. 14: Roof, nearly flat, rises to center approximately 3/8" per foot, covered with a single
(presumed) layer asphalt membrane with tar and gravel topping. Looking northwest.

The Louis Berger Group, Inc., August 2005
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City Of Nashua, New Hampshire, Mine Falls Park Gatehouse
Historic Structure Report & Preservation Study

Photo No. 15: Windows, brick segmental arch openings, granite sills, original wood frames, and
replacement 8-light fixed sash. Looking east.

Photo No. 16: Window frame, showing original jamb with balance pulley for original double-hung sash.
Looking south.

The Louis Berger Group, Inc., August 2005
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City Of Nashua, New Hampshire, Mine Falls Park Gatehouse
Historic Structure Report & Preservation Study

Photo No. 17: Replacement flush steel doors in steel frames. Left photo: Front door (south). Looking north.
Right photo: Back door (north). Looking south. Original doors were apparently solid wood
vertical plank as evidenced by historic photograph.

The Louis Berger Group, Inc., August 2005
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City Of Nashua, New Hampshire, Mine Falls Park Gatehouse
Historic Structure Report & Preservation Study

Photo No. 18: Left photo: Interior of front (south) door. Looking south. Right photo: Interior of back
(north) door. Looking north.

The Louis Berger Group, Inc., August 2005
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City Of Nashua, New Hampshire, Mine Falls Park Gatehouse
Historic Structure Report & Preservation Study

Photo No. 19: Interior view of chimney in corner of south and west walls, showing stove pipe connection.
Note white lime plaster skim-coat on walls. Looking southwest.

Photo No. 20: Interior view of east wall, showing dampness, deteriorated mortar, green lichen growth.
Looking east.
The Louis Berger Group, Inc., August 2005
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City Of Nashua, New Hampshire, Mine Falls Park Gatehouse
Historic Structure Report & Preservation Study

Photo No. 21: Left photo: Floor opening to lower level showing trap door to stairs closed. Looking south.
Right photo: Remains of stairs to lower level with trapdoor open, looking north.

The Louis Berger Group, Inc., August 2005
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City Of Nashua, New Hampshire, Mine Falls Park Gatehouse
Historic Structure Report & Preservation Study

Photo No. 22: View through floor opening to lower level platforms. Looking north.

Photo No. 23: Lower level inspection. Engineer standing on granite sluice wall. Note brick partition walls
carrying ground floor, machinery anchor bolt in wall notch, and granite lintel spanning sluice
in upper left. Looking down from ground floor opening.

The Louis Berger Group, Inc., August 2005
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City Of Nashua, New Hampshire, Mine Falls Park Gatehouse
Historic Structure Report & Preservation Study

Photo No. 24: Gate # 4 lift frame, taken from lower level platform. Left photo: Left side of gate lift frame
showing repair. Note: vertical iron bolts that anchor lifting gears above to sluice wall blocks
below, brick partition walls carrying granite floor slabs above; oil stains from machinery
above. Right photo: Right side of Gate # 4. Both photos looking east.

The Louis Berger Group, Inc., August 2005
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City Of Nashua, New Hampshire, Mine Falls Park Gatehouse
Historic Structure Report & Preservation Study

Photo No. 25: Water flowing through sluice wall from sluice #1 to #2. through passage intentionally built in
sluice wall. Looking north.

Photo No. 26: Sluice Gate # 4, shown partially raised (resting on iron pipe running through bottom of
sluice). Gate lifting frame members and cast-iron angle brackets that mount frame to gate
just visible at top of gate below granite lintel. Looking east.
The Louis Berger Group, Inc., August 2005
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City Of Nashua, New Hampshire, Mine Falls Park Gatehouse
Historic Structure Report & Preservation Study

Photo No. 27: Historic photo, possibly circa 1928-1929, showing Gatehouse with chimney, wood-plank
door, dirt sidewalk, and head of power canal. Looking north.

Photo No. 28: Head of power canal now, filled-in with large broken rock from Hydroelectric plant
excavation, showing top of 8' concrete pipe under Hydroelectric plant access road
that provides water from river to canal. Looking north.
The Louis Berger Group, Inc., August 2005
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City Of Nashua, New Hampshire, Mine Falls Park Gatehouse
Historic Structure Report & Preservation Study

Photo No. 29: Mine Falls Hydroelectric plant generating station with Mine Falls Dam in background.
Looking west.

Photo No. 30: Former head of the power canal, filled-in during the construction of the hydroelectric plant.
See Photo No. 13. Looking west.

The Louis Berger Group, Inc., August 2005
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City Of Nashua, New Hampshire, Mine Falls Park Gatehouse
Historic Structure Report & Preservation Study

Photo No. 31: Head of power canal dewatered and partially filled with broken rock during construction of
hydroelectric plant access road. Top of 8' concrete pipe under road just visible in bottom of
photo. Looking west. Photo from collection of Don McAlman, Nashua, NH.

Photo No. 32: Close-up view of Photo 15, showing Gatehouse sluiceway construction. Looking west.
Photo from collection of Don McAlman, Nashua, NH.

The Louis Berger Group, Inc., August 2005
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City Of Nashua, New Hampshire, Mine Falls Park Gatehouse
Historic Structure Report & Preservation Study

Photo No. 33: Head of power canal being filled-in during construction of hydroelectric plant access road,
showing course rock fill against face wall in areas of present day subsidence and sinkholes.
Looking southwest. Photo from collection of Don McAlman, Nashua, NH.

Photo No. 34: Cofferdam erected across river channel to Gatehouse during construction of hydroelectric
plant. Looking west. Photo from collection of Don McAlman, Nashua, NH.

The Louis Berger Group, Inc., August 2005
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City Of Nashua, New Hampshire, Mine Falls Park Gatehouse
Historic Structure Report & Preservation Study

Photo No. 35: Concrete sealing slabs installed in front of gate sluiceways on upstream (west) side of
Gatehouse, showing H-piles in front of sluice No. 4 during installation of 24" iron pipe for
canal water supply. Looking east. Photo from collection of Don McAlman, Nashua, NH.

Photo No. 36: Looking down on concrete sealing slabs installed in front of gate sluiceways on upstream
(west) side of Gatehouse, showing H-piles in front of sluice No. 4 during installation of 24"
iron pipe for canal water supply. Photo from collection of Don McAlman, Nashua, NH.

The Louis Berger Group, Inc., August 2005
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City Of Nashua, New Hampshire, Mine Falls Park Gatehouse
Historic Structure Report & Preservation Study

Photo No. 37: Gate # 2, showing lift frame construction, rack and pinion gears, and pinion-gear bearing
stanchion and gate-guide bolted thru floor. The bolts resist any uplift forces induced by the
counterweights. The lift straps and rings are original, the chains and hook are not. The
counterweight is outside the building, replaced with a wood box mock-up. Looking east.

The Louis Berger Group, Inc., August 2005
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City Of Nashua, New Hampshire, Mine Falls Park Gatehouse
Historic Structure Report & Preservation Study

Photo No. 38: Gate # 2, showing single drive shaft with attached hand-crank, belt-drive wheels and two
worm gears. The worms turn two large spur gears, that turn two pinion gears that drive the
two rack gears attached to the sides of the gate lift frame, up or down. The motor chain-drive
equipment is missing, apparently destroyed when the counterweight fell. Looking south.

Photo No. 39: Gate # 4, showing single drive shaft with attached hand-crank, and belt-drive wheels. The
angle bracket mounted on the post above the drive wheel was reportedly to engage the belt
drive. The motor chain-drive equipment is attached at far end of driveshaft. Looking south.
The Louis Berger Group, Inc., August 2005
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City Of Nashua, New Hampshire, Mine Falls Park Gatehouse
Historic Structure Report & Preservation Study

Photo No. 40: Counterweights. Nearest weight, top center, is phony (stucco over plywood). Note pairs of
counterweight support beams and wood columns supporting them. Looking south.

Photo No. 41: Counterweight beams, support columns, chains and sheaves. Note belt-drive line-shaft
attached to columns. Looking west.

The Louis Berger Group, Inc., August 2005
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City Of Nashua, New Hampshire, Mine Falls Park Gatehouse
Historic Structure Report & Preservation Study

Photo No. 42: Counterweight, showing original chain and hook, safety chains and cables, and sheaves
mounted on counterweight support beams. Looking south.

Photo No. 43: Detail of counterweight eyebolt showing detritus and bird droppings in bolt hole well around
bolt. Looking west.

The Louis Berger Group, Inc., August 2005
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City Of Nashua, New Hampshire, Mine Falls Park Gatehouse
Historic Structure Report & Preservation Study

Photo No. 44: Counterweights and belt-drive line-shaft. Looking south.

Photo No. 45: Primary belt-drive wheels and line-shaft, showing sliding iron-rod belt-shifter below wheels.
Looking southeast.

The Louis Berger Group, Inc., August 2005
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City Of Nashua, New Hampshire, Mine Falls Park Gatehouse
Historic Structure Report & Preservation Study

Photo No. 46: Primary belt-drive wheels and line-shaft, showing other sliding iron-rod belt-shifter on east
side of frame. Looking west.

Photo No. 47: Detail of reverse (gate lowering) belt pulley and line shaft bearing and bearing stanchion
mounted on column. Looking up.

The Louis Berger Group, Inc., August 2005
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City Of Nashua, New Hampshire, Mine Falls Park Gatehouse
Historic Structure Report & Preservation Study

Photo No. 48: Worm gear shaft and belt-drive wheels. Looking west.

Photo No. 49: General Electric motor and Morse Chain Company "Silent Chain" drive transmission intact
on Gate No. 3.

The Louis Berger Group, Inc., August 2005
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City Of Nashua, New Hampshire, Mine Falls Park Gatehouse
Historic Structure Report & Preservation Study

Photo No. 50: Morse Silent Chain drive transmission intact with shrouds on Gate No. 4. Electric motor
removed.

Photo No. 51: Morse Silent Chain drive transmission on Gate No. 5 with 1st stage reduction gear
transmission shroud missing, showing drive chain and gear, and 2nd stage reduction gear
transmission partly opened showing gears and chain and connection of final drive gear to
worm gear shaft.
The Louis Berger Group, Inc., August 2005
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City Of Nashua, New Hampshire, Mine Falls Park Gatehouse
Historic Structure Report & Preservation Study

Photo No. 52: Electrical panels on east wall. Looking east.

Photo No. 53: Electrical panels: Right: Three-phase 222v. service disconnect, knife-switch breaker with
cartridge fuses. Left: Eight-circuit panel with cartridge fuses. Center, top: Two circuit subpanel with knife-switch breaker and cartridge fuses. Center, bottom: Low voltage
transformer (220v. to 85v/0.65a.) probably for automatic control circuitry. Looking east.
The Louis Berger Group, Inc., August 2005
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City Of Nashua, New Hampshire, Mine Falls Park Gatehouse
Historic Structure Report & Preservation Study

Photo No. 54: General Electric Type CR 7002-B8 magnetic-switches for individual gate motor control. A
120v. magnetic switch was actuated by adjustable gate-up/gate-down contact switches,
which opened or closed the 220-volt power supply to the motors. Looking east.

Photo No. 55: Close up of one magnetic switch that remains complete with all internal components.
Looking north.

The Louis Berger Group, Inc., August 2005
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City Of Nashua, New Hampshire, Mine Falls Park Gatehouse
Historic Structure Report & Preservation Study

Photo No. 56: Wood panel on north wall on which a telephone apparently was mounted. Looking north.

Photo No. 57: One of two ceramic-insulated four-conductor thru-wall wire conductors mounted on the
exterior of the east wall that may have carried gate-position or gate-control signals to the mill
downstream. Looking west.
The Louis Berger Group, Inc., August 2005
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City Of Nashua, New Hampshire, Mine Falls Park Gatehouse
Historic Structure Report & Preservation Study

Photo No. 58: River-Level Gauging Well and Float-type Indicator located on ground level in northwest
corner of Gatehouse. Left photo: Wood well cover, tall wood indicator with graduated scale.
Note: Electrical meter mounting box to meter electrical usage of Gatehouse; electrical
conduit and wire extending to floor next to meter suggesting an electrical water level sensor
was installed in the well at some time. Right photo: Upper half of indicator. Note number
zero at middle of scale to indicate "normal" level of river. Looking west.
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Photo No. 59: Gauging Well and Float-type Indicator. Wood well raised and leaning up at left. Note:
electrical conduit and wire extending to floor believed to have connected to electrical waterlevel sensor in the well at one time. Looking west.

Photo No. 60: Gauging Well. Looking down into well showing rotted wood, other items, and water in
bottom of well. Metal pipe or conduit at left may be related to electrical water level sensor
installed in the well at one time. Looking down. .
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Photo No. 61: Gauging Well and Float-type Indicator. Detail of scale and of record-keeping box attached to
side of scale frame. Box designed with narrow vertical slot to hold a notebook, with pencil
box above. Pencil seen projecting from box was found in box and tilted up for photo. J. P.
Francis, noted hydraulic engineer and designer of the Gatehouse, required that hydraulic data
be gathered at every possible occasion. Looking west.

Photo No. 62: Gauging Well and Float-type Indicator. Detail of indicator rope, rope pulley on ceiling, and
other apparently related hardware attached.
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Photo No. 63: James B. Francis, engineer of the Mine Falls Gatehouse. Born England, 1815, died Boston,
1892. Considered "perhaps the greatest living hydraulic engineer" just prior to his death.
Portrait above, done in 1886, the same the Gatehouse was completed, appeared in
Engineering News, January 1, 1887.
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Photo No. 64: Stone retaining wall on west and north side of Gatehouse forming channel inlet to sluices.
Looking east.

Photo No. 65: Stone retaining wall on west and south side of Gatehouse forming channel inlet to sluices.
Looking east.
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Photo No. 66: West (river side) wall of gatehouse at low water with dam flashboards down, showing
granite lintels over sluice openings brick wall normally submerged stained white from dried
calcium carbonate bearing marine growth. Looking east.

Photo No. 67: West (river side) wall of gatehouse at low water with dam flashboards down. Brick mortar
joints found solid and in good condition. Looking south.
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Photo No. 68: Detail of rotted and mold encrusted beam supporting lower-level wood platforms. Wood is
saturated and spongy allowing a 3" knife blade to be easily inserted, as shown.

Photo No. 69: Detail of counterweight beam and beam pocket. Looking southeast.
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Photo No. 70: Concrete sidewalk on east side of building dated 1929. Looking north.

Photo No. 71: Concrete sidewalk on east side of building showing gap between wall and slab and shallow
void from subsidence or loss of fill. Looking west.
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Photo No. 72: Subsidence of fill in former canal basin on east side of Gatehouse and sinkholes along stone
facewall and parapet above sluice outlets, attributed to poorly graded and consolidated rock
fill. Looking south.

Photo No. 73: Underwater inspection using surface air supply hard-hat and audio/video communications.
Looking north.
The Louis Berger Group, Inc., August 2005
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Photo No. 74: Observing underwater inspection on closed-circuit television in dive trailer. Looking south.

Photo No. 75: Roof detail at area of leakage showing raised blistering and opening of seam in asphalt
membrane and subsequent displacement of gravel ballast.
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Photo No. 76: Brick damage, four views. Bottom left: damage at rear door and spalling of corner bricks.
Top left: close-up of damage at rear door. Top right: close-up of corner spalling and wind erosion. Bottom
right: detail of crude wall patch adjacent to inside counterweight beam.

The Louis Berger Group, Inc., August 2005

Photographs Page 42

City Of Nashua, New Hampshire, Mine Falls Park Gatehouse
Historic Structure Report & Preservation Study

Photo No. 77: Loose large mechanical parts in gatehouse (view 1 of 2) include: two secondary (large)
chain-drive shrouds; one large diameter belt-drive wheel off worm shaft; two primary (small) chain-drive
shrouds; a primary and secondary drive chain; a chain-drive gear.

Photo No. 78: Loose small and broken mechanical parts in gatehouse (view 2 of 2) include: chain-drive
gear-shaft; broken chain-drive gear; two bent chain-drive gear-shaft bearing-stanchions.
The Louis Berger Group, Inc., August 2005
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Photo No. 79: Gatehouse inspection June 9, 2005. Amy Dixon (center), LBG Architectural Historian,
confers with Dr. Patrick Malone of Brown University (red shirt) and Charles Parrott,
National Park Service, on the history and technology of the Gatehouse. Student Historic
Preservation Team holds seminar in the background.

Photo No. 80: Gatehouse inspection June 9, 2005. Joe Lowry, LBG Engineer, explains design and function
of the Gatehouse, and new inspection findings to the Student Historic Preservation Team.
The Louis Berger Group, Inc., August 2005
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Photo No. 81: Aluminum modular signage used in Lawrence (Mass.) Historic District proposed for
Gatehouse site.

Photo No. 82: Proposed Gatehouse Preservation Education area with signage around stone or brick
"Compass Rose" patio for lectures or workshops. Granite benches not shown.
The Louis Berger Group, Inc., August 2005
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