
  

Waterpower in Lowell: Engineering and Industry in Nineteenth-Century America is published 

by Johns Hopkins University Press in Baltimore, Maryland.  The author, Patrick M. Malone, is 

Professor of American Civilization and Urban Studies and Director of the Urban Studies 

Program at Brown University.   The book is a case study of the development of waterpower in 

Lowell, Massachusetts.  Its thesis is that waterpower was the resource that made possible 

America‟s first great industrial city.  Lowell became a thriving center for textile production and 

machine building when Boston capitalists harnessed the energy of Pawtucket Falls, on the 

Merrimack River.  The city‟s remarkable economic success, efficient workforce, attractive 

architecture, and tree-lined canals made it a model for other communities. 

  

Much of the book focuses on James B. Francis, an English immigrant who joined Lowell‟s 

Proprietors of Locks and Canals as a young man in 1834 and rose rapidly to become both the 

company‟s chief engineer and its managing executive.  He was arguably the finest engineer in 

nineteenth-century America.  For almost fifty years, his technical expertise guided the expansion 

and refinement of the two level canal system and the use of scientific engineering for flow 

measurement and turbine design.  His promotion of corporate landscaping enhanced the built 

environment of Lowell. 

 

The intended audience includes readers of American history, college students in courses dealing 

with urban or technological history, and visitors to the popular Lowell National Historical Park.  

The first chapter sets the stage for the creation of a new city by the falls.  Then there are four 

chapters covering the period from 1821 to 1885, as well as a thematic chapter on scientific 

engineering and a  postscript that brings the story to the present. 

 

This is the first book about Lowell to make extensive use of material evidence, technical 

drawings, and engineering notebooks.  Among its original contributions are close investigations 

of the role of the chief engineer in a power company that served multiple manufacturing 

complexes; the origins of American industrial research; the environmental impacts of 

waterpower development; the overlooked importance of hybrid steam/waterpower systems; and 

the occasionally tense relations between Lowell‟s citizenry and its corporations. 



  

Online Notes for Waterpower in Lowell 

In order to reduce the length and cost of Waterpower in Lowell, the author and Robert J. 

Brugger, his editor at Johns Hopkins University Press, decided to limit the published notes to the 

quotations in the book.   A much more complete set of notes (full citations) would be made 

available online for research scholars and other serious readers.   You are now reading those 

online notes, which are stored at the American Textile History Museum (Chace Catalog) and at 

the Center for Lowell History of the University of Massachusetts Lowell.   The author thanks 

archivists Clare Sheridan and Martha Mayo for including the complete notes to Waterpower in 

Lowell in the websites of their respective institutions.   He is also grateful to Rebekah Souder-

Russo, a student at Brown University, for helping him to compile the notes and put them in 

proper form for online use.  Brown University generously provided a Humanities Research Grant 

to pay for this compilation.  The online notes are referenced by page and paragraph number.  

They are much more extensive than the published notes, which are referenced by numbers in the 

printed text.   Everything in the published notes is included here, but it is referenced by page and 

paragraph for online use.  The paragraph numbers (#) refer to the order of paragraphs on a given 

page.  If a paragraph continues to the next page, it is listed as the first paragraph on that page (not 

on the page where it begins). 



Abbreviations in Citations  

ATHM American Textile History Museum 

ASCE American Society of Civil Engineers 

ASME American Society of Mechanical Engineers 

CLH Center for Lowell History, University of Massachusetts Lowell 

CORHA Contributions of the Old Residents’ Historical Association, Lowell, Mass. 

JBF James B. Francis 

LHE James B. Francis, Lowell Hydraulic Experiments 

LNHP Lowell National Historical Park 

MMC Merrimack Manufacturing Company 

MHS Massachusetts Historical Society 

PL&C The Proprietors of the Locks and Canals on Merrimack River 

PL&C-Baker Locks and Canals Collection, Baker Library Historical Collections, 

Harvard Business School 

PL&C Directors Records of the directors and proprietors, Proprietors of Locks and Canals 

Collection, Lowell National Historical Park 

PL&C-LNHP Proprietors of Locks and Canals Collection, Lowell National Historical 

Park 
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p. 1, #1. Hand-Book for the Visiter to Lowell (Lowell, MA, 1848), 7. 
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of the Steam Engine, Vol 1, of A History of Industrial Power in the United States 
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Gordon and Patrick M. Malone, The Texture of Industry: An Archeological View of the 

Industrialization of North America (NY, 1994), 60-63, 95-101. 

p. 2, #3. James Montgomery, A Practical Detail of the Cotton Manufacture of the United 

States of America (Glasgow, 1840), 16, 162. 
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County, Ohio, 3 vols. (Chicago, 1927), 1: 361-65. 
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American Engineering Record, HAER RI, 4-Pawt, 3. 

p. 4, #1. Ibid., 17, 165-166; Gary Kulik and Patrick Malone, The Wilkinson Mill, National 

Historic Mechanical Engineering Landmark Dedication Program (Pawtucket, RI, 1977), 2-3;  

Carroll Pursell, Early Stationary Steam Engines in America (Washington, DC, 1969), 84;  

Edward Wilkinson to Elisha Dyer,” letter of September 16, 1861, in Transactions of the Rhode 

Island Society for the Encouragement of Domestic Industry in the Year 1861 (Providence, RI, 

1862, 87-90.  For a biographical study of David Wilkinson, see John Johnson. "David 

Wilkinson: Father of the Machine Tool Industry." Master's Thesis, Bridgewater State College 

[MA], 1978.  



 

p. 4, #2. Russell Fries, “European vs. American Engineering: Pierre Charles L‟Enfant and 

the Water Power System of Paterson, N.J.,” Northeast Historical Archaeology, 4 (1975), 68-96. 

 Hunter, Waterpower, 208-209; John Reps, The Making of Urban America (Princeton, 1965), 

263. 

p. 5, #1, Theodore Steinberg, Nature Incorporated:  Industrialization and the Waters of 

New England, (Cambridge, 1991), 43, 44 (image reversed in this printing).   See also Kenneth 

Mailloux, “The Boston Manufacturing Company of Waltham, Massachusetts, 1813-1848: The 

First Modern Factory in America” (Ph. D. diss., Boston University, 1957), 86-89, 97, 142.  The 

second mill of the Boston Manufacturing Company was planned in 1815, under construction in 

1816-1817, and started operating early in 1818. 

p. 5, #2. Nathan Appleton, Journal of 1810, entry for Oct. 16, 1810, Nathan Appleton 

Papers, Massachusetts Historical Society. Steinberg, Nature Incorporated, 39-41; Mark Watson, 

Nomination of New Lanark for inclusion in the World Heritage List (Edinburgh: Historic 

Scotland, 2000) 20-21, 48, 56-59; Frances Gregory, Nathan Appleton: Merchant and 

Entrepreneur, 1779-1861 (Charlottesville, University Press of Virginia, 1975), 49.  Gregory 

notes that Appleton became much more observant of industrial developments after talking with 

F. C. Lowell in Edinburgh earlier that fall.   For an overview of British industrial development 

see Barrie Trinder, The Making of the Industrial Landscape (London, 1982) and Neil Cossons, , 

The BP Book of Industrial Archaeology (Newton Abbot, England, 1973).  For broader coverage 

of utopian concepts, see Howard Segal, Technological Utopianism in American Culture 

(Syracuse, NY: Syracuse U. Press, 2005).  

 



Chapter 1. Harnessing the Merrimack River 

 p. 8, #1. J. W. Meader, The Merrimack River: Its Source and Its Tributaries (Boston, 
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United States, vol. 16 (Washington, DC: GPO, 1885), 71–72, 98–104. 
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Purchase,” in CORHA 6 (1896-1904): 135-36;  Z.E. Stone, “Cotton and Woolen Industries at 

East Chelmsford, Before the Power Loom” CORHA 6 (1896-1904): 48-50; Frederick French, “A 

Plan of Chelmsford,” 1794, in Massachusetts Archives.  There is also a copy of the map in 

Records A (1837-1865), PL&C-LNHP, and in Weible, “Historic Resource Study,” LNHP, 

March, 1981. Weible, 52, 56-57, identifies mills owned by Joseph Tyler and Moses Hale, as well 

as the ironworks of Nathan Ames.    
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p. 12, #2. Duke de Rochefoucauld, quoted by Bland Simpson in The Sierra Club 
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changes in its locks is covered in Anne Booth, “Historic Structure Report: Pawtucket Canal and 

Northern Canal Lock Structures,” (Denver: National Park Service, 1982).   See also Al Lorenzo, 

“The Building of the Pawtucket Canal,” (Al Lorenzo, 2005 - copy at CLH), which looks closely 

at questions regarding the number of lock chambers. 
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River,” Canal History and Technology Proceedings, vol. XXVI (Easton, PA, 2007), 234-235; J. 
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Clarke, The Old Middlesex Canal (Easton, PA, 1987); Ronald Shaw, Canals for a Nation 

(University Press of Kentucky, 1990), 11-14;  Weible, “Historic Resource Study,” 75-78. 

p. 16, #1. Zachariah Allen, The Science of Mechanics (Providence, RI, 1829), 211, 273-

276; David Macaulay, Mill (Boston, 1983), 78.  Macaulay‟s illustrations provide the best 

explanation of governor action.  The author consulted with this talented illustrator/writer as he 

produced Mill.  See also Otto Mayer, The Origins of Feedback Control (Cambridge, MA, 1970), 

100-14, and Terry Reynolds, “The Emergence of the Breast Wheel and its Adoption in the 

United States,” in Robert Weible, ed., The World of the Industrial Revolution (North Andover, 

MA, 1986), 72, 75. 
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illustration in Allen, 274, which was the principal model for the re-created 1820‟s governor 
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p. 17, #2. F. C. Lowell to Peter Remsden and Co., Dec. 31, 1814, Lowell Collection, 

Letterbook, vol. 4, MHS; Reynolds, “The Emergence of the Breast Wheel,” 64-65; Terry 

Reynolds, Stronger Than a Hundred Men: A History of the Vertical Water Wheel (Baltimore, 
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Entrepreneur, 162-72; Robert F. Dalzell, Jr., Enterprising Elite: The Boston Associates and the 

World They Made (NY, 1993), 38-39.  
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64; Robert Weible, “„More of a place than represented to have been:‟ East Chelmsford, 1775-

1821,” in Weible, ed., The Continuing Revolution, 17-26; Meader, The Merrimack River, 264-

265;  Statistics of Lowell Manufactures (Lowell, 1842); George Baldwin, “A Plan of the Land 

and Buildings Belonging to the Merrimack Manufacturing Company With the Neighboring 

Farms, Roads, etc. at Pawtucket in the Town of Chelmsford,” (1825).   Patrick Malone and 



Charles Parrott found this map, which is evidence for many of the conclusions in this book, in 

the basement vault of the Proprietors of Locks and Canals.  It is now in the PL&C collection of 

the LNHP. See also the J. G. Hales map of 1821, reproduced on page 14. 

 p. 19, #2. Weible, “Historic Resource Study,” 64-75.  

 

Chapter 2. Building a City at the Falls, 1821-1836 
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p. 23, #2. Ibid. 
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p. 24, #1. Appleton, “Introduction of the Power Loom,” 18-22; Gibb, The Saco-Lowell 

Shops, 64-66, 83-87; Brad Parker, Kirk Boott: Master Spirit of Early Lowell (Lowell: Brad 

Parker, 1985), 31-33, 40-43; Appleton, “Introduction of the Power Loom,” 22; Gregory, Nathan 

Appleton, 173-180;  Robert F. Dalzell, Enterprising Elite: The Boston Associates and the World 

they Made (NY, 1987), 48.  

p. 24, #2. “Plans and Deeds,” 1-3, overall plan of lots, deeds #27-33. PL&C-LNHP;  J. T, 
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p. 25, #1. Appleton, “Introduction of the Power Loom,” 24. 

p. 25, #2. John Coolidge, Mill and Mansion: A Study of Architecture and Society in 
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Canal is in Anne Booth, “Historic Structure Report: Pawtucket Canal and Northern Canal Lock 

Structures: Historical Data Section” for the Denver Service Center of the National Park Service 

(Denver, 1982).   Al Lorenzo, “The Building of the Pawtucket Canal,” (Al Lorenzo, 2005 - copy 

at CLH) and William E. Gerber, “Locks and Canals of the Merrimack River,” Canal History and 
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Enfield Canal,” Canal History and Technology Proceedings, 13 (Easton, PA, 1994):6-47.  For an 
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p. 27, #4. Parker, Kirk Boott, 32-40.  See also Alfred Gilman, “Sketch of the Life of Kirk 

Boott,” CORHA 2 (1880-83), 3; JBF, “Kirk Boott and His Experience in the British Army,” 



CORHA 3 (1884-87), 326, and Montgomery, A Practical Detail of The Cotton Manufacture, 

163-164 n.  Boott must have developed some competence in engineering while on the job in 

Lowell: JBF kept a sheet of 1832 power estimates by Kirk Boott in his files:  A20, File#107, 

PL&C-Baker. 

p. 28, #1. Gibb, The Saco-Lowell Shops, 66; Undated document titled “Calculations No. 

2. Water Power & Velocity of Rivers” and attributed to an encyclopedia entry by “Buat,” PL&C-
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Lowell see Pauline Carroll, “A Geological and Hydrological History of the Merrimack River 

Watershed, in its Entirety, from its Formation to the Present,” MA DEM contract #899B-78, Feb. 

1, 1979, VEa-d.   Al Lorenzo has produced an illustrated monograph on The Use of Granite in 
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Robert Dalzell, Jr., Enterprising Elite: The Boston Associates and the World They Made (NY, 
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Boston Associates.  See Weil‟s “Capitalism and Industrialization in New England, 1815-1845,” 

in Journal of American History (March, 1998), 1334-1354.  See also page 41, #2, of this book. 

 p. 29, #3. Green, “Autobiography,” 233-35. 
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(Boston, 1848), 25. 

 p. 31, #2. LHE (1855), 104, Plate XII.  

 p. 31, #4. George R. Baldwin, “ A Plan of the Land and Buildings Belonging to the 

Merrimack Manufacturing Company….Pawtucket, in the Town of Chelmsford” (1825), PL&C-

LNHP; Booth, “Historic Structures Report,” 34-35.  See also JBF Records H, PL&C-LNHP, for 
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p. 32, #1. Boott‟s diary quoted in William R. Bagnall, “Sketches of Manufacturing and 

Textile Establishments . . . ,” ed. Victor Clark in 1908 (microfiche), 2157-62.  

p. 32, #2. Drawing of Merrimack Mill signed by Patrick Tracy Jackson, 1822, PL&C 
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breast wheels, see Terry Reynolds, Stronger than a Hundred Men: A History of the Vertical 

Water Wheel (Baltimore), 282-288, and Terry Reynolds, “The Emergence of the Breast Wheel 

and Its Adoption in the United States,” in Robert Weible, ed., The World of the Industrial 
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Richard Hills, “Steam and Waterpower:  Differences in Transatlantic Approach,” in the same 
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one of the “Old Machine Shop Water Wheel” in 1844, Shelf 109, No. 935.  See also the drawing 



from Frizell in this book, page 33, which provides good gate control details and shows the main 

belt drive.  For power transmission in factories see Theodore Penn, “The Development of the 

Leather Belt Main Drive,” IA: Journal of the Society for Industrial Archeology, 7 (1981), 1-14; 

Robert Gordon and Patrick Malone, The Texture of Industry: An Archaeological View of the 
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New,” Transactions of the ASME 16 (1894-95): 747-49. 
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the Town of Chelmsford” (1825), PL&C-LNHP. 

 p. 43, #2. Parker, Kirk Boott, 43, 55; Gibb, The Saco-Lowell Shops, 69.   



 p. 43, #3. MMC Directors‟ Records, October 23, 1824. 
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