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I. INTRODUCTION

The arches which are already closed, of the Monocacy Aqueduct – in point of beauty and perfection of workmanship, will, it is believed, compare with any work of the kind either in this Country or in Europe…
Chief of Masonry Alex. B. McFarland XE "McFarland, Alexander:Compares Monocacy Aqueduct to finest aqueducts in U.S. and Europe - 1831" \i  to the President and Directors of the Chesapeake and Ohio Canal Company, November 17, 1831.

       Today, the Monocacy Aqueduct is one of the two most important structures
 of the largest and most pristine surviving example of America’s early nineteenth century canal era, the Chesapeake and Ohio Canal – now part of the Chesapeake and Ohio Canal National Historical Park.  Located on the boundary of Frederick and Montgomery Counties in Maryland, the aqueduct crosses the Monocacy River at Mile 42 of the canal (42 miles from Georgetown), a short distance upstream from the confluence of Monocacy River and the Potomac River. The Monocacy Aqueduct’s seven stone arches stretched across the river are a compelling example of early nineteenth century engineering. At 516 feet in length, including the massive stone abutments, it is only slightly shorter than the Washington Monument XE "Washington Monument:Monocacy Aqueduct is almost as long as Washington Monument is tall" \i  is tall.  It is well worth preserving not only for its important place in the history of American innovation, but also for its usefulness today as part of one of the most heavily visited parks in the United States. The aqueduct serves as a vital connecting link along the 185 mile long Chesapeake and Ohio Canal towpath now used for a variety of recreational activities including walking, running, cycling, and horseback riding.  
      The Monocacy Aqueduct and the Chesapeake and Ohio Canal are relics from the late 18th  and early 19th century American canal age when there were few navigable roads and water was the best established means of transport.  For nearly two centuries, since the early 1600’s, American colonists had settled along the eastern edge of North America, where communication by coastal and river boats was cheap and easy. Although it was well known that new lands and immense resources were to the west across the Appalachian Mountains, they lay beyond the reach of the tidewater vessels. 
By the end of the American Revolution, in the late 1700’s, it was apparent to the inhabitants of the young country that reliable access was needed to the interior of the continent. At that time land was the primary measure of fortune. The resources of the extensive Northwest Territories, and later the Louisiana Purchase, could not be counted as wealth, but only potential wealth. Their value would only be realized if the products of these new lands could be transported eastward to the coastal cities, where they could be consumed by the growing population in those cities or shipped overseas. 

Part of the solution was to be found in the extensive system of American rivers that partially penetrated into the hinterland and could, it was thought, be more effectively navigated.

    The need to ship agricultural produce and raw materials was only one reason to develop access to the lands beyond the Appalachians. Reliable communication would facilitate the settlement of these areas by immigrants arriving in the coastal cities. Improved communications with the inland would tie the hinterland politically to the settled regions along the coast. Militarily, reliable routes would facilitate the movement of troops and supply.  At a time when England dominated the world’s oceans, inland routes would lessen the young nation’s vulnerability to the British navy’s disruption of tidewater commerce.

      Improved roads were an obvious means to improve communications, but the art of road building had been lost with the Romans. Muddy or dusty lanes, washed out during bad weather were the norm.  At a time when, other than manpower, animals were the primary source of motive power, a boat drawn by horses, oxen, or mules could haul vastly larger cargoes than a wagon hitched to the same animals. The difference in cost between land and water transportation was estimated to favor water hauling by ten to one or more.  Not only was water transportation substantially less expensive, but water channeled into canals and manmade waterways could provide power to factories and mills, increasing the economic benefit to the owners.

      Perhaps the strongest argument for using water rather than land for long-distance transportation was that water had already proved to be best in England, the mother country. In 1760 Francis Egerton XE "Egerton, Francis, Duke of Bridgewater:Constructed first successful canals in English-speaking world - 1760" \i , the third Duke of Bridgewater XE "Duke of Bridgewater:Begins construction of first of two canals - 1760" \i  began construction first on a canal to ship coal from his mines in Worsley XE "Worsley, England:Coal mines terminus of Duke of Bridgewater's canals" \i  seven miles east to the industrial city of Manchester. This was followed by a second canal to move goods produced in Manchester XE "Manchester, England:Terminus of Duke of Bridgewater's canals" \i  to the seaport of Liverpool for shipment overseas. These still water canals were dug ditches filled with water provided from nearby rivers. Designed by engineer James Brindley XE "Brindley, James:Designer of Duke of Bridgewater's canals, outside Manchester" \i , they were immensely successful financial and commercial ventures. The price of coal delivered to Manchester dropped significantly. The quantity of coal and goods delivered increased significantly. The canals were instrumental in the development of Manchester as an exporting city. The canal tolls generated a substantial income. Fascinated by the Duke’s success, both Englishmen and American colonists flocked to his canals to study and, if possible, to replicate them. George Washington XE "Washington, George" \i  and his fellow planters sent John Ballendine XE "Ballendine, John:Brought back canal construction knowledge from England" \i , a colonial ironmaster and entrepreneur, to bring back knowledge of how to build similar still water canals in combination with improved river passages that would open the Potomac and James Rivers to navigation. Americans who could not visit studied the drawings of canals published in encyclopedias such as Diderot’s Pictorial Encyclopedia of Trades and Industry. The Duke of Bridgewater’s canals engendered canal mania in England. The wave would sweep the United States decades later, when the success of the duke’s canals was repeated by that of the Erie Canal XE "Erie Canal:Reproduces success of Duke of Bridgewater's canals" \i  across northern New York State.

      The Erie Canal was a tremendous success.HOW  Those interested in developing the Potomac River XE "Potomac River:As avenue to the west" \i  as an avenue to the west used the Erie Canal as their model in developing a new canal from the Chesapeake Bay up the Potomac River, around Great Falls, all the way out to the  XE "Chesapeake and Ohio Canal:New canal to be developed along the Potomac River using the Erie Canal as its model" \i Ohio Territory. 
Chesapeake and Ohio Canal was to have three sections: eastern, middle and western.  The eastern section – the only one to be constructed – was to link Georgetown XE "Georgetown:Terminus (with Washington, D.C. and Alexandria, Virginia) of Chesapeake and Ohio Canal" \i , Alexandria, Virginia XE "Alexandria, Virginia:Eastern terminus (along with Georgetown and Washington, D.C.) of Chesapeake and Ohio Canal" \i  and Washington, D.C XE "Washington, D.C:Eastern terminus (along with Georgetown and Washington, D.C.) of Chesapeake and Ohio Canal" \i  with Cumberland, Maryland XE "Cumberland, Maryland:Western terminus of Chesapeake and Ohio Canal" \i , nearly 190 miles to the northwest. It was begun July 4, 1828 and was designed as a continuous still water canal to follow the Potomac River along the Maryland shoreline to Cumberland.  To carry the still water canal across the rivers and creeks that flowed into the Potomac, the Chesapeake and Ohio Canal XE "Chesapeake and Ohio Canal:Eleven aqueducts would be required" \i  would require eleven aqueducts, the largest, by far, being the aqueduct over the Monocacy River XE "Monocacy River:Location of largest of eleven aqueducts on Chesapeake and Ohio Canal" \i  on the border between Montgomery and Frederick counties.  Construction of the Monocacy Aqueduct XE "Monocacy Aqueduct:One of greatest achievements of Chesapeake and Ohio Canal Company" \i  from 1828 through 1833 would prove to be one of the most successful achievements of the Chesapeake and Ohio Canal Company.
      Many myths surround the construction of the Monocacy Aqueduct.  It is said, for example, that the first railroad in the United States was constructed here to haul stone from the quarry to the aqueduct building site.   Although a tramway was built here to facilitate transport of the masonry blocks, it was not the first railroad in the United States.  It is also said that the stone contained in the Monocacy Aqueduct came from Mrs. Nelson’s quarry XE "Nelson’s quarry:Myth that stone for Monocacy Aqueduct came from this quarry" \i  on Sugarloaf Mountain XE "Sugarloaf Mountain:Location of Mrs. Nelson's quarry" \i .  Initially the builders of the Monocacy Aqueduct tried to use stone from this quarry but found that the stone was inferior.  They turned to better stone much closer, at Johnson’s Quarry XE "Johnson’s quarry:Canal company turns to much better stone located at" \i .  It has also been said that Alfred Crueger XE "Crueger, Alfred:Erroneously credited as being the designer of the Monocacy Aqueduct" \i  was the principal engineer of the aqueduct.  But there is no question that Benjamin Wright XE "Wright, Benjamin:Principal engineer of Monocacy Aqueduct" \i , the chief engineer of the Chesapeake and Ohio Canal and sometimes referred to as the Father of American Civil Engineering, was the principal engineer of the aqueduct, prepared the aqueduct’s design and provided detailed construction supervision as well during the beginning of construction.  

      The actual story of the Monocacy Aqueduct is more interesting than these myths would suggest.  That story details the planning, design and construction of one of the most important nineteenth century canal structures in America.  At the time of its construction it was the largest such structure in the United States.  It is still one of the most important canal structures remaining. It still performs its function by carrying users of the Chesapeake and Ohio Canal over the wide Monocacy River.  


II. The Design of the Monocacy Aqueduct

CHESAPEAKE AND OHIO AQUEDUCT

ACROSS THE MONOCACY RIVER

LARGEST OF ELEVEN C & O AQUEDUCTS.

FINISHED 1833.  ALFRED CRUEGER XE "Crueger, Alfred:Highway marker erroneously credits him as principal engineer of Monocacy Aqueduct" \i  PRINCIPAL

ENGINEER.  CONSTRUCTED OF QUARTZITE

FROM SUGARLOAF MOUNTAIN XE "Sugarloaf Mountain" \i .  IT SERVED

UNTIL 1924.  AFTER A FLOOD COMMERCIAL

OPERATION CEASED.

Erroneous State Historical Marker at Mouth of Monocacy Road.

Benjamin Wright, not Alfred Crueger, was the principal engineer for the Monocacy Aqueduct and it was not constructed of quartzite from Sugarloaf Mountain.

      The Chesapeake and Ohio Canal XE "Chesapeake and Ohio Canal:Begun July 4, 1828" \i  was begun on July 4, 1828, at Little Falls XE "Little Falls, Maryland:Location of beginning of Chesapeake and Ohio Canal on July 4, 1828" \i .  To succeed in this extensive enterprise, Charles Mercer, President of the Chesapeake and Ohio Canal Company, and his Board of Directors, required a corps of skilled engineers to plan, design and oversee its construction.  From the outset, it was known who should lead this corps. When Congressman Charles Fenton Mercer XE "Mercer, Charles:Elected President of Chesapeake and Ohio Canal Company" \i  was elected President of the new Chesapeake and Ohio Canal, one of his first acts was to invite XE "Wright, Benjamin:Canal President Charles Mercer invites Wright to become Chief Engineer" \i  the former Chief Engineer of the famous Erie Canal, Benjamin Wright, to Washington to become the Chief Engineer of the new canal.
  Wright XE "Wright, Benjamin:Salary - $5,000/year" \i  was paid $5,000 per year, 
an enormous sum for the time.  As the canal company reported to Congress: 

   A gentleman of great reputation who had been pre-eminent in the valuable corps of practical Civil Engineers formed by the New York Canals, had been earnestly, though informally invited to Washington, … for the organization of the Company …  which brought to Washington Judge Wright XE "Wright, Benjamin:\"A gentleman of great reputation...\"" \i  …”

      Wright headed an engineering board consisting of other experienced engineers including John Martineau XE "Martineau, John:Appointed to canal engineering board for 1st division, Georgetown to Harper's Ferry - 1828" \i  for the 1st division, Georgetown to Harper’s Ferry, (including the Monocacy Aqueduct) and Nathan S. Roberts XE "Roberts, Nathan:Appointed to canal engineering board for 2nd division, Harper's Ferry to Williamsport, Maryland - 1828" \i  for the 2nd division, Harper’s Ferry to Williamsport, Maryland.  Martineau was offered this position on August 25, 1828.

      Wright, assisted by John Martineau XE "Martineau, John:Began working on design of canal - June 25, 1828" \i , began working on the design of the canal on June 25, 1828, before either was formally offered positions with the company.  They worked on the design seven days a week, “suspend(ing) their labors for the 4th of July only.”
  Martineau worked for the Chesapeake and Ohio Canal Company for only a short period of time and “retired” by November 1828, apparently from illness.
  Roberts, a former assistant to Wright on the Erie Canal, was hired on October 3, 1828.
   

      Organized under the First Division (Martineau’s) were five “Residencies,” that is, resident engineers responsible for overseeing the work of the contractors within a specific geographic area.  At the beginning of the work, the individuals in charge of the five residencies of the first Division were:


1st Residency – Thomas F. Purcell XE "Purcell, Thomas F.:Named resident engineer, 1st residency - 1828" \i 

2nd Residency – Daniel Van Slyke XE "Van Slyke, Daniel:Named resident engineer, 2nd residency - 1828" \i  


3rd Residency  - W.M.C. Fairfax XE "Fairfax, W.M.C.:Named resident engineer, 3rd residency - 1828" \i 

4th Residency – Erastus Hürd XE "Hűrd, Erastus:Named resident enginner, 4th residency - 1828" \i 

5th Residency – Herman Böye XE "Böye, Herman:Appointed resident engineer, Fifth Residency" \i 

      The Monocacy Aqueduct was located in the 5th Residency, placing it under the construction supervision of Herman Böye who was assigned to that position in December of 1828.
  Böye, a Danish engineer, immigrated to America as a young man. He had distinguished himself in Richmond by his drafting of the first state sponsored map of the state.  

      Besides a Resident Engineer, each of the five Residencies had an Assistant Engineer.  The Assistant Engineer for the 5th Residency was Charles Ellet XE "Ellet, Charles:Assigned as Assistant Engineer to 5th Residency - 1828" \i , then only eighteen years old.  Ellet would later distinguish himself in American civil engineering, particularly in the design and construction of suspension bridges, such as was later constructed at Wheeling, West Virginia XE "Wheeling, West Virginia, suspension bridge:Later to be designed by Charles Ellet" \i .
      In addition to these engineers Wright also established the position of Supervisor (or Inspector) of Masonry.  The Resident and Assistant Resident Engineers were not necessarily experienced in masonry work and this position provided that expertise.  Robert Leckie XE "Leckie, Robert:Appointed Supervisor of Masonry" \i  was selected.  Born in Scotland, Leckie was an experienced mason who had worked under famous architect? Builder? Benjamin who is Latrobe? Latrobe XE "Latrobe, Benjamin:Leckie had worked under at Marble Quarries" \i  first at the Marble Quarries (only a few miles downriver from the future site of the Monocacy Aqueduct) to provide monumental marble columns for the U.S. Capitol, XE "U.S. Capitol:Marble quarries provide stone for columns" \i  and then on the construction of the Lansford Canal in South Carolina XE "Lansford Canal, South Carolina:Robert Leckie built" \i .  Leckie’s performance on the C & O Canal would prove to be below the standard of his previous accomplishments due, at least in part, to personal  problems. As the construction of the C & O Canal was beginning, Leckie XE "Leckie, Robert:Three sons die" \i  had three sons tragically die of illness. Leckie himself was sick for a prolonged period during the beginning of 1830.
  Although Wright respected Leckie and considered him competent, Wright XE "Wright, Benjamin:Misgivings on Robert Leckie" \i  had some misgivings as to how Leckie XE "Leckie, Robert:Wright's misgivings on Leckie's dealings with workmen" \i  dealt with the men working on the canal,
 Mr. Leckie is a very useful man in his way – but he corrects errors with a Mall rather than a [indistinct].  Gentle means are better than harsh in managing men in this free country, and if Mr. L would correct himself in this respect and be perfectly impartial, he would do us much good --
 
In the design of the Monocacy Aqueduct, Wright respected Leckie’s professional judgement and consulted with Leckie on its plan and cost estimate.

      Illness would continue to plague the entire enterprise. It took a heavy toll on the men and their families and the constant need for reassignments disrupted the overall organization.  Böye XE "Böye, Herman:Becomes ill at Monocacy Aqueduct site" \i  became ill and for awhile his responsibilities were discharged by his assistant,. Ellet XE "Ellet, Charles:Discharged Resident Engineer responsibilities for 5th Residency while Böye was sick - 1829" \i .
  In December 1829 the Board of Directors appointed Alfred Crueger XE "Crueger, Alfred:Assumes responsibilities on 4th residency, later to be extended to 5th residency due to Böye's illness" \i , who had been appointed the engineer in charge of the 3rd residency, to assume duties on the 4th residency that had been assigned to Böye.
  This was later extended to include the 5th residency, including the Monocacy Aqueduct XE "Monocacy Aqueduct:Cruger's responsibility extended to include 5th Residency, including aqueduct" \i .
  Ellet XE "Ellet, Charles:Became Crueger's assistant when Crueger was assigned to 5th Residency" \i  then became Crueger’s assistant.
 This was only supposed to continue until Böye recovered.  But Böye XE "Böye, Herman:Death of" \i  never did recover and subsequently died.  Ellet XE "Ellet, Charles:Becomes sick but recovers" \i  also became sick, but although he recovered, he decided to leave the canal and pursue his engineering studies in France.  Ellet XE "Ellet, Charles:Replaced by Charles Fisk" \i  was replaced by Charles B. Fisk XE "Fisk, Charles:Replaces Ellet as Assistant Engineer of 5th Residency - 1830" \i  as Assistant Engineer to Crueger.  Crueger was therefore responsible for construction of the aqueduct from 1830 through to its completion in 1833.  He was also the third resident engineer, after Böye and Ellet, to supervise the construction of the Monocacy Aqueduct.

      Although later writers credit Alfred Crueger as being the principal engineer of the Monocacy Aqueduct XE "Monocacy Aqueduct:Cruger later erroneously credited as being principal engineer for" \i , contemporaneous engineering writers allude to Benjamin Wright
 as the person responsible for the design and construction of the Monocacy Aqueduct.  Take, for example, the inspection visit of military engineers John J. Abert XE "Abert, Lt. Col. John J." \i  and James Kearney XE "Kearney, Lt. Col. James" \i   on their 1831 visit to the Monocacy Aqueduct and their subsequent report:

      Mr Cruger XE "Crueger, Alfred:Shows specifications for Monocacy Aqueduct with Wright's name at bottom" \i , the resident engineer, showed to us the specifications of this work (i.e. the Monocacy Aqueduct). (which form a part of the contract with the builder,) describing the manner in which it was to be executed, and the dimension of the various parts.  We observed, at the foot of these specifications, the name of the celebrated civil engineer, Judge Wright XE "Wright, Benjamin:Author of Monocacy Aqueduct specifications" \i , who was formerly in the employ of the company.

      By October 1828 Wright had completed ground plans and elevations of the proposed masonry aqueduct:

“I have prepared ground Plans & Elevations of the Aqueducts at Seneca Creek XE "Aqueduct at Seneca Creek (Aqueduct No. 1):Designed by Benjamin Wright" \i  & Monocacy River which are ready to lay before you.”

      By January 1829, Wright XE "Wright, Benjamin:Design of false centering" \i  and Nathan Roberts XE "Roberts, Nathan:Design of false centering" \i  had designed the wooden false centering that would be required to support the ring stones until the masonry arch was closed.  They also prepared the quantity take offs of the lumber needed to build this centering.

      The plans prepared by Wright no longer survive but we have a description of what these plans and elevations entailed XE "Monocacy Aqueduct:Dimensions as designed" \i :

With a water way of 19 feet at bottom – 20 feet at top.  The towpath parapet 8 feet wide and the other wall 6 feet wide.  I have drawn the plan to 7 arches of 54 feet span each and 6 piers and two abutments.  The piers are 10 feet thick, and a pilaster at each end of the pier projecting one or two feet and 7 feet wide.

      In 1999, consultants to the Chesapeake and Ohio Canal National Historical Park
 compared Wright’s description of his design to the actual structure.  His dimensions, as stated above, were found to be accurate by the consultants except that the towpath, as constructed, was 9’ – 4” wide, rather than 8 feet wide as stated above XE "Monocacy Aqueduct:Dimensions as constructed" \i .
  That is, the Monocacy Aqueduct as constructed very much as designed by Wright.

      The historical record also indicates that Wright was responsible for the details of the construction, such as specifying that the ring stones (voussoirs) were to be cut to patterns, that the stone to be rusticated as required, that the coping extend over the entire length of the aqueduct, and other details.
 

      Although Wright was responsible for the design of the Monocacy Aqueduct, others were instrumental in implementing his plans.  Probably foremost of these was Supervisor (Inspector) of Masonry Robert Leckie XE "Leckie, Robert:Consultant to Wright on design of Monocacy Aqueduct" \i .  Leckie XE "Leckie, Robert:Responsibilities" \i ’s responsibilities were both to inspect the masonry work and to advise the resident engineers on proper masonry procedure, such as setting each masonry unit in a pier twice to insure a solid bed.  For example, Leckie, instructed the Resident Engineers on the need of setting masonry blocks twice, first without mortar to see if it fit well with the masonry below, and second, with mortar.

      Although Wright had designed the Monocacy Aqueduct and much of its construction, he would not see its completion. Wright XE "Wright, Benjamin:Resigns as of October 27, 1830" \i  tendered his resignation to the Board of Directors on October 27, 1830, having become discouraged between the battle between the canal company and the Baltimore and Ohio Railroad and the inactivity that resulted.  The Board XE "Wright, Benjamin:Resignation effective November 6, 1830" \i  asked that he delay his departure, to the Union Canal XE "Union Canal" \i  and the Chesapeake and Delaware Canal XE "Chesapeake and Delaware Canal:Wright asked to delay his departure to" \i .
  Wright declined to stay and his resignation was accepted by the Board on November 6, 1830.
  He did keep some involvement with the affairs of the Chesapeake and Ohio Canal as a corresponding consultant.
      Prior to his departure, Wright oversaw the vital effort by the company to obtain the materials needed to construct the Monocacy Aqueduct, most importantly, the building stone and the hydraulic cement.

III. Obtaining the Stone and Hydraulic Cement for the Monocacy Aqueduct


Monocacy Aqueduct, 516' long with seven 54' arches, is the largest of 11 stone aqueducts, and is undoubtedly not only one of the two finest features of the C & O Canal (the other being the Paw Paw Tunnel), but is one of the finest canal features in the United States.  … The white and pink quartz sandstone are from Nelson's quarries XE "Nelson's quarry:Incorrect highway history sign identifies stone as being from" \i  4 mi. distance at the base of Sugar Loaf Mtn.: 
…

Incorrect identification of the source of the stone used in the Monocacy Aqueduct from a guide to the Chesapeake and Ohio Canal  The stone was from Johnson’s quarry XE "Johnson’s quarry:Provided stone for Monocacy Aqueduct" \i 
“The Masonry is so bad that it is not worth having…”

Robert Leckie XE "Leckie, Robert:On quality of masonry" \i  to Benjamin Wright, November 18, 1829, on the masonry work  initially completed on the Monocacy Aqueduct.

      To build the aqueduct, the contractors for the Chesapeake and Ohio Canal Company needed two basic building materials: stone and hydraulic cement XE "Hydraulic cement:One of two basic building materials (stone was the other)" \i .  For stone, the contractors needed a hard stone that could stand up to the compressive stresses that would develop in the aqueduct’s piers and arches.  These stones needed to be held together by hydraulic cement – a mortar that would be resistant to water erosion, unlike regular building mortar.

      For stone, the closest existing freestone quarries were at Peter’s quarries at Seneca XE "Peter’s quarries at Seneca, Maryland:Closest existing quarries to Monocacy Aqueduct site" \i , some twenty miles below the Monocacy Aqueduct.
  But as Robert Leckie XE "Leckie, Robert:On boating stone from Peter's quarries" \i , Superintendent of Masonry, wrote to the Board of Directors:

…it would be ruinous to the company to boat the stone 20 miles against the current of the river…

      Stone would have to be found locally for the aqueduct.  Workmen for the contractor, Hovey, found what they though was a likely source for this stone, rock outcroppings that could be worked as a quarry on the farm of Mrs. Eliza Nelson, on the slope of Sugarloaf Mountain, approximately four miles east of the aqueduct site.  By April 6, 1829 XE "Nelson's quarry:Agreement with company - April 6, 1829" \i , the Chesapeake and Ohio Canal Company entered into an agreement with Mrs. Nelson to use her land as a quarry for a period of one year, for which they paid Mrs. Nelson XE "Nelson's quarry:Payment of $450 for one year" \i  $450.
  Five days later, on April 11, 1829, to facilitate the transportation of stone from Mrs. Nelson’s quarry, Chesapeake and Ohio Canal President Mercer authorized the construction of a railroad, or tramway XE "Railway or tramway:Authorized from Nelson's quarry by" \i , over which the block of stone could be hauled to the Monocacy Aqueduct construction site.
  Although authorized, this tramway was probably not constructed at that time

      When the company entered into an agreement to quarry the stone on Mrs. Nelson’s farm, they were aware of the harder white stone that existed on the farm of Mr. Joseph A. Johnson, approximately halfway between the aqueduct site and Mrs. Nelson’s farm on Sugarloaf Mountain. Probably they selected the stone of Mrs. Nelson’s farm because it was easier to cut.  Company President Charles Mercer XE "Mercer, Charles:Prefers stone from Johnson's quarry" \i  wrote the resident engineer, Herman Bőye that he preferred the harder stone of Mr. Johnson’s farm to the softer stone of Mrs. Nelson’s:

With respect to the white and harder stone on Joseph Johnsons [indistinct – farm?] I am strongly inclined to prefer it to the softer stone from Mrs. Nelson’s quarry.  Should it be used I [indistinct] that it may be done with uniformity that is after carrying up the abutment and piers of precisely equal heights from the water with the darker colored stone from Mrs. Nelsons quarries …

      Nonetheless, the Contractor, Hovey XE "Hovey:Begins quarrying stone at Mrs. Nelson's farm - 1829" \i , with the approval of the company, began quarrying the stone from Mrs. Nelson’s farm, transporting it to the mouth of the Monocacy and began using it to construct the first three piers.

      At the beginning of the 1829 construction season, the contractor, Hovey, was using both boats on the Monocacy River XE "Monocacy River:Boating stone to aqueduct - 1829" \i  and overland transportation to get the stone from Mrs. Nelson’s farm to the construction site.  The stones transported were probably rough hewn at the quarry and finished at the construction site.  To build the piers, Hovey first needed to construct cofferdams to hold back the river and allow his workers to lay the masonry blocks for the piers on bedrock or other substantial base.  The first cofferdam XE "Cofferdams:Begun June 1829" \i  was built in the usually shallow Monocacy River in June 1829
 and the business of pier construction begun.  There is no existing description of how the cofferdams XE "Cofferdams:Construction of" \i  were constructed but it is likely they were double wooden boxes with the space between the two wooden walls filled with clay.  Once built, the interior of the cofferdam would have been pumped of water permitting work to begin on the piers.  

       It would have been difficult for the Chief Engineer, Benjamin Wright XE "Wright, Benjamin:Discovers inferior stone at Monocacy Aqueduct in 1830" \i , to visit the construction site of the Monocacy Aqueduct – it was some forty miles distant from his office in Georgetown in an area that lacked adequate roads. He was also busy supervising the company’s other works.  He finally did visit the site in July 1830 and discovered that the stone, the gray stone from Mrs. Nelson’s quarry, was too soft and that much of it had already cracked or split or otherwise deteriorated.  The three piers that had already been constructed by contractors Hovey and Osborne would have to be demolished and rebuilt with a harder stone.  He reported his findings to the President and Board of Directors on July 7, 1830.

      At about the same time Wright visited the Monocacy Aqueduct construction site, so did Inspector of Masonry Robert Leckie XE "Leckie, Robert:Inspection of 1830" \i .  On July 9, 1830, Leckie wrote his findings to company President Charles Mercer.  He found that there was much to criticize at the Monocacy Aqueduct construction site including a scarcity of hands being employed by the contractor, the unhealthiness of the place, the number of grog shops at both the Monocacy Aqueduct construction site and the quarry and that the workers spent  a great portion of their time in these places.  Leckie also criticized the lack of equipment on the construction site (there was, for example, only one wheel barrow on site), the presence of fever and augue at the aqueduct, and that the Tuscarora hydraulic cement XE "Tuscarora hydraulic cement:Of doubtful quality" \i 

 XE "" \i  that was then being used was of doubtful quality.

      But one thing that Leckie did not criticize was the stone that was being used.  As Superintendent of Masonry it would have been Leckie’s responsibility to detect bad stone in such a major masonry work as the Monocacy Aqueduct much before Wright’s visit in July of 1830.  As Company President Mercer described the situation:

After much labor upon this quarry (i.e. Mrs. Nelson’s) and constructing a part of three of the pieces of the aqueduct with it … we were apprised that the stone was imperfect, and, had already exhibited symptoms of decay.
 

      The stone from Mrs. Nelson’s quarry, a soft gray stone, proved to be too soft.  When exposed to air it began to disintegrate.  The Company formed a committee XE "Committee to investigate Monocacy Aqueduct piers - 1830" \i  to investigate the problem, consisting of Chief Engineer Wright XE "Wright, Benjamin:Member, committee to investigate Monocacy Aqueduct piers" \i , Inspector of Masonry Leckie XE "Leckie, Robert:Member of committee to investigate Monocacy Aqueduct piers" \i , Board of Directors member Captain Lennox XE "Lennox, Captain:Member of committee to investigate Monocacy Aqueduct piers" \i , and Canal President Mercer XE "Mercer, Charles:Member of committee to investigate Monocacy Aqueduct piers" \i .  This committee found that the stone from Mrs. Nelson’s quarry XE "Nelson’s quarry:Stone too soft to use in aqueduct" \i  was beginning to show signs of decay although having only recently been put in place by the contractor.  They concluded the stone was much too soft to be used.  They recommended to the Board that the three partially constructed piers be torn down XE "Monocacy Aqueduct:Decision to tear down first three piers" \i  and rebuilt using a different, harder stone.
   This recommendation was made by Chief Engineer on July 7, 1829 and was accepted by the Board.
  This was a difficult decision for the company to take.  Not only had they lost the money invested in quarrying, transporting and installing the stone in these three piers, but they had also lost the best part of the first two years of construction.  Under their legislative charter XE "Legislative charter:Requirement to complete 100 miles in five years" \i , the company had only five years to build the first 100 miles of the canal.
  Completion of the Monocacy Aqueduct was utterly essential in meeting this goal because the aqueduct was not only a vital link in the canal but would also convey water from Dam Three at Harper’s Ferry XE "Dam Three at Harper’s Ferry:Provided water to Monocacy Aqueduct section of canal" \i  to that section below the Monocacy Aqueduct.  After losing two years of work because of the soft stone from Mrs. Nelson’s farm, the company had only three years to complete the aqueduct or lose their charter.

      The discovery of the poor stone had repercussions.  As Superintendent of Masonry it was Leckie’s responsibility to discover the poor stone much before Wright’s visit.  Leckie XE "Leckie, Robert:Resignation - August 14, 1830" \i  understood this.  On August 14, 1830, he resigned from his post as Superintendent of Masonry for the Monocacy Aqueduct:

For reasons stated in a former letter addressed to you, I must decline any further superintendence of the Monocacy Aqueduct; as under the existing circumstances, I cannot be of any efficient service to the company, and make no charge for the time I was there.

      Leckie recommended that A.B. McFarland take his place as Superintendent of Masonry, an action the Board took on the same day.
  Later in that year, Leckie would write to John P. Ingle what had happened with the gray stone from Mrs. Nelson’s quarry, that when it was observed in the quarry it appeared sound but when it was quarried and put in place, exposed to the sun and frost, it would crack and split.

      Earlier, on December 9, 1829, Chief Engineer Benjamin Wright XE "Wright, Benjamin:Orders stone from Johnson's quarry be used for structural purposes" \i  had ordered that the white stone of Joseph B. Johnson’s quarry be used for all structural purposes – the ring stones XE "Ring stones or voussoirs:Wright orders that stone from Johnson's quarry be used" \i :

      You will bear in mind that the Piers and Abutments are to be of Red or Grey Stone of to the Skewbacks, the Skewbacks are to be of White Stone.

      The Pilasters are to be of the Red Stone.

      The Ring Stone and the Arch Sheeting to be of the White Stone, of the Sheeting may be in part of Red Stone if the Contractor shall Preferred Company

      The Spandrel Walls up to the Water Table to be of the Red Stones

      The Water Table to be of White Stone

      The Parapet Walls to be of Red or White Stone, but not mixed

      The Coping to be of White Stone

      The white stone was from the quarry on Joseph B. Johnson’s XE "Johnson’s quarry:White stone" \i  lands, about halfway between the site of the Monocacy Aqueduct and Sugarloaf Mountain.
  The red stone also indicated in Benjamin Wright’s instructions was probably also from Johnson’s XE "Johnson’s quarry:Source of red stone" \i  lands.  After the decision to tear down the first three piers, gray stone, the stone that came from the quarry on Mrs. Nelson’s lands, was not used in the construction of the piers.  After 1830, very little stone from Mrs. Nelson’s farm was used in the aqueduct.  This is confirmed by Mercer who stated that only an inconsiderable portion of the stone from Mrs. Nelson’s lands may have been used, perhaps as backing, or the rubble interior.

      The location of the white stone quarry (i.e. the quarry on Joseph Johnson’s XE "Johnson’s quarry:Located on Furnace Ford" \i  lands) is not specified by the records, although it was within a few miles from the Monocacy Aqueduct, close to Joseph Johnson’s home, and located on Furnace Ford XE "Furnace Ford:Location of Johnson's quarries" \i .
  Mercer writes that the carts carrying the stone from the quarry passed by the door of Johnson’s house, Rock Hall.
  Johnson was paid $500 for the use of his land for this purpose.  By the beginning of 1830, Johnson’s quarry XE "Johnson’s quarry:Extensively being used by 1830" \i  was being extensively used.

      The company thought it was a good deal:

… Mr. Joseph Johnson has actually supplied us with the use of the best quarry I ever saw, without limitation as to time or quantity, for all the works of the canal for $500.

      In the third annual report, 1831,the Board of Directors felt obliged to report the situation to their stockholders:

The aqueduct of seven arches, if fifty-four feet span each, across the Monocacy, has been three times let, the contract for its construction having been once abandoned, and once transferred by assignment.  It is now in the hands of an efficient contractor, who by the terms of his agreement, is allowed til [sic] November next for its construction.  The red free stone first chosen for this work having proved defective, it required to be built of a white granite; for the transportation of which, the contractor has found it necessary to construct a railway exceeding two miles in length.  This stone is quarried with facility, but it is so hard as to require great labor to cut it, and the contractor has experienced delays, from various accidents, not the least formidable of which, was the bad state of the road from the river to the quarry. which drove him finally to the construction of the railway, and the frequent freshets of both the Potomac and the Monocacy, which have since often arrested the progress of his masonry.  The foundation of the piers are laid out and secured to the rocks on which they stand; the abutments and several of the piers are ready for the centers, one of which is up, and the arch now turning upon it.  A doubt notwithstanding exists, that unless the ensuing Autumn shall prove more health than the last, this work will not be ready for the admission of the water through it before the end of next Spring.  That it will then finished is confidently expected.
  

      The aqueduct was not completed by November 1832, as reported above, but in the following year. 

      Not only was stone a problem for the company but also hydraulic cement XE "Hydraulic cement:Problems with" \i .  Masonry construction for canal structures required hydraulic cement, or water-lime, to be resistant to water erosion.  Hydraulic cement XE "Hydraulic cement:How it was made" \i  is made from naturally occurring limestone.  The limestone is ground and is burned in kilns to produce hydraulic cement.  The first limestone discovered in the Potomac Valley that could be used for the manufacture of  hydraulic cement XE "Hydraulic cement:First discovered near Shepherdstown, WV" \i  was discovered near Shepherdstown, West Virginia XE "Shepherdstown, West Virginia" \i , in 1827.
  This led to the development of the cement mills at Shepherdstown, a story that has been told by Thomas F. Hahn XE "Hahn, Thomas F. and Emory L. Kemp:Story of cement production at Shepherdstown, West Virginia" \i  and Emory L. Kemp
 and need not be told here.  However, there are aspects of that story which are generally not known and should be included here, such as the raiding of cement boats by the upstream contractors, the need to instruct boat captains on the care of this new material and the failure of Tuscarora cement.

      The firm of Boteler and Reynolds XE "Boteler and Reynolds:Produced hydraulic cement at Shepherdstown" \i  produced the needed hydraulic cement at their plant which they constructed for the Chesapeake and Ohio Canal Company immediately south of Shepherdstown on the Virginia (West Virginia) side of the river.  Construction for the mill was authorized by the President and Directors of the Potomac Company, the predecessors of the Chesapeake and Ohio Canal Company, in 1827.  The limestone was dug from the bluffs of the Potomac River, broken into walnut-sized pieces, burnt in furnaces constructed for that purpose and then ground by the water-powered mill.  The first shipment of hydraulic cement XE "Hydraulic cement:First shipment to Monocacy Aqueduct - 1829" \i  to the Monocacy Aqueduct was sent June 23, 1829.
  Because hydraulic cement was such a new material to America, having only been first used on the Erie Canal approximately ten years earlier, Superintendent of Cement for the Chesapeake and Ohio Canal Company Alex. B. McFarland had to remind boat captains to place tarpaulins over the bags of cement less they harden in transit.

      The output of hydraulic cement from the Shepherdstown mill of Boteler and Reynolds proved inadequate for the needs of the Chesapeake and Ohio Canal Company’s contractors.  The records of the Chesapeake and Ohio Canal Company have numerous examples of letters to the company’s Superintendent of Cement A.B. Shepherdstown to hurry the cement.
  The company’s contractors took matters into their own hands and waylaid boats of cement headed for contractors further down the line, a practice deplored by the Chesapeake and Ohio Canal Company.
  

      Other problems existed at the Shepherdstown hydraulic cement mill.  There just wasn’t enough Shepherdstown cement to supply all of the canal contractors.  The Monocacy Aqueduct alone required 40,000 bushels of hydraulic cement.
 A single masonry lock required another 3,000 bushels of hydraulic cement.
 The company authorized additional kilns constructed at Shepherdstown at a cost of $2250.
  This increased production but transportation problems persisted.  At times the water level of the Potomac River was too low for the boat men to approach the mill at Shepherdstown to load their cement cargo.
  Cold weather adversely affected production as did the general scarcity of labor.  At one time, the boat men refused to take their boats through the old sluice constructed by the Potomac Canal Company and forced the mill owners to deepen the tail race so as to allow them to approach the mill for their load.
  There was also shipping losses, cement was lost when boats carrying that cement sank.

      By 1829 the Chesapeake and Ohio Canal Company had a lot of construction ongoing and therefore there was a large demand for hydraulic cement.  Their contractors’ needs outstripped Boteler and Reynolds XE "Boteler and Reynolds:Need outstrips supply" \i ’ ability to produce hydraulic cement.  The Directors of the Chesapeake and Ohio Canal Company needed another source of hydraulic cement, and they tried to develop this source.

      The company investigated the possibility of developing a second mill for cement production in the vicinity of Monocacy Aqueduct.  In 1829 Robert Leckie XE "Leckie, Robert:Contracts with James Olcott to produce Tuscarora cement" \i  contracted with James Olcott XE "Olcott, James:Contracted with to produce cement for Monocacy Aqueduct" \i  to find limestone suitable for manufacturing hydraulic cement near the Monocacy Aqueduct.
 Olcott found suitable limestone near Tuscarora XE "Tuscaraora hydraulic cement:Suitable limestome found by Olcott on Tuscarora Creek" \i  Creek, just north of the mouth of the Monocacy River.  Leckie tested eighty batches of this material and found them all good.
  Small kilns XE "Tuscarora hydraulic cement:Small kilns built to test limestone on Johnson's land" \i  to test the limestone were built on Joseph A. Johnson’s land, about three quarters of a mile above the mouth of the Monocacy River.
  Another trial kiln was built at the mouth of the Monocacy River XE "Mouth of the Monocacy River:Test kiln built for Tuscarora hydraulic cement" \i .
  These tests proved successful and in April 1830 the company contracted with Brackett and Guy XE "Brackett and Guy:Contracted to produce 40,000 bushels of Tuscarora hydraulic cement" \i  to manufacture 40,000 bushels of hydraulic cement on Tuscarora Creek at 20 cents per bushel.
 The Board also agreed to pay the company $50 to build a road from the new Tuscarora cement kiln to the Potomac River.
  As early as April 30, 1830, hydraulic cement was being produced at the new Tuscarora kiln and that chief of cement A.B. McFarland was directed to go to the kiln and inspect the stones, kiln and mill.
  The hydraulic cement produced at Tuscarora Creek, however, didn’t prove to be adequate, probably because Brackett and Guy XE "Brackett and Guy:Hydraulic cement inadequate - burned limestone with wood and not coal or charcoal" \i  burned the limestone with wood rather than the hotter burning coal or charcoal.  By June 16, 1830, the Chesapeake and Ohio Canal Company had informed the proprietor that no more of their hydraulic cement would be accepted by the Company unless it was burnt with coal, “…(and) its quality is made good.”
  Notifications were sent to Company officials not to use Tuscarora hydraulic cement XE "Tuscarora hydraulic cement:Company officials instructed not to accept" \i .
  Mercer informed the engineers.
  The Board of Directors ordered that none of the Tuscarora hydraulic cement be used in the Monocacy Aqueduct.
  Shortages of hydraulic cement would continue to hinder construction of the Monocacy Aqueduct.

IV. Constructing the Aqueduct

The aqueduct of seven arches, if fifty-four feet span each, across the Monocacy, has been three times let, the contract for its construction having been once abandoned, and once transferred by assignment.  It is now in the hands of an efficient contractor, who by the terms of his agreement, is allowed til [sic] November next for its construction. … A doubt notwithstanding exists, that unless the ensuing Autumn shall prove more health than the last, this work will not be ready for the admission of the water through it before the end of next Spring.  That it will then be finished is confidently expected.
  

Annual Report, Chesapeake and Ohio Canal Company, 1831.

      In August 1828, the board of Directors of the Chesapeake and Ohio Canal Company accepted the proposal from the firm of Hovey and Legg XE "Hovey and Legg:Proposal accepted to construct aqueduct - 1829" \i  to construct Aqueduct No. 2 across the Monocacy River.
  Later in the same month, the Board accepted certain changes in the contract, including the substitution of Hitchcock for Legg XE "Hovey and Hitchcock:Hitchcock replaces Legg as Hovey's partner to build aqueduct" \i  as partner to contractor Alfred B. Hovey.
  Early in 1829, work began on the Monocacy Aqueduct by Hovey.  It was Hovey XE "Hovey:Opens Mrs. Nelson's quarry" \i  who opened Mrs. Nelson’s quarry, who brought stone down from the quarry via the Monocacy River, who built the original cofferdams XE "Hovey:Built original cofferdams" \i , and who built the first three piers which later had to be torn down because of the inferior nature of the stone from Mrs. Nelson’s quarry.  Hovey sank the first the first cofferdam for the first pier in June 1829.
  By the first week in November, 1829, Hovey XE "Hovey:Workforce in November 1829: 129 men, 6 boys, 36 horses ..." \i  had 129 men, six boys, thirty-six horses, fourteen oxen and nine four wheeled carriages working on the construction site.  But by the end of the month Hovey XE "Hovey:Defaults on contract - December 1829" \i  had defaulted on his contract and the workforce dropped to zero.  In the beginning of December, 1829, the Canal Company moved to secure the unused stone.

      The Directors of the Chesapeake and Ohio Canal Company moved quickly to replace Hovey XE "Hovey:Replaced as contractor for Monocacy Aqueduct" \i  as the contractor of the Monocacy Aqueduct.  On December 9, 1829, Chief Engineer Benjamin Wright XE "Wright, Benjamin:Informs Ellet that Osbourne has taken Hovey's place as contractor for aqueduct" \i  informed Assistant Engineer Charles Ellet that Asher P. Osbourn, in conjunction with John Legg XE "Legg, John:Initially Osbourn's partner to replace Hovey as contractor for aqueduct" \i 

 XE "Legg, John:Initially Osbourn's partner to replace Hovey as contractor for aqueduct" \i , had replaced Hovey as the aqueduct’s contractor but that Osbourn’s instructions were to go slow.
   By April, 1829, Osbourn informed the Board that he was to undertake the contract without Legg XE "Legg, John:No longer partner with Osbourne as aqueduct's contractor" \i .
  By the end of 1830, Byrne and LeBaron XE "Byrne and LeBaron:Aqueduct's third contractors by end of 1830" \i , contractors, had replaced Osbourn and Legg
 and Canal President Mercer was complaining to them about their slow start in restarting the masonry work on the Monocacy Aqueduct.
  The lack of contractor progress became a recurring theme in company correspondence.  Company President Mercer XE "Mercer, Charles:Complains about lack of contractor progress at aqueduct" \i  again complained about the lack of progress of the contractors on March 11, 1831,
 again on September 10, 1831,
 and again on November 25, 1831.
 

      Despite these expressed concerns by Mercer, the contractor, LeBaron, Burns and Co., consistently had approximately 150 men working on the aqueduct and the white stone quarry, or about 50% to 100% more than the previous two contractors.
  This didn’t satisfy the company.  In January 1831, for example, LeBaron, Burns and Co. had 148 men working on the aqueduct and its associated quarry.  But the company estimated that 233 were needed, as broken down as follows:


  60 men quarrying at the White Quarry

100 men cutting this White Stone


  13 Four horse teams transporting the White Stone


  33 mason, including tenders with a complement of teams drivers etc, in addition


    2 Four horse teams hauling cement


    1 boat and 5 men transporting sand


  10 men procuring backing


  10 Carpenters


233 Total number of men

      At this time the contractor was undertaking important work that didn’t immediately show up as construction progress on the aqueduct.  One of these projects was the construction of a railroad or tramway XE "Railway or tramway:Johnson's quarry to aqueduct" \i  for hauling cut stone from the white quarry behind Joseph Johnson’s house to the Monocacy Aqueduct construction site.  Initially the landowners opposed constructing a road from the quarry to the construction site.
  It was only in March 1831, when Resident Engineer Alfred Crueger entered into an agreement with landowners J.J. Harding and Mrs., J.F. Byrd, accompanied with a payment of $100, could the contractor begin constructing the wooden railway that would expedite the delivery of stone.

      Still work lagged.  Superintendent of Masonry A.B. McFarland XE "McFarland, Alexander:Complains of lack of progress on Monocacy Aqueduct" \i  complained to President Mercer in April 1831:

      The Monocacy Aqueduct of all the contracts which I have hitherto superintended, is the slowest in its progress – neither can this cause be attributed to any want of skill and energy on the part of the contractors, they have a respectable gang of workmen, amounting in number to about 130, and their temporary Railroad is completed which is nearly 3 miles in length, extending from the quarries to the site of the Aqueduct – but notwithstanding that everything else is in readiness, the water continues so high that we have not been able to commence any of the foundations although several efforts to that effect, have already been made …

      By April 1831 the new contractor had not yet begun work on the piers to replace the three demolished the following year.  More bad news came to the company.  In June 1831, the Resident Engineer, Alfred Crueger, informed the Board of Directors that the contractor was threatening to abandon the contract unless the company came up with an additional allowance for working the hard stone of the White Quarry.  The company was in no position but to yield to the contractor’s demands.  On June 17, 1831, they ordered that additional allowances be paid the contractor for cutting the hard white stone of the White Quarry.
 In so doing, they required the contractor to increase his work force.

      It was this additional money that did the trick.  Construction progress very much picked up. By August of 1831 McFarland was reporting to the Board of Directors that, “…operations of quarrying and Cutting at the Monocacy quarries – are progressing with considerable energy – about 70 workmen are still engaged…”

      LeBaron, Burns and Co. XE "LeBaron, Burns and Co.:New innovations to facilitate aqueduct construction" \i  also introduced new innovations to facilitate construction. The contractor constructed a temporary wooden bridge XE "Temporary wooden bridge:Adjacent to Monocacy Aqueduct" \i  adjacent to the Monocacy Aqueduct as a means of efficiently distributing the construction materials over the structure under construction.
  During the winter months the contractor used sleds XE "Sleds:Used to deliver stone to aqueduct site" \i  to deliver stone from the quarry to the aqueduct site.

      By April 1832 McFarland was now informing the Board that, “…The Monocacy Aqueduct …has advanced to the last arch – the center on which are about to be raised – The forces of workman are at this time quite ample …”
 By May of 1832, McFarland was informing the Board, “…The last arch of the Monocacy Aqueduct, it is expected will be closed in the course of the present week…”
  The end of construction was in sight.

      Construction on the Monocacy Aqueduct was finally completed in April 1833.  Water was admitted to the aqueduct in October 1833.
  With the watering of the Monocacy Aqueduct, the Chesapeake and Ohio Canal Company had met their legislative mandate to water 100 miles within five years of commencement.  It would continue to function as an aqueduct for the next ninety-one years, when, in 1924, the Chesapeake and Ohio Canal XE "Chesapeake and Ohio Canal:Closed in 1924" \i  closed.

V. The Monocacy Aqueduct in Use

I went at once to General Lee … (he said to me) “ I wish you to return to the mouth of the Monocacy and effectually destroy the aqueduct of the Chesapeake and Ohio canal. …” The attempted works of destruction began, but so admirably was the aqueduct constructed and cemented that it was found to be virtually a solid mass of granite.  Not a seam or crevice could be discovered in which to insert the point of a crow-bar, and the only resource was in blasting.  But the drills furnished to my engineer were too dull and the granite too hard, and after several hours of zealous but ineffectual effort the attempt had to be abandoned.  


Major-General John G. Walker, Confederate States of America.

      With the completion of the Monocacy Aqueduct, the Chesapeake and Ohio Canal Company was able to open one hundred miles of navigation and thus meet the requirement of its charter that one hundred of miles of canal be opened in the first five years.  Construction operations moved westward, upriver from Williamsport, Maryland XE "Williamsport, Maryland" \i .  Some of the construction techniques, like the use of a tramway to move earth and rock, were used further up the canal line, at the excavation of the Paw Paw Tunnel.  It would not be until 1850 that the Chesapeake and Ohio Canal would arrive at Cumberland, Maryland.  By that time it no longer appeared feasible to build the middle and western divisions of the canal and connect it with the Ohio.
    The Baltimore and Ohio Railroad had won the race to the west.

      With the completion of the aqueduct, the men who built it dispersed.  Benjamin Wright, its designer, was the first to leave, his resignation was effective November 6, 1830.  To the horror of the canal company, he would later report to them that “Rail Way Fever prevails here (in New York City),” and that, “I am about engaging to make a Rail Way on NY Island – to ride the Citizens upon…”
  President Charles Mercer XE "Mercer, Charles:Resigns shortly after Monocacy Aqueduct completed" \i  resigned shortly after the completion of the Monocacy Aqueduct, apparently in an act to mollify anti-canal American President Andrew Jackson XE "Jackson, President Andrew" \i .  The first resident engineer at the Monocacy Aqueduct, Herman Böye, died from a disease, perhaps cholera, incurred at the Monocacy Aqueduct.  He bequeathed his musical instruments to his friend in Richmond.  His assistant, Charles Ellet, also became sick, but recovered.  Ellet left the company shortly after and went to France to study at École Polytechnique XE "École Polytechnique:Charles Ellet leaves canal to study at - 1830" \i  in 1830.  He went on to a distinguished engineering career.  During the Civil War he was commissioned to buy vessels and convert them into rams.  In 1862 XE "Ellet, Charles:Dies in 1862 due to war wound" \i  at Memphis, he commanded the Queen of the West, which rammed the Confederate General Lovell and other vessels.  He was struck in the knee by a bullet and subsequently died at age 52.  Alfred Crueger, the resident engineer at the time of completion of the Monocacy Aqueduct, stayed with the company for some time.  His assistant, Charles Fisk XE "Fisk, Charles:Becomes Chief Engineer of Chesapeake and Ohio Canal Company" \i , became Chief Engineer of the Chesapeake and Ohio Canal Company.   He would oversee the construction of the Paw Paw Tunnel XE "Paw Paw Tunnel:Fisk oversees construction, as Chief Engineer" \i , the other great engineering achievement of the Chesapeake and Ohio Canal Company.   Joseph Johnson XE "Johnson, Joseph:Dies shortly after completion of Monocacy Aqueduct" \i , who rented his land out for the white stone and red stone quarries, died shortly after the completion of the Monocacy Aqueduct.  His house, Rock Hall XE "Rock Hall:Sold to Middleton Belt after Joseph Johnson's death" \i , was sold to Middleton Belt.  It still stands and is owned by the State of Maryland and leased.
  The quarries that were used for the Monocacy Aqueduct were never used again.  They can be seen by hiking from the highway bridge across the Monocacy River along Furnace Ford.
  There is little left of the tramway XE "Railway or tramway:Little left of railway to quarry" \i  which connected the quarries with the aqueduct, the wooden rails having been long since used by the local farmers.
  The furnaces and mill that produced hydraulic cement for the Monocacy Aqueduct are visible as ruins immediately south of Shepherdstown, West Virginia, and are located immediately along the river.
  The furnace and mill that produced the hydraulic cement that was begun to produce cement for the Monocacy Aqueduct but was not acceptable to the company was located along Tuscarora Creek, probably where State Highway 28 presently crosses that creek.
  

      While the Monocacy Aqueduct was under construction, the canal company investigated the possibility of linking it with other parts of the region.  As early as 1820 Robert Mills XE "Mills, Robert:Canal treatise of 1820 proposing to link Baltimore with Susquehanna and Potomac Rivers" \i , then in Baltimore, would write and publish Treatise on Inland Navigation XE "Treatise on Inland Navigation:Robert Mills canal treatise for a canal to link Baltimore with Susquehanna and Potomac Rivers" \i , a proposal to develop canals from Baltimore to the Susquehanna River and from Baltimore to the Potomac River near the mouth of the Monocacy.
   In 1823 a study XE "Bridges and Lucas 1823 study to link Baltimore with the mouth of the Monocacy River by canal" \i  was conducted of the possibility of linking the mouth of the Monocacy with Baltimore.
 Two of the three routes examined, the Westminster XE "Westminster Route:Maryland Cross-Cut Canal route to link Baltimore with mouth of Monocacy River" \i  and the Linganore Route XE "Linganore Route:Maryland Cross-Cut Canal route to link Baltimore with mouth of Monocacy River" \i s would have terminated at the mouth of the Monocacy.
  In 1828, the Chesapeake and Ohio Canal Company Board of Directors issued a resolution calling upon its Board of Engineers to conduct a study of a feeder canal XE "Monocacy Feeder Canal:Board of Directors authorizes study of a feeder canal from mouth of Monocacy to Frederick, Maryland" \i  extending upward along the Monocacy River to the town of Frederick, Maryland, and beyond.
  The feeder canal would also double as a transportation canal providing the citizens of Frederick access to the Chesapeake and Ohio Canal via the mouth of the Monocacy.  John Martineau XE "Martineau, John:Undertook study of Monocacy River feeder canal" \i  undertook the study and on October 8, 1829, submitted his report for a canal thirty miles long and costing an estimated $395,000.
 The complete report was published in the Frederick-Town Herald in 1830.
  The citizens refused to fund this canal and the canal company refused to build it without financial support.  

      As the feasibility of a feeder canal to Frederick from the mouth of the Monocacy, another study was being initiated, by Dr. Howard XE "Howard Study of Maryland Cross-Cut Canal" \i , to study linking the mouth of Monocacy with Baltimore.
  The problem with such a canal was Parr’s Ridge XE "Parr’s Ridge:Principal obstruction to Maryland Cross-Cut Canal" \i , which separated the Monocacy River valley with Baltimore.  Howard found that such a canal over that ridge was impractical.  Despite these findings, other studies were initiated to link the mouth of the Monocacy with Baltimore, by Fisk and Hughes XE "Fisk and Hughes 1837 Study of Maryland Cross-Cut Canal" \i  in 1837,
 by Isaac Trimble XE "Isaac Trimble 1837 Study of Maryland Cross-Cut Canal" \i  in 1837,
 Col. J. J. Abert XE "Abert 1838 Study of Maryland Cross-Cut Canal" \i  in 1838,
 and finally, as late as 1851, a report by the Baltimore City Council.
  All of these reports found that a canal to the Potomac in the vicinity of the mouth of the Monocacy was not feasible.  The merchants of Baltimore turned to the development of a new invention, the railroad and the Baltimore and Ohio Railroad Company.

      The first beginning of a town in the vicinity of the Monocacy Aqueduct was the contractor’s camp.  An early map shows the contractor’s camp to be in the vicinity of the entrance road to what is now the boat launch area, just upriver from the aqueduct on the Montgomery County side of the river.
  Seven structures are shown, including a stone tavern and a barn.  It was at this time that a post office was established for the workers at the Mouth of  the Monocacy, Alfred Hovey XE "Hovey:Named as Postmaster at Mouth of Monocacy - 1830" \i , the first contractor for the aqueduct, named as the postmaster.

      During most of the Civil War, the Monocacy Aqueduct was either on the front lines or in no man’s land, between the contending armies.  There were two attempts, both in 1862, in the days preceding the Battle of Antietam XE "Battle of Antietam:Efforts made to destroy Monocacy Aqueduct before" \i , by the Confederates to destroy the Monocacy Aqueduct XE "Monocacy Aqueduct:Attempts to destroy during Civil War - 1862" \i .

      The first attempt occurred September 4-5, 1862.  After the Second Battle of Manassas, General Robert E. Lee was determined to bring the war north.  As part of this northern movement, Major General D.H. Hill XE "Hill, General D.H.:Attempt to destroy Monocacy Aqueduct - 1862" \i  was sent into Maryland, via White’s Ford XE "White’s Ford, Potomac River:Confederates cross in 1862, immediately south of Monocacy Aqueduct" \i , immediately south of Monocacy Aqueduct.  The crossing was defended by the Potomac Home Guard Regiment and the 87th Ohio.  They withdrew in the face of Hill’s advance.  To cross the canal, the Confederates wrecked the Little Monocacy culvert located 0.2 miles south of the Monocacy Aqueduct, drained the canal, and corduroyed the prism to permit movement of their troops.  By the evening Hill’s men had established a bridgehead and Hill sent a detail to wreck the canal by wrecking Lock 27, 0.7 miles below the Monocacy Aqueduct, and the Monocacy Aqueduct itself.  Lockkeeper Thomas Walter XE "Walter, Lockkeeper Thomas:Attempts to dissuade General Hill not to destroy Monocacy Aqueduct" \i  vigorously protested the planned destruction to General Hill to lock and aqueduct and almost was arrested.  General Hill found out that he didn’t have sufficient tools or black powder to destroy both the lock and aqueduct, so he ordered destruction of Lock 27.  His men drilled a hole in the lock, placed a charge of powder and detonated it, wrecking the lock.  By evening of September 5th, Hill ordered his men north toward Harper’s Ferry.
  

      The second attempt occurred September 9, 1862.  Two days earlier, Major General John G. Walker XE "Walker, General John G.:Attempt to destroy Monocacy Aqueduct during Civil War - 1862" \i  crossed the Potomac River at Cheek’s Ford XE "Cheek’s Ford, Potomac River:Confederates cross in 1862, at mouth of the Monocacy River, and attempt destruction of Monocacy Aqueduct" \i , at the mouth of the Monocacy River and three miles above White’s Ford.  The following day, September 8th, Walker met with General Lee in Fredericksburg.  Walker recounts Lee’s orders:

Here (tracing with his finger on a large map) is the line of our communications, from Rapidan Station to Manassas, thence to Frederick.  It is too near the Potomac, and is liable to be cut any day by the enemy’s cavalry.  I have therefore given orders to move the line back into the Valley of Virginia, by way of Staunton, Harrisonburg, and Winchester, entering Maryland at Shepherdstown.  I wish you to return to the mouth of the Monocacy and effectually destroy the aqueduct of the Chesapeake and Ohio canal.  By the time that is accomplished you will receive orders to cooperate in the capture of Harper’s Ferry …

      Walker proceeded back to the Mouth of the Monocacy:

Retracing our steps toward the Potomac, at 10 P.M. of the 9th (September, 1862) my division arrived at the aqueduct which conveys the waters of the Chesapeake and Ohio canal across the Monocacy.  The attempted works of destruction began, but so admirably was the aqueduct constructed and cemented that it was found to be virtually a solid mass of granite.  Not a seam or crevice could be discovered in which to insert the point of a crow-bar, and the only resource was in blasting.  But the drills furnished to my engineer were too dull and the granite too hard, and after several hours of zealous but ineffectual effort the attempt had to be abandoned.  Dynamite had not then been invented, so we were foiled in our purpose, and about 3’o’clock A.M. of the 10th went into bivouac about two miles and a half west of the Monocacy.

      The Monocacy Aqueduct XE "Monocacy Aqueduct:Impact of forty-three floods, 1829-1924" \i  not only withstood war but it also withstood floods.  National Park Service historian Unrau documents no fewer than forty-three flood events that affected the Chesapeake and Ohio Canal during its operational period, 1829-1924.
  These floods exacted considerable damage on the canal but little damage on the Monocacy Aqueduct.   The Flood of August 1843 resulted in great flooding of the Monocacy River which eroded the towpath but didn’t damage the aqueduct.
  The flood of September 1843 caused serious undermining of the abutment of the Little Monocacy culvert south of the aqueduct, resulting in the destruction of much of the culvert.
  The Shenandoah Flood of 1870 caused severe erosion of the canal between Harper’s Ferry and the Monocacy and five small breaches in the canal south of the Monocacy.
  The Great Flood of 1877 severely damaged the canal between Harper’s Ferry and the Monocacy.
  But little damage was ever done to the aqueduct itself.  Likely this was due to the quality of the construction of the piers and masonry superstructure.  Partly is was also probably due to the low gradient of the Monocacy River and that the aqueduct was so close to the Potomac River – floods at the aqueduct would gradually rise and recede without high velocities.  Partly it was also due to the flat, open lands on both sides of the aqueduct.  Flood waters would not be constricted, such as they were at the Lock 33 Complex where the Shenandoah and Potomac Rivers converge and are forced through the narrow mountain pass. 

      Recent floods have had a much different impact on the Monocacy Aqueduct than the floods of the operation period of the canal.  The Monocacy River valley in the nineteenth century had been largely denuded of trees and other vegetation.  Today the valley is largely covered by trees and other vegetation.  Recent floods, such as those of 1996, carry the debris on the floor of the forests down the river.  The result was to leave six feet or more of debris on top of the aqueduct and a mountain of debris behind it.

      By at least the mid-nineteenth century a ferry existed for crossing the Potomac River immediately south of the mouth of Monocacy River, at Lock 27, Spinks Ferry XE "Spinks Ferry, Potomac River:Located at Lock 27 immediately south of mouth of Monocacy River" \i .  It was not, however, as old or as well used as many of the other ferries immediately south of the Monocacy, such as Edwards Ferry XE "Edwards Ferry, Potomac River:Immediately south of Monocacy River" \i , Conrad’s Ferry (now White’s Ferry XE "White’s Ferry (formerly Conrad's Ferry):South of mouth of Monocacy River" \i )  XE "Conrad’s Ferry (now Whites Ferry), Potomac River:South of mouth of Monocacy River" \i ) or immediately north Luckett’s Ferry XE "Luckett’s Ferry, Potomac River:Immediately north of mouth of Monocacy River" \i 

 XE "Luckett’s Ferry, Potomac River:Immediately north of mouth of Monocacy River" \i .  Roads connected the ferry with Poolesville XE "Poolesville, Maryland:Connected by roads with Edward's, Conrad's (now White's) and Luckett's Ferries" \i  and Monocacy Church (present-day Beallsville) XE "Monocacy Church (the present-day Beallsville), Maryland:Connected by road with Edward's, Conrad's (White's) and Luckett's ferries." \i .  Following the Civil War, M. Kindle XE "Kindle, M.:Opened a grocery store at Spinks Ferry after Civil War" \i  opened a grocery and feed store here at the annual rent of $36.
  In November 1865 the canal company granted Ortho W. Trundle XE "Trundle, Ortho:Granted permission to build warehouse at basin at Monocacy Aqueduct after Civil War" \i  permission to build warehouses at the basin at the mouth of the Monocacy.  They were to be built under the direction of the canal Superintendent of the Monocacy Division.  Trundle was to pay $36 per year rent and was not allowed to sell liquor from these structures.

      The lack of industrial exports, such as hydraulic cement or building stone, in the area surrounding the mouth of the Monocacy would have obviated the need for piers, warehouses and loading docks as were constructed elsewhere along the Chesapeake and Ohio Canal, such as at Seneca or Hancock.  The failure to develop the Frederick Feeder XE "Frederick Feeder:Failure to develop canal from mouth of Monocacy to Frederick" \i 

 XE "Frederick Feeder:Failure to develop canal from mouth of Monocacy to Frederick" \i  Canal or Maryland Cross-Cut Canal XE "Maryland Cross-Cut Canal:Failure to develop canal from mouth of Monocacy River to Baltimore" \i  also obviated the need for docks and warehouses for transferring canal shipments from the larger boats of the Chesapeake and Ohio Canal main stem to the smaller boats that would have been used in the proposed canals, the Frederick Feeder and Maryland Cross-Cut Canal.  In addition, areas by the river were widely seen as very unhealthy.  Because of these reasons, only a small development was constructed by the Monocacy Aqueduct, predominantly for the purpose of exporting grain and flour from the surrounding country side.  The R.L. Polk Directory for 1909-11 listed only twenty-five people in the settlement at the mouth of the Monocacy River – most of these were farmers who probably lived close to the Monocacy Aqueduct but on their farms:

MONOCACY – is a Village Located in Montgomery County, near the Monocacy River and C & O Canal, 24 miles northwest of Rockville c  h  (i.e. courthouse) and banking town.  Ship to Dickerson, 2-1/2 miles on Met Br B & O R R.  Daily stage to Dickerson.  Population 25.

Collier, C.W. grain dealer

Gott, John S., flour mill.

Shreve, C.W., physician.


MONOCACY FARMERS

David Conrad, John Cornwell, William Eagle, John  Frey, L. Jones, Andw. Melon, B.T. Shreeve, C.W. Shreeve, B.F. Shreeve, T.J. Shreeve, G.B.F. Walter, John C. V. Whalen.

      Beginning towards the end of nineteenth century, recreational uses became predominant.  Boats could be rented and a boat trip under the aqueduct, resembling a five hundred foot long waterfall, was a memorable experience.  By mid-twentieth century a village of temporary and seasonal structures had grown around the aqueduct for fishing and other water-based activities.  These would be gradually removed by the National Park Service to return the area to its natural origins as it appeared at the time of the completion of the Monocacy Aqueduct in 1833.

VI. Rehabilitating the Aqueduct

My hope is that Americans will seize this opportunity to join together to save these monuments to our history …

First Lady Hillary Rodham Clinton XE "Clinton, First Lady Hillary Rodham:Expresses hope that these monuments will be saved" \i  at the Monocacy Aqueduct on the occasion of the designation of the Monocacy Aqueduct as one of the nation’s eleven most endangered landmarks, June 15, 1998.

      On June 15, 1998, First Lady Hillary Rodham Clinton, accompanied by representatives of the National Park Service, the National Trust for Historic Preservation and the Maryland Congressional Delegation, visited the Monocacy Aqueduct of the Chesapeake and Ohio Canal National Historical Park, located near Dickerson, Maryland, about forty  miles northwest of Washington, D.C.  Her purpose was to designate the 160 year old Monocacy Aqueduct as one of the National Trust’s named eleven most endangered historic structures in the United States and through this designation to call attention to the Monocacy Aqueduct so as to develop support and money for its preservation.
  The announcement was almost a celebration, held under a multi-colored tent on a river bank overlooking the Monocacy Aqueduct and attended by numerous national and local dignitaries and representatives of the various media.
  Senator Paul Sarbanes XE "Sarbanes, Senator Paul" \i  was one of the speakers to call attention to the paradoxical quality of naming an endangered historic structure in an almost celebratory environment.  There was a general feeling among those present that the naming of the Monocacy Aqueduct to the list of nationally endangered historic structures would result in its preservation.  

      The event that took place on the banks of the Monocacy River on June 15, 1998 was an attempt to bring the public’s attention to this valuable historic resource and through that attention develop adequate funding for the aqueduct’s rehabilitation, estimated at $5.6 million.
  To that end the Maryland Congressional delegation, led by Senator Paul Sarbanes XE "Sarbanes, Senator Paul:Pledge of support for Monocacy Aqueduct" \i , Senator Barbara Mikulski XE "Mikulski, Senator Barbara:Pledge of support for Monocacy Aqueduct" \i , Congresswoman Constance Morella XE "Morella, Congresswoman Constance:Pledge of support for Monocacy Aqueduct" \i , and Congressman Roscoe Bartlett XE "Bartlett, Congressman Roscoe:Pledge of support for Monocacy Aqueduct" \i , pledged their support.   Several years later it would be these representatives that would shepherd a $6.4 million appropriation through Congress to save the aqueduct.

      The Monocacy Aqueduct was old, constructed over 160 years earlier.  For most of its history the Monocacy Aqueduct was undamaged by floods.  But in 1972, during the flood resulting from Hurricane Agnes XE "Hurricane Agnes:Damaged Monocacy Aqueduct in 1972" \i , the Monocacy Aqueduct lost 200 feet of historic railing on the tow path side and the coping stones in which the railings were mounted.  This weakened that side of the aqueduct.  The flood also triggered concern for the safety of the aqueduct by National Park Service management.  The Monocacy Aqueduct was subsequently strengthened by a series of steel bandings, consisting of tension and compressive members, erected around the aqueduct under the supervision of the Federal Highway Administration XE "Federal Highway Administration:Monocacy Aqueduct 1975 Project" \i  in 1975, and through other measures.
  These steel bandings XE "Monocacy Aqueduct:Steel bandings installed in 1975" \i  were viewed as very visually intrusive and hampered the use of the towpath on the aqueduct for biking and similar activities.  Finally, there was some doubt to whether these bandings were doing the job that they were intended to do.  Collectively, these bandings were called the Monocacy Aqueduct “erector set.”

      Other measures undertaken by the Federal Highway Administration at this time to preserve the Monocacy Aqueduct included filling the canal prism half full with earth to provide increased lateral resistance to future floods and to hamper the flow of water, and therefore leaching of the hydraulic cement binding of the rubble interior, through the structure.  Before the canal prism was filled a drainage field was laid to drain ground water away.  Steel rods were inserted horizontally through the ring stones into the aqueduct and secured through pressure injection in order to tie the upstream wall of the aqueduct to the rest of the structure.  Cracks were filled with pressure injected grout.

      These measures were intended to be temporary, to last perhaps twenty years or so until a more permanent rehabilitation solution could be implemented for the Monocacy Aqueduct.   In fact there were problems with this temporary solution.  First the steel banding was not only visually obtrusive, they were just plain ugly.  Second, many of the tension members of the steel banding system were no longer in tension due to a variety of factors.  The steel banding wasn’t working as intended.  Third, the installed drainage field appeared to no longer function.  Ground water, rain water and flood water continued to seep into the structure.  Fourth, cracking of the masonry aqueduct continued.  By 1994 it was apparent that a more permanent solution had to be developed for the Monocacy Aqueduct.

      Shortly after their arrival in the park in 1994, National Park Service Superintendent Doug Faris XE "Faris, Doug, Superintendent, Chesapeake and Ohio Canal National Historical Park:Initial commitment to Monocacy Aqueduct at meeting of  Chesapeake and Ohio Canal National Historical Park Advisory Commission" \i  and Assistant Superintendent Kevin Brandt XE "Brandt, Kevin, Assistant Superintendent (later Superintendent), Chesapeake and Ohio Canal National Historical Park:Initial commitment to Monocacy Aqueduct at meeting of Chesapeake and Ohio Canal National Historical Park Advisory Commission" \i  attended a meeting of the Chesapeake and Ohio Canal National Historical Advisory Commission XE "Chesapeake and Ohio Canal National Historical Advisory Commission:Beginning of program to rehabilitate the Monocacy Aqueduct - 1994" \i .   Advisory Commission member James Gilford XE "Gilford, James, Member, Chesapeake and Ohio Canal National Historical Park Advisory Commission:Points out that Monocacy Aqueduct has been top priority for years at $32 million" \i  pointed out that the rehabilitation of the Monocacy Aqueduct, at an estimated cost of $32 million, had been at the top of the priorities for the Chesapeake and Ohio Canal National Historical Park priority list for many years.  Gilford recommended that both Faris and Brandt do something about the Monocacy Aqueduct, or that they drop it from the priority list.  This led Faris XE "Faris, Doug, Superintendent, Chesapeake and Ohio Canal National Historical Park:Begins comprehensive program to rehabilitate Monocacy Aqueduct" \i  and Brandt XE "Brandt, Kevin, Assistant Superintendent (later Superintendent), Chesapeake and Ohio Canal National Historical Park:Begins comprehensive program to rehabilitate Monocacy Aqueduct" \i  to begin a comprehensive program for the rehabilitation of the Monocacy Aqueduct.  At the time Faris and Brandt were widely criticized within the National Park Service for initiating this program.  Critics maintained that it would not be possible to convince Congress to appropriate the needed money.  Previous managers had estimated that $32 million would be required to stabilize the Monocacy Aqueduct – a huge sum by National Park Service standards.  Other observers maintained that the Monocacy Aqueduct had no natural constituency – being in a rural part of Maryland – and therefore development of a constituency in support of a rehabilitation program would not be possible.

      As a first step toward the rehabilitation of the Monocacy Aqueduct, Faris and Brandt sought the support of the Chesapeake and Ohio Canal Association XE "Chesapeake and Ohio Canal Association:Support of Monocacy Aqueduct initiative" \i .  The Association accepted the challenge and appointed Dr. Carl Linden, XE "Linden, Carl:Spearhead Chesapeake and Ohio Canal Association Monocacy Aqueduct effort" \i  a professor at George Washington University, to spearhead the effort.  Long-term Association member Ken Rawlins said that Carl Linden XE "Linden, Carl:Spark-plug of Chesapeake and Ohio Canal Association's Monocacy Aqueduct effort" \i  was the spark-plug of the Association’s campaign to save the Monocacy Aqueduct.  Under Linden’s leadership, the Chesapeake and Ohio Canal Association began a program of public education on the need for rehabilitating the aqueduct and a program to develop private funds to assist in that rehabilitation.  They also formed the Monocacy Aqueduct Committee XE "Monocacy Aqueduct Committee:Formation" \i , with former Congressman Gilbert Gude XE "Gude, former Congressman Gilbert:Named as Honorary Chair of the Monocacy Aqueduct Committee, Chesapeake and Ohio Canal Association" \i  as Honorary Chair and Carl Linden XE "Linden, Carl:Named Honorary Chair, Monocacy Aqueduct Committee, Chesapeake and Ohio Canal Association" \i  as Steering Committee Chair, to undertake needed activities.
  It was this group that would be the central activist organization to lobby Congress for funding for this project.  It was also this group that initiated the Monocacy Aqueduct campaign to collect funds for preserving the aqueduct, a campaign that was kicked off on April 27, 1996.  Over $250,000 was eventually collected over the next nine years.  These funds were not only useful in supporting the Monocacy Aqueduct but were also strong evidence to decision makers that the community felt that the Monocacy Aqueduct was worth preserving.  The Monocacy Aqueduct Committee also undertook a wide range of informational activities designed to acquaint the public, including pamphlets, a video, canoe trips, hikes, tours, talks, articles and other activities.  The video, produced by Steve Humphrey XE "Humphrey, Steve:Monocacy Aqueduct video useful in convincing others of need" \i  was extremely useful in convincing National Park Service officials and others that the rehabilitation of the Monocacy Aqueduct was a needed project.  Kevin Brandt XE "Brandt, Kevin, Assistant Superintendent (later Superintendent), Chesapeake and Ohio Canal National Historical Park:Rehabilitation of Monocacy Aqueduct wouldn't have happened without Carl Linden" \i , Assistant Superintendent and later Superintendent of the Chesapeake and Ohio Canal National Historical Park, said that the rehabilitation of the Monocacy Aqueduct never would have happened without the very active role played by the Chesapeake and Ohio Canal Association, and particularly Carl Linden and his Monocacy Aqueduct Committee. 

      Although the efforts of the Chesapeake and Ohio Canal Association, through Linden’s Monocacy Aqueduct Committee, was very successful in collecting money for the rehabilitation of the aqueduct, the true importance of these efforts were to alert the public of the danger to the Monocacy Aqueduct and the very real possibility that this important engineering structure might be lost.

      Carl Linden XE "Linden, Carl:Establishes, with Chesapeake and Ohio Canal Association, Blue Ribbon Advisory Board for Monocacy Aqueduct - 1997" \i  and the Chesapeake and Ohio Canal Association, in 1997, established a blue-ribbon Honorary Advisory Board XE "Blue Ribbon Honorary Advisory Board for Monocacy Aqueduct:Established in 1997 by Chesapeake and Ohio Canal Association" \i  for the Monocacy Aqueduct.  Co-chaired by former Congressman Gilbert Gude XE "Gude, former Congressman Gilbert:Co-chair of Blue Ribbon Honorary Advisory Board for Monocacy Aqueduct, Chesapeake and Ohio Canal Association" \i  & Cathy Douglas Stone XE "Stone, Cathy Douglas:Co-chair, Blue Ribbon Honorary Advisory Board for Monocacy Aqueduct, Chesapeake and Ohio Canal Association" \i , this group consisted of U.S. Senators, Congressmen and Congresswomen, County Executives and Commissioners and other high ranking officials willing to lend their name in the effort to preserve the Monocacy Aqueduct.
  The Chesapeake and Ohio Canal Association produced letterhead bearing their names.

      An important function of the Monocacy Aqueduct Committee of the Chesapeake and Ohio Canal Association was to undertaken activities to publicize the need for rehabilitating the Monocacy Aqueduct.  In 1995 the Monocacy Aqueduct Committee received a $1,000 matching fund grant from the Montgomery County Historic Preservation Commission XE "Montgomery County Historic Preservation Commission:Funds Chesapeake and Ohio Canal Association for pamphlet and video - 1995" \i  to produce a pamphlet on the Monocacy Aqueduct and to begin work on a video.
  What resulted was the pamphlet, widely circulated by the Montgomery Aqueduct Committee, “The Monocacy Aqueduct Had a Glorious Future.  Does it Have a Future XE "The Monocacy Aqueduct Had a Glorious Future.  Does it Have a Future:Chesapeake and Ohio Canal Association publishes pamphlet - 1996" \i ?’  In the following year, 1997, the Monocacy Aqueduct Committee received a $ 2,700 matching fund grant from the Montgomery County Historic Preservation Commission XE "Montgomery County Historic Preservation Commission:Funds Chesapeake and Ohio Canal Association to produce video - 1997" \i  to produce a video on the Monocacy Aqueduct.
  With Steve Humphrey XE "Humphrey, Steve:Cinematographer, produces Monocacy Aqueduct video" \i  as cinematographer, they produced, “The Monocacy Aqueduct,” widely viewed throughout the region.  In January 1998, the Monocacy Aqueduct Committee approached the National Trust for Historic Preservation to be designated one of America’s most eleven endangered historic landmarks.
  This effort was successful and the Monocacy Aqueduct was designated as one of America’s Eleven Most Endangered Historic Structures XE "America’s Eleven Most Endangered Historic Structures:Monocacy Aqueduct designated June 18, 1998" \i  at a public ceremony at the aqueduct on June 18, 1998, by First Lady Hillary Rodman Clinton XE "Clinton, First Lady Hillary Rodham:Designation of Monocacy Aqueduct as one of nation's eleven most endangered historic structures" \i , National Trust for Historic Preservation Richard Moe XE "Moe, Richard, President, National Trust for Historic Preservation:Designation of Monocacy Aqueduct as one of nation's eleven most endangered historic structures" \i , and attended by Senators Mikulski XE "Mikulski, Senator Barbara:Designation of Monocacy Aqueduct as one of nation's eleven most endangered historic structures" \i  and Sarbanes XE "Sarbanes, Senator Paul:Designation of Monocacy Aqueduct as one of nation's eleven most endangered historic structures" \i  and Congressman Roscoe Bartlett XE "Bartlett, Congressman Roscoe:Designation of Monocacy Aqueduct as one of nation's eleven most endangered historic structures" \i  and Congresswoman Constance Morella XE "Morella, Congresswoman Constance:Designation of Monocacy Aqueduct as one of nation's eleven most endangered historic structures" \i , and other officials.  This designation brought a great deal of attention to the need for preserving the Monocacy Aqueduct.



      While these activities were being undertaken, in December 1995 Carl Linden contacted Bernard Dennis XE "Dennis, Bernard, National Capital Section, American Society of Civil Engineers:Contacted by Carl Linden, Chesapeake and Ohio Canal Association" \i  of the National Capital Section of the American Society of Civil Engineers (ASCE)  XE "National Capital Section of the American Society of Civil Engineers (ASCE):Beginning of involvement in Monocacy Aqueduct" \i  to undertake activities to save the Monocacy Aqueduct.  In March of 1996 the National Capital Section of ASCE invited Carl Linden to meet with their Board to discuss how ASCE might become involved in the efforts to save the aqueduct.
  The lead figure for ASCE was Dennis, Chairman of ASCE’s National Capital Section History and Heritage Committee.  ASCE undertook a number of functions during the ten year effort to preserve the Monocacy Aqueduct.  It formed a blue ribbon committee to assist the National Park Service in the technical aspects of rehabilitating the aqueduct.  The first meeting of this blue ribbon committee was on October 26, 1996, at Stronghold, Inc.
   In addition, ASCE worked with the Chesapeake and Ohio Canal Association to publicize the need to preserve the Monocacy Aqueduct.  An early such effort was the Chesapeake and Ohio Canal Association’s poster exhibit at the November 11-13, 1996, annual convention of the American Society of Civil Engineers held at the Washington Hilton Hotel, Washington, D.C.  At the 1998 annual ASCE convention in Boston, Dennis and other ASCE members presented a paper on the activities that ASCE was taking to preserve the Monocacy Aqueduct.

      ASCE also provided pro bono technical services intended to supplement the engineering investigations initiated by the Chesapeake and Ohio Canal NHP.  One such study was ASCE’s long term monitoring of the Monocacy Aqueduct, led by Steve Pennington XE "Pennington, Steve, National Capital Section, American Society of Civil Engineers:Long term monitoring of the Monocacy Aqueduct" \i  and Bernard Dennis XE "Dennis, Bernard, National Capital Section, American Society of Civil Engineers:Long-term monitoring of the Monocacy Aqueduct" \i .  Extensometer readings, extremely accurate dimensional measurements, were taken at various locations between parapet walls in the canal prism on top of the aqueduct.  These measurements were augmented with highly precise, first order leveling and horizontal alignment surveying which tied in the four benchmarks on the aqueduct with other benchmarks 1,000 yards on either side of the structure.  If the aqueduct moved or even twitched during a future flood emergency or even under normal conditions, these measurements would be able to detect that movement and its magnitude.   Another study, undertaken by ASCE blue ribbon committee member Charles Scheffey XE "Scheffey, Charles:Structural study of Monocacy Aqueduct" \i , measured the load currently carried by the “erector set” steel banding system installed on the aqueduct in 1975.  His findings were that many of the structural members of the banding system were carrying little or no load.  Although this research was very useful, it did not mean that the banding system could be taken off of the aqueduct as the “erector set” system of banding supports might support the aqueduct structure during flood emergencies.  Scheffey also undertook a structural analysis of the Monocacy Aqueduct and from that analysis provided specific recommendations for the National Park Service in its rehabilitation, particularly concerning unsymmetrical loadings of the arches, concentrated loads and unloading of the arches during rehabilitation.

      ASCE also undertook activities to increase the public’s understanding and 

appreciation of the importance of the Monocacy Aqueduct.  In 2001, for example, the Maryland Section designated the Monocacy Aqueduct a Maryland State Historic Civil Engineering Landmark XE "Maryland State Historic Civil Engineering Landmark:Designation" \i  and placed a plaque at the site.

      While Linden and the Chesapeake and Ohio Canal Association were educating the public, undertaking a donation campaign and lobbying for Congressional support, Faris and Brandt began the investigation of the safety and stability of the Monocacy Aqueduct by investigating pier conditions.  They invited the U.S. Bureau of Reclamation’s Underwater Inspection Team XE "U.S. Bureau of Reclamation’s Underwater Inspection Team:Underwater investigation of Monocacy Aqueduct" \i , based in Boise, Idaho, to undertake that investigation.  Preliminary dives were undertaken in September 1994.
  Water conditions for these early dives were poor: the Monocacy River was very turbid and visibility was close to zero.  Despite the unfavorable diving conditions, the U.S. Bureau of Reclamation team reported to Faris and Brandt that there was appreciable mortar deterioration and/or erosion, particularly between bedrock and the underside of the piers.  The two major floods of 1996 XE "Floods of 1996:Interrupted underwater investigations at Monocacy Aqueduct" \i  interrupted this work but work on the Monocacy Aqueduct was again initiated in 1997 following the removal of the debris deposited on the upstream side of the aqueduct by the floods of 1996.
  Faris and Brandt again arranged with the U.S. Bureau of Reclamation to have its Underwater Inspection Team, under the direction of Brent H. Carter, Diving Officer and Regional Geologist XE "Carter, Brent, Diving Officer and Regional Geologist:Lead diver in underwater investigations" \i , inspect the underwater conditions of the Monocacy Aqueduct.
  This was a new different type of project for this team.  The prime function of this team was to dive to depths of hundreds of feet of water adjacent to the large hydroelectric dams of the Pacific Northwest to inspect the dams of that area.  The diving required at the Monocacy Aqueduct required only dives in a few feet of water.  Nonetheless, they energetically resumed the underwater investigations of the Monocacy Aqueduct in June 1997.

      This time conditions for diving were excellent.  Water visibility in the frequently turbid Monocacy River was good, ranging from eight to eighteen inches and the river was low, with depths of water adjacent to the Monocacy Aqueduct varying from one to seven feet.   

        The divers first removed alluvial sediments and debris adjacent to the aqueduct piers through water jetting followed by a clean-up using a four-inch diameter venturi suction nozzle.  Then cloth tapes were laid along the pier for location of void probing.  The divers used ¼ inch circular metal stock in lengths of three and five feet to probe voids in the underwater masonry structure.  In addition, the divers used six and twelve foot folding tapes to measure the depth of the voids in the piers.  Photographs were taken with color 35 mm camera and a color video.

      Unsurprisingly after 160 years, the divers found a considerable amount of scour under all of the piers except Pier number 4.
  Scour had washed out substantial portions of the soil that the piers had rested on.  Under Pier 4, stacked concrete filled tube bags had been installed underwater around the pier, apparently in 1975, when the other remedial work was being taken on the aqueduct by the Federal Highway Administration, to protect it from further scour and to provide forming for grouting the then existing voids under the pier.  The remaining piers had substantial scour in the upstream face and on the sides.  Pier number 2, for example, had scour under its upstream right corner measuring five inches in height  by eighteen inches in depth.  The scour at the nose of the upstream face of Pier number 5, for example, measured six inches in height by thirty-six inches in depth.
    These findings meant that much of the aqueducts’ piers were sitting not on bedrock but on the water of the river.  The U.S. Bureau of Reclamation team recommended grouting the voids under the piers using grout filled sea bags as both forming for the grout and as for protection against future scour, as had been done on Pier number 4 by the Federal Highway Administration under Pier number 4 approximately twenty years earlier.  To undertake this work, the U.S. Bureau of Reclamation team recommended the Navy Seabee Construction Brigade at Port Hueneme, California.

      In addition to inspecting the underwater scour under the piers, the U.S. Bureau of Reclamation team measured the voids existing in the joints between masonry units, joints that had previously been filled with hydraulic cement when they were first laid in 1830-1831.  The conditions of these joints varied widely.  Pier number one’s J1 joint (the designation chosen for the upper most joint in the pier foundation, usually below water) was found to be very tight while voids in joint J2 varied in depth from six to twenty-six inches in depth.  The U.S. Bureau of Reclamation team recommended grouting these voids, like the voids due to scour, through the use of grout filled sea bags to provide forming and then through pumping grout from the top of the aqueduct into holes drilled for the purpose of distributing this grout into the voids below.

      Total cost XE "Underwater cost, U.S. Bureau of Reclamation" \i , as estimated by the U.S. Bureau of Reclamation, for all of the underwater remedial work was estimated to cost somewhat under $400,000.

      To complement the below water investigation undertaken by the U.S. Bureau of Reclamation diving team, Faris and Brandt initiated a contract in July 1997 with several firms to undertake the needed analysis of the structure above the water.  These firms included architrave, p.c. architects XE "Architrave, p.c. architects:Selected as architectural consultants for Monocacy Aqueduct" \i , to provide overall project supervision and select architectural study;
 McMullan and Associates XE "McMullan and Associates:Selected as structural engineers for Monocacy Aqueduct" \i  as structural engineers;
 and Bregman and Company, Inc. XE "Bregman and Company, Inc.:Selected as environmental consultants for Monocacy Aqueduct" \i  for environmental concerns.
  Overall program supervision was provided by the Chesapeake and Ohio Canal National Historical Park.
   These consultants were to provide a “snapshot” or traditional structural engineering analysis of the Monocacy Aqueduct -- that is, analysis of the structure at a particular point of time under a given loading condition.

        In addition, Faris and Brandt entered into an agreement with the American Society of Civil Engineers (ASCE), National Capital Section History and Heritage Committee to initiate a long term or “video” analysis of the Monocacy Aqueduct, that is, a long term program to extend over years or decades to detect and analyze any movement or variation of the Monocacy Aqueduct, particularly as it might be impacted by flood events.
   Under the direction of ASCE civil engineers Bernard Dennis and Steve Pennington, ASCE established procedures for measuring the long term performance of the Monocacy Aqueduct, particularly under flood conditions.  From bench marks established on the aqueduct, the ASCE task force established first order surveying from the aqueduct to one thousand yards on each side.  First order surveying is the most accurate surveying that can be undertaken.  If the aqueduct were to move a single millimeter within the next several decades, this surveying analysis would detect that movement.  In addition, the ASCE established extensionometer readings on the aqueduct XE "Extensionometer readings on the aqueduct" \i  itself so as to measure possible movements of portions of the aqueduct in relation to other portions.  And throughout the Monocacy Aqueduct Rehabilitation Program, this ASCE Task Force provided consultation on the technical aspects of the work proposed.

      The “snapshot” or traditional structural analysis fell to structural engineers Denis McMullan, McMullan and Associates, and bridge consultant Abba Lichtenstein XE "Lichtenstein, Abba, Bridge Engineer:Bridge consultant on Monocacy Aqueduct" \i .  Structural engineering analysis was needed to show that the Monocacy Aqueduct would sustain expected loadings and therefore not be a danger to park visitors or park employees.  Due to the paucity of masonry arch bridges in the United States, there was little professional and technical guidance in the American professional literature that the structural engineers could use in the structural engineering analysis of the Monocacy Aqueduct.  They therefore, in order to undertake the required structural engineering analysis, had to utilize a procedure that had first been developed in Great Britain from European standards and which they had previously applied to the analysis of the Conococheague Aqueduct, the second largest aqueduct on the Chesapeake and Ohio Canal.
  Because of the novelty of this approach in the United States, after they had completed the analysis of the Monocacy Aqueduct, McMullan and Lichtenstein presented their findings to the American Society of Civil Engineers Structural Congress XV in 1997 in New York City.

      The problem facing McMullan and Lichtenstein was to determine if the Monocacy Aqueduct, once repaired, would be safe.  Where the United States had very few masonry arch structures, Great Britain had thousands XE "British standards:Use in analyzing Monocacy Aqueduct" \i .  McMullan and Lichtenstein therefore utilized British standards designed for analyzing masonry road bridges, particularly British Department of Transportation Standard BD 21/93
  and Advice Note BA 16/93.
  In addition, they used a third British document developed under contract to the Department of Transport, Masonry Properties for Assessing Arch Bridges.

      The engineering assessment methodology XE "British standards methodology" \i  used by McMullan and Lichtenstein derived from these British standards consisted of four steps:

1.  A detailed visual inspection of the aqueduct and in accordance with the 

recommendations contained in British Department of Transportation standard BD 21/93.

2.  Determination of the characteristic ultimate strength of the masonry.  Ultimate strength is a term that structural engineers use to indicate that point where the masonry would fail.

3.  Determination of the allowable stress of the masonry.  Allowable stress is another 

structural engineering term.  It designates that point where loadings of the structure is 

within safe limits.  Allowable stress values are always lower than ultimate strength

values. 

4. Comparison of the allowable stress to the stress that results when loads are placed on the structure, such as the H-15 truck loading at mid-span, plus the dead load (i.e. weight) of the structure.  In other words, will the structure stand.

      The actual structural analysis undertaken by the structural engineers on the Monocacy Aqueduct is detailed in Appendix A.  In summary, McMullan and Associates found that if rehabilitated, the Monocacy Aqueduct would have adequate strength to support anticipated loads.

      In addition to determining the structural adequacy of the arches, there were other structural considerations.  First was the longitudinal crack running the length of the aqueduct on the berm (upstream) side XE "Longitudinal crack running the length of the aqueduct on the berm (upstream) side" \i .  In section, the berm wall was trying to move away and upstream from the remainder of the aqueduct.  This can be seen in historic photographs and has been commented on by nineteenth century observers.  The reason(s) for this are not totally clear.  C.D. Geisler, in his 1950, “Report of Aqueduct and Miscellaneous Drainage and Overpass Structures on the Chesapeake & Ohio Canal,” attributes this phenomenon to the hydraulic pressure acting on the parapets.
  The consultants used by the National Park Service on this project stated that this assertion is difficult to prove due to the number of unknowns involved, such as the bond strength between the face stones and the rubble fill.  Engineer T.L. Patterson, in his report of 1873, attributes this large longitudinal crack to the freezing of water within the structure.
  The consultants attributed this crack to several factors including possible repeated impact loads from flood borne debris; possible significant hydraulic pressures that develop at the time of the flood; internal hydraulic pressures, particularly associated with voids within the aqueduct caused by leaching; and significant hydraulic pressure from the water in the canal prism during the time when the canal was operational.  Whatever the reason, the engineers undertaking the investigation of the Monocacy Aqueduct discovered outward movement of the berm parapet and spandrel walls.

      In addition, at the upstream side, the north abutment showed significant bulging that would require rebuilding to eliminate it.  Other minor issues also exist on the aqueduct, such as the recent use of concrete on the parapet walls.  This concrete did not pose a structural issue but degraded the appearance of the aqueduct.

      Faris and Brandt asked the consultants to evaluate two alternatives for the rehabilitation of the Monocacy Aqueduct and to provide cost estimates for both alternatives: with the steel banding system in place and without the steel banding system.

ALTERNATIVE 1 – Preservation Through Stabilization of Existing Structure with the Steel Banding.  This alternative would stabilize the Monocacy Aqueduct but would leave in place the visual obtrusive steel compressive and tension members around the aqueduct.  The consultants recommended that the following actions needed to be undertaken:

· Rake out and point all deteriorated mortar joints on all faces of the aqueduct

· Pressure inject grout into all cracks in masonry units in the soffit of the arches.

· Pressure inject grout into all voids and large cracks in the soffit of the arches.

· Replace missing and deteriorated stones in the soffit of the arches and in the spandrel walls.

· Pressure inject grout into all voids and large cracks in the parapet walls.

· Repair all voids in the piers foundations as recommended by the U.S. Bureau of Reclamation.

· Replace with new pressure treated wood all deteriorated, cracked, loose and missing wood blocking between the steel banding and the stone aqueduct.

· Tighten the steel banding where necessary; replace any existing steel banding that may have been damaged; institute an annual maintenance program for the care of the steel banding system.

· Remove the top layer of earth from the floor of the aqueduct, remove the existing waterproofing membrane and replace with a new membrane.  Cover the membrane with protective material, drainage system, and fill.

      This alternative was estimated to cost approximately $3 million.  As pointed out by the consultants, the chief disadvantage of this approach was that this alternative left the steel banding in place thereby reducing access to the bed of the aqueduct and the towpath and reducing the beauty of the aqueduct.

ALTERNATIVE 2 – Preservation Through Stabilization of Existing Structure without the Steel Banding.  This alternative would stabilize the Monocacy Aqueduct but would remove the visually obtrusive steel compressive and tension members around the aqueduct.  The consultants recommended that the following actions needed to be undertaken:

· Rake out and point all deteriorated mortar joints on the faces of the aqueduct.

· Pressure inject grout into all cracks in masonry units in the soffit of the arches.

· Pressure inject grout into all voids and large cracks in the soffit of the arches.

· Replace missing and deteriorated stones in the soffit of the arches and in the spandrel walls.

· Drill and pump grout into the voids in the rubble stone fill above the arches and below the prism bed.

· Pressure inject grout into all voids and large cracks in the parapet walls.

· Repair all voids in the piers foundations as recommended by the U.S. Bureau of Reclamation.

· Reconstruct the damaged pier walls that have bowed outward in three locations.

· Reconstruct north abutment wall foundation.

· Remove all the exterior steel banding in sections and in a phased manner.

· Remove the fill and drains from the bottom of the canal prism.

· Construct a concrete slab on the bottom of the prism.

· Drill and grout horizontal anchors at four (4) feet (1.22 meter) on center in the parapet walls.  The anchors are to be extended into the concrete slab.

· Install a waterproof membrane on the bottom of the channel.

· Remove the existing concrete slab that had been inappropriately installed on top of the coping stones and in other areas on the berm and towpath.

· Reset coping stones on the towpath parapet using the stones stored on site.

· Construct a new towpath railing.

· Remove and reset coping stones on berm parapet to allow access for drilling vertical rods.

· Drill and grout the vertical bars into the berm parapet.

· Regrade the transition from the lowered level of the aqueduct prism floor (i.e. the top of the new concrete slab).  Provide gravel to facilitate drainage.

· Inventory stones which are being removed and reset.

· Provide an earthen ramp for transition of bike path to the aqueduct bed.

      This alternative was estimated to cost approximately $ 5.6 million.  This alternative stabilized the Monocacy Aqueduct by utilizing the existing reinforcing rods that were successfully installed by the Federal Highway Administration in 1975 and by installing a new system of internal strengthening rods installed both horizontally and vertically and tied into the new concrete floor to the canal prism, and other measures.
  

      The results of the engineering analysis were announced on May 5, 1999.
  This was the first definitive engineering study of the Monocacy Aqueduct.  It showed that rehabilitation of the aqueduct was feasible and that it could be undertaken for $3 to $5.6 million, only a fraction of the previously estimated $32 million cost.

      While the engineering feasibility was being undertaken and after, other activities were also being taken to draw the public’s attention to the aqueduct.  Robert Kapsch XE "Kapsch, Robert:Project manager of engineering feasibility study, Monocacy Aqueduct" \i , the project manager of the engineering feasibility study, presented the history of the canal to the National Canal Museum’s annual canal history and technology symposium,
 to the annual convention of the American Society of Civil Engineers,
 and elsewhere. The Frederick County Commissioners, for example, issued a resolution on April 26, 2000, calling for the rehabilitation of the Monocacy Aqueduct.
  The Chesapeake and Ohio Canal Association continued to issue articles on the need for aqueduct rehabilitation in its newsletter, Along the Towpath.  The American Society of Civil Engineers continued to issue similar articles in its newsletter.

      Based on the engineering feasibility study, the National Park Service (NPS) cleared the Monocacy Aqueduct Rehabilitation project for a Development Advisory Board XE "Development Advisory Board (DAB) project review" \i  (DAB) Review.
  “DAB Review” is required for all NPS construction projects.  The DAB is a high level, blue-ribbon panel that reviews, in detail, all proposed NPS construction projects.  DAB Review had been instituted by NPS to ensure that all NPS construction projects would be technically and managerially proficient, meet the highest professional and preservation standards and not likely to involve NPS in a cost overrun.  Without DAB approval, NPS construction projects would not be allowed to proceed.  In December 2000, Superintendent Doug Faris XE "Faris, Doug, Superintendent, Chesapeake and Ohio Canal National Historical Park:Presentation of Monocacy Aqueduct project to DAB - 2000" \i , Assistant Superintendent Kevin Brandt, Project Manager Robert Kapsch, and Project Engineers Denis McMullan and Doug Bond, McMullan and Associates, brought the Monocacy Aqueduct before the DAB for its review.
   The presentation to DAB was made by Faris.  The Board unanimously approved the Monocacy Aqueduct rehabilitation project, commenting that it was the best project brought before the Board to date.  The Monocacy Aqueduct rehabilitation project was now cleared for design.

      In January 2001, the National Park Service Denver Service Center (DSC) took over the design phase of the Monocacy Aqueduct rehabilitation project.  Patrick MacDonald XE "MacDonald, Patrick, Denver Service Center (DSC):Designated DSC project manager" \i  was named DSC project manager.  Bruce Keller XE "Keller, Bruce, Denver Service Center (DSC):Designated as contracting officer's representative for the design" \i , P.E. was designated as the contracting officer’s representative (COR) for the design.  Architrave, p.c. architects and McMullan and Associates XE "McMullan and Associates:Selected to complete design" \i , the two firms that had undertaken the feasibility study of the aqueduct, were retained to complete the design.

      As the Denver Service Center was undertaking management of the design of the Monocacy Aqueduct rehabilitation project, Congressional sponsors took action to secure needed funding for the construction phase of the aqueduct rehabilitation.  In 2001, through the efforts of Senator Sarbanes XE "Sarbanes, Senator Paul:Instrumental in $6.4 million appropriations" \i  and other Senators, $6.4 million was included in the Senate version of the fiscal year 2002 (beginning October 1, 2001) appropriations bill for the Monocacy Aqueduct rehabilitation.
  Yet nothing had been included in the House version.  This was a problem as the House and Senate conferees negotiating the differences between House and Senate versions of the appropriations bill would negotiate only the differences in their two appropriations bills.  Because the funding for the Monocacy Aqueduct was in the Senate version of the appropriations bill but not in the House version, it was “on the table” – i.e. available for negotiations by the House and Senate conferees.  These negotiations could have resulted in full funding for the aqueduct (the Senate version) or zero funding (the House version) or somewhere in between.  Carl Linden XE "Linden, Carl:Action taken on appropriations bill" \i  of the Chesapeake and Ohio Canal Association found out about this and notified Association member George Lewis XE "Lewis, George, Chesapeake and Ohio Canal Association:Takes action on House appropriations for Monocacy Aqueduct" \i  only a couple of days before the House Appropriations Bill was to be reported out of Committee.  Lewis, using information furnished him by Ken Rollins XE "Rollins, Ken, Chesapeake and Ohio Canal Association:Provides information resulting in House appropriation for Monocacy Aqueduct" \i  of the Chesapeake and Ohio Canal Association, immediately notified Congressman Roscoe Bartlett XE "Bartlett, Congressman Roscoe:Action on House appropriations bill for Monocacy Aqueduct" \i ’s office.  Immediate action was taken by Congressman Bartlett and other Congressmen and $6.4 million was included in the House version of the fiscal year 2002 appropriation bill.
  The Monocacy Aqueduct rehabilitation funding was now included in both the Senate and House versions of the appropriations bill.  Funding for the aqueduct had become a slam dunk – its passage was ensured.

      Following passage of the construction appropriation, design was speedily completed and the project was advertised in the summer of 2002.  A contract award for $4,449,540 was awarded to Corman Construction Company XE "Corman Construction Company:Awarded contract for Monocacy Aqueduct - 2002" \i  on August 15, 2002 – one of the three firms to bid for the project.  Groundbreaking took place on September 7, 2002.

      Construction management, like design development, was under the management of the Denver Service Center (DSC) under Patrick MacDonald, Project Manager.  Dan Tower XE "Tower, Dan, Denver Service Center (DSC):Contracting officer;s representative for construction of Monocacay Aqueduct" \i , P.E., was DSC’s contracting officer’s representative (COR).  Ron Bailey XE "Bailey, Ron, Denver Service Center:Contracting Officer for Monocacy Aqueduct" \i  was the Contracting Officer and Mary Robinson XE "Robinson, Mary, Denver Service Center:Contracting specialist for Monocacy Aqueduct" \i  was the Contract Specialist.  For the Park, Kevin Brandt XE "Brandt, Kevin, Assistant Superintendent (later Superintendent), Chesapeake and Ohio Canal National Historical Park:Assumes overall responsibility for Monocacy Aqueduct project" \i , as Acting Superintendent and later as Superintendent, assumed overall responsibility for the project with the retirement of Doug Faris XE "Faris, Doug, Superintendent, Chesapeake and Ohio Canal National Historical Park:Retirement - 2003" \i  in 2003.   Park oversight of the construction project was the responsibility of Daniel Copenhaver, Park Civil Engineer, assisted by Mike Seibert XE "Seibert, Mike, Chesapeake and Ohio Canal National Historical Park:Assists in Park oversight of construction project" \i , Lynne Wigfield XE "Wigfield, Lynne, Chesapeake and Ohio Canal National Historical Park:Assists in Park oversight of construction project" \i  and Randy Astarb XE "Astarb, Randy, Chesapeake and Ohio Canal National Historical Park:Assists in Park oversight of construction project" \i .  On-site general construction management and inspection services for the National Park Service was provided by Jim Trevarrow of McMullan and Associates XE "Trevarrow, Jim, McMullan and Associates:Provides on site construction management and inspection services" \i .
  On-site grouting inspection for the National Park Service was provided by Alex Naudts, Eric Laundry, and Ward Naudts of Eco Grouting Specialists, Ltd XE "Naudts, Ward, Eco Grouting Specialists, Ltd:Provides on-site grounting inspection" \i 

 XE "Laundry, Eric, Eco Grouting Specialists, Ltd:Provides on-site grouting inspection" \i 

 XE "Naudts, Alex, Eco Grouting Specialists, Ltd:Provides on-site grouting inspection" \i .  This may seem like a large project management team.  But in reality such a project management team was needed for several reasons.  First, rehabilitating a 160 year-old masonry aqueduct was almost a totally unique project in American civil engineering experience.  Because of the project’s unique nature, extra management care was required.  Second, the historic preservation nature of the Monocacy Aqueduct required extra care and management oversight.  Damaging the appearance of the structure during rehabilitation would be considered failure of the project.  Third, because of budgetary constraints it was absolutely necessary that the project be executed within available funds.  A cost overrun would not be acceptable.  The result was that the Monocacy Aqueduct Rehabilitation Project was a tremendous success.  It was rehabilitated without problems, to its former appearance and within allowable funds.

      The other part of the management team was provided by the General Contractor, Corman Construction Company, Inc..  They were led by William Cox XE "Cox, William, President, Corman Construction Company:Headed general contractor management team" \i , President, Frank Smith XE "Smith, Frank, Project Manager, Corman Construction Company:Headed on-site management team for general contractor" \i , Project Manager, Mike Lieberman XE "Lieberman, Mike, Corman Construction Company:On-site project engineer for general contractor" \i , on-site Project Engineer, and Bobby Burton XE "Burton, Bobby, Corman Construction Company:Project Superintendent" \i , Project Superintendent.  The masonry subcontractor was Lorton Contracting Company, Inc XE "Lorton Contracting Company, Inc:Masonry subcontractor" \i . and the grouting subcontractor was Hayward Baker International XE "Hayward Baker International:Grouting subcontractor" \i .   The other reason for the success of this project, besides the management team, was the performance of the contractors and subcontractors on the project.

       Several beneficial changes were made to the project, as originally described in the design drawings and specifications.  First was the repair methodology of the damage caused by scour.  The design called for excavating the silt around the piers, installation of bags (under water) that were then inflated with grout, and pumping of grout into the voids under the piers.  But the contractor had difficulty demonstrating successful inflation of the bags.  Bobby Burton, foreman for Corman Construction Company, noted that at low water there was very little silt build up around the piers.  He recommended that conventional forms be constructed at lower water instead of the inflatable bags and that grout be pumped into the forms.  This recommendation was accepted and pier repair proceeded quickly.

      Second, Corman Construction Company had great difficulty pumping grout, as called for by the design, into span 1 – the span at the south end of the aqueduct and closest to the parking lot.    For this reason the contractor suggested to the management team that instead of continuing to try to pump grout under pressure into the aqueduct, that the soil and rubble fill within the aqueduct prism be excavated down to the top of the arch stones and that flowable grout, containing fly ash, be used to fill the excavation.  On top of this would be constructed the concrete slab, as called for in the design, to prevent water from entering the interior of the structure and to provide a wearable surface for bicycles.  This recommendation was also approved.  Work proceeded smoothly and very good penetration was achieved using flowable grout.  During the course of the excavation of the aqueduct prism, several holes were exposed.  These holes were apparently the base of gin poles or derricks used during the course of construction for swinging masonry blocks from the wooden structure adjacent to the aqueduct to the aqueduct under construction in the early 1830s.

      The new concrete surface in the prism was scored to resemble the wooden planking that would have been initially placed at the bottom of the aqueduct.  This was initially recommended  by DAB during the DAB project review of December 2000, was incorporated into the design and left to Corman Construction Company as to how to best achieve the effect desired.

      The Monocacy Aqueduct Rehabilitation project was not without problems.  In September 2003, Hurricane Isabel hit the mid-Maryland area.  Although the Monocacy Aqueduct and work-site came through the hurricane well, the adjacent towpath and culverts didn’t.  To repair this damage, the decision was made that it would be beneficial to the Government to use the Corman Construction Company, because it was already deployed at the work location, to repair these culverts and towpath.  A $732,282 contract modification was made to the contract for this purpose; the funds were derived from emergency sources intended for this purpose.

      By spring 2005, the Monocacy Aqueduct Rehabilitation project was complete.  The project had been completed within the original estimate and without any adverse detrimental effect on the aqueduct.  The completion of the Monocacy Aqueduct Rehabilitation Project ended eleven years of efforts by hundreds of men and women in the U.S. Congress, the Montgomery County Council, the Board of Commissioners of Frederick County, the Chesapeake and Ohio Canal Association, the American Society of Civil Engineers, the National Trust for Historic Preservation, the Chesapeake and Ohio Canal National Historical Park, the National Park Service Denver Service Center; and numerous other organizations.  By the spring of 2005, the Monocacy Aqueduct once again looked as it did when originally constructed.

The Monocacy Aqueduct – in point of beauty and perfection of workmanship, will, it is believed, compare with any work of the kind either in this Country or in Europe…

Chief of Masonry Alex. B. McFarland to the President and Directors of the Chesapeake and Ohio Canal Company, November 17, 1831.

APPENDIX A– STRUCTURAL ANALYSIS OF THE MONOCACY AQUEDUCT

The problem facing McMullan and Lichtenstein was to determine if the Monocacy Aqueduct, once repaired, would be safe.  Where the United States had very few masonry arch structures, Great Britain had thousands XE "British standards:Use in analyzing Monocacy Aqueduct" \i .  McMullan and Lichtenstein therefore utilized British standards designed for analyzing masonry road bridges, particularly British Department of Transportation Standard BD 21/93
  and Advice Note BA 16/93.
  In addition, they used a third British document developed under contract to the Department of Transport, Masonry Properties for Assessing Arch Bridges.

      The engineering assessment methodology XE "British standards methodology" \i  used by McMullan and Lichtenstein derived from these British standards consisted of four steps:

1.  A detailed visual inspection of the aqueduct and in accordance with the 

recommendations contained in British Department of Transportation standard BD 21/93.

2.  Determination of the characteristic ultimate strength of the masonry.  Ultimate strength is a term that structural engineers use to indicate that point where the masonry would fail.

3.  Determination of the allowable stress of the masonry.  Allowable stress is another 

structural engineering term.  It designates that point where loadings of the structure is 

within safe limits.  Allowable stress values are always lower than ultimate strength

values. 

4. Comparison of the allowable stress to the stress that results when loads are placed on the structure, such as the H-15 truck loading at mid-span, plus the dead load (i.e. weight) of the structure.  In other words, will the structure stand.

      The first step, the visual inspection of the structure, was conducted by the consultants by boat and by walking the structure.  A number of different types of cracks were observed and recorded.  A large longitudinal crack running through the length of the berm (upstream side) was the most obvious.  Detailed examination of old photographs, as well as nineteenth century engineering reports, indicated that this crack was not of recent vintage.  It had been in existence since the nineteenth century.  This longitudinal crack was perhaps caused be a combination of forces, such as lateral water pressure, freeze/thaw action of water migrating through the aqueduct and/or flood water, and including the impact of flood borne debris. This longitudinal crack indicated that the upstream face of the aqueduct was attempting to move upstream and away from the main portion of the aqueduct.  A second type of crack was caused by the erosion of the hydraulic cement, manufactured locally in Shepherdstown, Virginia.  Over the last 160 years, the hydraulic cement mortar had been leached out by water flowing through the aqueduct and by flood waters flowing past.  In some cases these cracks, left by the eroded mortar, were thirty inches deep.

      To determine if the Monocacy Aqueduct would be safe after rehabilitation, the consultants had to determine the strength of the ring stones or voussoirs XE "Ring stones or voussoirs:Determining compressive strength" \i  of the seven arches.  A coring machine was used to extract five masonry samples for testing.  Coring was done in the bottom of test pits dug into the earth placed in the prism of the canal in 1975 by the Federal Highway Administration and coring undertaken into the ring stones or voussoirs of the arch.  Later these holes were plugged with concrete.

      Testing of these samples revealed that the mean ultimate strength of the ring stones was 10,600 pounds per square inch (psi).  The ultimate strength of the hydraulic cement was assumed to be 73 psi .  The characteristic compressive strength of the masonry (designated Fk) was then calculated from the following equation derived from the Euro Code 6:


Fk  =  K. x  Fba   x  Fmb
Where      Fk  =  characteristic compressive strength of the masonry

                 Fb  =  mean compressive strength of the unit 

                 Fm  =  mean compressive strength of the mortar

                 K   =  0.55

                 a   =  0.65

                 b   =  0.25

      So for the test results from the Monocacy Aqueduct the consultants calculated the characteristic compressive strength of the masonry:


Fk  =  1093 psi 

      McMullan and Lichtenstein compared this result to the values given in BD 21/93.  They compared very favorably.

      The consultants then determined allowable masonry stress according to BA 16/93.  This was done by multiplying the ultimate stress by a joint factor (Fj) and a condition factor (Fc).  The joint factor (Fj) was determined from the following formula:


Fj  =  Fw  x  Fd  x  Fmo
Where
Fj  =  joint factor


Fw  =  width factor = 0.8

Fd   =  depth factor = 0.7

Fmo  =  mortar factor  = 0.9

Fj  =  0.8  x  0.7  x  0.9  =  0.50

     Allowable stress for each of the seven (7) arches was then calculated using the following formula:


Allowable stress =  Fc  x  Fj  x  Fk  =  Fc  x  0.5  x  1093 psi  

The results were as follows:

Arch Span


Condition Factor (Fc)

Allowable Stress

________________________________________________________________________


1



0.6




328 psi            


2



0.6




383 psi (max)  


3



0.5




273 psi            


4



0.7




383 psi            


5



0.3




164 psi (min.)  


6



0.5




273 psi            


7



0.6




328 psi            

      The consultants assumed that the repairs to be made to the aqueduct, which they recommended in the same report, would increase the condition factor from the values shown above to 0.9 for all of the arches.  This would then give an allowable stress of 492 psi  for each arch.

       The next step was to compare the strength of the structure after rehabilitation to the intended loading, after rehabilitation.  As it was not the Chesapeake and Ohio Canal National Historical Park’s intention to rewater this aqueduct (because of the great expense that rewatering would entail), the aqueduct was analyzed without water.  Loads used in this analysis included in the analysis included dead weight of the parapet; dead weight of the spandrel walls and fill; and an H-15 truck load (approximately that of a single axle dump truck) at the mid-point of the arch’s span.  The Park personnel didn’t intend for the aqueduct to carry truck traffic but wanted the aqueduct to stand if an emergency service vehicle had to cross it or if a dump truck driver mistakenly drove across it.  The arch was then analyzed by the consultants using the structural engineering computer program, STAAD-III.

      The consultants found that the maximum combined compressive axial and bending stress resulting from the loading described was 429 psi for the condition of fixed supports and 369 psi for the condition of pinned supports.  The consultants pointed out that the condition of pinned supports was used in the British standard BA16/93 method but that a recent paper by Thomas Boothby indicates that the fixed condition may be more accurate.

      Comparing the resulting stresses shown above to existing conditions would indicate that these maximum stresses would exceed the masonry stress value of 164 psi shown for span 5.  That is, the aqueduct was not safe for the envisioned loading conditions unless repaired.  Comparing the resulting stresses to the projected repair condition indicated that these maximum stresses would not exceed the allowable stress of 492 psi.  The structural engineering analysis therefore showed that if repaired, the Monocacy Aqueduct would be safe for projected loadings.
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Company officials instructed not to accept, 22
Of doubtful quality, 15
Small kilns built to test limestone on Johnson's land, 22
U.S. Bureau of Reclamation’s Underwater Inspection Team

Underwater investigation of Monocacy Aqueduct, 44
U.S. Capitol

Marble quarries provide stone for columns, 8
Underwater cost, U.S. Bureau of Reclamation, 46
Union Canal, 11
Van Slyke, Daniel

Named resident engineer, 2nd residency - 1828, 7
Walker, General John G.

Attempt to destroy Monocacy Aqueduct during Civil War - 1862, 33
Wallace, William

Designated rodman on 5th Residency-fn, 7
Walter, Lockkeeper Thomas

Attempts to dissuade General Hill not to destroy Monocacy Aqueduct, 32
Warner, Senator John

Member, Blue Ribbon Advisory Committee on Monocacy Aqueduct-fn, 41
Washington Monument

Monocacy Aqueduct is almost as long as Washington Monument is tall, 2
Washington, D.C

Eastern terminus (along with Georgetown and Washington, D.C.) of Chesapeake and Ohio Canal, 4
Washington, George, 3
Weidenfeld, Sheila, Chair, Chesapeake and Ohio Canal National Historical Park Advisory Commission
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Weir, Charles, Member, Chesapeake and Ohio Canal National Historical Park Advisory Commission

Member, Blue Ribbon Advisory Committee on Monocacy Aqueduct-fn, 41
Member, Monocacy Aqueduct Committee, Chesapeake and Ohio Canal Association-fn, 40
Westminster Route

Maryland Cross-Cut Canal route to link Baltimore with mouth of Monocacy River, 30
Wheeling, West Virginia, suspension bridge

Later to be designed by Charles Ellet, 7
White, Pat

Member, Monocacy Aqueduct Committee, Chesapeake and Ohio Canal Association-fn, 40
White’s Ferry (formerly Conrad's Ferry)

South of mouth of Monocacy River, 35
White’s Ford, Potomac River

Confederates cross in 1862, immediately south of Monocacy Aqueduct, 32
Wigfield, Lynne, Chesapeake and Ohio Canal National Historical Park

Assists in Park oversight of construction project, 56
Williamsport, Maryland, 28
Worsley, England

Coal mines terminus of Duke of Bridgewater's canals, 3
Wright, Benjamin

"A gentleman of great reputation...", 6
Author of Monocacy Aqueduct specifications, 9
Canal President Charles Mercer invites Wright to become Chief Engineer, 5
Design of false centering, 9
Discovers inferior stone at Monocacy Aqueduct in 1830, 14
Father of American Civil Engineers-fn, 9
Informs Ellet that Osbourne has taken Hovey's place as contractor for aqueduct, 24
Member, committee to investigate Monocacy Aqueduct piers, 15
Misgivings on Robert Leckie, 8
Orders stone from Johnson's quarry be used for structural purposes, 17
Principal engineer of Monocacy Aqueduct, 4
Resignation effective November 6, 1830, 11
Resigns as of October 27, 1830, 11
Salary - $5,000/year, 5


� National Archives, Record Group 79, Records of the Chesapeake and Ohio Canal Company, Letters Received, Entry 190, November 17, 1831.  Hereafter referred to as NA, RG79, Records…


� Paw Paw Tunnel is the other.


� NA, RG 79, Records…, Entry 190, Letters Received, Mercer to Wright, September 4, 1828.


� NA, RG79, Records…, Entry 194, Letters Sent, Book A, 11, Chas. F. Mercer; To: Lieut. William Bryant� XE "Bryant, Lieut. William-fn" \i �, Asst. Professor, Mil. Acd. West Point,  August 27, 1828:


The plan of the Chesapeake and Ohio Canal, its location, and execution, are confided to a board of practical civil Engineers of established reputation, consisting of a Chief Engineer and two Directors, with salaries from $2,750 to 5,000 per ann – Mr. John Martineau having been engaged at the first sum, Mr. Nathan S. Roberts � XE "Roberts, Nathan:Paid $3,000 per year-fn" \i �having the office of Director with a Salary of $3,000 now tendered to him, and Benjamin Wright� � being in fact our acting Chief, with a Salary not fixed, but which may reach the sum of $5,000 which he now receives on another Canal.  Next to and under the order of this Board we shall have an undetermined number of Resident & Assistant Engineers, and Rod or Target men, the last we consider as Apprentices to civil Engineering. …


� U.S. House of Representatives, “Memorial of the Chesapeake and Ohio Canal Company,” 20th Cong. 2d Sess., House Document No. 12, December 5, 1828, Appendix A, President’s Report to the Stockholders, 156.


� NA, RG79, Records…, Entry 194, Letters Sent, Book A,  27.  


� U.S. House of Representatives, Memorial of the Chesapeake and Ohio Canal Company, 20th Cong. 2d Sess., House Document No. 12, December 5, 1828, Appendix A, President’s Report to the Stockholders, 156.


� NA, RG79, Records…, Entry 194, Letters Sent, Book A, 46, Letters Sent, C.F. Mercer to Erastus Hürd, November 20, 1828.


� NA, RG79, Records…, Entry 194, Letters Sent, Book A, 23, C.F. Mercer to Nathan S. Roberts,  October 3, 1828.


� “Orders of the President and Directors of the Chesapeake and Ohio Canal Company, in relation to the distribution of the Corps of Engineers,” November 22, 1828, as printed in Appendix, Report to the General Committee of Stockholders, Chesapeake and Ohio Canal Company, June 6, 1829, li.  Reassignment of these engineers was frequent.  Initially Böye� XE "Böye, Herman:Initially appointed as resident engineer, third residency-fn" \i � was appointed as Assistant Engineer, Third Residency, and Alfred Crueger was appointed Resident Engineer, Fifth Residency.  Böye was moved to the Fifth Residency on December 1, 1828.  See NA, RG 79, Records…, Letter Book of the Resident Engineer of the 5th Residency, B. Wright to Herman Böye, December 1, 1828.  Crueger was given responsibilities surveying the canal route as far as Williamsport.


�  NA, RG79, Records…, Entry 212, Letter Book of the Resident Engineer of the 5th Residency of the 1st Division, 1828-1831, Board of Directors to Herman Böye, December 1, 1828:


      By direction of the President of the Ches. & Ohio Canal Co., I am requested to change your station as pointed out in the book of regulations and place you as Resident Engineer over the 5th Residency which extends from Section 65 to 84 inclusive … and to you is assigned Mr. Charles Elliot (sic)… and William Wallace� XE "Wallace, William:Designated rodman on 5th Residency-fn" \i � as Rodman …


� NA, RG79, Records…, Entry 190, Letters Received, Robert Leckie to President and Board of Directors, April 21, 1830.


� NA, RG 79, Records…, Entry 190, Letters Received, Benjamin Wright to President Mercer, February 24, 1830.


� Duke University Library, Robert Leckie Papers, Benjamin Wright to Robert Leckie, October 27, 1828.


� Charles Ellet, Jr. (1810-1862).  At the time of his work on the Chesapeake and Ohio Canal, he was only eighteen years old.  See Thomas F. Hahn� XE "Hahn, Thomas-fn" \i �, T. Gibson Hobbs, Jr., Robert S. Mayo, Towpaths to Tugboats: A History of American Canal Engineering, (York, Pa.: The American Canal and Transportation Center, 1982), 35- 36.


�NA, RG79, Records…, Entry 194, Letters Sent, 148, B. Wright to John P. Ingle� XE "Ingle, John:Wright notifies of Böye's death-fn" \i �, December 9, 1829:


In consequence of the continued ill health of Herman Boye, Esqr. Resident Engineer of the 5th Residency…and of the arrangement of the Books etc. of the late fourth residency the Board of Directors have placed Sections fifty-seven to 64 inclusive under the care of Alfred Crueger Esq. – who in addition to the former 3d Residency was placed in charge of the other portion of the 4th residency, by this arrangement Mr. Crueger is made Resident Engineer of the 3d & 4th Residencies.


� NA, RG79, Records…,Entry 194, Letters Sent, Book A, 163, J. Ingle to Alfred Crueger Esqr., January 30, 1830:


The President & Directors … have directed, that in addition to the duties now performed by you on the 3d and late 4th Residencies, you also act as Resident Engineer of the 5th Residency – until Mr. Boye shall so recover his health as to permit his return to the Residency …


� NA, RG79, Records…, Entry 194, Letters Sent, Book A, 163, John P. Ingle to Charles Ellet, Esqr., January 30, 1830:


The President and Directors … have instructed Alfred Crueger Esqr Resident Engineer of the 3d Residency to take charge of the 5th Residency during the sickness of Mr. Boye.


� Benjamin Wright� XE "Wright, Benjamin:Father of American Civil Engineers-fn" \i � (1770-1842), “The Father of American Civil Engineering,” is best known for his work as Chief Engineer on the Erie Canal� XE "Erie Canal:Benjamin Wright, Chief Engineer-fn" \i �.  Wright also worked on the Chesapeake and Delaware� XE "Chesapeake and Delaware Canal:Benjamin Wright also worked on the Chesapeake and Delaware Canal-fn" \i �, the Chesapeake and Ohio, the Delaware and Hudson� XE "Delaware and Hudson Canal-fn" \i �, the Kanawha and James� XE "Kanawha and James Canal-fn" \i �, and others.  See Neal FitzSimons� XE "FitzSimons, Neal: Author, \"Benjamin Wright, The Father of American Civil Engineering"-fn" \i �, “Benjamin Wright, The Father of American Civil Engineering,” in Jerry R. Rogers, Donald Kennon, Robert T. Jaske and Francis E. Griggs, Jr., (eds.), Civil Engineering History: Engineers Make History, Proceedings of the First National Symposium on Civil Engineering History, November 10-14, 1996, (New York: American Society of  Civil Engineers, 1996), 99-107.


� Abert, Lt. Col. John J. and Lt. Col. James Kearney, (Report of Field Survey, dated  June 13, 1831 – of their 1831 inspection), Chesapeake and Ohio Canal (To accompany bill H.R. No. 94), House Report No. 414,  23d Congress, 1st Session, April 17, 1834, 102.


� NA, RG 79, Records…, Entry 190, Letters Received, Benjamin Wright to the President and Directors, Chesapeake and Ohio Canal, October, 1828.  These drawings have not been located and probably have not survived.


� NA, RG 79, Records…, Entry 190, Letters Received, Benjamin Wright to Gen. Mercer, January 22, 1829.


Mr. Roberts and myself have been laying down on paper our own views of the proposed Basin in Rock Creek while Gen Smith took to the Board yesterday and I presume explained to you the whole plan – We have also been engaged in forming a Plan of Centres� XE "Monocacy Aqueduct:Design of centering by Wright and Roberts-fn" \i � for the Monocacy Aqueduct and giving Bills of Lumber.





� Ibid., 6.  NA, RG79, Records…, Entry 190, Letters Received, Wright to Board of Directors, October 1828.


� McMullan and Associates, Structural Engineers.


� Architrave, p.c. architects; McMullan and Associates; Bregman and Company, Inc., Monocacy Aqueduct: Physical Analysis, Condition Assessment and Alternative Schematic Design Proposals, Final Submission, April 1, 1999, prepared for the Chesapeake and Ohio National Historical Park, National Park Service and under the Program Management of Dr. Robert J. Kapsch, II – 1.


� Ibid.  Wright wrote to the Board of Directors:


      By calculation� XE "Monocacy Aqueduct:Quantity of masonry-fn" \i � there will be about 8,500 perches including wing walls, and the price of 6-3/4 dollars per perch I think no more than a fair price—if it is done in that solid substantial manner which I have described to Mr. Hovey.  The whole of the arches are to be cut to patterns so that every stone is cut thro and thro the arch.  The piers and abutments are to be cut and rusticated if required.  The arch ring stone to be also rusticated two inches.  The spandrel and parapet walls and inside of the trunk to be cut and bottom flagged with cut stone if so directed or the bottom covered with well jointed plank if it shall be considered best.  Coping to extend across the whole of parapet and project one foot if required.  


�NA, RG79, Records…,  Entry 212,  Letter Book of the Resident Engineer of the 5th Residency of the 1st Division, 1828-1831, Item  212, Letter, Robert Leckie, I (Inspector) M (Masonry) 1st Division Ches & Ohio Canal, to Mr. Phillips, July 28nd 1829 Robert Leckie� XE "Leckie, Robert:Instructions on setting stone twice-fn" \i � wrote:


      You will perceive the importance of having the Piers laid in the best possible manner; the face stone must be laid solid down on their beds, with a hoisting machine� XE "Hoisting machine:Leckie's instructions to set stone twice using machine-fn" \i �, the block of stone must first be tried down dry without any mortar then hoisted and the bed put on and the stone let gently down on it, until the mortar come out all round, and the stone ly (i.e. lie) as solid as when it was in the quarry -- …


� NA, RG79, Records…, Entry 194, Letters Sent, Book A, 269, Board of Directors to Benjamin Wright, October 29, 1830:


      It would be satisfactory to us all, if you would remain with us, till they work you mention shall have been so far completed, according to your own views, as to enable you to leave it, with safety to its future use.  Inferring from the nature of your approaching engagements on the Union Canal and the Chesapeake & Delaware Canal, that this delay will not prove inconsistent with the fulfillment of those engagements. ... 


� NA, RG79, Records…, Entry 194, Letters Sent, Book A, 279, Board of Directors, to Benjamin Wright, November 6, 1830.


� Hahn, Thomas F., Towpath Guide to the C & O Canal, Revised Combined Edition, (Shepherdstown, 


WV: American Canal and Transportation Center, 1995), 78-79.


� Duke University Library, Robert Leckie Papers, Letter, Robert Leckie to Benjamin Wright, November 18, 1829.


� Seneca Quarries, which produced Seneca redstone used in the Seneca Aqueduct and elsewhere. 


� NA, RG 79, Records…, Entry 190, Letters Received, Robert Leckie to John P. Ingle, October 19, 1830.


� NA, RG79, Records…, Entry 194, Letters Sent, Book A, 65, John P. Ingle to Mrs. Eliza Nelson� XE "Nelson's quarry:Paid by Chesapeake and Ohio Canal Company-fn" \i �, April 6, 1829:


      I enclose you a requisition on the Treasurer of the Company for 450 $ being the amount agreed upon for the rent of your farm and use of quarries etc. …


� NA, RG79, Records…, Entry 212,  Letter Book of the Resident Engineer of the 5th Residency of the 1st Division, 1828-1831, C & O Canal Co., C. Pr. Mercer� XE "Mercer, Charles:Authorizes railroad or railway from Nelson's quarry-fn" � to Mr. Böye, April 11, 1829:


      A railroad may be made from Hovey’s quarry.  If made it is by agreement with Mrs. Nelson to be left for her benefit when the lease expires .,..


� NA, RG 79, Records…, Entry 212, Letter Book of the Resident Engineer of the 5th Residency of the 1st Division, 1828-1831, C & O Canal Co., Pr. Mercer to Mr. Bőye, April 11, 1829.


� Harlan Unrau, Monocacy Aqueduct Historic Structures Report, typescript, (Washington, D.C.: National Park Service, 1976), 10.  Hereafter cited as Unrau, HSR..


� NA, RG79, Records…, Entry 182, Proceedings…., 1830-1831, Vol. 2, 135.


� Duke University Library, Robert Leckie Papers, Letter, Robert Leckie to Company President Charles Mercer, July 9, 1830.


� NA, RG79, Records…, Entry 194, Letters Sent, C.F. Mercer to Benjamin Price� XE "Price, Benjamin-fn" \i �,  May 29, 1832, Book A, 444-449.


� NA, RG79, Records…, Entry 194, Letters Sent, Book A, 444-449, C.F. Mercer� XE "Mercer, Charles:Describes Nelson's quarry-fn" \i � to Benjamin Price, May 29, 1832:


… in looking along the line, for materials of stone, for the masonry of our culverts & aqueducts, we had been told that a free stone quarry might possibly be opened on Mrs. Nelson’s lands, at a short distance from the canal line which would be found to supply stone of a quality suited to our masonry.  


    This stone shewed itself on the bow of several hills, under a heavy mass of encumbent earth, evidently requiring much labor and expence of the Contractor who might attempt to get at it, and of its quality we had no certain evidence.  Under these circumstances we did not like to have it condemned by the jury, as we might be required to pay for what the  contractor, who, by our contracts, supplies his own stone, would not use or what from its imperfect quality, we might be compelled to restrain him from using.


      (The lease) gave us the use of the land and quarry for one year with some time, a few months, after its expiration for the removal of such stone as the contractor might have quarried and been unable from low-water in the river, or other cause, to remove in the year.  We contracted with Mr. Hovey for the aqueduct across the Monocacy … Mr. Hovey expended large sums of money in removing the incumbent earth and opening the quarry …


      After much labor upon this quarry and constructing a part of three of the pieces of the aqueduct with it … we were apprised that the stone was imperfect, and had already exhibited symptoms of decay.


      … the Engineer in Chief Judge Wright, the inspector of Masonry, one of the Directors (Capn Lennox), and myself, as a committee visited the Aqueduct; carefully inspected the stone, condemned it and ordered the three pieces to be taken down by the stone to be removed, and the entire work to be constructed of the gneiss or gray granite obtained from Mr. Joseph A. Johnson’s lands …


� Unrau, HSR, 29.


� The problem, as  described by the company:


The charter of the Company requires that one hundred miles of the canal shall be finished in five years from the organization of the Company, and the experience of several States of this Union demonstrates that, with adequate funds, the entire eastern section can be completed, as economy recommends that it should be, in the shorter period of three years from its commencement, the time which the Board had early assigned for that labor.  From: Chesapeake and Ohio Canal Company, First Annual Report of The President and Directors of The Chesapeake and Ohio Canal Company Together with the Proceedings of the Stockholders at Their First Annual Meeting, (Washington: Gales & Seaton, 1829), 22.


� NA, RG 79, Records…, Entry 190, Letters Received, Robert Leckie to Charles Mercer, August 14, 1830.


� NA, RG 79, Records…, Entry 182, Proceedings…, 1830-1831, August 14, 1830, Vol. 2, 162.


� NA, RG 79, Records…, Entry 190, Letters Received, Robert Leckie, Late Inspector of Masonry to John P. Ingle, October 19, 1830.


� NA, RG79, Records…, Entry 212, Letter Book of the Resident Engineer of the 5th Residency of the 1st Division, 1828-1831, C & O Canal Co., B. Wright, Engr Chief of this Canal, to Charles Ellet, Jr., December 9, 1829.


� Johnson’s house was known as “Rock Hall� XE "Rock Hall:Home of Joseph Johnson-fn" \i �.”  See William Jarboe Grove� XE "Grove, William Jarboe:Author, \"History of Carrollton Manor...-fn”" \i �, History of Carrollton Manor, Frederick County, MD., (Lime Kiln, MD, 1922), 133-136.  Grove states, “The aqueduct over the Monocacy was built of white sand stone from the Johnson quarry.  No other stone were used in this entire work.”


� NA, RG79, Records…, Entry 194, Letters Sent, Book A, 444-449, C.F. Mercer to Benjamin Price, Esq, May 29, 1832.


� Two quarries have been located on Furnace Ford, the white quarry and the red or pink quarry.  The white quarry provided the stone for the ring stones.  The red or pink quarry probably provided the stone for the wing walls of the abutments.


� NA, RG79, Records…, Entry 194, Letters Sent, Book A, 344, C.F. Mercer� XE "Mercer, Charles:Johnson's quarry best he ever saw-fn" \i � to James Dixon, July 6, 1831:


… Mr. Joseph Johnson has actually supplied us with the use of the best quarry I ever saw, without limitation as to time or quantity, for all the works of the canal for $500.  This sum pays him for penetrating and throwing open his fine estate, and passing and repassing with numerous carts etc. etc. by his very door to the annoyance of his amiable family and himself …


� NA, RG79, Records…, Entry 194, Letters Sent, Book A, 177, C.F. Mercer to Joseph A. Johnson, February 20, 1830.  In this letter Mercer offers Johnson $400 for the use of the quarries on his land and as an adjustment for the stone that had already been quarried.  The sum of $500 was settled on.  Ibid.


� NA, RG 79, Records…, Entry 194, Letters Sent, C.F. Mercer to Benjamin Price, Esq., May 29, 1832, Book A, 444-449.


�Third Annual Report (1831), C & O Co., in Proceedings of the Stockholders, A, 134-35.


� NA, RG79, Records…, Entry 194, Letters Sent, Book A,  3, C.F. Mercer Prest. Of the Ch. & O  C C, to: John Cocke, July 28, 1828:


   Water-lime has not been found at any place hitherto except in the vicinity of Shepherdstown in the County of Jefferson.. There it was discovered about a year ago on the Virginia Shore as it has been more recently near Sharpsburg on the Maryland side of the river.  Its comparative quality remains to be determined and consequently its fitness for use. …”


� Op. cit., Thomas F. Hahn and Emory L. Kemp.


� NA, RG79, Records…, Entry 212, Letter Book of the Resident Engineer of the 5th Residency of the 1st Division, 1828-1831, C and O. Canal Co, B. McFarland, superintendent of cement for Ches & Ohio C Co., to H. Böye Esq., Resident Engineer, June 23, 1829:     


      Your order dated the 15th instant is before us – for one boat of Hydraulic cement for Mr. Hovey, Contractor of the Monocacy Aqueduct...


� Ibid.


� NA, RG79, Records…, Entry 194, Letters Sent, Book A, 133, A.B. McFarland, November 17, 1829, requesting him to hurry the cement, for example.


� NA, RG79, Records…,Entry 194, Letters Sent, Book A, 155, John P. Ingle to A.B. McFarland, January 8, 1830:


      The practice of Contractors going on the river to stop boats with cement has been found to produce much satisfaction to Contractors and injury to the interests of the Company.  I have therefore arranged with Messrs Ford and Chapman who have a great deal of masonry to execute, to give them the entire services of W Moxley & W J Strider with which they have agreed to contract …


� NA, RG 79, Records…, Entry 190, Letters Received, Robert Leckie to Charles Mercer, February 9, 1830.


� NA, RG 79, Records…, Entry 190, Letters Received, N.S. Roberts to Gen. Smith, October 13, 1829.


� NA, RG 79, Records…, Entry 190, Letters Received, Botelor & Reynolds to John P. Ingle, April 5, 1830.


� NA, RG 79, Records…, Entry 190, Letters Received, A.B. McFarland to John P. Ingle, September 27, 1829.


� NA, RG 79, Records…, Entry 190, Letters Received, Botelor & Reynolds to John P. Ingle, April 5, 1830.   Botelor wrote of this:


   We are aware that complaints will be made for the want of Cement at our establishment, and in Justice to ourselves we think it advisable to state to you the causes which have laid the foundation for this disappointment.  The Extreme cold weather in February dispersed many of our hands, and suspending the burning of lime during that Month, and when the weather moderated, and the Navigation opened, the Boatsmen refused to take their Boats aroun, and through the Shute, and take in their laden under the Mill as heretofore, and to Silence their complaints and facilitate their loading, we found it Necessary to stop our Mill for two weeks, and deepen our tail race 15 Inches, to enable them to float out with a full load – This cold, wet, and most uncomfortable undertaking Knocked up Eleven of our hands, some of which are as yet unable to resume their labours and in addition to those interruptions we have had to contend


� NA, RG 79, Records…, Entry 190, Letters Received, A.B. McFarland to John P. Ingle, November 28, 1829.  McFarland wrote:


From the best information that I can collect, respecting the loss of the Boat Alabama� XE "Boat Alabama:Lost due to mismanagement of boatmen (with 165 bags of cement)-fn" \i � and her cargo – It appears to have been occasioned by the mismanagement of the Boatmen – 165 of our best bags is lost with her …


� NA, RG 79, Records…, Entry 182, Proceedings, 1828-1829, November 21, 1829, 403.


� NA, RG 79, Records…, Entry 190, Letters Received, Benjamin Wright to President and Directors, September 28, 1829.


� NA, RG 79, Records…, Entry 190, Letters Received.  A Bill of Burning at Jct. Johnson, November 2, 1829.


� NA, RG 79, Records…, Entry 190, Letters Received, Purcell to President and Directors, September 1, 1829.


� NA, RG 79, Records…, Entry 182, Proceedings… , 1830-1831, February 3, 1830, 20-21.


� NA, RG 79, Records…, Entry 182, Proceedings… , 1830-1831, 65.


� NA, RG79, Records…, Entry 194, Letters Sent, Book A, 209, John P. Ingle to A.B. McFarland, April 30, 1830.


� NA, RG79, Records…, Entry 194, Letters Sent, Book A, 230, John P. Ingle to Horace Egleston� XE "Egleston, Horace: Instructed that company will no longer accept his cement-fn" \i �, June 16, 1830:


      The cement manufactured by you is found not to pass inspection – and I am therefore directed to inform you that no more will be received than you have manufactured – unless by being burn with Coal its quality is made good …


� NA, RG79, Records…, Entry 194, Letters Sent, Book A, 230, John P. Ingle to  A.P. Osborn� XE "Osborn:Instructed not to use Tuscarora hydraulic cement-fn" \i �, June 16, 1830:


       I am directed to give you notice not to use the lime manufactured at the Tuscarora Creek, for such parts of your work as may be exposed to danger from the use of inferior lime.


       Until Mr Egleston can procure Coal for burning the Stone, the Board require that the exposed part of all the work be laid in Shepherdstown or Roman Cement� XE "Roman Cement:Only acceptable cement (in addition to Shepherdstown cement) for aqueduct-fn" \i �.


� NA, RG79, Records…,  Entry 194, Letters Sent, Book A, 232, C.F. Mercer to Benjamin Wright, June 17, 1830:


The miserable quality of some of the Tuscarora cement shewn me on the 18th section of the canal combined with the enclosed contracts from certain letters of W McFarland & Dr Boteler to induce the order of the Board yesterday, herewith forwarded, and my circular letter of to day to the several resident engineers of which a copy is also enclosed. …


      I wish the use of the lime from Tuscarora to be discontinued the moment you are assured that enough may be had from Botelers … 


� NA, RG 79, Records…, Entry 182, Proceedings… , 1830-1831, September 13, 1830, 178.


�Third Annual Report (1831), C & O Co., in Proceedings of the Stockholders, A, 134-35.  


� Unrau, HSR, 6.


� Ibid., 7.


� Ibid., 10.


� NA, RG79, Records…, Entry 212, Letter Book of the Resident Engineer of the 5th Residency of the 1st Division, 1828-1831, C & O Canal Co.,  John P. Engle to C. Ellet, December 4, 1829: 


      It is understood here that Mr. Hovey has abandoned his work on the Aqueduct – the following materials are conveyed to we by him in trust for the Canal Company and I must request you to take them into your keeping until otherwise (indistinct) viz.


4420 feet superficial of Cut Stone


3820 	“	“		“	“ 	Delivered


1980	“	“	Quarried


 537	“	“	       “			Delivered


4070	“	running of Hewn Lumber 		Delivered


� NA, RG79, Records…, Entry 212, Letter Book of the Resident Engineer of the 5th Residency, B. Wright to Charles Ellet, Jr., December 29, 1829:


      The Board have this day agreed with Mr. Osbourn the bearer hereof to go on slowly with the Monocacy Aqueduct and he is to proceed as follows.


1st  To secure all the present work so that it can pass over the Spring flood safely


2nd  He is to commence at Mrs. Nelson’s Quarry and get all the necessary stone for the remaining piers and two abutments


3d  He is to get all the stone for the Spandral Walls at Mrs. Nelson’s quarry


4th  He may take his choice to get the Parapet Walls between the Water Table of the Coping at Mrs. Nelson’s or he may get them of the White Stone …


� Unrau, HSR, 26.


� Osbourne (also spelled Osborn) was allowed to assign his contract to Byrne and LeBaron, August 7, 1830.  Ibid., 29.


� NA, RG79, Records…, Entry 194, Letters Sent, Book A, 268, C.F. Mercer to Byrne & LeBaron, October 28, 1830:


      It is with extreme regret that I learn that no attempt has yet been made to recommence the masonry on the Monocacy Aqueduct – Without this link in the chain of the canal above Seneca, no hope can be entertained of bringing the aqueduct into use on the canal above or below it: since apart from the Potomac there is no feeder that could be resorted to but the Tuscarora which is above Monocacy.


      It is neither your interest nor that of the Stockholders of the Chesapeake and Ohio Canal Company to permit an illusory hope to prevail that this work can be done sooner than you mean to complete it.  I therefore now write t know of you the cause of your past unexpected delays and to obtain your candid opinion of the time at which this work will be so far completed, as to pass the canal boats through it.


      A speedy answer to this letter is required by the purposes which prompt me to address it t you at this time.  It is proper to add that no intention t vacate your contract constitutes any part of those purposes …
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� NA, RG79, Records…, Entry 194, Letters Sent, Book A, 363-369, C.F. Mercer to Alfred Crueger, Rest. Engineer, September 10, 1831:
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� Douglas Faris, Superintendent; Kevin Brandt, Assistant Superintendent; Douglas Stover, Chief, Branch of Resource Management; and Dr. Robert J. Kapsch, Government Technical Representative and Program Manager.


� This was undertaken by the National Capital Section, American Society of Civil Engineers’(ASCE),History and Heritage Committee, Bernard G. Dennis, Jr., Chairman, and Steve Pennington, principal investigator.


� The Conococheague Aqueduct� XE "Conococheague Aqueduct:As  pilot study for Monocacy Aqueduc-fnt" \i � is located at Williamsport, Maryland.  It was structurally stabilized using techniques that would later be applied to the Monocacy Aqueduct.  This smaller project, therefore, acted as a pilot project for techniques that would eventually be applied to the Monocacy Aqueduct.


� Lichtenstein, Abba and Denis McMullan, “Stone Arch Aqueducts of the C&O Canal,” ASCE Proceedings of Structural Congress XV, April 13-16, 1997, New York, New York, pages 565-569.


� British Department of Transport Standard BD 21/93, The Assessment of Highway Bridges and Structures, Department of Transport, London. 1993a. The British had developed these standards in order to assess their masonry highway bridges to see if they would holds up to the higher loadings of the European Union (EU).


� British Department of Transport Advice Note BA 16/93, the Assessment of Highway Bridges and Structures, Department of Transport, London. 1993a.


� Hendry, A.W., Professor Emeritus, University of Edinburgh, for the Transport and Road Research Laboratory (TRRL), Department of Transport, United Kingdom, Masonry Properties for Assessing Arch Bridges (Contract Report 244), (United Kingdom: Crowthorne, 1990).


� Ibid.


�Architrave p.c. architects; McMullan and Associates; Bregman and Company, Inc., Monocacy Aqueduct: Physical Analysis, Condition Assessment and Alternative Schematic Design Proposals, prepared for the Chesapeake and Ohio Canal National Historical Park, National Park Service, April 1, 1999, III-13.


� Ibid., III - 14.


� At the time of this recommendation, the National Park Service thought that there would be two separate appropriations necessitating two separate construction contracts.  According to Denver Service Center Project Manager Patrick MacDonald, the subsequent decision to seek a single large appropriation rather than two smaller appropriations greatly lessened the construction coordination problems, for example, the possible problem of having two different contractors for the two different phases of work.   


� Program included: Welcome & Introductions – Douglas D. Faris, Superintendent; The Need for Preservation – Carl Linden, C & O Canal Association; Condition of the Park – John Viner, C&O Canal Association; Monocacy Aqueduct Study – Robert Weinstein and Denis McMullan; Aqueduct Preservation Strategy – Douglas D. Faris, Superintendent; “Monocacy Aqueduct Video,” – Dave Humphrey, Advanced Video Artistry.


� Kapsch, Robert J., “Benjamin Wright and the Design and Construction of the Monocacy Aqueduct,” Lance E. Metz (ed.), Canal History and Technology Proceedings, Volume XIX, March 18, 2000, (Easton, Pennsylvania: Canal History and Technology Press, National Canal Museum, 2000), pp. 181-222. 


� Kapsch, Robert J., “Benjamin Wright, Bad Stone, Poor Cement and One Hundred Miles to Go: Building the Monocacy Aqueduct of the Chesapeake and Ohio Canal,”  Bernard G. Dennis, Jr., Robert J. Kapsch, Robert J. LoConte, Bruce W. Mattheiss, Steven M. Pennington (eds.), American Civil Engineering History: The Pioneering Years, (Reston, VA: The American Society of Civil Engineers, 2002), pp. 439-464.


� Text of which was:						


Dear Secretary Babbitt:


      We would like to take this opportunity to express our support for Frederick County’s portion of the C&O Canal and specifically for the Monocacy Aqueduct.


      With the help of the National Park Service, the C&O Canal Association and the countless park supporters in the area, we are confident that the necessary stabilization and improvements will be made to ensure that the Aqueduct remains one of this nation’s architectural historic landmarks.


      Thank you for your efforts in maintaining and improving the C & O Canal National Historical Park and the historic structures located thereon.


		BOARD OF COUNTY COMMISSIONERS


		OF FREDERICK COUNTY, MARYLAND		


[signed]


David P. Gray, President


Terre R. Rhoderick, Vice President


Ilona M. Hogan, Commissioner


Jan H. Gardner, Commissioner


John L. Thompson, Commissioner


� NPS had authority to initiate design on those construction projects where Congress had not yet appropriated construction funds but where it appeared likely that they would.  Monocacy Aqueduct Rehabilitation project was one of those projects.


� DAB consisted of, at that time: Board Members: Terry Emmons� XE "Emmons, Terry, Associate Director for Professional Services, NPS:DAB Chair-fn" \i �, Chair, Associate Director for Professional Services, NPS; Jerry Belsom, Regional Director, Southeast Region, NPS� XE "Belsom, Jerry, Regional Director, Southeast Region, NPS:DAB member-fn" \i �; Terry Carlstrom, Regional Director, National Capital Region, NPS� XE "Carlstrom, Terry, Regional Director, National Capital Region, NPS:DAB member-fn" \i �; Dick Ring, Associate Director, Park Operations and Education, NPS� XE "Ring, Dick, Associate Director, Park Operations and Education, NPS:DAB member-fn" \i �; Mike Alderstein, Associate Regional Director for Marie Rust, Regional Director, NPS� XE "Alderstein, Mike, Associate Regional Director for Marie Rust, Regional Director, NPS:DAB member-fn" \i �; Bill Scheak, Regional Director, Midwest Region, NPS� XE "Scheak, Bill, Regional Director, Midwest Region, NPS:DAB member-fn" \i �; Abby Miller, Deputy Associate Director for Mike Soukup, Associate Director, Natural Resources and Science, NPS� XE "Miller, Abby, Deputy Associate Director for Mike Soukup, Associate Director, Natural Resources and Science, NPS:DAB member-fn" \i �; Randy Biallas, Chief Historic Architect, NPS� XE "Biallas, Randy, Chief Historic Architect, NPS:DAB member-fn" \i �.  Director’s Advisors: James Caufield, Chief, Architectural Services, Pennsylvania Historical and Museum Commission� XE "Caufield, James, Chief, Architectural Services, Pennsylvania Historical and Museum Commission: DAB, NPS Director Advisor -fn" \i �; Yvonne Ferrell, Director, Idaho Department of Parks and Recreation� XE "Ferrell, Yvonne, Director, Idaho Department of Parks and Recreation: DAB, NPS Director Advisor-fn" \i �; David Freedman, Chief Engineer, Engineering and Construction Section, Parks and Historic Sites Division, Georgia Department  of Natural Resources� XE "Freedman, David, Chief Engineer, Engineering and Construction Section, Parks and Historic Sites Division, Georgia Department  of Natural Resources: DAB, NPS Director Advisor-fn" \i �; David Morehouse, Administrator, Division of Administration and Technology, Wisconsin Department of Natural Resources� XE "Morehouse, David, Administrator, Division of Administration and Technology, Wisconsin Department of Natural Resources:DAB, NPS Director Advisor-fn" \i �.  Board Advisors: Gary Cummins, Harpers Ferry Center,. NPS� XE "Cummins, Gary, Harpers Ferry Center,. NPS:DAB Advisor-fn" \i �; Rodger Evans, Chief of Project Management for Alex Young, Acting Director, Denver Service Center, NPS� XE "Evans, Rodger, Chief of Project Management for Alex Young, Acting Director, Denver Service Center, NPS:DAB Advisor-fn" \i �.  Board Staff: Ellen Cull, Meeting Facilitator and Management Consultant.� XE "Cull, Ellen, Meeting Facilitator and Management Consultant:DAB staff-fn" \i �; Roger Brown, Office of the Associate Director, Professional Services, NPS� XE "Brown, Roger, Office of the Associate Director, Professional Services, NPS:DAB staff-fn" \i �.


� Snyder. David, Washington Post Staff Writer, “Preserving Canal-Era History: Monocacy Aqueduct Close to Securing Funds for Repairs,” The Washington Post, July 19, 2001, page 9.


� U.S. House of Representatives, House Report 107-234, (accompanying H.R. 2217), 107th Cong., 1st sess., “Conference Report: Making Appropriations for the Department of the Interior and Related Agencies for the Fiscal Year Ending September 30, 2002 And For Other Purposes,” October 11, 2001:


Item (page 87):


“Chesapeake and Ohio Canal NHP, MD (stabilize Monocacy Aqueduct)……6.413 (million)”


H.R. 2217 was approved by the full House by an overwhelming vote of 380 to 28.


� Event speakers were: Superintendent Doug Faris – Welcome and Introductions; Carl Linden – C & O Canal Association; Lisa Burcham – National Trust for Historic Preservation; David Mongan – American Society of Civil Engineers; Marci Ross – Maryland Office of Tourism Development; U.S. Senator Paul Sarbanes; Gail Street, Office of U.S. Senator Barbara Mikulski; U.S. Representative Connie Morella; U.S. Representative Roscoe Bartlett.  Instead of the traditional “first spade of earth,” the guest speakers moved the first stone in the masonry aqueduct.


� Consulting engineers who visited the site from McMullan and Associates included Dennis McMullan, principal; Doug Bond;� XE "Bond, Doug, McMullan and Associates:Conducts on-site inspections" \i � Abba Lichtenstein� XE "Lichtenstein, Abba, Bridge Engineer:Consulting engineer visits site" \i �, consulting structural engineer; 


� NA, RG 79, Records…, Letters Received, Entry 190, November 17, 1831.


� British Department of Transport Standard BD 21/93, The Assessment of Highway Bridges and Structures, Department of Transport, London. 1993a. The British had developed these standards in order to assess their masonry highway bridges to see if they would holds up to the higher loadings of the European Union (EU).


� British Department of Transport Advice Note BA 16/93, the Assessment of Highway Bridges and Structures, Department of Transport, London. 1993a.


� Hendry, A.W., Professor Emeritus, University of Edinburgh, for the Transport and Road Research Laboratory (TRRL), Department of Transport, United Kingdom, Masonry Properties for Assessing Arch Bridges (Contract Report 244), (United Kingdom: Crowthorne, 1990).


� Ibid.


� Architrave p.c. architects; McMullan and Associates; Bregman and Company, Inc., Monocacy Aqueduct: Physical Analysis, Condition Assessment and Alternative Schematic Design Proposals, prepared for the Chesapeake and Ohio Canal National Historical Park, National Park Service, April 1, 1999, III – 11.


� Ibid., III-12.


� Ibid., III-12. Two conditions were examined analytically fixed supports and pinned supports.


� Boothby, Thomas F., Assessment, Maintenance, Repair and Rehabilitation of Masonry Arch Bridges in the United States, Department of Architectural Engineering, Pennsylvania State University, University Park, Pennsylvania, 1997.
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