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       Abstract

The Chesapeake and Ohio Canal was constructed between Washington, D.C. and Cumberland, Maryland from 1828 until 1850.  This construction was an early marker of the beginning of American civil engineering.   The Chief Engineer of the Chesapeake and Ohio Canal was Benjamin Wright, the Father of American Civil Engineering.  The legislative charter for the new canal company stipulated that 100 miles of the canal had to be constructed in the first five years.  There were two obstacles for the company to meet this mandate: the legal blockade put in its way by the Baltimore and Ohio Railroad and the construction of the Monocacy Aqueduct, one of the largest bridges built in the United States at that time.   Wright couldn’t do anything about the legal battles of the company but he could about the Monocacy Aqueduct.    He designed the Monocacy Aqueduct in the autumn of 1828, only a few months after he started working for the company.  Construction began the next year.  Wright visited the construction site in July 1830.  What he found was that the first three piers had been constructed of inferior stone.  This inferior stone had not been detected by Wright’s resident engineer, Herman Bőye, as Bőye was on his deathbed in Georgetown.  Nor had it been detected by the Assistant Engineer, Charles Ellet.  Ellet would go on to a distinguished engineering career but in 1830 was only nineteen years old and inexperienced.  The bad stone should have been detected by Wright’s supervisor of masonry, Robert Leckie, but wasn’t.  Leckie would resign a short time after.  Wright ordered the piers torn down and rebuilt.  Two of the five years to build the Monocacy Aqueduct had thus been lost.  More problems hindered construction.  The first two contractors, Hovey and Osborne, walked away from the project.  Hydraulic cement was in desperate short supply and efforts to develop alternative sources proved inadequate.   These and other problems were overcome by the Chesapeake and Ohio Canal and the Monocacy Aqueduct was opened in the required five years.  The canal company thus met the requirements of their legislative charter.  On seeing the aqueduct,  Robert McFarland, the Superintendent of Masonry, wrote, “…in point of beauty and perfection of workmanship, (it) will … compare with any work of the kind either in this Country or in Europe…”

I. The Beginning of the Chesapeake and Ohio Canal  (1828)

      The Chesapeake and Ohio Canal began with the demise of the Potomac Canal.
  The Potomac Canal was a river navigation system with bypass canals around the major Potomac River obstacles (Great Falls with a drop of 76 feet; Little Falls with a drop of 37 feet).  It was begun by George Washington in 1785 and relied principally on sluices dug or blasted out of the river bed to provide adequate river navigation.  By 1823 the Potomac Canal was widely viewed as a failure.  It was a financial failure in that it only paid one dividend to its investors; it was a legal failure in that it did not meet the legal requirements of the enabling legislation passed by the legislatures of Maryland and Virginia; and it was an engineering failure in that it only provided satisfactory navigation 33 to 45 days a year and because many of the “improvements” made by the Potomac Company to the river bed to improve navigation actually made the river more difficult and dangerous to the navigation that it was intended to help. 

      Instead of a river navigation system, it was decided that a stillwater canal would be needed to provide water transportation between tidewater, at Georgetown in the District of Columbia, and Cumberland, Maryland – 184 miles distant.  The promoters of this stillwater canal envisioned the canal continuing from Cumberland over the mountains to the Ohio River.  The difference between a stillwater canal and a river navigation system was that a stillwater canal didn’t use the river for transportation.  Instead, the canal would be constructed parallel but separate from the river.  Low head dams of five or so feet across the Potomac River would divert water into the stillwater canal via feeder locks.  Instead of dangerous sluices in the river bed, the stillwater canal would rely on lift locks, hydraulic devices that could lift 20 ton canal boats eight feet in elevation in three minutes, sometime less.  Canal boats would be propelled by mules or horses on placid “levels” – areas of smooth water between locks.  Stillwater canals were much better than river navigation systems.  As Isaac Briggs, then the state engineer for the Board of Public Works of the State of Virginia wrote:

Of all modes of internal navigation, this is the most perfect, is liable to the fewest interruptions and afford a transportation cheaper than any other mode of inland conveyance yet discovered.
   

      A stillwater canal required detailed planning and design.  This required a detailed engineering study for the length of the proposed canal.  The Chesapeake and Ohio Canal had not one but two such studies.  The first of these studies was undertaken by the U.S. Army Topological Engineers and submitted in 1826 through the Board of Engineers and the Secretary of War.
  This report recommended that the Eastern Section of the proposed Chesapeake and Ohio Canal (the section between Georgetown in the District of Columbia and Cumberland, Maryland) be routed up the Potomac valley on the Maryland side of the river as, “the obstacles are generally of less magnitude than on the Virginia side; the exposure is more favorable, and will cause in the Spring an earlier, in the Fall a later, navigation; no aqueduct will become necessary at Cumberland …”

      The report by the U.S. Topological Engineers found that the proposed Chesapeake and Ohio Canal was feasible but expensive – over $8 million for the eastern section, from Georgetown to Cumberland.
   The supporters of the proposed Chesapeake and Ohio Canal called for a second study, to be undertaken by civilians trained on the Erie Canal.

      In 1828, civil engineers James Geddes and Nathan Roberts submitted their study of the proposed canal.
  Like the earlier study by the U.S. Topological Engineers, they located the canal on the Maryland side of the river.  Unlike the earlier study, they estimated that only $4 million would be required to construct the canal from Georgetown to Cumberland – one half of the earlier study.

      The proposed stillwater canal would have to cross a number of rivers and streams entering the Potomac.  The largest such crossing would be the Monocacy River on the border of Frederick and Montgomery Counties, Maryland.  Here the Monocacy was in excess of 500 feet in width.  Here Geddes and Roberts estimated that the aqueduct needed to be only 133 feet long, and constructed of a wood trunk supported by stone abutments and piers for a total cost of $20,000.
  

      Geddes and Roberts report was enthusiastically received by the supporters of the Chesapeake and Ohio Canal.  It was the information the promoters of the canal needed to enact the necessary enabling legislation.

II. Beginning the Work (1828)

      Congressman Charles Fenton Mercer was elected President of the new Chesapeake and Ohio Canal.  One of his first acts was to invite Benjamin Wright to Washington to become the Chief Engineer of the new canal.  Wright was paid $5,000 per year.

   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 …”

      Wright, assisted by John Martineau, began working on the design of the canal on June 25, 1828.  They worked on the design seven days a week, “suspend(ind) their labors for the 4th of July only.”

      Ground was broken for the new canal on July 4, 1828, at Little Falls above Georgetown.
  Wright and Martineau laid out the first seventeen miles of the canal in one half-mile sections.  The first contracts were issued by the company in August 1828.
  A second group of contracts were issued by the company, covering some additional twenty-five miles, were issued in October 1828.

      Wright and the Chesapeake and Ohio Canal Company were in a hurry.  The charter for the company required that the company complete 100 miles within five years of its organization.  The company was confident that it could meet or exceed this requirement:

   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.

      After the first forty-two miles were placed under contract, Wright turned to the design of the Monocacy Aqueduct, the single largest and most expensive structure that needed to be built in the first 100 miles of the canal.  The Monocacy Aqueduct was located at milepost 40 above Georgetown.  If the Monocacy Aqueduct couldn’t be completed within five years, then a large middle section of the 100 miles could not be watered and the company would not meet its legislative mandate.
III. Designing the Monocacy Aqueduct (1828-1829)

      In the autumn of 1828, Wright turned to the design of the Monocacy Aqueduct.  There were several approaches Wright could have taken.  One was to ferry canal boats across the Monocacy River.  Many of the early American canals used locks to lock canals boats down to the river, ferry the canal boats across river, and then again used locks to lock the canal boats back up to the canal level on the other bank.  Another alternative, identified in the Geddes and Roberts survey, was to build the piers of masonry and the aqueduct trunk of wood.  These wooden aqueducts were in expensive and quick to build.  But Wright determined that the Monocacy Aqueduct (and the Seneca Aqueduct, which he was also designing) were to be constructed of masonry.  A masonry aqueduct was the most durable and long standing construction solution to cross a river but it was also the most expensive and took the longest time to build.  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 & Monocacy River which are ready to lay before you.”

      Wright’s design for the Monocacy Aqueduct was very close to what was constructed.

“The Plan for the Monocacy Aqueduct is drawn with a water way 19 feet wide at bottom, 20 feet at Top.  The Tow path 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 & 7 feet wide.”

      Wright described the work that was to be undertaken on the Monocacy Aqueduct:

      By calculation 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 on 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.

      In these heady, early days of the Chesapeake and Ohio Canal Company, the Board of Directors even considered making the Monocacy Aqueduct double the width proposed by Wright which would have allowed boats to pass each other, but also would have greatly increased the cost and the time required to build it.
  An aqueduct wide enough for a single boat, as designed by Wright, was decided upon.
      By January 1829, Wright and Nathan Roberts 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.

      Wright also designed the administrative apparatus under which the Monocacy Aqueduct would be constructed.  A contractor would be selected to build the bridge but would work under the supervision of a Resident Engineer, aided by an Assistant Resident Engineer.  It would be the Resident Engineer and Assistant Resident Engineer that would oversee the contractor’s work and certify the quantities of work put in place so that the contractor could be paid.  Wright laid out the first fifty miles of the Chesapeake and Ohio Canal into five engineering residencies – the Monocacy Aqueduct fell under the Fifth Residency.  For the Fifth Residency Herman Bőye, a Danish engineer who had previously worked in Richmond on the first map of Virginia funded by the state, was selected as resident engineer.
  Bőye was a sensitive young man who very much missed his friends in Richmond and his musical pursuits.  For much of the time that he was Resident Engineer of the Fifth Residency Bőye was quite ill, perhaps with cholera.  He would die on March 20, 1830 at age thirty-eight.  

      Charles Ellet Jr. was selected as the Assistant Engineer for the Fifth Residency.  Ellet would become a distinguished civil engineer.  He would later construct the Fairmount Park Suspension Bridge in Philadelphia and the Wheeling Suspension Bridge in Wheeling, West Virginia, as well as many other structures.  But in 1829, at the outset of construction of the Monocacy Aqueduct, Ellet was only nineteen with little experience.  He, like Bőye, would also become ill on the banks of the Monocacy.  Ellet, however, recovered.

      It was Wright’s intention to have the Resident Engineers work under the direction of Division Engineers, two in number.  The First Division covered all work between Georgetown to Harper’s Ferry, above Monocacy Aqueduct.  The five Resident Engineers reported to the First Division Director.  On August 25, 1828, this position was offered to John Martineau.
  But Martineau also became sick and “retired” before the Monocacy Aqueduct began construction.
  He was not replaced.

      To cover the Fifth Residency with the illness of Bőye, the Resident Engineer of the Third Residency, Alfred Cruger, was given additional responsibilities for the Fourth and Fifth Residencies.  This began in January 1830.
  

            Besides his engineers, greatly reduced in effectiveness by disease, Wright also established the position of Supervisory of Masonry.  The Resident and Assistant Resident Engineers were not necessarily experienced in masonry work and therefore Wright established this position.  Robert Leckie was selected for this position.  Leckie, born in Scotland, was an experienced mason who had worked under Benjamin Latrobe at the Marble Quarries several miles below the Monocacy Aqueduct and on the Lansford Canal in South Carolina.  At the beginning of the construction of the canal, Leckie had three sons die of illness, which may have been a factor in his performance on the canal.  He too, was also sick for a prolonged period during the beginning of 1830.
  Although considered competent, Wright had some misgivings on how Leckie dealt with the men working on the canal.
  In the design of the Monocacy Aqueduct, Wright consulted with Leckie on its plan and cost estimate.

      The last, but most important actor in the construction of the Monocacy Aqueduct was the contractor.  On October 31, 1828, the Chesapeake and Ohio Canal Company accepted a proposal from the firm of Hovey & Hitchcock for the construction of Aqueduct No. 2 across the Monocacy river.
  This would be the first of three firms to work on the construction of the Monocacy Aqueduct.
      So at the beginning of the construction of the Monocacy Aqueduct Benjamin Wright had an extensive system for superintending the work.  But because of illness of the various engineers and officers of the company, this system would not work well in supervising the work done at the Monocacy Aqueduct.  The breakdown in this system of supervision would be the primary reason for the later failures at the Monocacy Aqueduct construction site.  
IV.  Assembling the Building Materials (1829)

      The construction of the Monocacy Aqueduct required two basic commodities: stone and hydraulic cement.

      The closest existing freestone quarries were at Peter’s quarries at Seneca, some twenty miles below the Monocacy Aqueduct.  But as Robert Leckie, 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…

      A search was made for a source of freestone, building stone that could be readily cut, in the vicinity of the construction site.  Rock outcroppings were found on the farm of Mrs. Eliza Nelson, on the slope of Sugarloaf Mountain, approximately five miles from the site of the construction of the Monocacy Aqueduct.
  This stone seemed adequate for building the aqueduct and by April 6, 1829, the Chesapeake and Ohio Canal Company had entered into an agreement with Mrs. Nelson to use her land for a quarry for a period of one year.  In return, Mrs. Nelson received $450 from the company.
 

      The company was moving fast in these early days and time was not allowed to test the adequacy of the stone found on Mrs. Nelson’s farm.  Company President Charles Mercer later explained what happened:

…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 removing the incumbent earth and opening the quarry …

      Quarried stone had to be moved from Mrs. Nelson’s farm to the construction site, some five miles away.  Five days after they entered into an agreement with Mrs. Nelson, the company authorized the construction of a railroad, or tramway, over which the blocks of stone could be hauled to the building site.
  There is no evidence that a railroad was constructed at this time.  Several years later, a different contractor would build a railroad from a different quarry, on Joseph A. Johnson’s farm, to the construction site.

      At the time they 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.  Company President Charles Mercer 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 …

      Although Mercer may have preferred the harder stone existing on Johnson’s farm, the decision had been made that the aqueduct was to be constructed largely from the stone that came from Mrs. Nelson’s farm, although not entirely.  Some stone came from Johnson’s farm.  In December 1829, Chief Engineer Benjamin Wright issued orders to Assistant Resident Engineer Charles Ellet on which stone to use in which portions of the aqueduct:

You will bear in mind that the Piers and Abutments are to be of Red or Grey Stone up 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, or the Sheeting may be in part of Red Stone if the Contractor shall prefer.

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 gray stone was the stone quarried from Mrs. Nelson’s farm.  The white stone was taken from Joseph Johnson’s farm as was, it is believed, the red stone.  What Wright is saying in this order is that the white stone, the hardest of the three stones, should be used for the structural portions of the arch – the skew backs, the ring stones and so forth.  Ths is where the high compressive strength of the white stone would be most needed.  The softer stones, the gray and red stones, were to be used in the less structural components of the aqueduct, the spandrel walls, the vertical sheeting, the pilasters, parapets and coping.  From these instructions, it is clear that it was Wright’s intention to use the gray stone from Mrs. Nelson’s quarry for the piers and abutments.

      The 1829 construction season began and Hovey used both boats on the Monocacy River and overland transportation to get the stone from Mrs. Nelson’s farm to the construction site.  The first cofferdam was built in the usually shallow Monocacy River in June 1829
 and the business of pier construction begun.  The stone was rough hewn at the quarry and finished at the construction site.  Each stone was placed twice in place, first without the mortar to test its fit and second with the mortar.  Robert Leckie provides us with a description of the process of pier construction:

…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, 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. lay) as solid as when it was in the quarry.
 --  

      Besides stone, the contractor, Hovey, needed hydraulic cement for the mortar.  Hydraulic cement was used in the construction of aqueducts because it is naturally water insoluble.  In planning to build the Chesapeake and Ohio Canal, the company authorized Chief Engineer Benjamin Wright to contract with John Cocke Jr. to search the limestone region above Leesburg, Virginia, to, “…ascertain the existence, situation, quantities and probable cost of hydraulic lime.”
  The Board of Engineers study of 1826 had predicted that no limestone suitable for hydraulic cement would be found.
  But Cocke found an excellent source of hydraulic cement, south of Shepherdstown Virginia (now West Virginia).
  The company entered into a contract with Botelor & Reynolds to build lime kilns to burn the limestone and to grind the burnt limestone in their existing flour mill.  By November 1829 Botelor and Reynolds had three lime kilns in operation burning 700 to 800 bushels per day and were grinding 60 bushels of the burnt limestone to produce cement every nine hours, or about 500 bushels of hydraulic cement per day.

      The Shepherdstown operation produced hydraulic cement that was one third to one half the cost of New York cement and one fifth of the cost of imported English cement.
  Further, the Shepherdstown cement was superior both to New York and English hydraulic cement.

      But there wasn’t enough Shepherdstown cement to supply all of the contractors.  The Monocacy Aqueduct alone required 40,000 bushels of hydraulic cement.
  A single masonry lock required another 3,000 bushels of hydraulic cement.
  Contractors adopted the practice of waylaying boats bound for another contractor, so as to obtain their needed 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 so 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.
   Cement was lost when boats carrying that cement sank.

      In order to increase the supply of hydraulic cement, the company investigated the possibility of developing a second mill for cement production in the vicinity of Monocacy Aqueduct.  In 1829 Robert Leckie contracted with James Olcott to find limestone suitable for manufacturing hydraulic cement near the Monocacy Aqueduct.
  Olcott found suitable limestone near Tuscaraora Creek, just north of the mouth of the Monocacy River.  Leckie tested eighty batches of this material and found them all good.
  Small kilns 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.
  These tests proved successful and in April 1830 the company contracted with Brackett & Guy 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.
  The hydraulic cement produced at Tuscarora Creek, however, didn’t prove to be adequate, probably because the Brackett & Guy burned the limestone with wood rather than the hotter burning coal.  The Board of Directors ordered that none of the Tuscarora hydraulic cement be used in the Monocacy Aqueduct.
  Shortages of hydraulic cement continued to hinder construction of the Monocacy Aqueduct.

      As 1829, the first full year of construction, was coming to an end, the Monocacy Aqueduct’s contractor, Alfred Hovey, abandoned his contract.
  All work came to an immediate halt.  Before default, Hovey had 129 men on the project and 6 boys, 36 horses, 14 oxen and 9 four-wheeled carriages.  After default, these numbers dropped to zero.

      The reasons why Hovey abandoned his contract for building the Monocacy Aqueduct are not clear, but apparently they relate to an attack made on his work by Robert Leckie and representations made about his work to the Board of Directors by Charles Ellet.
  Just before Hovey walked off the job, Superintendent of Masonry Robert Leckie had written to Benjamin Wright about the work on the Monocacy Aqueduct, “The Masonry is so bad that it is not worth having…”

V.  Building and Demolishing the Piers (1830)

      Losing a contractor on the most important structure on the line was a setback to the Chesapeake and Ohio Canal company.  They quickly replaced Hovey.  On December 9, 1830, A.P. Osborne proposed to complete the work on the Monocacy Aqueduct at the same terms and prices which the Board had given Hovey.  Osborne proposed to include Hovey’s former partner, John Legg, in the work.  The proposal was immediately accepted.

      On the same day, Chief Engineer Benjamin Wright sent a letter to Assistant Resident Engineer with instructions for how to handle the construction of the Monocacy Aqueduct under Osborne.


      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 the 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... 

      By the beginning of the 1830 construction season, the company’s plans had not changed – the piers were to be constructed of the gray stone from Mrs. Nelson’s quarry.

       It was difficult for the Chief Engineer, Benjamin Wright, 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 and he was busy supervising the entire works.  He 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.  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 was of doubtful quality.

      But what 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.
 

      On August 14, 1830, Robert Leckie 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, 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.

       Demolition of the three built piers on the Monocacy Aqueduct represented an enormous setback for the Chesapeake and Ohio Company.  Their legislative charter called for the company to complete 100 miles of canal within the first five years.  This would not be possible without the completion of the Monocacy Aqueduct.  The decision to demolish the three built piers meant that the company had lost two years of construction time on what was their largest single structure to be built.

      Several months previous, the company had entered into a contract with Joseph Johnson to quarry the white stone that was found on his farm.  In February of 1830, Joseph Johnson had offered the quarry to the company for $500 per year and this was the price agreed upon.
  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.  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 …  

      The white, hard stone from Johnson’s farm would become the major source of building stone for the Monocacy Aqueduct.

      The piers needed to be rebuilt and as soon as possible but Asher P. Osborne, the aqueduct’s contractor, was financially strapped.  On July 24, 1830, he applied to the company for an advance on the contract for the aqueduct.
  On July 31, 1830, Wright recommended to the Board of Directors that Osborne not be given this advance.
  Osborne then asked the Board for their permission to reassign his contract to another contractor, LeBaron, Burns & Co. of Pennsylvania.  On August 21, 1830 the Board agreed.
  

      After two years of construction, the company was now on their third contractor for the Monocacy Aqueduct.  The work that had been put in place by Hovey and Osborne was now being demolished.  These would not be rebuilt until the following year, 1831.  Adequate hydraulic cement for this construction was lacking, particularly after the failure of the Tuscarora cement.  Other bad news followed.  The new contractor informed the company that much of the stone that Osborne had cut was not fit for use.
  And, to cap the plethora of bad news of the summer of 1830, Chief Engineer Benjamin Wright submitted his letter of resignation on July 31, 1830, effective October 1, 1830.

      Things didn’t get better for the company for the rest of 1830.  The new contractor, LeBaron, Burns & Co., didn’t begin masonry construction operations that autumn.
  What little work that was being done was interrupted by the onset of an early and harsh winter.

The company looked forward to a better year in 1831.
VI. Completing the Aqueduct (1831-1833)

      LeBaron, Burns & Co. were experienced contractors who had worked on the Pennsylvania canal.  But their progress is 1831 was slow.  This was a great concern for Chesapeake and Ohio Canal Company President Charles Mercer.  In March 11, 1831, he wrote to the Resident Engineer, Alfred Cruger:

I seize this occasion to urge thro you the contractors for the Aqueduct the diligent prosecution of their work.  From the number of hands reported to be engaged on this work great apprehensions of its being much delayed.

      And again on September 10, 1831, Mercer writes Cruger:

… especially that you order the immediate renewal of the construction of the Aqueduct across the Monocacy … 

      And again on November 25, 1831:

I was the other day at the mouth of the Monocacy, and saw, with regret, the very feeble force employed on the Aqueduct; which for want of additional centers, in the first instance, and an adequate force, to use them, to advantage, has been, by the Contractor wantonly exposed to the hazards of destruction, so far, as it is done, by the winter of ices and freshets.

      Despite these expressed concerns by Mercer, the contractor, LeBaron, Burns & 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 & 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 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 Cruger 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 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 Cruger, 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…”

      The contractor also introduced new innovations to facilitate construction.  He constructed a temporary wooden bridge adjacent to the Monocacy Aqueduct as a means of efficiently distributing the construction materials over the structure under construction.

      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.

VII.  Summary and Conclusions

      The Monocacy Aqueduct served as the largest of the eleven aqueducts for the Chesapeake and Ohio Canal for the next ninety years, until 1924 when the canal was abandoned.  It still serves as a bridge over the Monocacy River for hikers, bikers, joggers, horse back riders and other visitors to the Chesapeake and Ohio Canal National Historic Park.  As one of the principal features of this park the Monocacy Aqueduct is today greatly respected as one of the great icons of the American canal era.  A recent public-private effort has led to a $7 million restoration project which will insure that this aqueduct will survive for at least another one hundred and seventy years.

      The Monocacy Aqueduct was constructed when the American civil engineering profession was still in its infancy.   Benjamin Wright, the Father of American Civil Engineering, was the undisputed designer and builder of the Monocacy Aqueduct.
  Other early American civil engineers who were associated with the Monocacy Aqueduct include Nathan Roberts and James Geddes (who surveyed the aqueduct’s initial location  -- Nathan Roberts also having worked on the design of the centering), Charles Ellet, Jr., the Assistant Resident Engineer, as well as Alfred Cruger and Charles Fisk (who would later become the Chief Engineer of the Chesapeake and Ohio Canal Company).  When it was completed, it was one of the largest structures of its type in the United States.

      The Monocacy Aqueduct can be visited by driving to Dickerson, Maryland, and turning on to Mouth of Monocacy Road.  At the end of this road is the Monocacy Aqueduct which, in the words of one of the workmen who built it, “…in point of beauty and perfection of workmanship, (it) will … compare with any work of the kind either in this Country or in Europe…”
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