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       Abstract

The American Society of Civil Engineers was organized in 1852.  But American civil engineering began much earlier.  To understand the beginning of American civil engineering, it is useful to look at America when civil engineering and American civil engineers did not exist but were coming into existence.  The history of the Potomac Company, established in 1785, provides us with a vehicle for examining America without civil engineers and civil engineering.  As the company’s first president, it was George Washington who first tried to hire American civil engineers to undertake the planning, design and construction of the Potomac Canal – but there were none.  England and France had engineers but the company was not willing to pay foreign engineers to come to America.  The company did occasionally use English engineers already in America as consultants.  It was Washington and his Board of Directors who made the engineering decisions for the canal.  The principle engineering decision was the decision to use sluice navigation as a means of improving the Potomac River navigation.  In engineering terms, as shown later by early American engineers Thomas Moore and Isaac Briggs, this decision was not only wrong but counter-productive—sluice navigation made the river more dangerous and difficult to navigate.  By 1823 the Potomac Canal was widely viewed as a major failure, not only financially (which it was) but also from an engineering perspective.  The failure of the Potomac Company was directly related to the lack of engineering expertise used in its planning, design and construction.  It was decided that the Potomac Company had to be abandoned and replaced by a new stillwater canal, the Chesapeake and Ohio Canal.  The new canal was to be planned and designed by an army of civil engineers from the Erie Canal and elsewhere, under the direction of Benjamin Wright, the father of American civil engineering.  These men employed totally different methods than were used on the Potomac Canal.  Detailed plans were prepared.  Levels and other precise survey instruments were used.  Work was broken into individual contracts monitored by a large corps of engineers.  Between the beginning of the Potomac Canal (1785) and its demise (1828), civil engineering had come to America and Americans had become civil engineers.
Figure 1.  John Ballendine’s map, “A Map of Potomack and James River in North America Showing their several Communications with the New Province on the River Ohio.”  This undated map is believed to have been executed in 1773 or 1774 in London for John Ballendine to promote the development of the navigation schemes of the Potomac and James Rivers to the Ohio Territory.  As such it is one of the earliest maps developed for American canal development.  Ballendine had been sent to England to study the canals of that country, especially the Duke of Bridgewater’s two canals built by James Brindley near Manchester.  This map was part of a detailed plan to develop the Potomac River navigation through a series of bypass canals to be constructed around the principal obstacles to navigation in the Potomac River.  Navigation between these bypass canals was to be river navigation with adjoining horse path.  The Potomac Company, organized in 1785, was influenced by Ballendine’s  plan but did not follow it with respect to bypass canals.  Use of image courtesy of the Library of Congress.
I.  Introduction
      In the year 2002 we celebrate the 150th anniversary of the establishment of the American Society of Civil Engineers, begun in 1852.  But the establishment of the Society was not the beginning of American civil engineering.  Rather, it was an act that formally recognized that there was a profession of civil engineering in America.  American civil engineering began much earlier.  To investigate when American civil engineering actually started, it is useful to look at America when civil engineering and American civil engineers did not exist.  The history of the Potomac Company (1785-1828) provides a vehicle for examining the early beginnings of American civil engineering and American civil engineers.  Engineering decisions for the Potomac Company were made by George Washington, the first president of the company, and his board of directors.  These decisions were augmented with occasional consultation from English engineers, such as James Brindley, the nephew of the famous English canal builder; William Weston, the English canal builder who worked on the Schuylkill & Susquehanna Navigation and sometimes called the father of American canals; Nicholas King, principally known for his surveying work for the City of Washington; and Christopher Myers, who was fired by the company for misuse of company funds and labor.  In addition, Benjamin Henry Latrobe designed an extension to the Potomac Canal that if it had been constructed would have extended the Potomac Canal from its terminus at Little Falls through the City of Washington to the Navy Yard on the Anacostia River.  
      The Potomac Canal was a financial failure and in 1828 it was replaced by the Chesapeake and Ohio Canal (1828-1924).  Unlike the design and construction of the Potomac Canal, the Chesapeake and Ohio Canal was begun by an army of engineers whom Benjamin Wright, called the Father of American Civil Engineering, brought with him from the recently completed Erie Canal and elsewhere.  These men employed totally different methods than were used on the Potomac Canal.  Detailed plans were prepared.  Levels and other precise survey instruments were used.  Work was broken into individual contracts monitored by a large corps of engineers.  Between the beginning of the Potomac Canal (1785) and its demise (1828), civil engineering had come to America and Americans had begun civil engineers.
Figure 2.  There were five principal obstacles to improving he navigation from Georgetown (on the tidal waters of the Potomac River) to Cumberland, Maryland, which Ballendine addressed in his plan: Little Falls; Great Falls; Seneca Falls; Payne’s Falls, the Spout and Shenandoah Falls; and House’s Falls. Ballendine planned for bypass canals at the first four of these obstacles.  Once above House’s Falls (located above Harper’s Ferry, West Virginia) navigation was relatively unimpaired to Cumberland, Maryland.  Ballendine died in 1781 and never saw his plan implemented.   When the Potomac Company was organized in 1785, George Washington, its first president, and the company’s Board of Directors, decided only to build bypass canals at Little Falls and Great Falls.  At the remaining locations sluice navigation would be used.  A major factor in this decision was a lack of engineers who could plan, design and execute the bypass canals proposed by Ballendine – American civil engineers did not exist and the company was not willing to pay the money to bring over from Europe an English or French engineer. 
II.  The Potomac River

      The Potomac River drains a basin of approximately 14,670 square miles, including the District of Columbia and parts of Maryland, Pennsylvania, Virginia and West Virginia.  It is approximately 400 miles long.  At its mouth, at the Chesapeake Bay, the Potomac is eleven miles wide.   Further upstream, at Harper’s Ferry for example, the Potomac River averages 1300 feet in width.  Up to Georgetown and Alexandria, the Potomac is part of the Chesapeake Bay tidal estuary.  The region that the Potomac River drains receives 35 to 45 inches of rain per year (60 inches in the higher elevations).  Flow rates vary from 559,000 gallons per minute (gpm) at Cumberland, Maryland to 4.2 million gpm at Point of Rocks, Maryland and 5.1 million gpm at Washington, D.C.

      In the eighteenth and early nineteenth century, shipping by water was much less expensive than shipping by land – perhaps only one twentieth the cost of land transportation.
  The tidal Potomac provided water transport as far as Georgetown and Alexandria – ports established for the tobacco trade and extensively used in the eighteenth and nineteenth centuries for grain export.  Above Harper’s Ferry (located approximately 60 river miles above Georgetown) the Potomac River was navigable by narrow river craft as far as Cumberland (located approximately 185 river miles above Georgetown).  Once at Cumberland it was possible to use wagons to cross the Appalachians to the Ohio River valley.  If the obstacles between Georgetown and Harper’s Ferry could be overcome, the Potomac River could be used as a highway to link tidal Maryland and Virginia to the Appalachian region and beyond.
      There were five obstacles to river commerce between Georgetown and Harper’s Ferry:

1. Little Falls (3 river miles above Georgetown).  Here the Potomac River drops thirty-seven feet.  Downstream navigation through the Little Falls is not possible and upstream navigation difficult and dangerous.  If the Potomac River was to be used as a highway, Little Falls would have to be bypassed by a canal.
2. Great Falls (14 river miles above Georgetown).  The next obstacle upstream was the Great Falls of the Potomac, where the river falls seventy-six feet.  Even more so than Little Falls, the Great Falls was impassable to river traffic.  Like Little Falls, the Great Falls would have to be bypassed by a canal.
3. Seneca Falls (22 river miles above Georgetown).  With a drop of only seven feet, it was possible for downriver traffic to navigate Seneca Falls, but only at times of high water and only with great difficulty and danger.  Upstream traffic was also very difficult and dangerous.

4. Paynes Falls, the Spout, and Shenandoah Falls (55 to 62 river miles above Georgetown).  Proceeding upriver from Seneca Falls the next obstacle was a series of rapids near the town of Berlin (now called Brunswick), Maryland.  The first of these was Payne’s Falls, where the Potomac River crossed the Catoctin Mountains.  Continuing upriver, next was, “The Spout,” and “Bull Ring Falls,” both immediately below the town of Harper’s Ferry and the mouth of the Shenandoah River.  Above Harper’s Ferry was Shenandoah Falls
 where the Potomac fell fifteen feet in a mile.  These rapids were also difficult and dangerous but could be navigated downstream at a time of high water.

5. House’s Falls (65 river miles above Georgetown).  Four miles beyond the head of Shenandoah Falls was House’s Falls, where the Potomac River fell three feet.  Above House’s Falls was relatively clear navigation to Cumberland, Maryland.

      The proponents of developing the Potomac River for navigation believed that if these five obstacles could be overcome then the wealth of the upper Potomac River could be easily shipped to the port cities of Georgetown and Alexandria.  Perhaps even the wealth of the Ohio River valley beyond.

III.  Early Proposals to Open the Potomac River to Navigation
      A.  Military Transport for General Braddock (1755).
      One of the first proposals to use the Potomac River as a water highway came as a result of General Braddock’s advance on the French and their Indian allies as part of the French and Indian War.  It was proposed to use the Potomac for military transport.  In 1755 Maryland Governor Horatio Sharpe and Sir John St. Clair traveled the Potomac River to determine if the river could be used.  They determined that it could not.
  Instead of utilizing the Potomac, Braddock improved existing trails and built Braddock’s Road from Cumberland toward Fort Duquesne (Pittsburgh).  He and his men were ambushed on this road and defeated on July 9, 1755.  
      B.  Proposal of 1762.
      Shortly before the treaty of Paris was signed ending the Seven Year War between England and France (1763), interest in developing the Potomac River as an avenue of commerce was rekindled.  A proposal to open the Potomac River for navigation from Cumberland, Maryland to just above Great Falls was made.
  The men involved in this proposal had intense speculative interest in this area.  For example, Colonel George Mercer, the son of John Mercer, secretary and legal counsel to the Ohio Company, was named by this announcement as one of the Treasurers.  Thomas Cresap, the Ohio Company’s field manager, was named as one of the individuals authorized to take subscriptions.
This also proposal suggested that the Great Falls of the Potomac could be somehow opened or bypassed and that “Skillful Gentlemen have agreed to view the Great Falls…” and to report if this is practicable.
   There is no reference to whom these “Skillful Gentlemen” might be or if they even undertook their study of the Great Falls.  At this time civil engineering had not yet been invented but the reference to “Skilful Gentlemen” is clearly a reference to a man or men who had the skills of what would become a civil engineer.  No work was undertaken on the Potomac River navigation under this proposal.
      C.  John Semple’s Proposal of 1769.
      Perhaps the first serious, detailed proposal for improving Potomac River for navigation was made by John Semple, an immigrant from Scotland who first settled in Prince Charles County, Maryland, but after relocated to Virginia and who bought and developed the Keep Trieste Furnace above Harper’s Ferry.
  In his proposal Semple first reviewed previous proposals for Potomac River navigation improvements.  He reviewed the reason for the failure of the proposal to use the Potomac for carrying military cargo for General Braddock’s advance and also the reason for the failure of the 1762 proposal.  Semple explained that the failure of the proposal to use the Potomac for military transportation was because of the construction of a road over the mountains in Pennsylvania by General Forbes.  This road, “put an entire Stop to all further proceedings.”
  The proposal announced in the advertisement of 1762 was stopped because it was, “…thought by many to be too heavy for private persons to accomplish.”
  Semple explained that some individuals proposed taking this effort to the State Legislature for assistance but, “some of that respectable body being consulted, they advised the postponing of it to a more favorable opportunity.  The people at that time being heavily burthened with taxes occasioned by the late war…”
  Semple thought that now, 1769, was an appropriate time to open the Potomac to navigation.

      Semple’s proposal included the following elements:

1. Little Falls.  Semple, like the 1762 proposal, proposed to begin his river navigation improvements above Great Falls, thus avoiding the obstacles of both Little Falls and Great Falls.  His plan began river navigation improvement at the Widow Brouster’s, two miles above Great Falls,
 an established landing for Potomac River boatmen.

2. Great Falls.  Like Little Falls, Semple envisioned no work to be undertaken at this location.

3. Seneca Falls.  Semple believed that there was sufficient water during the winter and spring months and sometimes as late as June or July for boats properly constructed to pass from the upper end of Seneca Falls to Payne’s Falls, some forty miles above Georgetown.
  Passage at Seneca Falls would be via “gates” – either locks or flash locks – installed in each of the two dams that were to be constructed here.  Each of these dams were to be five feet high.
4. Paynes Falls, the Spout and  Shenandoah Falls. Once at Payne’s Falls, there are three separate obstacles to be overcome: Payne’s Falls itself, the Spout and Shenandoah Falls.  Semple proposed that Payne’s Falls be passed by means of a sluice or channel.
   This improvement would also cost ₤250.
     Above Payne’s Falls is the Spout.  Semple’s plan called for this rapid to be passed by another channel.
  Above the Spout is Shenandoah Falls, beginning at Harper’s Ferry.  Semple recommended that a stillwater canal, with locks, be constructed around these rapids.  This bypass canal would be a half mile long.

5. House’s Falls.  And at the head of Shenandoah Falls, above Harper’s Ferry, Semple proposed that the natural channel, which someone had previously tried to improve, be made into another stillwater bypass canal.
  This improvement would cost, according to Semple, ₤800.   Semple stated that from here, above House’s Falls, one can continue 130 miles upstream to Cumberland.
  
      Semple also addressed how other areas of the river might be cleared and improved.  He suggested appointing overseers who would clear out navigable channels in the riverbed for year-round river travel  -- a harbinger of the sluice navigation work that the Potomac Company was to later undertake.

      Semple’s proposal became the basis for the proposal introduced in the House of Burgesses in the same year, 1769
 by Richard Henry Lee and George Washington, “for clearing and making navigable The river Potowmack, from the great Falls of the said River up to Fort Cumberland.”
  No action was taken on the bill.

      It was not only Virginians who were interested in opening the Potomac River to navigation.  In his proposal, Semple makes reference to others who were developing plans to make the Potomac River navigable:

…some Gentlemen have lately carefully viewed the river and computed the Expence of removing the different obstacles, that obstruct and make the passage of Vessells Difficult…

      Probably Semple is referring  to Marylanders interested in opening up the Potomac River to navigation, especially Thomas Johnson.

D.  Thomas Johnson’s Sluice Navigation Proposal of 1770.
      Thomas Johnson, the man who nominated George Washington to be the Commander in Chief of American forces during the Revolutionary War and who later became the first Governor of the State of Maryland, was also interested in improving navigation of the Potomac River.  Johnson’s letters to Washington on this subject have been preserved, along with his drawings of lock gates and a route for a canal around Great Falls.
  His drawing of the lock gates foretold the design to be used by both the Potomac Company and the Chesapeake and Ohio Canal Company while his route for the bypass canal around Great Falls was approximately the route that was used almost twenty-five years later by the Potomac Company. 

      Where Semple favored locks to overcome the falls and rapids of the Potomac, Thomas Johnson did not.  In a letter to George Washington, dated June 18, 1770, Johnson discussed what would come to be called “sluice navigation.”  This involved blowing channels out of the bedrock of the river bottom to develop chutes or sluices down which the narrow riverboats could pass.

      Johnson wrote to Washington why he preferred sluice navigation to the use of locks in overcoming falls such as the Shenandoah Falls – that sluice navigation appeared a feasible means to Johnson to navigate the rapids above Harper’s Ferry and if locks were constructed, they would be vulnerable to damage by floods and ice storms.

      In an undated Maryland Subscription Paper thought to have been the subscription paper referred to by Johnson in his June 18, 1770 letter to Washington, Johnson again discusses what would come to be called sluice navigation at the Shennandoah Falls above Harper’s Ferry.  He describes how sluice navigation could be combined with two small locks that would be filled in the fall with stones to prevent flood and ice damage.  These locks would be emptied of those stones in spring allowing river commerce would resume.

      Fifteen years later Washington, as President of the Potomac Company, would decide on sluice navigation over the construction of locks in these areas  -- perhaps influenced by Thomas Johnson’s earlier arguments.  The sluice around Shenandoah Falls, called the Long Canal, would be constructed complete with a towing path, but without the locks, much as had been recommended by Johnson.  

      In his letter of June 18, 1770 to George Washington, Johnson appeared confident that the Maryland subscription for the proposed Potomac River navigation improvements would be widely supported.  He encouraged Washington to urge Virginians to support the project.  On July 20, 1770, Washington wrote to Thomas Johnson on the plan for improving the navigation of the Potomac River.  Washington wrote of the general strategy that would be needed to establish the Potomac Company – a combination of legislative authority from both the Maryland and Virginia state legislatures, and a combination of public and private capital.
  The Maryland subscription wasn’t widely supported and this initiative failed.
E.  John Ballendine’s Plan for Bypass Canals and River Navigation of 1774.
      While these plans were being put forth for navigation on the Potomac River, James Brindley was constructing the first true canals in England, for the Duke of Bridgewater.  The first of these two canals was constructed 1760-1763 and extended west from Manchester seven miles to the Duke of Bridgewater’s mine at Worsley.  The second, constructed 1762-1773, extended west from the first canal to the River Mersey.  Traffic from Manchester could then descend the River Mersey to Liverpool.
  These canals were immensely successful, in lowering the cost of coal delivered to Manchester from the mines at Worsley, in providing an ocean outlet for goods produced in Manchester and in improving the general quality of transport in England.  The success of the first and second Duke of Bridgewater’s canals sparked the canal revolution in England.  Those men planning the improvement of the navigation of the Potomac River were aware of these developments in the mother country.  They decided to send a representative to England to study Brindley’s canal works so that similar improvements could be made upon the Potomac.
      John Ballendine, John Semple’s half brother, was selected to go to England to study these early canals. Despite a somewhat dubious reputation,
  he had the support of George Washington who thought he had a natural genius for this sort of thing and thought he should be encouraged.
  On May 8, 1772 Ballendine secured support from a number of prominent men and it was that support that enabled him to travel to England to examine canals and locks in order to develop a better plan for improving the Potomac River for navigation.
  While in England he visited the Duke of Bridgewaters' canals, and others, in England.
  While in London in 1773, Ballendine had printed a proposal for improving the Potomac River navigation to secure English support.
  He was not successful in gaining that support.  

      Ballendine returned home to America.  On September 8, 1774, he announced in the Maryland Gazette that he was back from Europe with a number of engineers and artificers to open the Potomac to navigation at and above Little Falls and proposed a meeting of principal subscribers for this work to be held September 26, 1774.
  The meeting was held October 10th and the subscribers met and endorsed his plan.  But implementation depended on adequate funds being received.  He added a note to his announcement stating that a minimum of ₤30.000 Pennsylvania currency needed to be subscribed to achieve success.

      Although most of the numerous newspaper announcements taken out by Ballendine during this period have been published,
 Ballendine’s detailed plan (a copy of which is in the National Archives) has not.  It was an ambitious plan and one that was advanced over the previous plans set forth for the improvement of the navigation of the Potomac.  The plan also influenced George Washington and the Board of the Potomac Company as they developed their plans, in 1785, to build the Potomac Canal.

      Unlike previous proposals for improving the Potomac River for navigation, Ballendine began his plan at tidewater and not above Great Falls.  His first recommendation dealt with a bypass canal around Little Falls:

1. Little Falls.  At Little Falls Ballendine proposed a three mile bypass canal equipped with four lift locks to overcome the thirty-seven foot drop in elevation.
  Ballendine went on to explain that the three mile long canal bypassing or skirting the Little Falls should be thirty feet wide and four feet deep.
   The dimensions of the locks would be adequate to admit barges one hundred feet along, fifteen feet wide and four feet deep – large boats compared to the river vessels of the day.   He also recommended, at a cost of ₤1200, that a dam be constructed at the upper end to divert water from the Potomac River into the Little Falls bypass canal.  His plans for the Little Falls bypass canal were very close to what was constructed twenty years later by the Potomac Company.  There was six miles between the head of Little Falls and the base of Great Falls.  Ballendine was aware that the river in this area was full of rocks and rapids, such as Stubblefield Falls, and that work would also be required in this stretch of the river.  His plan included clearing rocks in the river and building a horse tracking path along the river bank.
   Ballendine wrote that the horse path, “…must be laid with stones secure from freshes… .”  By planning that these paths, “…would be secure… ,” he is suggesting that the paths would naturally be in the flood plain, would be periodically flooded but without damage and would be reused after the flood resides.

2. Great Falls.  After Little Falls, the second major obstacle to upstream river navigation was at Great Falls where a drop of seventy-six feet must be overcome.  As at Little Falls, Ballendine proposed that this obstacle be overcome by a bypass canal, with locks.  He was aware that a portion of the excavation would have to be undertaken through solid rock and he allowed extra expense for that excavation.  As at the Little Falls bypass canal, he specified unusually large locks for the time – one hundred feet long by sixteen feet wide and four feet deep.  He also specified a small dam at the head of the bypass canal to divert water from the river into the canal.
  Ballendine did not specify whether this bypass canal was to be built on the Virginia side, where is was to be built twenty years later by the Potomac Company, or the Maryland side, where the Chesapeake and Ohio Canal was to be constructed over fifty years later.  Work between Great Falls and Seneca Falls would have been similar to work between Little Falls and Great Falls: rocks were removed from the river and a horse path built alongside the river.

3. Seneca Falls.  The third obstacle to Potomac River navigation, after Little Falls and Great Falls, was Seneca Falls.  Ballendine proposed a thirty-foot wide canal, four feet deep and one and an half miles in length on the Virginia side of the river, with a single lock to overcome the seven-foot drop of the Potomac at Seneca Falls.  This canal would begin at “Iron Landing” where a regulating lock would be constructed to bring water into the canal from the Potomac.  The canal would terminate at its lower end at Mill Branch.
  Semple had recommended the construction of two dams here (and the use of the existing third dam, having been built by Ballendine).  The Potomac Company would not follow these recommendations but instead constructed a sluice navigation through Seneca Falls.   From Seneca Falls to Payne’s Falls Ballendine proposed work similar to the work he proposed between Little Falls and Great Falls, or the work proposed between Great Falls and Seneca Falls, Ballendine recommended removal of rocks in the river and the construction of a horse path between the upper end of Seneca Falls and the beginning of Shenandoah Falls.

4. Payne’s Falls, The Spout and Shenandoah Falls.  Ballendine’s plan  groups Payne’s Falls, The Spout and Shenandoah Falls under the heading of Shenandoah Falls.  Here he recommended a three mile long bypass canal equipped with two locks.

5. House Falls and above.  To the above improvements for Potomac River navigation, Ballendine added improvements in the river from Shenandoah Falls to Cumberland, 120 miles, and locks at House’s Falls and at Anita (i.e. Antietam) Creek.

      Ballendine’s proposal would have cost £ 45,000 (about $150,000) as compared to Semple’s proposal of £ 5,000 (about $17,000).
  Raising the amount of money required by Ballendine’s proposal must have seemed daunting.  Nonetheless, Ballendine and his supporters seemed confident that such an amount could be raised.

      Ballendine, in the same proposal, estimated that the tolls needed to be collected to pay for these large costs these improvements would probably generate ₤ 11,875 per year
 – about $40,000.  In other words, the tolls from the increased river traffic would more then pay for the expenditures within four years.   In developing this estimate of future revenue, Ballendine estimated yearly tolls on the following downriver commodities: tobacco (£ 750); wheat and other grain (£1667); Indian corn (£833); flour (£1875); pig and bar-iron (£1500); timber, plank, stave (£2000); lime, coals and freestone (£500) and one-fourth of the downriver total for shipping upriver salt, rum, sugar, fish, dry goods, to provide the total annual estimated yield of £11,875.

      On October 25, 1774, Ballendine advertised a meeting to be held on November 12, 1774 to elect the Trustees of this enterprise and to announce that he had begun work on the canal at Little Fall.

      Whether Ballendine ever started building his canal at Little Falls has been debated.  Many plans had been put forth over the years by various prospective builders for improving the Potomac River for navigation, virtually none were carried out.
  The evidence indicates that, although Ballendine never completed his canal, he did at least initiate construction.
  Shortly after beginning construction of the bypass canal at Little Falls, Ballendine transferred his operations from the Potomac River to the James River.
  He announced that the reason for this was the lack of cooperation by the Maryland Assembly on the Potomac River proposal.

      Ballendine’s 1774 proposal for navigation along the Potomac River was only one aspect of a three part plan led by George Washington, Thomas Johnson and John Ballendine – although it was the most prominent of the three parts.  After the war, Washington, in a letter to Thomas Jefferson dated March 29, 1784, spelled out the three parts of the plan that was initiated by he, Johnson and Ballendine a decade earlier – the first part was the public plan advertised by Ballendine, the second part was the legislation that Washington was to have the Virginia Assembly enact and the third part was similar legislation to be enacted by the Maryland Assembly upon the action of Thomas Johnson.
   Several parts of the plan had been put in place by 1775: the public part by Ballendine and Virginia’s part by the Acts of 1772 and 1775 in the Virginia House of Burgesses.  But the American Revolution had begun.  All plans to improve navigation of the Potomac River were placed on hold.

      Like most Americans, Ballendine’s attention swung to the war.  In conjunction with a new partner, John Reveley, Ballendine proposed to the Virginia Convention in May 1776 that they advance him and his partner funds for the establishment for a furnace and foundry so as to cast cannon and ball for the use of the Continental Army.  The convention agreed to furnish ₤5000 in return for a mortgage on Ballendine’s and Reveley’s property and for iron to be furnished.  The State was to build and operate the foundry and use water from Ballendine’s canal, then being dug.  Problems arose.  Ballendine could not supply the iron ore contracted for, from Buckingham County.  Shortly thereafter, on January 1, 1781, British vessels sailed up the James, entered Richmond on January 5, 1781, and destroyed Ballendine’s and Reveley’s property, including the foundry and its shops and their dwellings.  Ballendine never got over this setback and died the same year, on October 14, 1781.
     

IV.  The Establishment of the Potomac Company 

A.  Enactment of Potomac Company Legislation (1784)

      Following the successful prosecution of the war, Washington saw that now, 1784, was the opportune time to restart the plan that Ballendine, Johnson, he and others had initiated a decade earlier.
     

      To Richard Claiborne he wrote of the three steps that he saw as necessary to undertake the improvement of the Potomac River for navigation: 1. acquire enabling legislation for the company from both Maryland and Virginia; 2. organize the company, and 3. undertake an actual survey of the river by an engineer.  On the last of the three steps, Washington would continue to emphasize the need for an engineer to guide the construction of the Potomac Company up until his death in 1799.
  This engineering survey of the river was never undertaken by the Potomac Company.
      In the previous year, 1783, the Maryland General Assembly passed a resolution for Charles Beatty and Normand Bruce to survey the Potomac, “…as laying the foundation for opening the navigation of Potomack.”
  It is not clear if this survey was ever undertaken.  But others were thinking about using the Potomac River for navigation.
       Late in 1784, bills for the Potomac River navigation improvement by the new Potomac Company had passed both the Maryland and Virginia Assemblies.
  The differences between the two were resolved by a committee which met for that purpose, in Annapolis on December 22, 1784.
  Washington was notified on January 16, 1785, that the Virginia legislature had passed the revised Act, as had the Maryland Legislature.  The books for the new company were opened February 8, 1795.

      Washington was buoyed by the quickness in which the stocks in the new company were sold.  In a letter to the Marquis de Lafayette he wrote:

Of the ₤50,000 Sterlg. Required for the Potomac navigation, upwards of ₤40,000, was subscribed before the middle of May and encreasing fast …

      The company was capitalized, therefore, at approximately the same level as estimated by John Ballendine some ten years before.

B.  Mount Vernon Compact
      Although the new company had authorizing legislation, from both the Virginia and Maryland legislatures, it also needed legal protection from any future disputes between the two states over the Potomac River.  In 1777, both the states of Maryland and Virginia appointed Commissioners, “…to consider the most proper means to adjust and confirm the rights of each to the use and navigation of and jurisdiction over the Bay of Chesapeake and the Rivers Potomack and Pocomoke….”  The war prevented an agreement from being reached at that time but after the war Washington and others moved the legislature of Virginia to appoint commissioners to meet with commissioners from Maryland on this subject.  On January 16, 1785, the General Assembly of Maryland also appointed commissioners.  The commissioners met at Alexandria on March 21, 1785 and at Mount Vernon on March 28, 1785 where they drew up the Compact of 1785, also called the Mount Vernon Compact.
   This Compact stated:

Sixth.  The River Potomack shall be considered as a common highway, for the purpose of navigation and commerce to the citizens of Virginia, Maryland and of the United States, and to all other persons in amity with Aid states, trading to or from Virginia and Maryland.

Seventh. The citizen of each state respectively shall have full property in the shores of Potomack river adjoining their lands, with all emoluments and advantages thereunto belonging, and to the privilege of making and carrying out wharves and other improvements, so as not to obstruct or injure the navigation of the river; but the right of fishing in the river shall be common to, and equally enjoyed by the citizens of both states.

Provided That such common right be not exercised by the citizens of the one state, to the hindrance of the fisheries on the shores of the other state; and that the citizens of neither state shall have a right to fish with nets or seins on the shores of the other.
 

      The Compact was ratified by the Maryland General Assembly on November 21, 1785 and by the Virginia legislature on January 3, 1786.
  With the Compact in place, Washington and the supporters moved to form the first Board of Directors of the new company.  George Washington was elected President and the former Governors of Maryland Thomas Johnson and Thomas Sim Lee, and Colonel Fitzgerald and Lee of Virginia were elected Directors.

      In a letter to the Marquis de Lafayette, dated July 25, 1785, Washington explained to Lafayette the basic development plan that he and the company’s board were pursuing.  First they would pursue the relatively easy sections of the river, primarily Seneca Falls and Shenandoah Falls.  Second, they planned to hire a chief engineer to develop the more difficult portions of the navigation, the bypass canals of Great Falls and Little Falls.
   Thirty years after he had originally proposed the improvement of the Potomac River for navigation purposes, Washington led the company to actually undertake the work.

C.  Organization of the Company

      On Monday, May 30, 1785, the Board of Directors of the newly formed Potowmack Company held their first meeting, in Alexandria. After George Gilpin administered the Oath of Office prescribed by the Acts of Assembly enacted by Virginia and Maryland to Company President George Washington, Directors John Fitzgerald, Thomas Sim Lee, and Thomas Johnson; and after John Fitzgerald administered the same Oath to George Gilpin, the Board set down to business.

      After appointing a Treasurer for the new company, William Harthorne of Alexandria, the President and Board addressed the subject of improving navigation on the Potomac River.  Their first decision was to employ two sets of hands, each consisting of 50 people and under the direction of a, “skilful person.”  One set of hands would be set to work improving the Potomac between Great Falls and Payne’s Falls  (i.e. primarily Seneca Falls).  The other group of men were to work on the Potomac from the upper part of the Shennandoah Falls to, “…the highest place practicable on the North Branch.”

      These were the least difficult tasks.  The more difficult tasks, the bypass canals at Little Falls and Great Falls, and improving river navigation down from Harper’s Ferry through the Spout and to the foot of Payne’s Falls, would be addressed later.

      From the beginning, Washington knew that he and the Board of Directors would need the advice and supervision of an experienced engineer for the construction of the bypass canals at Little Falls and Great Falls.  In February of 1785 he wrote to the Marquis de Lafayette, “…that one thing … is certain, namely … a skilful Engineer, or rather a person of practical knowledge will be wanted to direct and superintend (the work).”
  He wrote that such a person may have to be obtained from Europe and that he would prefer a French engineer, although other members of the Board might prefer one from England due to the language.  Later he wrote to George William Fairfax that the Company needs a, “…skilful Engineer, a man of practical knowledge to conduct the business…,” but that, “…where to find him we know not at present.”  In the meantime, Washington wrote Fairfax that, “…the less difficult parts of the river will be attempted, that not time may be lost effecting so important and salutary an undertaking.”

      At the first meeting Washington and the Potomac Company Board of Directors began deviating from Ballendine’s plan, which called for locks at Seneca Falls and Shenandoah Falls, in favor of what would later be called sluice navigation.
      Washington and the Board of Directors had a choice of three types of canal: (1) a sluice navigation, (2) a system of dams and locks, and (3) an independent canal.  
      The first alternative, sluice navigation, was the least expensive.  It amounted to clearing the river of rocks and building sluices – underwater ramps in the river – down which the boats could descend and up which the boats could be pulled.  Sluice navigation could be dangerous as the boats could be easily upset in their downward descent of the sluice and they, their cargo and their crew could be lost.  Upriver navigation was usually very laborious as the boats had to be manually hauled up the sluice against the current.  Frequently water flow was not adequate.
      The second alternative, dam and lock construction, was more expensive, usually much more.  This alternative involved constructing dams across the river, usually made of wood cribs with rocks in their interior.  These dams turned the river into a series of ponds which facilitated navigation.  Navigation between ponds was by canal locks built into the dams.  Not as dangerous or difficult as sluice navigation, this alternative was susceptible to damage by floods and winter ice.

      The third alternative, an independent canal, sometimes called stillwater navigation, was also expensive but was the preferred alternative of the late eighteen and early nineteen centuries.  The independent canal would usually be dug next to a river and would be provided with canal locks to overcome changes of elevation.  A towpath would be constructed adjacent to the canal.    The Duke of Bridgeport’s canals in England, the model of the day, were stillwater canals.
      Ballendine’s plan was to build bypass or skirting canals to get around the falls and rapids.  Washington and the first Board of Directors of the Potomac Company would choose in-river sluice navigation for Shenandoah Falls, Payne’s Falls and Seneca Falls to minimize costs.

      Washington and the Board of Directors had to decide on a maximum boat size.  This would be used to size the width of the locks and determine the width and depth of the canal.  There is no recorded discussion in the records of the Potomac Company on the ideal size of boat but Washington’s view, expressed in 1783, was that the canal should accommodate vessels between 6 and 10 tons and larger vessels drawing three feet of water and which are no more than 60 feet long.

      On Tuesday, May 31, 1785, Washington and the Board met again and decided to advertise for 100 men to undertake this work.
  At the same meeting, the Board authorized the construction of four work boats, two each for the two work parties.  These boats were to be strong boats, “ … each to be thirty five feet long, Eight feet wide or upwards and not less than twenty Inches deep in the common manner of the Flats used at the Ferries on Potowmack above Tide Water.”
  Two were to be contracted for by Captain Abraham Sheppard of Sheppardstown and the other two by Col. Josias Clapham.  Work began.
V.  Engineers and Engineering Decisions of the Potomac Company
A.  James Brindley

      Washington strongly believed that he needed a competent engineer to oversee the planning, design and construction of the Potomac Canal.  Such a man was James Brindley, who claimed to be the nephew of James Brindley, the canal builder of the Duke of Bridgewater’s canals outside of Manchester.  He also claimed to have had extensive experience on English canals under the supervision of his Uncle.  If so, Brindley would have been the most competent canal engineer in the United States at that time.  Washington certainly thought so:

      Mr. Brindley, nephew to the celebrated person of that name who conducted the work of the Duke of Bridgewater & planned many others in England, possesses, I presume, more practical knowledge of Cuts & Locks for the improvement of inland navigation, than any man among us, as he was executive officer (he says) many years under his uncle in this particular business …
    

      And in a letter to John Fitzgerald and George Gilpin, dated March 31, 1786, Washington again expressed the same thought:

      …as it is said no person in this Country has more practical knowledge than Mr. Brindley …

      In the same letter, Washington outlined why he believes the Potomac Company could not bring an English engineer over from England to supervise the works of the Potomac Company (a tactic which Robert Morris used in 1792 to bring William Weston over to America to become the chief engineer of the Schuylkill & Susquehanna Navigation Company of Pennsylvania)  -- it was too expensive.  He proposed the idea that several American canal companies unite so as to share the cost of an European engineer and also to share his services.

      Washington also discussed the possible use of English and French engineers and that he has made inquiries into this matter.  He quoted Lafayette as saying that what is needed is not a military engineer but what the French call, “Ingènieurs des ponts & chausses”  -- the equivalent of a civil engineer.

      George Washington and the Potomac Company never brought over an engineer from either England or France.  Instead, Washington would propose to use Brindley, then working for the Susquehanna Canal Company, as an engineering consultant to the company.
  In so doing, Washington was particularly concerned about the siting and design of the locks on the Great Falls bypass canal and suggested that Brindley visit Great Falls and review the matter.

      In explaining why this was necessary, Washington wrote what could be considered the universal justification for the employment of a civil engineer:

… Taking Mr. Brindley to the works now, may, ultimately, save expence; at the sametime, having a plan before us, it would enable us at all convenient times, to be providing materials for its execution …

      Despite the exhortations by Washington there is no evidence that the Potomac Company ever hired Brindley as a consulting engineer --  perhaps they tried but his obligations to the Susquehanna Company probably prohibited him from spending much time at the Potomac Company’s works.  However, Brindley did visit Great Falls and did provide some recommendations as to the work being undertaken.
  He visited with James Rumsey, the company’s superintendent.  

B.  James Rumsey  

      When the Board met on July 1, 1785, a number of persons applied to work as the Directors’ Assistants.  None of the applicants were found, “…Equal to the Superintendance of the Business,” and none had sufficient, “Credentials of their Abilities and Integrity to be employed in the Subordinate Departments…”
  It was at this time that George Washington recommended James Rumsey to the Board as Superintendent.
  Rumsey was then building a house for Washington in Bath, Virginia.
  On July 2, 1785, George Washington sent a letter to James Rumsey suggesting that he consider applying for the position of Superintendent and encouraging him to meet Colonel George Gilpin who was traveling to Seneca Falls and Shenandoah Falls for the purpose of hiring men for the two work gangs that the Company had authorized.
  Rumsey followed Washington’s advice.
      Rumsey was hired on July 14, 1785, by the Company as Principal Superintendent at a salary (including expenses) of ₤200 per year Virginia Currency (approximately $666/year) – or about four times more than the Company paid its laborers.
  At the same meeting, the Directors hired W. Richardson Stewart, of Baltimore, as one of two Assistants under Rumsey for a salary and expenses of ₤125/year Virginia Currency (approximately $416).
  Since they could not find another suitable candidate for Assistant Superintendent, only Stewart was hired at this time.  It is clear that the Board did not expect Stewart to have engineering skills for a year later Rumsey made a series of ten charges against Stewart, several of which related to Stewart’s lack of knowledge on how to construct hoisting machines.  The Board dismissed all charges indicating that they were pleased with Stewart.
 
Figure 3.   Harper’s Ferry and the Potomac Company’s Long Canal as mapped by the U.S. Topological Bureau in 1825, Lt. Col. J. J. Abert assisted by Lts. W.H. Swift, J. Macomb, J.K. Findlay, N.B. Bennett, H. A. Wilson (drawn by Lieut. Bennett) .  This map was prepared as a reconnaissance for the Chesapeake and Ohio Canal, the stillwater navigation intended to take the place of the Potomac Canal.  At the confluence of the Potomac River and Shenandoah River (right) the downstream entrance of the Long Canal could be seen.  At the middle of this image can be seen the entrance to the Long Canal, as discussed by George Washington.  Most of the Long Canal was a sluice navigation along the Maryland (upper) shore of the Potomac River.  Where the drawing is labeled “Falls Rocks and Islands” were Shenandoah Falls, later renamed “Harper’s Ferry Falls” probably so as to avoid confusion with the rapids on the Shenandoah River.  The Long Canal was one of the first works undertaken by the Potomac Canal, in 1785.  It was obliterated by the construction of the Chesapeake and Ohio Canal in 1830.  Image courtesy of the National Archives, Record Group 77.
C.  Early Engineering Decisions in Favor of Sluice Navigation
      The Board of the Potomac Company could not find an American civil engineer to supervise the works and were not willing to pay to bring over from Europe an English or French engineer.  They therefore hired Rumsey – not an engineer but a qualified mechanic.  The principal early engineering decisions were to be made by Washington and the Board of Directors and implemented by Rumsey.

      The first, and principal engineering decision to be made was by Washington and the Board of Directors to either build a series of stillwater bypass canals (as proposed by Ballendine in his plan of 1774) or to build a sluice navigation with stillwater bypass canals only at Great Falls and Little Falls (as suggested by Thomas Johnson in his plan of 1770).  

      Washington and his companions were very much aware of John Ballendine’s plans for bypassing Seneca Falls by the use of locks and a bypass canal.  But they were also concerned about the cost of Ballendine’s plan.  On August 2, 1785, Washington and the Board began a trip to Seneca Falls and the Shenandoah Falls to investigate conditions for improving river navigation in these two areas.  Their first stop was Mr. Goldsborough’s house, at the head of Seneca Falls, approximately twenty miles above Georgetown.  On August 3, 1785, Washington and the members of the Board examined Seneca Falls from canoes provided by James Rumsey.
   Washington and the Board decided to use sluice navigation since they found the water to be of sufficient depth and felt that if the rocks were taken from the river in a straight path, than this navigation would be adequate.  Locks and tracking paths would therefore not be necessary. 
  Sluice navigation through Seneca Falls would suffice.
      From Seneca Falls Washington and his party traveled upriver to Keep Trieste furnace, about one mile above Harper’s Ferry and at the head of Shenandoah Falls.   Washington and his party traveled through the Shenandoah Falls to Harper’s Ferry at the mouth of the Shenandoah River.  In so doing, they decided that a sluice navigation, later to be called the Long Canal, would be dug out of the bed of the Potomac River along the Maryland shore.  This sluice navigation would have a tracking path along the shore to allow horses to pull boats upriver through the rapids.  As at Seneca Falls, at Shenandoah Falls Washington and his Board decided not to follow Ballendine’s recommendation to build a bypass canal with locks.
            Next, Washington and the Board members traveled down the rapids immediately below Harper’s Ferry  – sometimes called Bull Ring Falls.  After Bull Ring Falls was the Spout and then Payne’s Falls.  Again, Washington decided that sluice navigation constructed in the riverbed adjacent to the Maryland shore was better than building a bypass canal.

      Washington and his party then traversed Payne’s Falls, the last difficult river rapids between them and the head of Seneca Falls.
   Once their party has cleared Payne’s Falls, they met on the bank of the Potomac River and reaffirmed their decision made at the first meeting of May 30, 1785, to improve the navigation of the Potomac River here through sluice navigation and without the use of the tracking paths, bypass canals and locks as recommended by Ballendine.
   This decision was formalized and entered into the proceedings of the President and Directors on the following day, Monday, August 8, 1785.
  What remained was to instruct Rumsey to use the workers that he had been employing in the Shenandoah Falls for this purpose.
  The Board also gave Rumsey a letter of direction allowing him a great deal of latitude in executing what would come to be known as the Long Canal and the Seneca Canal.

      In writing to William Grayson some two weeks later, Washington summarized the trip to Seneca Falls and Shenandoah Falls and the decision to use sluice navigation:

      We have got the Potomac navigation in hand: workmen are employ’d under the best manager and assistants we could obtain, at the Falls of Shenandoah and Seneca; and I am happy to inform you that, upon a critical examination of them by the Directors, the manager and myself, we are unanimously of opinion that the difficulties at these two places, do not exceed the expectations we had formed of them; and that the navigation thro’ them, might be effected without the aid of Locks: how far we may have been deceived with respect to the first (as the water, tho’ low may yet fall) I shall not decide; but we are not mistaken I think in our conjectures of the other.  …

      Bypass canals would require locks.  And, at this time, no lock had been yet constructed in the United States.  Washington was concerned  about the cost of such locks and that they might be constructed in the wrong place.  He shared his concerns with lock construction with John Fitzgerald and George Gilpin.
  
           By these decisions, the Potomac Company had committed to a river navigation system largely based on sluice navigation in the riverbed of the Potomac.  Tracking paths along the river banks would not be constructed.  Bypass canals would still be used at Great Falls and Little Falls but the remainder of the river navigation system would be dependent on sluice navigation and river travel.  These decisions were made by George Washington and the Board of Directors of the Potomac Company with little or no engineering input.  Work progressed on the in-river sluices.  By 1791 the company began work on the Little Falls bypass canal.

Figure 4.  The Little Falls bypass canal as mapped by the U.S. Topological Bureau in 1825, Lt. Col. J. J. Abert assisted by Lts. W.H. Swift, J. Macomb, J.K. Findlay, N.B. Bennett, H. a. Wilson (drawn by Lieut. Bennett) .  This map was prepared as a reconnaissance for the Chesapeake and Ohio Canal, the stillwater navigation intended to take the place of the Potomac Canal.  Since the Potomac Canal used few engineers, few engineering drawings exist of their navigations.  At the right of his bypass canal is Woodward’s or Lock Cove where the masonry locks were constructed in 1818 to replace the wooden locks, also built here, by Leonard Harbaugh.  At the middle is chain bridge, the fourth bridge to be constructed at this location.  At the left of this canal is its upriver entrance and a small dam extending out into the Potomac.   This was the first major bypass canal built by the Potomac Company and the wooden locks constructed by Harbaugh in 1795 are some of the earliest locks constructed in the United States.  It was later obliterated by the construction of the Chesapeake and Ohio Canal in 1828.  Image courtesy of the National Archive, Record Group 77.
D.  Leonard Harbaugh and the Construction of the Little Falls Bypass Canal (1791-1795)

      Work began on the Little Falls bypass canal at the beginning of 1791.  The bypass canal was to be 3,814 yards long (2.16 miles), six feet deep and twenty-five feet wide at the top and twenty feet at the bottom.  This was larger in section than the sluice canals excavated at Seneca Falls, House Falls and Shenandoah Falls, which were sixteen to twenty feet wide and four to five feet deep.  The bypass canal at Little Falls was to be equipped with three
 wooden locks.

       In 1792 the Potomac Company employed over 100 men under James Smith, in digging the Little Falls bypass canal.  The route for the canal had been cleared the previous year.  Ten black slaves were included in this work force.
  The remaining were free labor.  By November 5, 1792, the Board authorized hiring up to 200 slaves at $60/year
 to facilitate this work.  In the same meeting, the Board authorized the purchase of the wood needed to build the wooden locks at Little Falls.
  

       In January 1794, the Potomac Company hired over sixty slaves to work in the coming year.
  These slaves continued digging the canal at Little Falls and that portion of the Great Falls bypass canal that extended upstream from the basin.  By 1794 John Fitzgerald was President of the company and the Board consisted of George Gilpin, John Templeman, James Keith and Tobias Lear.  At the December 27, 1794 meeting, the Board resolved to retain their two overseers, Abner Meek and Michael O’Heara and some hands, not to exceed 30, over the winter months.  They appointed a committee, consisting of George Gilpin, John Templeman and Tobias Lear, to meet with Leonard Harbaugh and urge him to finish the locks at Little Falls immediately and, if they approved of his work to date, to enter into a contract with Harbaugh for finishing these wooden locks within a given time.
  This Harbaugh would accomplish.
      Leonard Harbaugh
 was an experienced builder.  He would complete both the Little Falls and Great Falls bypass canals for the Potomac Company.  His son, Thomas
 would begin work for the Company in 1803.  Harbaugh was a builder from Baltimore.  He was attracted to Washington, D.C. by the first Federal building program, 1791-1800.  His first project was a masonry arch bridge over the Rock Creek at K Street, constructed for $8668.  Unfortunately the arch collapsed shortly after construction but at no fault to Harbaugh’s reputation as he was contracted to rebuild it.  A respected builder in the new Federal city, Harbaugh was the President of the Architect’s and Builder’s Society of that city – a very early example of such an organization.
 

      But Leonard Harbaugh was a builder and not an engineer.  Who designed the locks constructed at Little Falls – some of the first locks constructed in the United States?  There is the suggestion that an European engineer designed the wooden locks at Little Falls for Harbaugh to construct.
  Nicholas King who designed the locks at Great Falls for the Potomac Company would not arrive in Washington City until May or June of 1796 and therefore after the locks at Little Falls had been constructed.
  Therefore they were not designed by King.  But at that time there were a number of European engineers and architects in Washington City related to the construction of the public buildings of the new Federal city.  Several could have designed these locks.
       By 1794 it became apparent that Harbaugh would be able to complete the Little Falls bypass canal in the near future.  The company’s attention turned to the completing the Great Falls bypass canal  -- the last uncompleted link in the Potomac River navigation..

E.  William Weston and the Construction of the Great Falls Bypass Canal (1791-1802)

      With completion of the Little Falls bypass canal soon to be accomplished, the main challenge facing the Potomac Company was the construction of a skirting or bypass canal around the seventy-six foot drop of the Potomac River at Great Falls.  This canal was to be 1200 yards long (0.68 miles) six feet deep, twenty-five feet wide at the top and twenty feet wide at the bottom – to be excavated mostly from solid rock.  The excavation of the upper end of the canal, from the upstream end to the basin at the middle, began in 1791.  The lower portion, from the basin to the downstream end, would contain the locks, either four or five.  By 1795 lock seats for five locks were being excavated and masonry locks were planned to be constructed.  A mistake in the siting of this canal or in the construction details would be very expensive and otherwise harmful to the company.

      It was in the summer of 1794 that the Potomac Company first invited the famous English engineer, William Weston, to visit the works at Great Falls and to give his opinion of that construction.
  Whereas the Potomac Company, in 1785, had declined to bring from Europe an English or French engineer to supervise its operations, Robert Morris, President of the Schuylkill & Susquehanna Navigation Company of Pennsylvania, had no such qualms.  In November 1792 he brought over from England William Weston to supervise his design and construction operations.  Weston was the son of Samuel Weston, an engineer who had worked for James Brindley.  Before he left for America, William Weston had been involved in a secondary role in the construction of the Oxford Canal and as the principal engineer and managing contractor for the design and construction of the Trent Bridge at Gainsborough (1787-1791).  Although not particularly prominent in England, in America, because there were so few engineers, he assumed dominance of his profession.
  
        President George Washington, who had previously urged the use of English engineer James Brindley to consult on the construction of the Great Falls and Little Falls bypass canals in 1786,
 now encouraged the Potomac Company to hire William Weston as a consultant.  On December 12, 1794 he wrote Potomac Company President Tobias Lear urging him to bring Weston to the Potomac Canal:

…I will not neglect any fair opportunity of facilitating a visit from Mr. Weston to that quarter (i.e. the Potomac Canal)… 

      On December 21, 1794 he again wrote Lear urging him to bring Weston to the Potomac Canal.
…A good opportunity presenting itself on Thursday last, I embraced it, to enquire of Mr. Morris, if the Directors of that company might entertain any hope of deriving aid from Mr. Weston’s opinion, respecting the Lock seats at the Great fall of that river; his answer was; ‘Mr. Weston, from some peculiar circumstances attending their own concerns, had been prevented from visiting that spot, as was intended, but that he was now expected to be in this City in a few days (as I understood) when he wd. propose, and urge his going thither.

      Inclined planes, in lieu of locks, were considered for use on the Potomac Canal.  Washington wrote to Lear about the possibility of the use of inclined planes, in lieu of locks, at Great Falls,
 and why Washington did not favor their use – because their wasn’t machinery equal to the task and because Washington did not see such inclined planes in general use.  But perhaps the major reason was that Weston had told him that no method of raising and lowering boats was superior to lift locks.  The Potomac Company pressed on with their plans to use locks at Great Falls.

      On January 12, 1795, Washington again continued to press Lear about bringing Weston to the Potomac Canal.:

…the Canal Company of this State (has given permission) for Mr. Weston to visit the falls of Potomack, and that he might be expected at the federal city about the first of next month…

      And again on March 5, 1795, President Washington wrote Lear about Weston’s visit:

      From what you have written and from what I have heard from others, I hope Mr. Weston is on the Potomack ‘ere this and that much benefit may be expected from his Visit.  He is certainly a judicious man.  with both theory and practice united.  I am pleased to hear that the Locks which have been erected at the little falls have stood the test of a first trial so well; and this pleasure will be increased if Mr. Weston should make a favorable report of them.

      Weston visited the Potomac Canal in March 1795.  The President and Directors reported on that visit in their annual report on August 6, 1795.  Weston had approved of the locks constructed at Little Falls but recommended that the lock seats at Great Falls, then under construction, be relocated.  Instead of turning toward the river at the basin (located at approximately mid-point of the Great Falls bypass canal), Weston recommended that the canal be continued in a straight line to the Potomac River.  Although this change meant abandoning much work undertaken on the lock seats between the basin and the river, the Company enthusiastically accepted it.

      For this consulting work Weston was paid ₤370.
  This was an enormous sum of money at a time when laborers were usually paid less than £2 per month for sixty hours per week of labor, sunrise to sunset.  Because of these and similar payments to him for his services, Weston was able to return to England in 1801 and retire, although he was only 38.

F.  Isaac Roberdeau and William Weston
      Although Weston was viewed as a competent engineer, he was also viewed as not having contributed to the development of American civil engineering and American civil engineers.  Benjamin Henry Latrobe’s view of Weston may be thought of as typical:

Mr. Weston, brought over to execute the Delaware and Schuylkill Canal, and afterwards engaged in the Western navigation of New-York, has returned, leaving no pupils, and without having completed his operations.

      This is not quite a fair assessment as Weston did leave a few, albeit not many, American civil engineering pupils behind.  One of which was Isaac Roberdeau.  Roberdeau was born in America but studied engineering in England.  While the Potomac Company was beginning the Little Falls bypass canal, Roberdeau was working for Pierre L’Enfant in laying out the new plan for the new Federal City of Washington.  It was Roberdeau that led the work party that demolished Carroll’s house, under orders from L’Enfant – the immediate reason that L’Enfant, and Roberdeau, were dismissed by the Commissioners of Public Buildings of the new Federal City.
  Roberdeau accompanied L’Enfant to lay out the new industrial city of Patterson, New Jersey but in 1792 began working for Weston on the Schuylkill & Susquehanna Navigation.

      It was Roberdeau that wrote the first treatise on canal construction written by an American in the United States, in 1796.
  This manuscript was never published but displayed a comprehensive knowledge of the art of the design and construction of canals and canal structures by an American at about the time that Harbaugh was constructing the locks at Little Falls.
      Roberdeau never worked directly on the Potomac Canal but in 1818 he became Chief of the new U.S. Army Topological Bureau of the War Department and in this capacity would have known Thomas Moore and Isaac Briggs and perhaps had some influence on their recommendations on the Potomac Canal.

G.  Captain Christopher Myers and the Construction of the Great Falls Bypass Canal, 1795-1796.
      By June 12, 1795, the Board had advertised for contractors to undertake the excavation of the new lock seats at Great Falls at the location recommended by William Weston.  No one applied.  They therefore decided to undertake the first three locks from the basin, including the walls in-between, using the company’s work force.  They also decided to continue to advertise for a contractor to undertake the other three lock seats, i.e. those that would have to be hewn out of rock.
  In addition, they decided to advertise for bricks to build the locks.
  On June 22, 1795, the announced that they had agreed with Edward Noss to make 500,000 bricks and to lay them in the lock seats at Great Falls.

      On December 22, 1795, the Board authorized that the Company to advertise for building stone and lime needed for the new locks at Great Falls.

      It was at the same meeting that the Board ordered a quantity of three inch diameter rope, to be mounted in the existing ringbolts installed in the rock below Great Falls to assist the boats in hauling themselves up the river.
  Many of these ringbolts can still be seen today by canoeists.
  

      On December 22, 1795, the Board asked Company President Tobias Lear to invite Captain Christopher Myers to meet with them in Georgetown and to review his proposal for taking over the position of Chief Engineer of the company.
  They had previous conversations with Myers and President Washington, always interested in the involvement of engineers in the affairs of the Potomac Company, had written them to encourage them to move with haste with any plans they may have to hire the English engineer.

      Washington went further.  He had informed Captain Myers that should Myers choose to visit the Directors, that Washington would provide him with a letter of recommendation.  On December 25, 1795, he informed Lear that he had written the letter of recommendation but that Lear should himself critically examine Myers’ qualifications.

      Captain Myers was hired by the Potomac Company on January 4, 1796 at a salary of $1600 per year.
  With the hiring of Myers, the Lear and the Board of Directors undertook a new push to complete the Potomac Canal.  At the same meeting where Myers was hired, the Board authorized the hiring of 100 slaves for the coming construction year, 1796.
  The Company, however, had trouble finding this many slave laborers.  In addition to the slaves, because of the rock excavation at Great Falls, the Company intended to recruit several miners acquainted with, “the best manner of blasting & Quarrying Rock etc.”

       In February 1796, the Board began to make preparations for the oncoming construction season at Great Falls.  They authorized, for example, that a dormitory for the workers be constructed.

       Having contracted with Marks and Nicholas Noss in June 1795 for 500,000 bricks for the locks, in March 1796 the Board found out from its engineer, Captain Myers, that the bricks made by the contractors were not adequate.  Nicholas Noss made inquiries whether it was possible to drop the contract, agreeable to both parties.
  This was done.
      The bypass canal at Great Falls was uppermost in the minds of Potomac Company President Lear and his Board.  However they were also concerned about other portions of the Potomac River navigation.  In the summer of 1796, the Board asked Captain Myers to examine the Potomac River navigation at Payne’s Falls, the Spout and Shannandoah Falls and to report back what actions were necessary to place the river navigation in the best possible condition.
  These were the locations of the in river sluice navigations.  These sluices tended to fill with river deposited gravel and sand and had to be periodically cleaned.

Figure 5.  “Section of the wing wall at Paynes falls,” by C. Meyers, Engineer, November 30, 1796.  This is one of the few engineering drawings to survive of the works of the Potomac Company and the only known surviving drawing executed by Captain Christopher Myers during the year he was engineer of the Potomac Company.  The drawing shows the batter, height and construction detail of a wing wall presumably constructed at Payne’s Falls.  The height of expected flood and the normal level of water are shown by dotted lines.  Wing walls such as this were used by the Potomac Company to “swell” (i.e. increase) the water at certain locations to facilitate navigation.  Thomas Moore and Isaac Briggs were critics of construction such as this as the masonry walls frequently injured boats, cargoes and crew under some river conditions.  National Archives, Record Group 79, Entry 162.     
      In March 1796, the Board disapproved a plan for Captain Myers’ house at Great Falls as being too large, and, instead, dictated that the house be twenty or twenty five feet wide by thirty five feet deep and two stories tall.

      On September 13, 1796, the Board ordered that the locks at Great Falls be extended to fourteen feet in width, instead of the twelve feet initially ordered.  At the same meeting, the Board ordered Captain Myers to purchase up to thirty more indentured servants in Baltimore to work at Great Falls.

      Throughout 1796, the Potomac Company Board of Directors showed their determination to open the Great Falls bypass canal.  At the same meeting, September 13, 1796, the Board approved a performance oriented award system for Captain Myers that would award him up to $5000 if he would finish the locks at Great Falls so that loaded boats could pass the Great Falls within a year or $2500 if he would finish the locks at Great Falls so that loaded boats would pass within fifteen months.
  This was an innovative approach for completing the Great Falls bypass canal and the $5,000 bonus represented an enormous sum of money for the times.  The pace of construction only somewhat quickened.  
           To complete the Great Falls bypass canal meant that the Great Falls locks had to be completed.  To complete these locks meant that cut stone had to be cut and delivered to the site.  On October 1, 1796, the Company contracted with John Henry to quarry  and cut, “…Eighteen thousand feet of stone for the purpose of building Six Locks at the Great Falls…” for ₤95 Virginia currency.
  The stone was to be quarried adjacent to Seneca Creek, Maryland, upriver and across the Potomac River from the upper end of Great Falls.   The Company provided transportation of the stone across the river, including loading and unloading.  Captain Myers put the freed slave, George Pointer, in charge of the company’s boats for this operation.
  The number of boats to be loaded in any given day was to not to exceed four.
  Stone for these locks may have also come from the, “White Quarries,” also from Seneca.
  Quarrymen would be required at the Seneca quarries and advertisements for quarrymen began to appear in the newspapers.

      Despite this flurry of activity and offered bonus, the locks were not to be finished soon.  Captain Myers would not get the bonus and it would take the canal company another seven years to complete the Great Falls bypass canal.

       Not all work was at the Great Falls.  The in river sluices continued to demand the Company’s money and attention.  By January 1797 the Potomac Company had a contractor and a crew working to clean the river channel at Payne’s Falls, under the supervision of Captain Henry.

      On November 2, 1796, Captain Meyers proposed to the Board that his salary be raised to $4000 per year, a proposal that was rejected by the Board.
  It was at this time that dissatisfaction with Company engineer Myers began to grow amongst Board members.  At the January 6, 1797 meeting the Board expressed their dissatisfaction with their engineer and, in particular, his request for an absence of three to four weeks from the works.
  The Board called a meeting to be held at Great Falls six days later in order to examine the works and to insure that no, “… extravagant and unnecessary Expenditure of money has taken place here during the past year ---“
  The Board compared the Company’s belongings to inventories and examined the accounts.  By the next day the Directors had suspended the Company Clerk, Mr. Goulding.
  By the following day, Saturday, January 14, 1797, the Board had decided that “…measures be taken to carry on the work during the present year upon a different arrangement from the last…”  They decided to hold a meeting to discuss this new approach for completing the Potomac Canal at Great Falls by holding of the Board of Directors and Stockholders four days hence, on January 18, 1797, at the Union Tavern in Georgetown.

      The Directors had become very unhappy with Captain Myers and the progress that he and his men had made at Great Falls during 1796.  The Board became particularly concerned on what Myers had expended Company resources for.  They began an investigation.  They found that Captain Myers had expended £11,724  19s  11d  -- £7,266  5s  9d at Great Falls.

      This was a huge amount of money for the Company – one fourth of its initial capitalization, or $32,500.  What was worse was that much, much more work needed to be accomplished before the Great Falls bypass canal would be open.  As the Directors reported:

How far the Excavation and other work done on the Lock seats correspond with the labour expended at that place, it is impossible for the Directors to judge.  A Considerable Excavation has been made between the Bason and the River, in the Course of the Lock seats; but much more still remains to be done.

      During their investigation, the Directors discovered that Captain Meyers had company workmen, using company supplies, building houses on his property.
  The Directors also found that although there were other buildings at Great Falls including various huts for as many as 150 workers, the 79 feet long by 18 feet wide by 7 feet high dormitory that the Board directed Captain Myers to construct in February 1796 was still not constructed.

      The Directors also found that Captain Myers may have not followed the Board’s order to construct the Great Falls buildings in the cheapest manner, as instructed in February 1796, although it was difficult for them to tell if this the case.

      Company President Tobias Lear and Directors John Templeman and John Mason finished the report of their investigation with a rebuke to Captain Myers:

      The Engineer will settle with the Company for the Materials and labour belonging to them, which have been used in his service, also to settle respecting the House built on his Lot.

      Myers did not refute that Potomac Company men and supplies were used on his house.  He informed Lear and the Directors that the total cost of these men and materials, from July 1, 1796 to December 31, 1796, was only ₤ 44  4  4-3/4, Virginia Currency.
   In defense of his actions in using Company workers to build his house, Captain Myers stated that he could not hire any other workers at Great Falls and therefore had to use Company workers.

      The Board of the Potomac Company was extremely displeased with the performance of Captain Myers.  Their visit and inspection of the works at Great Falls on January 12-14, 1797, set the stage for a larger review to be held at the Union Tavern in Georgetown, to include the stockholders, scheduled for Tuesday, January 17, 1797.  The purpose of this meeting was to review Captain Myers performance and to discuss the findings of the Board’s investigation.  Captain Myers did not appear at this meeting.
  Myers failure to appear sealed his fate with the Potomac Company.

      On Tuesday, May 2, 1797, the Board fired Captain Myers.  Resentment against Myers had been welling up for some time and the expression of that resentment against Myers took the form of a lengthy statement copied into the Proceedings of the President and Board of Directors.

      The Board of Directors concluded these charges by stating that Captain Myers actions resulted in, “…a great and unnecessary Expenditure of Money – the work retarded and probably, in many Instances, improperly executed…”

      Shortly thereafter, Captain Myers took out an advertisement requesting the public, “…to suspend any opinion, that may arise from certain CALUMNIES…”
      Myers was to die a short time after.
  His widow was to establish an inn at Great Falls.

Figure 6.  “View of the mouth of George Washington’s ‘Potowmack’ Canal at the Great Falls,” 1943, photographed by Theodor Horyduzak.  The Great Falls bypass canal was the greatest achievement of the Potomac Company and the greatest achievement of the Great Falls bypass canal was Lock 5 (here shown filled with debris as seen from the downriver side).  Lock 5 was largely blown or otherwise hewn out of solid rock by Leonard Harbaugh and his workforce of slaves and free men.  The downstream gate was eighteen feet in height – more than double the usual height of canal gates.  As impressive as this accomplishment was, this photograph shows a longstanding problem of the Potomac Company – low water.  The man in the center of the photograph is pointing to normal river levels.  Critics of the Potomac Company argued that the Potomac Company only opened the river to navigation for 33 to45 days per year (the navigation was closed during the winter months).  Photograph courtesy of the Historic American Engineering Record, Library of Congress.
H.  Leonard Harbaugh, Nicholas King and the Completion of the Great Falls Bypass Canal

      On June 6, 1797, the Board moved to replace Captain Myers by entering into an agreement with Leonard Harbaugh, who had built the locks at the Little Falls bypass canal, to superintend the construction of the locks at the Great Falls.

      While the dispute with Myers was continuing, Company President Tobias Lear moved to gain a replacement source for the engineering services that were to have been provided by Myers.  He entered into an agreement with Nicholas King, a young English mapmaker/surveyor, to prepare drawings for the canal route to be constructed at Great Falls.  King had immigrated to the United States, arriving in New York City in January, 1794.  By 1797 he was in Washington, D.C.
  By May of 1797 King had transmitted to the Potomac Company a sketch of the course of the canal with differences of level indicated but not accurate horizontal distances and bearings.
  For this work he was paid ₤13 – 13s.
  Three years later, in 1800, Nicholas King designed the locks at Great Falls that were to be built by Leonard Harbaugh.

      Leonard Harbaugh was in overall charge of construction at Great Falls.  Maurice Delany was hired as the lock builder; Richard Elliott as the excavator and B. J. Machall as overseer.  By September 1797, over 100 workers were employed by Harbaugh.
  Like much of the work done throughout the construction of the Potomac Canal, it was a mixed work force consisting of free whites working along side black slaves.
  Harbaugh himself was a slave owner, with slave Harry, a carpenter, working on the locks.
  Harbaugh also employed  his fourth son, Joseph Harbaugh, then eighteen, at the works as a carpenter.
   As before, masonry was shipped across the river from Peters Quarry at Seneca.
  The stone was hauled from the quarry to the river’s edge by Matthew Kennedy and his workers.
  Abner Meeks and his crew hauled the stone across the Potomac to Great Falls.
 Richard Gridley, the blacksmith, provided the hardware.

      Money was now the largest obstacle to the Potomac Company’s attempts to complete the canal at Great Falls.  Myers extravagance in 1796 had hurt the company.  On August 7, 1797, action was taken to authorize the Board to mortgage its future tolls, not to exceed $16,000.
   Mortgaging future income is a serious matter and the Board felt that they needed to show that they were serious about completing the Great Falls canal and therefore the Potomac River navigation.  To the authorization to mortgage future income, the Board appended the statement:

…and that no money be applied to any other object until the Navigation be made practicable at the Great Falls, unless in those Instances where obstructions prevent the navigation in some other parts.

      “Obstructions (to) prevent the navigation in some other parts…,” did happen.  On October 4, 1797, the Board had to take action to clear the channel at the head of Payne’s Falls from an accumulation of sand and gravel and to repair a wall along the Long Canal at Shenandoah falls.  In authorizing this expenditure, the Board noted that the work would not exceed $250.
  

      The year 1798 began with only eleven workmen, mostly slaves, at work at Great Falls under John Panton.
  By the following month, February 1798, this work force was increased to twenty-four men, mostly slaves owned by John Templeman.
  Slaves worked not only as laborers but also as blacksmiths, referred to in the payrolls as “Doctor Stuart’s Julious,” and, “”Ditto his Nelson.”
  By March this work force was further increased to thirty-two men.
  The Company could no longer afford to sustain as large a work force and subsequently reduced this number.  The traditional summer high construction months of 1798 saw only six to twelve workers employed at Great Falls.
  Work on the Great Falls locks was accordingly slowed.

      On June 5, 1798, Company President Tobias Lear announced to the Board of the financially strapped organization that he had the loan of  “…the Sum of two thousand six hundred and odd dollars of Six percent Stock of the United States,” from Daniel Carroll of Duddington, “…and from General Washington the Sum of three Thousand four hundred and ninety eight dolls. Of like Stock, which have been put into the hands of the Treasurer…”

      It was not enough.  On the following day, June 6, 1798, the Company released Leonard Harbaugh as Superintendent of the Works, along with Mr. Elliott, the Overseer, as:

…the funds of the Company would not admit of engaging hands to go on with work, and their Services being therefore no longer necessary.

      Leonard Harbaugh was hired back on September 4, 1798, to report on the flood damage to the canal at Little Falls, Great Falls and Seneca and to report on the obstructions near Shenandoah Falls.
  The hands that were working at Great Falls were instructed to be employed at :

Banking and other necessary repairs until a Trunk with a flue Gate can be fixed in the waste Dam near the Guard Gate to carry off the mud – when they are to be set to Loosening and Dragging the mud in the Beason and Canal until they are sufficiently cleaned –

      On November 6, 1798, the Board had authorized that a petition be presented to the Assembly of Maryland asking them to take another 100 shares of the Company’s stock.  The Company’s treasury must have been extremely low for at the same meeting the Board directed that the Company’s horses, “…be sent down to Alexandria immediately and there sold for the best price the(y) will command.”

      But help was to be forthcoming from the Maryland Assembly.  On January 20, 1800, the Board authorized that a contract be let for completing the five Locks needed at Great Falls:

Contract for Potomack Navigation

At the Great Falls of Potomack there are five Locks to be constructed.  The seat for one of these Locks is already excavated.  The seats of the other three are Still to be excavated.  The Presd. And Directors are anxious to contract for the completion of the said Locks.  Or they will contract separately for the Excavation of the Lock or any of them or any other part of the Work…

      At the annual meeting of the Stockholders in August 1800, they announced to the Stockholders why they were able to move ahead with this contract:

… we have Granted Bond in the name of the Company, to the persons Who Subscribed the Bond to the State of Maryland dated the 10th of December last (i.e. 1799) in the penalty of 150,000 Dollars …

      The Company was again not successful in obtaining a contractor to undertake the needed work.  Therefore they carried out the work using hired labor under the Company’s direction.  They entered into an agreement with Leonard Harbaugh to supervise the work.
  They began in April 1800 with fifteen workers.  The Company was able to increase this to thirty-five, although the average number of workers for the 1800 construction season was around twenty-four.

Figure 7.  George Fenwick’s Map of the Potomac River of November 21, 1800.  Financial help for the struggling Potomac Company came at the beginning of 1800.  Completion of the Great Falls bypass canal was assured.  The Company began planning for lateral canals that would feed downriver commerce to the main stem navigation.  This map was probably used by the company to plan their work on these new lateral canals, as well as to direct the work crews charged with the continuing task of keep the main stem open for navigation.  Contrast this map with the detailed maps developed for the new Chesapeake and Ohio Canal shown in Figures 1 and 2.  Use of image courtesy of the National Park Service.
      At the annual meeting of the Stockholders in August 1800, the Board announced to the Stockholders why they were able to move ahead with this contract:

… we have Granted Bond in the name of the Company, to the persons Who Subscribed the Bond to the State of Maryland dated the 10th of December last (i.e. 1799) in the penalty of 150,000 Dollars …

      The Company was again not successful in obtaining a contractor to undertake the needed work.  Therefore they carried out the work using hired labor under the Company’s direction.  They entered into an agreement with Leonard Harbaugh to supervise the work.
  They began in April 1800 with fifteen workers.  The Company was able to increase this to thirty-five, although the average number of workers for the 1800 construction season was around twenty-four.

      Because of their problem in getting adequate numbers of free workers, the Company once again turned to hiring slaves.  On December 17, 1800 the Board authorized the hiring of up to 60 negroes at from sixty to seventy dollars per year.

      The construction of the locks at Great Falls posed other problems to the company.  To get through the rock at Great Falls meant blasting with black powder – a lot of black powder.  Eventually a worker had to be injured because of this heavy reliance on black powder for blasting.  On August 3, 1801, the President and Board of Directors reported one such incident to the stockholders, a laborer by the name of Robert Wisely damaged his eyes from an explosion and was left blind.
      The Directors suppose it may be proper to mention to the Stockholders that in the prosecution of the work at the Great Falls this Summer an unfortunate accident happened to a Labourer named Robert Wisely then in the employ of the Company.

      More building stone was ordered January 13, 1801, again from the Seneca Quarries across the river at Seneca.
   On May 4, 1801, the Board directed that the dimensions of the locks be changed, most made higher.

      On January 6, 1802, the Potomac Company was able to announce that the Locks at the Great Falls were now completed.
  The Great Fall bypass canal was open for commerce in February 1802.  These locks were the pride of the Potomac Canal.  Several had been blown out of solid rock.  Thomas Harbaugh, Leonard’s son, furnished us with a description of the lock and canal system built at the Great Falls by his father.

Figure 8.  Nicholas King and Leonard Harbaugh, delineators.  Detail, “Plan and Section of a Canal at the lower Falls of the Shenandoah, and its junction with the public Canal at Harper’s Ferry and the Necessary Locks,” February 1803.  The most important of the lateral canals was the navigation improvements planed for the Shenandoah River.  The Potomac Company hired surveyor Nicholas King to work with Leonard Harbaugh to develop a proposal to extend this new lateral canal through Harper’s Ferry.  They proposed a canal that would link with the U.S. Government Arsenal power canal which would provide the company an improved navigation around Shenandoah Falls (later renamed Harper’s Ferry Falls)and thus provide an alternative to the sluice navigation of the Long Canal.  Approval for construction was required from the War Department.  This approval was never forthcoming and the company had to build a less ambitious navigation system further up the Shenandoah River.  Use of image courtesy of he National Archives, Record Group 79.  
      On the eve of opening the bypass canal at Great Falls, in December 1801, the Company ecstatically reported to the Governor of Virginia that the canal would be opened soon and, “…on in opening the Locks at the Great Falls will throw considerable funds into the hands of the Company…”
  This wasn’t to happen.  Despite the success of constructing the Great Falls bypass canal, the company never achieved financial success.
I.  Leonard Harbaugh, Nicholas King and the Completion of the Feeder Canals

      While Harbaugh was cutting the final locks at Great Falls, the Potomac Company began to plan for the expansion of the Potomac River navigation system.  In particular, the Board of Directors began planning the construction of lateral canals that would feed commerce to the main Potomac River navigation. 

      The most important navigation system of the lateral canals was that along the Shenandoah River.  In 1802 and 1803 the Virginia Legislature granted the charter to open the Shenandoah River to the Potomac Company.  The company began planning the Shenandoah River navigation.  In addition to the Shenandoah River work, the Board, on May 11, 1802, ordered several new projects.  They ordered that the condition of the wooden locks at the Little Falls (of the Potomac) be examined, that twenty men be ordered to remove the obstructions on the river between the Little Falls and the Great Falls, and that an examination of the Mill dams on Conococheague Creek and the Monocacy River be inspected by Leonard Harbaugh with a view of improving navigation on those rivers, and other work.

      These projects displayed the new financial optimism of the Board of Directors.  But this new optimism  was not to last.  By August 2, 1802, the President and Directors were reporting to the stockholders that due to unusually dry weather, the increase in tolls from the navigation were not as large as had been expected.

      After the Great Falls bypass canal opened tolls would increase but never would meet expectations.  In their annual report to the stockholders in the following year, 1803, the President and Board would again complain about low water and a scarcity of boats but would express the, “…opinion of the President and Directors, good reason to believe that the Stock of the Company cannot fail rising in the public estimation.”
  The Company continued with its plans to improve the Potomac.  They reported on the use of two teams of workmen to improve river navigation: one team beginning at tide water and proceeding upriver to the head of Seneca Falls, the other beginning at Seneca Falls and continuing upriver to the mouth of the Shenandoah.  The Company continued its interest in developing lateral canals.  In particular, they reported on the company projects in developing navigation along the Shenandoah, the Conococheague and the Monocacy Rivers.

      With regard to the Shenandoah navigation, the Potomac Company President James Keith presented to the Stockholders a report prepared by Leonard Harbaugh and Nicholas King on the construction of a canal along the Shenandoah and particularly through Harper’s Ferry.  Harbaugh and King had developed a proposal which would construct the Shenandoah River lateral canal through the middle of Harper’s Ferry.  This new canal would link with the existing U.S. Arsenal power canal and would therefore offer an alternative passage around the Shenandoah Falls of the Potomac River to the difficult sluice navigation of the Long Canal along the Maryland shore.  The annual report stated, “…there seems to exist but little difficulty as to Bringing the arrangement (with the War Department, who controlled Harper’s Ferry due to the armory) in Such manner as would be thought reasonable by the Board…”
  Keith was very optimistic but the King/Harbaugh proposal for constructing a canal through Harper’s Ferry was never approved and never constructed.  

      The Company did construct a series of five bypass canals or river sluices on the lower Shenandoah River.  Starting with the furthest river improvement upriver on the Shenandoah from Harper’s Ferry and the mouth of the Shenandoah, Littles Falls, these were:

1. Littles Falls
 (10-3/4 feet drop) eight miles south of Harper’s Ferry.  The company built one lift lock and a basin.  The lock was 100 feet long, 12 feet wide and had a lift of 8 feet.  The lock was built of granite and freestone.
2. Wilson Upper Falls
 (12-1/2 feet drop).  The company built one lift lock.  The lock was 100 feet long, 12 feet wide and had a lift of 12 feet.  The lock was described as having been built of granite and freestone.
3. Bulls Falls
 (4 feet drop).  The company built a sluice.
4. Wilsons Lower Falls (6-1/2 feet drop).  The company built one lift lock.  The lock was also 100 feet long, 12 feet wide and had a lift of 6 feet.  The lock was also constructed of granite and freestone.
5. Saw Mill Falls (17 feet drop) A quarter mile south (upriver) of Harper’s Ferry.  Here the company built two lift locks, both 100 feet in length, 12 feet in width.  One had a lift of 9 feet and the other of 8 feet.  They were also constructed of granite and freestone.

      Although these works were constructed and opened for river traffic they were little used.  The Potomac Company did not take any other action to open the Shenandoah River for navigation.  Because of this, the Potomac Company could not meet their charter for opening the Shenandoah River for navigation and in 1815 asked the Virginia legislature for a five year extension to do so.  There was dissatisfaction with the Potomac Company and in 1818 the company was forced to transfer their the locks and other property to the Shenandoah Company for $15,000.

      The Potomac Company investigated other feeder canals to improve river commerce on its main stem navigation.  In the annual report of 1803, the Stockholders were informed that $!500 had been received for the purpose of improving the Monocacy River and that a “chute” ( i.e. sluice) had been added at Swingleys Mill on the Conococheague Creek.

      In Potomac Company President John Mason’s letter to Secretary of the Treasury Albert Gallatin, January 20, 1808, Mason mentions the Company’s attempts to improve feeder canals on the Shenandoah and to develop feeder canals on streams such as the Conococheague, the Monocacy, Pattersons Creek, the Opequon and the Cacapon.   He did not mention the company’s efforts to open Antietam Creek for navigation.

      The citizens of Maryland raised $20,000 to improve Antietam Creek from the Pennsylvania line to the Potomac River and the Company accepted it.
  On April 7, 1812, Thomas Harbaugh was appointed Superintendent of the works on Antietam Creek.
  He initiated a survey of Antietam Creek and found twenty dams along its the length.  He estimated that twenty-one locks and one sluice gate along the thirty-eight and a half miles of Antietam Creek would be required to make it navigable so as to overcome its 164-1/2 foot fall in that distance.  His estimate for that work was $86,942.45.
  In his Journal he would round that number up to $100,000
 – the same amount that Mason had earlier written Gallatin would be required to finish the entire Potomac River navigation.

      This amount, $100,000, was a huge sum for the financially troubled company, but some work was undertaken on Antietam Creek.  Whatever work had begun was suspended by the Board on February 3, 1814.
  The Company did not have sufficient funds to pursue this work.

      By 1814, except for maintenance and repair of existing canal structures, all additional construction of the Potomac Canal and its feeders had been halted.

J.  Benjamin Henry Latrobe and the Potomac Canal Extension (1802)

      One additional Englishman became involved in the planning and design of the Potomac Canal, Benjamin Henry Latrobe.  Latrobe developed plans, never constructed, to extend the Potomac Canal from its terminus at Woodwards Cove just below Little Falls to the Navy Yard on the Anacostia River.  In 1802 Latrobe prepared four drawings detailing the construction this extension into Georgetown and from Georgetown to the Navy Yard (the drawings of the proposed canal from Georgetown to the Navy Yard were never prepared).  One of the purposes of this proposed canal was to provide an adequate supply of water to the new dry dock to be constructed at the Navy Yard.  Congress did not provide the funding for this project and it was never constructed.
  
K.  Josias Thompson and the Masonry Locks at Little Falls (1810-1816)
      In 1810, the Potomac Company offered the position of Chief Engineer to Thomas Moore of Sandy Springs, Maryland.
  Moore had  constructed a causeway to Mason’s island in 1805 and 1806 and therefore gained the attention of John Mason, a director of the Potomac Company and later to become president of that company.
  Moore worked for the company on improving wing walls and similar river constructions.  He was appointed by Jefferson as one of the three commissioners for the siting of the National Road and was generally well regarded.  Moore declined the position and instead recommended Josias Thompson, “…in such strong terms as to induce the Company to appoint him without further enquiry…”

      Thompson worked for the Potomac Company from June 23, 1810 through June 23, 1816.
  Although originally a carpenter and surveyor,
 he functioned as an engineer for the company.  He was responsible, for example, for rebuilding the wooden locks at Little Falls in masonry.  Although he did not finish the task by the time he left in 1816, most of the work had been accomplished.  The old wooden locks built by Harbaugh in 1795 had given way in 1815.  The new masonry locks, four in number and comprising a total lift of thirty-seven feet, were built adjacent to the old wooden locks at Woodward’s Cove and were finally completed in 1818.

      Thompson undertook other engineering tasks for the company, such as another study of possible navigation improvements to Antietam Creek.
  Thompson was well regarded by the company’s Board.  One Board member wrote:

The qualities I ever admired in Mr. Thompson were his peculiar and happy manner of managing the several Labourers, Freemen and Slaves, employed in the Company’s service, the facility with which he conducted his many operations, and his address in securing the interest, confidence and friendship of persons with whom the company had to negociate.

      Thompson left the company in 1816 with the masonry locks at Little Falls only partially completed.  At this point, the Potomac Company no longer had sufficient funds to pay a chief engineer.

L.  Thomas Moore and Isaac Briggs and the Demise of the Potomac Company
      Thomas Moore and his brother-in-law, Isaac Briggs, played an instrumental role in the demise of the Potomac Company.  In 1805/1806, Moore gained the attention of John Mason by constructing a causeway from Virginia to Mason’s Island (now named Theodore Roosevelt Island), opposite Georgetown.  Mason’s Island was the summer home of John Mason.  He was the fourth son of George Mason and a wealthy merchant and landowner in Georgetown.  Later, John Mason would become a director and finally President of the Potomac Company.  Moore would become one of the three Commissioners appointed to the National Road by Thomas Jefferson and would develop expertise in the behavior of rivers by direct study.  In 1818 John Mason would recommend Moore to become Engineer to the Virginia Board of Public Works.  This position, along with the position of Chief of the Department of War’s Topographical Bureau (then held by Isaac Roberdeau) was one of the most important American positions in the then emerging fields of civil engineering.
 
      Moore was chosen as Engineer to the Virginia Board of Public Works and was given a salary of $3,500 per year plus expenses.
  In this capacity, Moore was responsible for drafting the first of three reports which would determine the future of the Potomac Company.  
      On August 2, 1819, the Potomac Company asked the State of Virginia for a study of the Potomac Canal to be conducted by the Engineer for the Virginia Board of Public Works, Thomas Moore.  No doubt Mason thought that his friend Thomas Moore would give a favorable report that would facilitate the funding of the financially troubled Potomac Company by the State of Virginia.

      In 1820 Thomas Moore issued his report of the Potomac Canal.  He reported that only $18,000 to $20,000 would be needed by the Potomac Company to complete the Potomac River navigation and that this amount would be much less than the estimated $1,114,300 that would be required for a stillwater canal from Georgetown to Cumberland.  But the Moore Report of 1820 is also mildly critical of the Potomac Company pointing out that it had frequently not made wise use of its previous funding.

      The second report that would influence the fate of the Potomac Company was the 1822 Report, The District of Columbia Report, of the District of Columbia Committee of the U. S. House of Representatives.  This report recommended that the Potomac Company be the recipient of massive amounts of new money -- $2.5 million.  This money would be used to pay off the old debts of the Potomac Company and the Potomac Company would use the remainder to build a stillwater canal, from Georgetown to Cumberland, Maryland.

      But many disagreed with the recommendations of the 1822 District of Columbia Report.  To them, the Potomac Company was not only a financial failure but also an engineering failure.  They believed that a stillwater canal should be constructed to Cumberland, but not by the Potomac Company.  This reaction to The District of Columbia Report led to a third report, The Commissioners Report of 1823.  The states of Maryland and Virginia appointed commissioners to study the Potomac Canal.  The study was initially led by Thomas Moore.  Moore died, on October 3, 1822, shortly after the group finished their trip down the Potomac but before the report had been prepared.
  
      Moore was replaced by his brother-in-law, Isaac Briggs.  Briggs was the son of Samuel Briggs who established a cut nail factory in Rock Creek, Washington, in 1791.  Briggs became a surveyor and assisted Andrew Ellicott in surveying and laying out Washington.  He was later appointed Surveyor General on the Louisiana Purchase and, still later, became a contractor on the Erie Canal under Benjamin Wright.

      Under Briggs, The Commissioners Report of 1823 became a general indictment of the mismanagement of the Potomac River navigation under the Potomac Company.  The Commissioners found that the Potomac Company was a financial failure case which had only issued one dividend, that the Potomac Company had not met the legal terms of its charter, that the Potomac River navigation could only be used 33 to 45 days a year due to low water, that the Potomac River navigation was dangerous and that it placed a tremendous burden on merchants and farmers.

      But the most vehement argument put forth by the Commissioners in The Commissioners Report of 1823 was that the Potomac Canal was an engineering failure.  The core argument by the Commissioners was that sluice navigation, adopted by George Washington and the first Board of Director of the Potomac Company, not only did not assist river navigation but that it was counter productive to river navigation.  The sluices cut into in the river bed of the Potomac River developed areas where the velocity of water tended to be increased.  This increase in water velocity made downriver transit more dangerous and upriver navigation more difficult.  In addition, the increase in water velocity tended to decrease the level of available water further making navigation more difficult or even impossible.  The Potomac Company became aware that this was occurring and installed masonry walls in the river bed to “swell” the water at the upstream side of these sluices.  But these walls themselves became dangerous to river navigation.  Also, the Commissioners continued, because of the lack of knowledge of river behavior, many of these sluices tended to fill with rock and gravel and had to be continually dug out.
  
      The Commissioners Report of 1823 was, therefore, essentially an engineering indictment of the Potomac Company and the Potomac Canal.  Not only had large sums of money been spent on the Potomac Canal but those sums of money had been spent by men who did not understand the ramifications of river navigation.  Instead of improving river navigation on the Potomac River, much of the work undertaken by the Potomac Company had actually denigrated river navigation.

      After the issuance of The Commissioners Report of 1823, there was no longer any question that the Potomac Company would not be entrusted with additional funds for further river improvements along the Potomac River.  The Company’s demise seemed certain.  This would occur in 1827.
      In 1827 a new canal company was formed, the Chesapeake and Ohio Canal Company.  This new company was formed to construct a stillwater canal between Georgetown and Cumberland, Maryland.  On October 1, 1827, the Potomac Company transferred its property to the Chesapeake and Ohio Canal Company

      In stark contrast to the development of the Potomac Company, the Chesapeake and Ohio Canal had almost an army of engineers to plan, design and build it.  Chesapeake and Ohio Canal President Charles Mercer had hired Benjamin Wright as its Chief Engineer.  Benjamin Wright would later be named the “Father of American Civil Engineering,” for his role in constructing the first Erie Canal (1817-1825) and, perhaps more importantly, for his role in educating a whole generation of American civil engineers.

      The first spadeful of earth was turned for the Chesapeake and Ohio Canal on July 4, 1828.  Only shortly after, on August 23, 1828, the Board of Directors of the new canal established a Board of Engineers.
  Benjamin Wright was selected as the Chief Engineer of the Board and the Office of Director was offered to Nathan S. Roberts (assistant to Benjamin Wright on the first Erie Canal and later Chief Engineer of he Erie Canal Enlargement between Rochester and Buffalo, as well as many other engineering assignments)
 and John Martineau (also Wright’s assistant from the Erie Canal).
      By November 22, 1828, the Board of Directors of the Chesapeake and Ohio Canal had established a Corps of Engineers for supervising the construction of the Eastern Division.  This Corps of Engineers was organized into five residencies extending from Georgetown to Pont of Rocks (approximately the first 50 miles of the new canal).  These engineers included:

First Residency:  Thomas F. Purcell, resident engineer; Charles D. Ward, assistant.

Second Residency: Daniel Van Slyke, resident engineer; Herman Bőye, assistant.

Third Residency: Wilson M. C. Fairfax, resident engineer; William Beckwith, assistant.

Fourth Residency: Erastus Hurd, resident engineer; Charles B. Fisk, assistant.

Fifth Residency: Alfred Cruger, resident engineer; Charles Ellet, assistant.

      The methods of the Chesapeake and Ohio Canal Company also differed greatly from the Potomac Company.  Where the Potomac Company hired slaves, indentured workers and free laborers and placed them under the supervision of overseers, the Chesapeake and Ohio Canal Company surveyed work to be undertaken, engaged in quantity takeoffs, developed profiles, let contracts in half-mile sections and monitored the contractor’s work so that payment could be made based on a quantities of material excavated or filled.

      The canals and sluices of the Potomac Company were either abandoned or were abolished through the construction activity of the Chesapeake and Ohio Canal Company.  The Shenandoah River improvements that were transferred to the Shenandoah Company proved no more successful under the new company as under the Potomac Company.  They were eventually buried in mud.  The lower portion of the Potomac Company’s Little Falls bypass canal was enlarged in 1828 to become the prism of the new Chesapeake and Ohio Canal.  The upper portion became the feeder canal for the new canal.  The Potomac Company’s long canal, opposite Harper’s Ferry, was obliterated by the construction of the new canal in the same location in 1830.  The Seneca Falls sluice was abandoned and is used by canoeists today.  The Potomac Company’s greatest accomplishment, the bypass canal at Great Falls, was kept open by the new company until 1830 when it was abandoned in place. 
VI. Summary and Conclusions

      At the time that the Potomac Company built their canal system, civil engineers were extremely rare in the United States.  In lieu of a supervising engineer, the Potomac Company made their own engineering decisions.  George Washington very much desired to hire an engineer to oversee the company’s plans and operations.  But in 1785 there were no American civil engineers to be hired and the company was not willing to bring an engineer from England or France for this purpose.  In the absence of an engineer, Washington and the company’s Board of Directors made the engineering decisions themselves.  The most far reaching decision of George Washington and the Board of Directors was not to follow John Ballendine’s recommendation for bypass canals but, rather, of  to rely extensively on sluice navigation (except, of course, at Great Falls and Little Falls).
  Ballendine’s plan to build tracking paths on one of the banks of the Potomac River, thereby facilitating upriver traffic, were also not implemented.  The Potomac Company did use some English engineers, but usually for only a short period of time (Brindley, Weston, King) or with unfortunate results (Myers).
      The decisions of the Potomac Company were clearly made to save money and were made without benefit of engineering advice.  These decisions were later greatly criticized by early American civil engineers Thomas Moore and his brother-in-law Isaac Briggs, on behalf of the Virginia Board of Public Works.  Moore and Briggs reported that the improvements made by the Potomac Company not only did not greatly assist navigation of the Potomac River but also proved counter-productive to that purpose.  They reported that the sluice navigations built by the Potomac Company increased river velocity within the sluices and decreased water levels.  Further, the sluices tended to fill with river-borne debris.  Walls constructed by the company to “swell” the river waters proved dangerous to river commerce.  Moore and Briggs reported that the navigation system of the Potomac Company could only be used during a short period of the year.  They recommended that a stillwater canal be constructed to Cumberland, Maryland, but not by the Potomac Company.
      In 1828 the Chesapeake and Ohio Canal Company began construction of the stillwater canal to Cumberland.  Unlike the Potomac Company, they began their design and construction operations with an army of engineers led by Benjamin Wright, later called the father of American civil engineering.  These engineers were largely trained on the Erie Canal.  The procedures used by the engineers of the Chesapeake and Ohio Canal Company would be familiar to most practicing American civil engineers today: accurate surveys undertaken, work designed before construction begun, contracts let to qualified contractors; and supervision of the contractors work undertaken by resident engineers.

      Between the beginning of the Potomac Canal (1785) and its demise (1828), civil engineering had come to America and Americans had become civil engineers.
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     	Matildaville          	\
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SI Conversions.  This paper was written in the original English dimensions used by the eighteenth and nineteenth century engineers and builders.  SI conversions are as follows:


	1 Mile = 1.6093 kilometers


	1 Square Mile = 2.590 square kilometers


	1 Foot = 0.3048 Meters


	1 Inch = 2.540 centimeters
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