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Engineering Considerations in Rewatering Sections of the
 Illinois and Michigan Canal

At the request of Ms. Phyllis Ellin, Executive Director, Illinois and Michigan Canal National Heritage Corridor Commission, the following engineering considerations were developed for rewatering the Illinois and Michigan Canal.  

Scope of Work.  The first step is the development of an adequate scope of work.   Included:
· Watering plan.
· Flood protection design.
· Water management devices.
· Impacts of watering plan.
· Sustainability of watering plan.
· Intersecting streams and rivers.
· Canal prism, geometry and liner.
· Canal aqueducts and bridges, if any.
· Locks.
· Other structures.
· Maintenance.
Design Data.  Assemble needed data and information needed for concept design for that portion or portions of the canal to be rewatered.  Included:

· Historical and contemporary existing condition drawings.
· Survey data, including bench mark information.
· Hydrological information.
· Flood information, including anecdotal information, photographs.
· Historical construction detail information, particularly on subsurface conditions, foundations, masonry infill, etc.

· Future plans (number of canal boats, number of lock transits, etc.).
Architectural-Engineering Selection.  Select a qualified architectural-engineering firm or consortium having the following disciplines with each possessing demonstrated project experience in related canal rehabilitation projects.  Principal staff should include:
·    Historic architect, with additional demonstrated experience in project management.
· Historic civil engineer(s), with demonstrated experience in hydrology, soil mechanics.
· Historic structural engineer, with demonstrated experience in evaluation and rehabilitation of existing bridges.

· Historic canal consultant, with demonstrated experience on historic canal projects.

Preliminary Design Analysis.  Architectural-Engineering conducts preliminary design analysis.  This type of project differs from new construction projects in that rarely is needed information available at the beginning of the project and therefore must be developed.  Included:
· Pre-design meeting.

· Evaluate adequacy of existing condition drawings.

· Evaluate adequacy of existing survey system and benchmarks..

· Evaluate adequacy of existing hydrological data.  (National Park Service experience at the Chesapeake and Ohio Canal is that rarely is there adequate hydrological data and that project plans must be prepared in lieu of that information). 
· Identify special studies that must be undertaken (e.g. subsurface conditions of aqueducts, locks; culvert conditions, etc.).

Watering Plan.  Develop a canal watering plan for that portion or portions of the Illinois and Michigan Canal to be rewatered.  Included:
· Assess if historic watering of the canal can be reintroduced through rehabilitation of historic feeder canals, timber-crib dams, etc. dams).
· Identify cost-effective, visually non-obtrusive alternatives (in-river low head dams, impoundments and reservoirs, electrically powered pumping stations, etc.), with conceptual level cost estimate.  
· Develop water gain/loss calculations for each level to be watered (percolation, evaporation, lock operation, rainfall, seepage, etc.).
· Develop watering plan for that section(s).
Water Management Devices.  Identify existing water management devices and new water management devices needed to implement the watering plan for the section(s) to be rewatered.  Included:
· Identify and assess existing waste weirs, overflows, sluices, spillways and similar devices, if any.  

· Develop rehab recommendations for existing waste weirs, overflows, sluices, spillways and similar devices.  Provide adequate scour protection on the downstream side of the device.
· Develop recommendations for new waste weirs, overflows, sluices and spillways.  Provide adequate scour protection.
· Ensure that an adequate water flow occurs in the rewatered section(s).  Locate waste weir and/or sluice at downstream end of a level.
Impacts of Watering Plan.  Assess the impact of watering that section(s) of the canal against adjoining land uses, if any.  If necessary, modify the watering plan and/or develop mitigative measures.  Included:

· Residential.

· Commercial.

· Agricultural.

· Environmental.

Sustainability of Watering Plan.  Assess the sustainability of the watering plan and rewatered canal section(s) against 25 and 50 year floods.  Develop recommendations for sustainable design.  Included:

· Identify traditional flood locations at the rewatering location through anecdotal information, newspaper clippings, photographs and analysis of topographical maps.  Typically canals in river flood plains experience two types of flood damage: (1) rising water prior to crest, (2) descending water following crest. 
· Rehabilitate historic canal flood control measures, if any, such as stop locks, dams and levees.
· Identify need for new stop locks, dams and levees.

· Identify special protections, such as blow-out canal sections, non-visually intrusive treatments of scour-prone canal embankments, appropriate soil treatments, etc.

· Identify flood-plain located special resources, such as lock houses, museums, requiring localized flood protection without labor intensive measures on the eve of flooding, such as sand bagging.
· Identify 25 and 50 year flood limits associated with the Illinois and Michigan Canal; don’t plan new structures within these areas.

Intersecting Stream and Rivers.  Evaluate intersecting stream and rivers to ensure that sedimentation is not deposited by these into the rewatered section(s) of the Illinois and Michigan Canal and that floods from these do not impact the rewatered section(s).  Included:

· Assess physical condition of existing culverts, including foundations.  Nineteenth century masonry canal culverts were typically constructed on wood grillages, which need to be assessed.  This assessment can usually be accomplished at the culvert’s headwalls.
· Determine run-off from intersecting streams and rivers and assess against carrying capacity of existing culverts.
· Develop recommendations for new culverts, as needed, or other plans to divert surface run-off.  
· Alternatively, use these streams as impoundments for canal water supply for the section(s) to be rewatered.

Canal Prism.  Evaluate the canal prism of each level to be watered for adequacy.  Included:

· Assess prism geometry – slopes, berms, side drains, towpath, etc.  Develop recommendations for reshaping prism, if necessary.
· Assess canal liner.  Inspect for potential leakage.  Develop recommendations for use of traditional puddling (i.e. nineteenth century clay liner) versus new thin membrane materials.

· Assess side slopes for possibility of erosion.  Develop recommendations for armoring, if necessary.  In nineteenth century canal construction this was usually accomplished with dry laid masonry.
· Assess slope of the canal prism floor.  Maintain downstream slope in prism as necessary to ensure adequate water flow and avoid sluggish or stagnant water.  
· Assess adequacy of tow path surfacing material.  Mix of fines and solids in wearing surface should be such to provide firm path in wet weather.

Aqueducts and Bridges.  If the aqueducts of the Illinois and Michigan Canal are to be rewatered, such as the steel plate girders of the Fox River Aqueduct in Ottawa or the Aux Sable Aqueduct near Morris, they must be first structurally evaluated and, if necessary, rehabilitated.  These steel plate girders were erected early in the twentieth centuries to replace the original 1840s wood trusses.  Included:

· Assess scour under upriver nose of masonry piers.  As necessary, repair.  Typically this is accomplished by marine concrete.
· Assess masonry piers for necessary repointing, possible pressure grouting to replace leaching hydraulic cement, repair of cracks, etc.

· Visually inspect the steel plate girder canal trough.
· Calculate structural adequacy of aqueducts under full load of water.  If inadequate, rehabilitate, in a sensitive manner, as appropriate.

· Bridges should be similarly assessed.

Locks.  If the locks of the Illinois and Michigan canal are to be rewatered, such as the impressive Locks 1 and 2 in and near Lockport, they will have to be rehabilitated.  Included:

· Structural assessment of the masonry lock walls, including wing walls and foundations (many, perhaps most, of the Illinois and Michigan Canal locks were constructed on pilings probably with wood grillages mounted on top and their condition has to be assessed), to determine if the lock walls can be rehabilitated, again in a visually sensitive manner, without tearing down the lock and rebuilding.   Excavation behind the walls might be required to repair buried counterforts – typical canal lock wall reinforcements that look like buttresses but act in tension. 
· Reinstall, if necessary, iron cramps (or clamps) in masonry units.

· Replacing lock equipment with historically accurate equipment, including quoin posts, anchor and collars, miter frames, gates, balance beams, iron “T” and “I” plates, wooden bumpers and historically accurate valves.
· Reinstall wood flooring in lock chamber.

Other Structures.  As applicable, other structures will need to be assessed and, if necessary, sensitively rehabilitated.  Included:
· Dry laid retaining walls.

· Lock houses.

· Turning basins.

· Canal warehouses.

· Mileage markers.

Maintenance.  Develop adequate maintenance policies.  Included:

· Provide means for dewatering watered section(s) of the canal.  Typically American canals were dewatered for cleaning and maintenance during the winter months.  Historically this was usually accomplished by stop locks, in many cases no more than vertical grooves in the lock walls that would accept horizontally mounted boards.  

· Provide adequate winter storage for canal excursion boat, if any, without inducing “hogging” i.e. longitudinal distortion in the boat’s hull resulting from mounting on few, rather than many, dry-dock supports.
· Adopt maintenance policies that prohibit vegetation within twenty or thirty feet of historic canal structures. 

· Adopt maintenance policies that minimize flood damage to the canal prism, such as maintaining in grass rather than allowing trees to grow.

· Adopt written policies that specify exact actions to be taken by the various park staffs when notified that flooding is imminent.

· Prohibit canal uses that would erode canal banks, i.e. fast boats, jet skis, etc.
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