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GENERAL LIMITATIONS 

This Guide Book has been developed by drawing upon current guidance from various groups including both 

professional societies and regulatory agencies.  Note that the canal is a legacy system that has been built 

and maintained through a century where the dam safety knowledge base has greatly expanded. Because of 

this, the conditions of the canal do not always conform to current dam safety best practices in many 

instances. In some cases, implementing those best practices may be difficult or impossible due to factors 

outside of the control of Canals. Because of this, compromises must be made in the implementation of the 

Guide Book. Those compromises will be made to prioritize public safety and reduce the inherent risk of the 

embankments. 

As with any  operations and maintenance program dealing with infrastructure with an impact on the 

safety of the public at large, the contents of this Guide Book  should be overseen by a competent 

licensed professional engineer with familiarity of the overall system as well as the specific conditions 

at the location where the maintenance is taking place.  

The best practices  and suggested  details  contained  with in  thi s manual  are general  and may 

require  modifica tion  based on specific  site conditions.  As such, some of  the  recommendations,  

procedures  and details  must be  reviewed  by a licensed  professional prior  to implementation  

which are noted as such.  Other recommendations  may be  less critical in terms of potential 

consequence from an engineering perspective ; however, there are other important factors such 

as environmental, health, safety, historic preservation, etc. that must be considered.  Impacts of 

these recommendation s must be considered by the individual(s) overseeing and performing the 

work as not all si tuations can be addressed explicitly.  

All recommendation s herein must be considered as general guidance that may require 

adjustment depending on actual site conditions.  
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PREFACE 

Public safety is a critical component to the New York State Canal Corporationõs (NYSCC) Engineering 

Operation and Maintenance program and its mission to provide reliable operation of a safe and secure 

Canal system. This Embankment Management Guide Book (Guide Book) establishes good practices and 

guidelines for the management of wat er impounding earthen embankments , focusing on the top priority 

of reducing risk of embankment failure, while supporting asset preservation, environmental protection and 

existing community character. Both the modernized Erie Canal System (the Erie, Oswego, Cayuga-Seneca, 

and Champlain Canals) and the feeders and remnant canals have embankments located on one side, both 

sides or adjacent to the canal to retain water. Although these earthen embankments1 primarily serve to 

provide water for navigation, they also provide ancillary benefits including water supply, agriculture, energy 

and recreation. Should an embankment fail resulting in an uncontrolled loss of water , lives, property and 

the environment could be at risk. To minimize the risk of an embankment failure, the NYSCC includes the 

embankments in its water impounding structure and dam safety (Dam Safety) program. A Dam Safety 

program recognizes the causes and possible impacts related to a dam failure and develops procedures for 

early identification of these problems.  Similar to earthen dams, embankments have the potential to fail in 

several modes, as illustrated in Figure 1.1-1, developed by the American Society of Civil Engineers [ASCE, 

2010]2.  

 
1 For the purposes of the Embankment Maintenance Guide Book, the term òembankmentó is defined as those earthen 

embankments that retain or impound water as opposed to  earthen embankments constructed for other purposes that 

do not retain water (e.g. to raise roadways or trails, or to dispose of earth spoil material). The general term 

òembankmentó will be used in lieu of the more specific terms such as òwater-impounding embankmentó or òearthen 

embankmentó throughout  the body of  this Embankment Maintenance Guide Book (Guide Book) for simplicity. 
2 References are called out with square brackets and italics and full bibliographic listing is provided in Section 10. 
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Source: ASCE 2010  

Figure 1.1-1: Example Failure Modes for  Embankments  

The failure modes shown in Figure 1.1-1 often exhibit early signs that can warn the owner of a potential risk 

of an embankment failure. Regular inspections and maintenance are integral parts to identifying and 

remedying the risk to an embankment failure before an uncontrolled release occurs, potentially impacting 

Canal operations and causing loss of life, property and significant environmental impacts.  

The scope of the embankment management program and this Guide Book includes water impounding 

earthen embankments or features that abut and are parallel to the earthen embankments, but not individual 

structures located along the embankments or under the embankments. Therefore, spillways, waste weirs, 

fixed crest dams, retention dams, vertical walls, culverts and dive culverts are excluded features. The scope 

includes all embankment material and impairments, and turf, vegetation, armoring or paving thatõs parallel 

to the embankment slopes and surfaces from outside the toe of the o utboard slope on one side to the toe 

of the outboard slope on the other side.  It includes water recording and management features used in 

regulation of water levels in the canal, and geotechnical instrumentation devices. Recognizing that certain 

areas may have environmental attributes important to nearby residents, the scope also includes identifying 

means to ensure embankment safety, but where feasible, also preserves existing character through cost-

effective alternatives to vegetation removal. Where alternatives to vegetation removal are not feasible, as 

determined by the Canal Corporation, mitigation such as supplemental vegetation or visual screening may 

be installed to reduce the community character impacts of the work.  

All work covered under the embankment management program and this Guide Book will be performed on 

lands under jurisdiction of the NYSCC or on lands where the NYSCC has permanent easements or permits 

that allow the work of the Guide Book to be carried out. Should temporary easements or permits for 
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purposes of construction access be required or desired to facilitate the implementation of the embankment 

management program, they would be obtained on a site-specific basis by the NYSCC or its contractors. 

The purpose of this document is to provide a reference to NYSCC staff and consultants to understand the 

basic components and features of an embankment; the reasons for, and frequency of, inspection 

surveillance and monitoring of embankments on the NYS Canal System; and to provide direction to staff, 

consultants, and contractors as to the appropriate measures and actions to address observed deficiencies 

or concerns. This document is to be used by all NYSCC employees and consultants having responsibility for 

the maintenance and operation of  embankments throughout the NYS Canal System with the understanding 

that the Canal system includes approximately 120 miles of currently mapped water impounding earthen 

embankments that exhibit great variance in adjacent land use and community character, which in some 

specific cases, may require modification of the best management practices described in this Guide Book. 

Modifications should be mad e only with appropriate approval  and should reflect sound engineering 

judgment.   

The embankment maintenance Best Management Practice (BMP) sheets (Attachment 1) are intended to: 

¶ Prevent conditions that could lead to embankment failure ; 

¶ Prevent conditions t hat impair inspections and early identification of hazardous conditions ;  

¶ Maintain access to facilitate repairs in case of emergencies; and 

¶ Without compromising safety or regulatory compliance, maintain embankments consistent with 

existing community character to the maximum extent practicable.  
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GLOSSARY OF TERMS AND ACRONYMS 

ABUTMENT ð The interface between two 

differing components of a dam or embankment 

system or the dam/embankment and the natural 

ground surface. Right and left abutments are 

those on respective sides of the dam when an 

observer looks downstream (or, more generally, is 

facing away from the impounded water) . 

ANTI-SEEPAGE COLLAR ð A projecting collar of 

concrete or other material buil t around the 

outside of a tunnel or conduit within an 

embankment, intended to reduce the seepage 

potential along the outer surface of the conduit.  

This type of seepage protection method is no 

longer recommended for installation within newly 

constructed dams and embankments. 

APPURTENANT STRUCTURE ð Any structures 

built of mat erials placed and/or maintained, in 

connection with a dam or embankment. They 

may include, but are not limited to, such 

structures as spillways, waste weirs, valves, low 

level outlet works, fish ladders, and conduits. 

AUXILIARY SPILLWAY ð See SPILLWAY ð 

AUXILIARY (EMERGENCY).  

BERM ð A nearly horizontal step in the sloping 

profile of an embankment.  Also, a step in a rock 

or earth cut. 

BMP ð Best Management Practice ð In this 

document, BMP is used to refer to the 

embankment maintenance Best Management 

Practice sheets (Attachment 1) 

BOIL ð A disturbance in the surface layer of soil 

caused by water escaping under pressure from 

behind a water retaining structure such as a dam 

or levee. The boil may be accompanied by 

deposition of soil particles (usually sand) in the 

form of a conical-shaped mound (miniature 

òvolcanoó) around the area where the water 

escapes. 

BREACH ð A break or opening in a dam or 

embankment which releases impoundment water 

either deliberately or accidentally. A breached 

dam (or embankment) permanently lowers the 

normal impoundment level by the formation  of a 

channel through or around the dam (or 

embankment). 

CHANNEL ð A general term of any natural or 

artificial facility for conveying water.  

COMMUNITY CHARACTER ð The man-made 

and natural features surrounding and including 

an earthen embankment location. It includes the 

visual character of a town, village or city, and its 

audio-visual landscape.  

CONDUIT ð A closed channel to convey the 

discharge through or under a dam or 

embankment, typically a pipe or culvert. 

CORE ð A zone of material of low permeability, 

within an embankment, the purpose of which is 

to reduce the quantity of seepage through the 

embankment. 

CORE WALL ð A wall of substantial thickness built 

of impervious materials, usually of concrete or 

asphaltic concrete, within an embankment to 

prevent leakage. 

CREST OF DAM OR EMBANKMENT ð The 

elevation of the uppermost surface of a dam or 

embankment, usually a road or walkway (often 

the canal trail), excluding any parapet walls, 

railings, etc. Also, the Top of Dam. 

CREST LENGTH ð The measured length of the 

dam or embankment along the crest. 



March 2021 NYSCC Embankment Inspection & Maintenance Guide Book  

xii 

CUTOFF WALL ð A wall of impervious material 

usually of concrete, asphaltic concrete, or sheet 

piling constructed in  the embankment or its  

foundation  or abutments to reduce seepage 

through, beneath or adjacent to the 

embankment. 

CANAL PRISM ð A term used to refer to the 

actual wetted area of the canal in section. This 

term originates from the fact that the top surface 

of the canal is wider than at the base making it 

prism-shaped. 

DAM ð Any artificial barrier, including any earthen 

barrier or other structure, together with its 

appurtenant works, which impounds or will 

impound waters. By way of example only, waters 

may be impounded by directly intercepting 

drainage over land, by placing a structure in or 

across a watercourse, or by diverting or pumping 

waters to an impoundment or reservoir . A lagoon 

or storage facility, with one or more 

impoundment structures, that stores waste, or 

that treats, disposes or contains materials, other 

than waters, is not a dam. 

DBH ðDiameter at Breast Height ð Standard for  

measurement of trees size defined by the trunk 

diameter measured 4.5 feet above the ground. 

DIVE CULVERT ð A culvert structure that conveys 

a stream or drainage underneath the canal prism.  

DRAINAGE AREA ð The area that drains to a 

particular point on a river or stream. 

DRAWDOWN ð The resultant lowering of water 

surface level due to release of water from the 

impoundment . 

EM ð Engineer Manual ð A US Army Corps of 

Engineers document that provides technical 

guidance for a specific subject or structure type. 

EMBANKMENT ð Any form of earthen 

construction for impounding wate r. May be 

constructed of excavated natural materials, such 

as earth fill and/or  rockfill. More generally, 

Embankments may also be constructed for the 

purpose of raising a roadway or other structure 

above the surrounding terrain and may not 

impound water. This manual only covers 

embankments that impound water.  

Furthermore, for the purposes of this manual, 

three types of embankments are differentiated: 

CANAL EMBANKMENT ð A water-

impounding earthen structure, usually 

constructed in a parallel alignment to the 

Canal, raising the water surface elevation of 

the Canal above the adjacent land surface 

elevation. Such embankments can be on one 

or more sides of the Canal. These 

embankments may retain water only during 

the canal operating season for areas where 

the canal is drained in the winter, or they may 

retain water year-round in areas where the 

canal is not drained or only partially drained. 

EMBANKMENT DAM ð A water impounding 

earthen structure, typically constructed 

across a waterway or natural valley, to create 

a raised water surface or reservoir. Dams 

typically include spillways and outlet works 

for water level regulation  and are 

permanently watered.  

LEVEES AND OTHER EMBANKMENTS ð 

Embankments that are only infrequently 

watered by flood events and are generally 

associated with rivers and run-of-river 

portions of canal. Levees typically are meant 

to protect adjacent areas from flood events. 

EMBANKMENT FAILURE ð A loss of the integrity 

of the embankment through any means (slope 

stability, seepage and piping, or overtopping). A 
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failure of the embankment may or may not be 

accompanied by breaching and loss of the 

impounded water.  A failure can be of varying 

sizes from a minor slough to a complete loss of 

the embankment. 

EMERGENCY ACTION PLAN (EAP) ð A dam 

ownerõs written plan of methods and procedures 

pursuant to 6 NYCRR 673.7 that is implemented 

to detect, identify, mitigate or prevent the causes 

and consequences of adverse dam incidents, 

including failures. 

ENERGY DISSIPATOR ð Any device constructed 

in a waterway to reduce the energy of fast-

flowing water. Typically located at the outfall of a 

pipe or spillway. 

ENGINEER ð For the purposes of this document, 

refers to an individual who is a professional 

engineer currently licensed and registered to 

practice engineering under Article 145 of the 

Education Law of the State of New York and 

possesses sufficient specific education, training, 

and experience necessary to exercise professional 

judgement in the development of opinions and 

conclusions regarding, and is otherwise 

competent  in areas related to, the investigation, 

design, construction, operation, and maintenance 

of a dam or embankment of the type, size, and 

location that is to be addressed, and in areas 

related to adverse incidents, failures and the 

potential causes and consequences of failures 

related to dams and embankments, sufficient to 

meet the objectives and performance factors for 

the areas of practice identified by 6 NYCRR Part 

673. 

EP ð Engineer Pamphlet ð A US Army Corps of 

Engineers document that provides functional , 

instructional, or procedural guidance needed to 

implement programs or systems directed in 

regulations. 

EROSION ð Wear or scouring caused by the 

abrasive action of moving water. 

ETL ð Engineer Technical Letter ð A US Army 

Corps of Engineers document that Contains 

advance information on planning, design, 

engineering, construction, and operations and 

maintenance projects. ETLs are considered 

intermediary publications that will eventually be 

republished in a more permanent form. ETL 

documents remain active for no more than five 

years from the date of issuance. 

FACE ð The external surface of a structure (e.g., 

the surface of a wall or a dam). 

FEMA ð Federal Emergency Management Agency 

ð Federal agency that provides guidance for 

disaster preparedness and reduction. Improving 

the safety of dams and levees is part of its 

mission. 

FERC ð Federal Energy Regulatory Commission ð 

Agency that licenses and regulates hydropower 

dams. 

FILTER (FILTER ZONE) ð One or more layers of 

granular material graded (either naturally or by 

selection) to allow seepage through or within the 

layers while preventing the migration of material 

from adjacent zones. 

FLASHBOARDS ð Structural members of timber, 

concrete, or steel placed in channels or on the 

crest of a spillway to raise the reservoir water level 

but intended to be quickly removed, tripped, or 

fail in the event of a flood.  

FLOOD ð A temporary rise in water surface 

elevation resulting in inundat ion of areas not 

normally covered by water. Hypothetical floods 

may be expressed in terms of average probability 

of exceedance per year, such as 1% annual chance 

(100-year) or expressed as a fraction of the 
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probable maximum flood (PMF) or other 

reference flood. 

FLOODPLAIN ð An area adjoining a body of 

water or natural stream that has been or may be 

covered by water in the event of a flood. 

FOUNDATION ð The natural material on which 

the dam or embankment structure is placed. 

FREEBOARD ð The vertical dimension between 

the top of the dam  or embankment at its lowest 

point and the water surface elevation behind the 

dam or embankment . 

GATE ð A water barrier for the control of water . 

GRAVITY DAM ð A dam constructed of concrete 

or masonry, which relies on its own weight for 

stability. 

GROIN AREA ð The area at the intersection of 

either the upstream or downstream slope of an 

embankment and the valley wall or abutment. 

GULLY ð A landform created by running water, 

eroding sharply and deeply into soil, typically on 

a hillside, to depths of greater than about 3 ft. See 

also RILL. 

HAZARD CLASSIFICATION ð Refers to the 

damage or hazard that may be posed by the 

failure of a dam. One of four Hazard 

Classifications may be assigned to a dam in 

accordance with 6 NYCRR Part 673.5. The Hazard 

Classifications are: Class òAó (low hazard); Class 

òBó (intermediate hazard); Class òCó (high hazard); 

and Class òDó (negligible or no hazard). 

HEIGHT ð the measurement of the vertical 

dimension from the downstream toe of a dam  or 

embankment at its lowest point to the top of the 

dam or embankment. 

INTAKE ð Any structure in a reservoir, dam, river, 

or canal through which water can be drawn from 

the impoundment or river to a discharge point.  

INUNDATION MAP ð A map delineating the area 

that would be inundated in the event of a dam or 

embankment failure. 

LEAKAGE ð Uncontrolled loss of water by flow 

through a hole or crack. 

MAXIMO - A work order management system 

used to manage NYSCC structure assets, create, 

and fulfill work requests for mai ntenance and 

operation work . 

MAXIMUM DESIGN WATER LEVEL ð The 

maximum water level, including the flood 

surcharge, the dam or embankment is designed 

to withstand. 

NAVIGATION SEASON ð Period of the year that 

the water level in the Canal is elevated to allow 

for boat traffic, general ly mid-May to mid -

November each year. 

NORMAL WATER LEVEL (NORMAL POOL) ð 

Elevation at which the water within the 

impoundment is normally kept. For a reservoir 

with a fixed overflow spillway crest, it is the lowest 

level of that crest. 

NYCRR ð New York Codes, Rules and Regulations 

ð The Official Compilation of Codes, Rules and 

Regulations of the State of New York. ô6 NYCRRõ 

means Title 6 of the NYCRR. 

NYPA ð New York Power Authority 

NYSCC ð New York State Canal Corporation  

NYSDEC ð New York State Department of 

Environmental Conservation 

NYSDOT ð New York State Department of 

Transportation 
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OUTLET ð An opening through which water can 

be freely discharged from a reservoir to a 

downstream channel.  

PARGE COATING ð A parge coat is a thin coat of 

a cementitious or polymeric mortar applied to  

concrete or masonry for refinement of the 

surface. The typical parge coat is 1/4"-1/2" in 

thickness; this may be less than the minimum 

thickness allowed by many mortar types. 

PERMEABILITY ð A material property which 

defines the materialõs capacity to transmit water. 

PHREATIC SURFACE ð The upper surface of 

seepage in an embankment. All the soil below this 

surface will be saturated when the steady-state 

seepage condition has been reached. 

PIEZOMETER ð A device used to measure pore 

water pressure in soil. (See also Standpipe 

Piezometer) 

PIO ð Public Information Office  

PIPING ð Progressive erosion and removal of soil 

by concentrated seepage flows through an 

embankment, dam, dike, or levee, its foundation, 

or its abutments. As material is eroded, the area 

of the òpipeó increases and the quantity and 

velocity of flow increase; these changes in turn 

result in the erosion of more material.  The process 

continues at a progressively faster rate. Failure 

can result if the piping cannot be brought under 

control. 

RESERVOIR ð An impoundment of water created 

by a dam. 

RETENTION DAM ð An impoundment structure 

used on the Canal system at locations where 

streams enter the Canal. These structures are 

used to trap sediments from the stream before 

they enter the Canal. Retention dams may or may 

not be classified as dams under 6NYCRR Part 673. 

RILL ð A shallow channel (no more than a few feet 

deep) cut into soil by the erosive action of flowing 

water. Similar but smaller incised channels are 

known as microrills; larger incised channels are 

known as gullies. 

RIPRAP ð A layer of large stone, broken rock, or 

precast blocks placed in random fashion on the 

slope of an embankment dam, on a reservoir 

shore or in a channel as a protection against 

erosive flows, waves and ice. 

SEEPAGE ð The slow percolation of water 

through a dam, its foundation, or abutment.  

Some amount of seepage will normally occur in 

any dam or embankment that retains water. 

SLIDE ð The movement of a mass of earth down 

a slope. In embankments and abutments, this 

involves the separation of a portion of the slope 

from the surrounding material.  

SLOUGH ð The separation of the surrounding 

material and downhill movement of a small 

localized portion of an earth slope.  Usually this 

refers to a shallow earth slide. 

SPALLING ð Breaking (or erosion) of small 

fragments from the surface of concrete, masonry 

or stone under the action of weather or erosive 

forces. 

SPILLWAY ð A structure over or through a dam 

or embankment by which normal or flood flows 

are discharged.  

PRINCIPAL ð The principal spillway conveys 

normal flows, sometimes referred to as 

service spillway. 

AUXILIARY (EMERGENCY) ð A secondary 

spillway designed to operate only during 

large floods to pass flows and is in addition 

to a principal/service spillway. 
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SPILLWAY CHANNEL ð A channel conveying 

water from the spillway crest to the water course. 

SPILLWAY CREST ð The lowest level at which 

water can flow over or through the spillway.  

STANDPIPE PIEZOMETER ð Used to measure 

saturation levels and hydrostatic pressures to 

monitor slope stability and seepage. 

STORAGE ð The retention of water or delay of 

runoff either by planned operation, as in a 

reservoir, or by temporary filling of overflow 

areas, as in the progression of a flood through a 

natural stream channel. 

TAILWATER LEVEL ð The level of water in the 

discharge channel immediately downstream of 

the dam or spillway. 

TOE DRAIN ð A system of pipe and/or pervious 

material along the downstream toe of a dam used 

to collect seepage from the foundation and 

embankment and convey it to a free outlet.  

TOE OF DAM/EMBANKMENT ð The base 

portion of a dam  or embankment which intersects 

with natural ground.  

TOP OF DAM/EMBANKMENT  ð See CREST OF 

DAM OR EMBANKMENT. 

TOWPATH ð A road or trail on the bank of the 

Canal. The original purpose of which was to allow 

mules or other animals to tow a boat along the 

Canal. Current use is often recreational. Paths also 

allow vehicular access to Canal embankment for 

maintenance purposes. 

TRASH RACK ð A device located at the intake of 

a conduct inlet or waterway to prevent entrance 

of some floating or submerged debris.  

USACE ð United States Corps of Engineers 

USBR ð United States Bureau of Reclamation 

VALVE ð A device fitted to a pipe or orifice to 

control or stop flow.  

WASTE WEIR ð A longitudinal structure used on 

the Canal, with a crest elevation that is usually 

lower than the top of Canal embankment, that 

allows excess water to be discharged from the 

Canal to streams or other tributaries. These 

structures often include valves or gates that 

permit additional water to be drawn from the 

canal at levels lower than the crest of the waste 

weir. 

WEEP HOLE ð A small pipe opening into 

structures such as concrete abutments, 

downstream mortared stone wall or concrete 

aprons to relieve any buildup of water pressure 

from seepage or groundwater. 

WEIR ð A type of spillway in which flow is 

constricted and caused to fall over a crest. 

Sometimes specially designed weirs are used to 

measure flow amounts.  
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1 EMBANKMENTS OVERVIEW 

1.1 OVERVIEW AND MANUAL CONTENT 

For the purposes of the Guide Book , embankments are defined as those earthen embankments that 

retain or impound water as opposed to earthen embankments constructed for other purposes that 

do not retain water (e.g. to raise roadways or trails, or to dispose of earth spoil material).  The general 

term òembankmentó will be used in lieu of the more specific term òwater-impounding earthen 

embankmentó or òearthen embankmentó throughout the Guide Book  for simplicity.  

This document is intended for use by the New York State Canal Corporation (NYSCC) and its consultants, 

contractors and other associated parties to: 

1. Explain the proper function and features of embankments,  

2. Provide the risks associated with embankments and ways to mitigate and manage those risks, 

3. Identify the appropriate inspection and m aintenance activities to be performed on a regular basis 

at all NYSCC embankments,  

4. Perform the various inspection and maintenance activities in a uniform and consistent manner 

throughout the Canal system as defined by the Guide Book, 

5. Document the inspections and the performance of maintenance in maintenance logs, 

6. Clarify the decision-making process for addressing maintenance activities either through in-house 

maintenance, contract maintenance or capital program maintenance, 

7. Clarify the roles and responsibilities of various individuals in the organization in relationship to 

processing of the various types of inspections that are conducted, 

8. Explain the embankment features, 

9. Provide best management practices, 

10. Provide guidance on maintenance activities including isolation and dewatering , environmental 

considerations, public relations, and community outreach.  

This Guide Book applies to all embankments under the jurisdiction of the NYSCC with the following 

exceptions: 

¶ It does not apply to  dams (which are covered by the Dam Maintenance Guidebook). 

¶ It does not apply to embankments under FERC jurisdiction, which are maintained by other private 

or public entities  (not under NYSCC maintenance jurisdiction).  

All sections of the Guide Book including the NYSCC embankment maintenance Best Management Practice 

(BMP) sheets (Attachment 1) are intended to be reviewed and updated as necessary, approximately every 

2 years, to reflect the current conditions at each embankment  and the current state of practice for dam and 

embankment maintenance. 

The NYSCC is in the process of mapping and completing hazard classifications for all embankment 

segments. The NYSCC has also developed a multi-level inspection program unique to embankments in the 

Canal system. Both the hazard classification system and the inspection program are explained in subsequent 
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sections of the Guide Book. Lastly, the NYSCC has identified typical embankment repair types, and 

developed a series of embankment maintenance BMP guides (see Attachment 1 and Section 7.2). 

This document is intended to supplement existing  structure maintenance and inspection technical 

documents already in use by the NYSCC. 

1.2 CANAL AND CANAL FEEDER EMBANKMENTS 

The quintessential example of the òtypicaló canal embankment would be those on one or both sides of the 

ò60-mile pooló which stretches from Rochester west to Lockport. These embankments vary depending on 

location and adjacent features, but are typically roughly 18 feet tall, with a 16-foot top width, with slopes 

that vary somewhat depending on location typically 1V:2H to 2V:3H both waterside and landside. A typical 

section is shown in the figure below. 

 

Figure 1.2-1: Typical Canal Embankment Section ð 60 Mile Pool  

At some locations along the 1918 Barge Canal improvement, the original designers provided embankment 

sections that are wider than required for water retention. A typical example of an overbuilt canal 

embankment is shown in the figure below. In this case, additional spoil (material excavated from the canal 

prism) was disposed of landward of the canal embankment. For these situations, it is logical to account for 

this extra material when evaluating risk and maintenance needs. This is an example of an important factor 

that reinforces the need for a site-specific evaluation of alternatives instead of a one-size-fits-all approach. 

 

 Figur e 1.2-2: Overbuilt Canal Embankment Section ð 60 Mile Pool  

Feeder embankments are of a similar arrangement to the canal embankments described above except that 

they are now used on waterways that supply or at one time supplied water to a canal or reservoir (feeders). 
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1.3 DISTINCTION BETWEEN LEVEES AND CANAL EMBANKMENTS 

Water-impounding embankments are typically divided into two main categories: earth dams and levees. 

The canal embankments do not neatly fit into either category. Although they are similar to levees in some 

respects, (mainly that they are both linear features that retain water on one side protecting adjacent low 

ground on the other), there are important differences between levees and canal embankments including:  

¶ Levees are temporary barriers to protect for infrequent, short-term duration rises in rivers and 

only function  with full water loading  in high recurrence interval storm events. In contrast to this, 

the canal embankments perform for the entire navigation season (6 months of the year) year after 

year. This difference has the following major impacts: 

1. the frequency that the levee embankments function is far less than for the canal 

embankments, so the risk of failure is correspondingly less (canal embankments function 

every year, levees may function only once in a period of decades),  

2. the period during which the levees must function is only when the flood waters rise, the 

canal embankments perform for the entire period when there is water in the canal 

(roughly 6 months per year from mid -April to the mid -October), 

3. because the levees are needed for known storm conditions and for shorter duration, a 

heightened awareness and increased monitoring of the levees is possible and cost-

effective since the period of monitoring is infrequent and short -term (maintaining  this 

heightened awareness and enhanced monitoring for the entire time the canal is watered 

every year is unrealistic), and  

4. because the period that the levees hold back water is significantly less than for the canal 

embankments, there is less time for the phreatic surface to develop into a steady-state 

condition and less time for any flaws within the embankment to be compromised.  

The important distinction between relatively infrequently loaded levees is recognized within US Army Corps 

of Engineers (USACE) guidance (Engineering Monograph [EM] 1110-2-1913 òDesign and Construction of 

Leveesó) which states the following: 

Embankments that are subject to water loading for prolonged periods (longer than normal flood 

protection requirements) or permanently should be designed in accordance with earth dam 

criteria rather than the levee criteria given herein. 

This distinction is critical. The USACE guidance indicates that the canal embankments should be treated as 

earth dams. Vegetation management practices for earth dams are universally accepted within the 

engineering community with the rule that woody vegetation is not permitted on earth dams.  

1.4 VEGETATION MANAGEMENT AND THE EXPERIENCE OF OTHER AGENCIES 

The risk reduction strategy for the embankments that likely has the most impact on the community is the 

management of the vegetation that currently exists on the embankment. The dam safety engineering 

community recommends clearing of all woody vegetation from the embankments to eliminate concerns of 

seepage paths created by tree roots, the possibility of tree blowdowns creating large depressions that could 

weaken the embankment or cause a breach and the difficulty the vegetation causes to embankment 

inspection, among other factors. Adjacent landowners and canal users view the trees and vegetated slopes 
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as beneficial to the canal setting for such things as shade, visual site barrier to adjacent properties, wildlife 

refuge, and more. Finding a solution that addresses the needs and desires of both sides is critical. Reducing 

the risk of a catastrophic embankment failure is a clear need. Developing a cost-effective option that allows 

some woody vegetation to remain is a goal. This same dilemma exists in many other locations where water 

impounding embankments exist in close proximity to recreational and residential areas. The guidance 

developed by the governing agencies in those locations can be useful for the canal embankments. 

The experience and resulting design criteria from two agencies are summarized in the sections below. The 

two agencies were chosen because of their specific technical reputation and the similarity of the issues 

covered.  The NYS regulating agency requirements for dam embankments is covered in Section 1.5. 

1. The USACE, whose guidance may be considered the best practice relating to vegetation 

management on embankment dams and levees. 

2. The California Department of Water Resources which has dealt with the issue of balancing the 

risk and benefits of having woody vegetation on their levee embankments, particularly those 

within urban environments. 

1.4.1 US ARMY CORPS OF ENGINEERS 

The current guidance for vegetation management on water impounding embankments is contained in EP 

1110-2-18 Guidelines for Landscape Planting and Vegetation Management at Levee, Floodwalls, Embankment 

Dams and Appurtenant Structures.  

The Corpsõ guidance makes it clear that vegetation may remain on and around embankment and related 

infrastructure, provided that òthe safety of the structure is not compromised, and effective surveillance, 

monitoring, inspection, maintenance, and flood -fighting of the facility are not adversely impacted.ó 

A key aspect of the Corpsõ guidance is the establishment of a vegetation-free zone which is a òthree-

dimensional corridor surrounding all levees, floodwalls, embankment dams, and critical appurtenant 

structures in all flood damage reduction systems.ó No vegetation, other than approved grasses may 

penetrate the vegetation -free zone. The primary purpose of the vegetation-free zone is to òprovide a 

reliable corridor of access to, and along, levees, floodwalls, embankment dams, and appurtenant structures.ó  

1.4.1.1 LEVEES 

For levees, this vegetation-free zone is indicated in the figure below ( Figure 1.4-1). The Corps also indicates 

that a secondary benefit of the vegetation -free zone is to provide distance between root systems and the 

protection structures thereby moderating risks associated with seepage and piping due to root penetration 

and structural damage from wind -driven tree overturning (windthrow). They note that the vegetation -free 

zone does not provide adequate protection for all situations. Note that in the case of the typical canal 

embankment, this vegetation-free zone extends across the entire embankment and a minimum of 15 feet 

past the toe. 
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Figure 1.4-1: USACE Guidance - Vegetation -Free Zone  

(Figure A -1 of EP 1110-2-18) 

To provide protection against seepage, piping and concerns with windthrow on levees, the Corps defines a 

root -free zone. This root-free zone is used in conjunction with planting berms which are overbuilt levee 

sections upon which plantings are permitted. Depending on the specific location and embankment 

characteristics, it could be appropriate to consider the spoil portion of the overbuilt canal embankments as 

planting berms upon which woody vegetation could be permitted. Vegetation must be carefully chosen to 

ensure compatibility. Factors such as vegetation density, size, expected root penetration depth, and location 

are important factors in the expected per formance (i.e. risk) of the embankment. 



March 2021 NYSCC Embankment Inspection & Maintenance Guide Book  

1-6 

 

Figure 1.4-2: USACE Guidance - Levee Section with Planting Berm Showing Root -Free Zone 

(Figure A -13 of EP 1110-2-18) 

 

1.4.1.2 EMBANKMENT DAMS 

The Corpsõ policy as it relates to embankment dams is clear. The guidelines require the following five areas 

to be vegetation -free zones: 

1. The dam and the dam-toe area. 

2. Areas in or around seepage monitoring systems, or critical downstream areas where seepage 

observation must be vigilant and continuous.  

3. Groin abutments and areas immediately adjacent to groin abutments. 

4. Spillways and spillway channels, including spillway slopes and approaches to spillways where 

vegetation could, in any way, impede the operation of the spillway. 

5. The outlet works discharge channel. 

The Corps further clarifies that for embankment dams, the entire embankment surface from the upstream 

toe of the dam to a minimum distance of 50 ft from the downstream toe 3 shall be a vegetation-free zone. 

 
3 It should be noted that applying a uniform 50 -ft required vegetation -free zone at the toe of all earth dams regardless 

of size is in all likelihood an over-simplification. Other than the recommendations for an access corridor, the vegetation-

free zone should be based on the size of dam and the size of tree. Reducing this 50-ft limit for the can al embankments 

would seem justifiable. 
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1.4.1.3 VARIANCES 

The Corps also allows for a formal process for requesting a variance from the Guidelines. Any such request 

must include information to demonstrate the following:  

¶ No significant tree roots (those greater than ½ in. diameter) will enter the levee prism . 

¶ No potential tree overthrow pit will penetrate the levee prism.  

¶ No roots or tree overthrow pit will significantly impact the function of any appurtenant structure, 

such as those designed to control seepage. Such features include filters and drains. 

These three bullets can be considered the guiding principles of when vegetation is permissible on water-

impounding embankments from a safety and risk perspective. If vegetation is allowed to remain on the 

embankments, these principles can be used to help assess and manage the risk. 

1.4.2 CALIFORNIA URBAN LEVEE DESIGN CRITERIA 

A good deal of information regarding maintenance, inspection and vegetation on water retaining 

embankments exists for the levee system protecting Sacramento, California and the San Joaquin Valley (the 

Central Valley Flood Protection Plan). Recent pertinent information can be found dealing with many aspects 

of risk management relating to maintenance and inspection of the levees. Much of this information has 

been prepared in response to a reaccreditation process for the federal levee system and the Army Corps of 

Engineers guidance regarding vegetation management for levees. Like the controversy surrounding the 

vegetation management on the NYSCC canal embankments, vegetation management on and adjacent to 

levees became controversial when the Corps released updated guidance for vegetation management for 

levees in April 2009.4 Much of the research and lessons learned can be leveraged to develop guidance for 

the canal embankments.  

However, there are important differences between the California levee system and lessons learned and the 

NYSCC canal embankments. In addition to the differences between canal embankments and levees as 

detailed in Section 1.3, the Sacramento Levees are constructed with and in sandy soils. The NYSCC canal 

embankments are constructed of many different material types. 

As referenced above, California has dealt extensively with the challenges of balancing the risks associated 

with vegetation on levee embankments and the detrimental effects of removing vegetation. Californiaõs 

Department of Water Resources published guidance5 for levee construction and maintenance which strives 

for a balance between the two goals. Because Californiaõs objectives align closely with those of NYSCC, their 

guidance is generally applicable keeping in mind the important difference that the canal embankments are 

typically more critical than levees since they function for a 6 -month duration every year.  

 
4 The guidance released was ETL 1110-2-571 Guidelines for Landscape Planting and Vegetation Management at Levee, 

Floodwalls, Embankment Dams and Appurtenant Structures (April 2009).  ETL 1110-2-571 was replaced by two 

subsequent documents having the same title as the original 2009 document ð ETL 1110-2-583 (in April 2014) and EP 

1110-2-18 (in May 2019). The first two ETL documents are largely the same, and the final EP document is identical to 

the 2014 ETL except for formatting.  
5 State of California, The Natural Resources Agency, Department of Water Resources, Urban Levee Design Criteria, May 

2012. 
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Section 7 of Californiaõs Urban Levee Design Criteria includes requirements for many aspects of the levee 

system. The documentõs relevant sections covering vegetation are summarized below. Other sections 

covering such things as embankment geometry seepage design criteria, slope stability criteria, and required 

right of way are included and may be useful for other aspects of the embankment engineering and 

maintenance program, but they are not directly applicable to this document.  

1.4.2.1 VEGETATION [SECTION 7.16] 

The California policies have been developed around a commitment to: 

òdeveloping flood risk reduction solutions that also integrate environmental stewardship. 

Guidance for levee vegetation management is focused on improving public safety by 

providing for levee integrity, visibility, and accessibility for inspections, maintenance, and 

flood fight operations, while at the same time protecting important and critical environmental 

resources.ò 

Section 7.16 of the California guidance says:  

Policies and criteria regarding removing trees and other woody vegetation that have grown 

and matured on levees are evolving and will be informed by ongoing and future research. 

Engineers and levee maintaining agencies are encouraged to consider the results of this 

research when deciding how to manage trees and other woody vegetation on levees.  

It goes on the say:  

The criteria provide significant flexibility for engineers and levee maintaining agencies to 

remove or retain existing trees and other woody vegetation. Because of the importance of 

these critical resources, it is anticipated that implementation of these criteria will result in 

near-term retention of the vast majority of existing trees and other woody vegetation that 

provide important and critical habitat. In the long -term, it is anticipated that the vast majority 

of trees and other woody vegetation on the lower waterside levee slope6 would continue to 

grow with little or no management.  

Section 7.16 of the California Urban Levee Design Criteria requires an engineering evaluation to identify 

unacceptable vegetation and a routine inspection program to identify changes that effect vegetation 

management. Criteria are provided for vegetation management for new levees and at locations where 

repairs or improvements are planned. For existing levees with vegetation, a òvegetation management zoneó 

is defined that allows some vegetation to remain subject to trimming and thinning to provide access for 

maintenance and inspection. The following sections are paraphrased from the California document: 

 
6 Note that the lower waterside slope is applicable only to levees (this is the portion of the slope that is at or near 

normal river elevation and then becomes submerged when flood waters rise). It is not applicable to the canal 

embankments. 
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1.4.2.1.1 ENGINEERING EVALUATION 

The California guidance requires an engineering inspection and evaluation to identify tree and other woody 

vegetation that pose an unacceptable threat. Any such tree shall be removed along with the root balls and 

roots. The California guidance requires a minimum of all roots larger than 1.5 inches in diameter that are 

within 3 feet of the tree trunk be removed. 7 The California guidance varies somewhat from the typical 

practice for earth dams which is to remove all roots down to 1 -inch or even ½-inch diameter. Though not 

included in the California guidance, it is recommended that the typical earth dam criteria for root removal 

be followed for the canal embankments. 

1.4.2.1.2 ROUTINE INSPECTION  

The California guidance dictates that any trees and other woody vegetation that are not removed must be 

monitored to identify changed conditions that cause any of these remaining trees and other woody 

vegetation to pose an unacceptable threat to l evee integrity.  

1.4.2.1.3 NEWLY CONSTRUCTED LEVEES  

California requires that new levees be designed, constructed, and maintained according to USACE criteria. 

These standards limit vegetation to native grass species on levee crown (top), slopes, and within 15 feet of 

the levee toe. Trees and other woody vegetation may be allowed on portions of the landside slope  for a 

newly constructed levee only if a specially designed planting berm is added. This overbuilt section must be 

of sufficient size and configuration to mitigate potential negative impacts to levee safety with respect to 

seepage, stability, and erosion criteria should either windfall or root decay occur.  

Trees and other woody vegetation that are within 20 feet of the  landside toe should be trimmed up 5 feet 

above the ground and thinned for visibility and access.  

1.4.2.1.4 LEVEE REPAIR OR IMPROVEMENT  

The California guidance dictates that vegetation shall be removed as required to meet objectives of the 

specific project. Any vegetation removed may not be replaced in the vegetation management zone. 

However, vegetation on other sections of the levee, not affected by the construction activity may remain in 

place, natural revegetation may be allowed outside of the vegetation management zone, and replanting 

may be allowed (see Section 1.4.2.1.7); for levees regulated by USACE, their approval is required for planting. 

Engineers and levee maintaining agencies should also consider preserving trees and other woody 

vegetation within the vegetation management zone that provide important or critical habitat in consultation 

with the appropriate resource agencies by including the following root mitigation alternatives as part of any 

levee improvement program:  

ω The overall width of the levee is overbuilt  landward by at least 15 feet beyond the standard 

minimum levee dimensions, or  

 
7 The guidelines point out that more extensive root removal may be required depending on the type of tree; the 

quantity, size and orientation of roots; the dimensions of the embankment; and the levee features that address seepage. 
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ω An effective root or seepage barrier is installed within the levee to mitigate potential impacts by 

tree roots. 

1.4.2.1.5 LEVEES WITH EXISTING VEGETATION  

Californiaõs guidance is that levees with existing vegetation are to be maintained according to the bullets 

below. With respect to Californiaõs guidance and its applicability to the NYSCC canal embankments, it is 

important to consider the differences between levees and canal embankments noted in Section 1.3. In 

particular, the fact the canal embankments retain water at a frequency and duration that far exceeds that 

which levees are considered safe. This is recognized in the Corpsõ guidance dictating that canal 

embankments be designed using earth dam criteria8. Standard guidance and best practices dictate that 

the levee criteria below are not appropriate for canal embankments.  

¶ An established vegetation management zone in which trees are trimmed up to 5 feet above the 

ground (12-foot clearance above the crown road) and thinned for visibility and access (see Figure 

1.4-3). 

¶ Brush, trees and other woody vegetation less than four inches in diameter at breast height, weeds 

or other such vegetation over 12 inches high are to be removed.  

¶ Trees and other woody vegetation that are within the 20 -foot -wide landside right -of-way, but 

outside of the vegetation management zone, must be trimmed up 5 feet above the ground and 

thinned for visibility and access.  

 

Figure 1.4-3: California Guidance ðVegetation Management  for Existing Levee Section 

(Figure 7-7 of California Urban Levee Design Criteria ) 

 
8 From USACE EM 1110-2-1913 Design and Construction of Levees, April 2000, Section 1-5 a. (1) which states òThe term 

levee as used herein is defined as an embankment whose primary purpose is to furnish flood protection from seasonal 

high water and which is therefore subject to water loading for periods of only a few days or weeks a year.  Embankments 

that are subject to water loading for prolonged periods (l onger than normal flood protection requirements) or 

permanently should be designed in accordance with earth dam criteria rather than the levee criteria given herein.ó 
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1.4.2.1.6 LIFE-CYCLE VEGETATION MANAGEMENT  

California uses life-cycle management (LCM) to achieve visibility and accessibility criteria while progressing 

gradually (over many decades) toward the USACE vegetation policy goal of eventually eliminating woody 

vegetation from the vegetation management zone of levees  (landside slope, crown, and upper waterside 

slope). Life-cycle management on the California levees involves:  

ω Removal of immature trees and other woody vegetation less than four inches in diameter at 

breast height.  

ω Trees and other woody vegetation beyond this size (that do not pose an unacceptable threat to 

levee integrity) may live out their normal lives on the levee.  

ω Periodically evaluating the trees and other woody vegetation remaining. Should any of these be 

found to pose an unacceptable threat to levee integrity, remove them at that time .  

1.4.2.1.7 VEGETATION PLANTING (FOR OVERBUILT EMBANKMENTS) 

Californiaõs guidance for overbuilt embankments states that trees and other woody vegetation may be: (1) 

planted, and (2) allowed to naturally revegetate on a landside planting berm. Only the portion of the 

landside planting berm that is both 15 feet or more from the landside levee slope and 15 feet or more from 

the landward top of the planting berm may be planted or allowed to naturally revegetate. All trees and 

other woody vegetation in this area of the planting berm must be trimmed up 5 feet above the ground and 

thinned for visibility. Any landside berm can be a planting berm if its top is more than 30 feet wide (as 

measured perpendicular to the levee centerline) and the berm is at least 3 feet9 thicker than required for 

levee integrity (to account for potential overturning of trees from windthrow) (see Figure 7-8). For levees 

regulated by USACE, their approval is required for any plantings on the levee. Before planting, consideration 

should be given to the possibility that some or all vegetation may need to be removed in the future.    

1.5 NEW YORK STATE REGULATORY RECOMMENDATIONS FOR VEGETATION MANAGEMENT 

Today, in New York State, dams that are not otherwise regulated by the FERC or USACE, are regulated by 

the NYSDEC. Although canal and feeder embankments are not regulated as dams, these embankments do 

retain water for certain parts of the year and uncontrolled breaches could result in damage to life and 

property.  As such, guidance documents related to earthen dam maintenance and inspections are used by 

the NYSCC as part of its inspection and maintenance program of these earthen structures and referenced 

in this Guide Book. NYSDEC regulations include requirements for the inspection, operation, and 

maintenance of dams.  The NYSDEC Owners Guidance Manual for the Inspection and Maintenance of Dams 

in New York State [NYSDEC, 1987], originally published in June 1987 remains the current guidance.  This 

document states: 

¶ The entire dam should be kept clear of unwanted vegetation such as brush or trees. 

 
9 The 3-foot thickness is based on research specific to the California soil types and the specific type and size of trees 

found on the levees and may vary for the soil and tree types found along the canal. This guidance also does not consider 

the seepage potential caused from roots within the levee embankment (presumably due to the shorter -term duration 

loading for the levee). Seepage and potential for piping is a major concern for the canal. It is for these reasons that a 

more conservative depth and distance criteria be used for the overbuilt canal embankments. 
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¶ When brush is cut down, it should be removed from a dam to permit a clear view of the 

embankment. 

¶ Stumps from trees or woody brush with a diameter less than 4ó diameter may be left in place. 

¶ Following removal of large brush or trees (with a diameter greater than 4ó), the left-over root 

systems should also be removed to a root diameter of 1ó or less and the resulting holes filled. 

1.6 SUMMARY 

This chapter provided: 

¶ An overall introduction to this Guide Book and its objectives. 

¶ Background on the NYSCC canal embankments regarding their construction and configuration. 

¶ A comparison between water impounding canal embankments, earth dam and levees and how that 

distinction is critical when considering the applicability of regulatory requirements, industry and 

engineering guidance, and dam and levee best practices. 

¶ Information and backgr ound on what other agencies do for their dam and levee assets.   

As indicated in the sections above, it is critical to understand the important differences between levees, 

dams, and canal embankments. As the USACEõs guidelines indicate, due to the duration and frequency of 

water loading, canal embankments should not be maintained using guidance developed for levees. 
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2 NYSCC DAM SAFETY PROGRAM 

2.1 ORGANIZATIONAL STRUCTURE OF NYSCC 

Pursuant to Public Authorities Law Section 1005-b, the NYSCC is a public benefit corporation and subsidiary 

corporation of the New York Power Authority.   

The NYSCC operations are divided into two regions: Eastern and Western. Work forces and responsibilities 

for individual structures are divided into Sections within each Region as follows: 

EASTERN REGION 

 

Section 1 - Fort Edward  

Champlain Canal between Waterford (junction with Erie Canal) and Whitehall (north end of Lock C12) 

[Locks C1 thru C12] 

 

Section 2- Waterford  

Erie Canal between Waterford (junction with Ch amplain Canals) and the East end of Lock E-8 (Rotterdam) 

[Locks E2 

-E7] 

 

Section 3 - Fonda  

Erie Canal between and including Lock E8 (Rotterdam) to the east end of Lock E16 (Minden) 

[Locks E8-E15] 

 

Section 4 - Utica  

Erie Canal from the east end of Lock E16 (Minden) to the west end of the Sylvan Beach breakwater 

[Locks E16-E22] 

 

WESTERN REGION 

 

Section 5 - Lysander  

Erie Canal from the western end of the Sylvan Beach breakwater to Cayuga/Seneca County line at 

Montezuma; and the entire Oswego Canal from Three Rivers to Lake Ontario 

[Locks E23, E24, & O1-O8] 

 

Section 6 - Lyons 

Erie Canal from Cayuga/Seneca County line to the Wayne/Monroe County line; and entire Cayuga/Seneca 

Canal, from the south end of Cayuga Lake and Seneca Lake to the junction with the Erie at Montezuma 

[Locks E25-E30, & CS1 ð CS4] 
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Section 7 - Pittsford 

Erie Canal from Wayne/Monroe County line to east end of Ingersol Street Lift Bridge, Albion 

[Locks E32-E33] 

 

Section 8 - Lockport 

Erie Canal from east end of Ingersol Street Lift Bridge to Tonawanda Creek (500õ west of Webster St. 

Bridge) 

[Locks E34/35] 

 

See Attachment 2 for a Map of NYSCC Region and Section boundaries. The inspection and maintenance 

plans shall be retained by the NYSCC electronically in Canal Infrastructure Management System (CIMS), kept 

in good order and updated as necessary to reflect any changes in the current condition  of the 

embankments. The following contact information can be used for questions related to the embankment 

segments. 

NYSCC Eastern Region 

Regional Canal Engineer 

30 South Pearl Street 

Albany, NY 12207 

(518) 449-6036 

NYSCC Western Region 

Regional Canal Engineer 

4950 Genesee Street, Suite 190 

Cheektowaga, NY 14225 

(716) 686-4400 

Administrative Headquarters 

Deputy Director30 South Pearl Street 

Albany, NY 12207 

(518) 449-6000 

NYSCC Syracuse Office 

Director of Waterways Maintenance 

149 Northern Concourse 

Suite 400 

Syracuse, NY 13212 

(315) 423-2081 

 

2.2 GENERAL ORGANIZATIONAL STRUCTURE OF NYSCC OPERATIONS STAFF 

The general reporting structure  for the Canal Corporation Operations staff in the Regions is as follows (note 

that not all staff categories are included): 

Engineering: 

¶ One Regional Canal Engineer (RCE) per Canal Region.  The RCE is a management position requiring 

a professional engineering license who manages the work in the Canal Region. 

¶ Two Transportation Maintenance Engineers (TMEs) per Region who each oversee two Canal 

Sections.  The TME is a management position requiring a professional engineering license and 

reports to the Regional Canal Engineer.  
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Operations: 

¶ One Section Superintendent per Canal Section who is in charge of the entire section including 

maintenance, operations, and the Section maintenance shop.  The Section Superintendents report 

to the Regional Canal Engineer. 

¶ Canal Maintenance Supervisor 2 (CMS2) who functions as a maintenance general foreman and is 

the senior maintenance supervisor in the Canal Section.  The CMS2 reports to the Section 

Superintendent. 

¶ Canal Maintenance Supervisor 1 (CMS1) who functions as a maintenance foreman responsible for 

a single work crew.   
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3 EMBANKMENT RATING SYSTEM 

With approximately 120 miles of embankment presently identified in the Canal system, it is necessary to 

identify and prioritize those sections most in need of maintenance. In order to create a prioritiza tion, a 

matrix was developed based on two metrics: hazard classification, and condition rating to assign a resulting 

risk urgency rating. The matrix prioritizes risk urgency by assigning the highest risk urgency to those 

segments with the highest hazard classification and lowest condition rating . 

Sections 3.1 through 3.4 describe the three classifications and ratings used to classify the embankment 

sections.  

3.1 HAZARD CLASSIFICATION 

The NYSCC uses the following hazard classifications for embankments, based on NYSDEC and FEMA 

guidelines [NYSDEC, Undated; FEMA, 2004]. 

Table 3.1-1: NYSCC Hazard Classification  for Embankments  

Class "A" or "Low 

Hazard" 

 
An embankment failure is unlikely to result in damage to anything more than 

isolated or unoccupied buildings, undeveloped lands, minor roads such as town 

or county roads; is unlikely to result in the interruption of important utilities, 

including water supply, sewage treatment, fuel, power, cable or telephone 

infrastructure; and/or is otherwise unlikely to pose the threat of personal injury, 

substantial economic loss or substantial environmental damage. 

Class "B" or 

"Intermediate 

Hazard" 

 An embankment failure may result in damage to isolated homes, main 

highways, and minor railroads; may result in the interruption of important 

utilities, including water supply, sewage treatment, fuel, power, cable or 

telephone infrastructure; and/or is otherwise likely  to pose the threat of 

personal injury and/or substantial economic loss or substantial environmental 

damage. Loss of human life is not expected. 

Class "C" or 

"High Hazard" 

 An embankment failure may result in widespread or serious damage to 

home(s); damage to main highways, industrial or commercial buildings, 

railroads, and/or important utilities, including water supply, sewage treatment, 

fuel, power, cable or telephone infrastructure; or substantial environmental 

damage; such that the loss of human life or widespread substantial economic 

loss is likely. 
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3.2 CONDITION RATING 

Periodic inspections have been performed for some of the Canal embankment sections. Inspections were 

performed by NYS Department of Transportation (NYSDOT) personnel in 2015 and prior years. Starting in 

2017, the Canal Corporation and its consultants took over the inspection program. Minor revisions to the 

rating system have been made over time to include dam safety best practices and risk reduction measures. 

Table 3.2-1: NYSCC General Condition Rating  for Emba nkments  

1 - SERIOUS/EMERGENCY 

 Serious Deficiencies Exist, Repairs Needed Urgently, Consider 

Emergency Remedial Action.  Dam Safety Review Warranted to 

Determine the Embankment Integrity.  Enhanced Monitoring 

Required 

2 - VERY POOR 
 Advanced Safety Deficiencies Exist.  Begin Monitoring and 

Consider Interim Stabilization Measures. 

3 - POOR 

 Safety Deficiencies Exist that Signify Potential Progression of 

Deterioration under Existing or Increased Loading Conditions.  

May Need Condition-Based Preventative Maintenance. Place in 

Priority Scheduling for Improvement . 

4 - FAIR 
 Moderate Safety Deficiencies Exist.  Improve as Part of Normal 

Scheduling. 

5 - GOOD 
 Minor Safety Deficiencies Exist.  Satisfactory but Shows Signs of 

Aging. 

6 - VERY GOOD 
 

Normal Aging . 

7 - EXCELLENT/NEW 
 

No Appreciable Deterioration  or Deficiencies Exist.   

 

Key elements that are examined in the inspection include: 

¶ the presence of embankment seepage (including standing water and other indicators such a lush 

vegetation or even the presence of wetland vegetation),  

¶ the presence of vegetation on the embankment including trees or other  vegetation that can 

negatively affect the embankment or hinders the inspection (refer to Section 7.3),  

¶ geometry of the embankment including height, top width, and inboard and outboard slope,  

¶ embankment settling or slope failure ,  

¶ presence of animal burrows,  

¶ missing or deteriorated inboard slope protection ( riprap) with erosion potential , and  

¶ the presence of development or residential properties near the embankment (an indicator of 

hazard class). 
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3.3 FEMA RISK URGENCY RATING SYSTEM 

The FEMA risk urgency system assigns different levels of urgency to dam corrective actions. It reflects an 

assessment of the likelihood of failure with five risk categories. Risk urgency classifications listed below are 

as defined in the FEMA publication P-1025 Federal Guidelines for Dam Safety Risk Management [FEMA, 

2015]. 

Table 3.3-1: FEMA Risk Urgency Rating  

I - Very High 

Urgency 

 
CRITICALLY NEAR FAILURE: Direct evidence that failure is in progress, and the 

dam is almost certain to fail during normal operations if action is not taken 

quickly. 

OR 

EXTREMELY HIGH RISK: Combination of life or economic consequences and 

likelihood of failure is very high with high confidence.  

 

II - High Urgency 

 RISK IS HIGH WITH HIGH CONFIDENCE OR IT IS VERY HIGH WITH LOW TO 

MODERATE CONFIDENCE: The likelihood of failure from one of these 

occurrences, prior to taking some action, is too high to delay action . 

III - Moderate 

Urgency 

 MODERATE TO HIGH RISK: Confidence in the risk estimates is generally at 

least moderate but can include facilities with low confidence if there is a 

reasonable chance that risk estimates will be confirmed or potentially increase 

with further study . 

IV - Low Urgency 

 
LOW TO MODERATE RISK: The risks are low to moderate with at least 

moderate confidence, and there is a potential for the risks to increase with 

further study . 

V - No Urgency 

 
LOW RISK: The risks are low and are unlikely to change with additional 

investigations or studies. 

Depending on the urgency of the risk, remedial actions may range from routine risk management measures 

to heightened monitoring and evaluation, up to immediate action to avoid failure and implementing the 

emergency action plan. FEMA Risk urgency ratings for NYSCC embankment sections began in 2016. It is the 

intent to assign Risk Ratings to all embankments as part of the inspection program. 
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3.4 MODIFIED RISK URGENCY RATING SYSTEM FOR USE ON CANAL ASSETS 

The NYSCC uses a modifi ed FEMA risk urgency scale which includes one additional urgency classification to 

better fit with the General Condition Rating and Hazard Class system that has been established. The new 

rating of òVa - Very Low Urgencyó is used in between FEMAõs IV and V classifications. This new rating is 

beneficial to differentiate between a classification of òLow Urgencyó and a classification of òNo Urgency.ó  

The NYSCC uses the General Condition Rating and Hazard Class to develop a preliminary Risk Urgency 

Rating as per the matrix below. This matrix has been established to prioritize the risk urgency of the various 

assets according to their condition and the consequence of the assetõs failure. Higher hazard structures 

generally receive a higher preliminary Risk Urgency Rating for the same condition.  This ranking matrix places 

the highest priority to the structures that would have the greatest consequence of failure and exhibit the 

worst condition.  The preliminary Risk Urgency Rating assigned by the matrix is reviewed by the inspecting 

engineer for appropriateness considering the actual observations made prior to assigning a final Risk 

Urgency Rating.  Allowing the engineer to apply judgment in assigning the final Risk Urgency Rating allows 

for consideration of factors that are difficult  to quantify in the general matrix and eliminates the òblack boxó 

assignment of the final Risk Urgency Rating. 

 

Table 3.4-1: NYSCC Preliminary Risk Urgency Rating for Embankments  

GCR\Hazard Low Hazard Intermediate Hazard High Hazard 

7 - Excellent/New V - No Urgency V - No Urgency V - No Urgency 

6 - Very Good Va - Very Low Urgency Va - Very Low Urgency Va - Very Low Urgency 

5 - Good Va - Very Low Urgency IV - Low Urgency IV - Low Urgency 

4 - Fair IV - Low Urgency III - Moderate Urgency III - Moderate Urgency 

3 - Poor III - Moderate Urgency III - Moderate Urgency II - High Urgency 

2 - Very Poor II - High Urgency II - High Urgency I - Very High Urgency 

1 - Serious/Emergency I - Very High Urgency I - Very High Urgency I - Very High Urgency 
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4 EMBANKMENT INSPECTIONS 

NYSCC is responsible for periodically inspecting embankments under its jurisdiction. Inspections and 

maintenance are important to the ongoing serviceability and operability of embankments, the safety of 

people and facilities downstream of the embankments, and the continued operation of the Canal System. 

Identifying signs of f ailure early is critical to the prevention of hazardous situations for the surrounding 

people and infrastructure as well as aiding the NYSCC in gauging risks and priorities when planning and 

scheduling maintenance activities and capital improvements. Annual embankment inspection training is 

provided to Canal staff who perform embankment inspection work.  Additional training, such as seepage 

monitoring and dam safety training, is provided annually to Maintenance Supervisors and staff who are 

licensed professional engineers. Training requirements are evaluated annually and revised as needed.  

4.1 SUMMARY OF INSPECTIONS 

The NYSCC performs various types of inspections at its embankments. Further description of the inspection 

requirements is included in the following section s. The frequencies identified below are targets NYSCC 

strives to meet based on resource availability. Additional inspections for appurtenant structures including 

spillways, weirs, sluice gates and culverts are coordinated by the Asset Management & Inspection Engineer 

separately from the embankment inspection program . 

4.1.1 BANK WALK INSPECTIONS 

Bank Walk Inspections are routine scheduled inspections performed by NYSCC staff.  It is also the 

minimum level of inspection to be performed any time sta ff visits an embankment site. The inspection 

consists of visually identifying areas of immediate concern for the functionality of the embankment. The 

primary focus of the visual inspection is the embankment and its appurtenant structures to observe 

defects and changes in condition. 

Items to Monitor : 

¶ Crest alignment ¶ Toe drain flow 

¶ Seepage ¶ Trash rack debris/ culvert flow 

¶ Reservoir pool ¶ Condition of any appurtenant or adjacent 

structures (e.g., spillways, dive culverts, 

waste weirs) 

¶ Wet areas 

¶ Slides/sloughs 

¶ Cracks  

Minimum Frequency : 

¶ Assigned by the Regional Canal Engineers or Transportation Maintenance Engineers based on the 

embankmentõs condition and hazard class  

¶ Typically performed on a more frequent interval as often as weekly to bi-monthly  

Inspection Personnel : 

¶ NYSCC Section Staff 

Responsible Reviewers: 

¶ Canal Maintenance Supervisor 1,  

¶ Canal Maintenance Supervisor 2, and/or  

¶ Section Superintendent 
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4.1.2 INFORMAL INSPECTIONS & ENHANCED EMBANKMENT MONITORING 

Informal Inspections and Enhanced Embankment Inspections are conducted to monitor any devices or 

conditions related to seepage at the embankment in addition to the normal requirements of a Bank Walk 

Inspection. Previous observations should be compared to current observations to determine if there are 

any significant changes in conditions at the embankment. All changes in condition, changes in readings 

from instrumentation devices, and maintenance practices implemented since the previous inspection are 

documented.  Informal Inspection may also document any new deficiencies, instabilities, or notable 

conditions.   

Items to Monitor  

¶ Areas of Concern (AOCs) identified in 

Safety Inspections 

¶ Monitoring Weirs (discharge) 

¶ Monitoring wells (level)  ¶ Rodent activity 

¶ Piezometers (level) ¶ Vegetation 

¶ Observation manholes (level) ¶ Concrete surfaces 

¶ Outfalls (discharge) ¶ Vandalism 

¶ Monitoring Devices  

Minimum Frequency:  

¶ Enhanced Embankment Monitoring intervals vary and are assigned by the Regional Canal 

Engineers based on the embankmentõs condition, hazard class, and specific areas of concern 

being monitored  

¶ Informal inspection  frequencies are completed according to the Dam Safety Program Policy CC-

POL-DS as follows: 

Hazard (See Section 3.1) Inspection Interval1 

Class A Semiannually 

Class B Quarterly 

Class C Monthly  
1 Inspection intervals are applicable only during periods when embankment retains water) 

Inspection Personnel:  

¶ NYSCC Engineering Staff 

¶ Licensed Professional Engineers 

Responsible Reviewers:  

¶ Regional Canal Engineer 

¶ Dam Safety Engineer 

4.1.3 FORMAL INSPECTIONS 

Formal Inspections are conducted regularly by qualified licensed engineers. A report is generated by a 

Licensed Professional Engineer in the State of New York experienced in dam safety. The report compares 

conditions of the embankment to previous conditions assigns a condition rating, per forms a visual 

assessment of apparent hazard class, assigns a risk urgency rating, and provides recommendations for 

necessary maintenance. 
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Items to Monitor:  

¶ The formal inspection is a detailed inspection of all aspects of the embankment including general 

condition, apparent hazard classification and overall risk. 

Minimum Frequency:  

¶ Minimum frequency for formal inspections is set by Dam Safety as follows: 

Hazard (See Section 3.1) Inspection Interval 

Class A Every 5 years 

Class B Every 3 years 

Class C Every 2 years 

Inspection Personnel:  

¶ Licensed Professional Engineers trained in dam safety 

Responsible Reviewers:  

¶ Dam Safety Engineer 

4.1.4 SPECIAL INSPECTIONS 

Refer to NYSCC Post Event Inspection Procedures; K118-EMP-0008 [NYSCC, 2018] for instructions on post 

event or emergency (earthquake, flood) inspection criteria. 

4.2 IDENTIFICATION, REVIEW, AND PROGRAMMING OF CORRECTIVE ACTIONS 

Figure 4.2-1 summarizes the means by which embankment safety issues are identified, and corrective 

actions are reviewed, approved and programmed for implementation.  Embankment safety issues may be 

identified through the inspections discussed in Section 4.1. Other sources of information may come from 

boaters, trail users or residents along the canal who observe seepage, sloughing or other anomalies. The 

recommendation  of corrective actions is initiated by the reviews of inspection reports by one or more 

NYSCC leadership team members. These include: Section Superintendent, Regional Canal Engineer, Dam 

Safety Engineer, and Asset Management & Inspection Engineer.  

The Regional Canal Engineer, Dam Safety Engineer, and Asset Management & Inspection Engineer 

determine the appropriate vehicle for implementing the corrective actions . . In making their determination , 

they shall consult with Environmental Health & Safety (EH&S) for required maintenance work. The Regional 

Canal Engineer will determine when consultation wit h and/or involvement of the Public Information Office, 

Legal and/or Real Property is also required.  Such instances include when corrective actions may require 

mitigation to address environmental impacts. Corrective actions that can be performed as in-house or 

contract maintenance are then progressed back through the appropriate Regional Canal Engineer and 

Section Superintendent for implementation  via generation of work orders in NYSCCõs work order 

management system Maximo.  

When programming corrective actions, the property ownership rights of the NYSCC must be confirmed to 

determine whether sufficient space to perform the maintenance work or to provide sufficient access to 

perform the required maintenance work described in th is Guide Book. When corrective actions result in 

ground disturbance, a review of potential sources of contamination (e.g. State Superfund sites, etc.), as 

further described in Section 8, should also be performed. Presence of contaminated soils could 
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significantly extend timeframes for action or trigger special material handling requirements. For this 

reason, the limits of NYSCC property, or rights to access the property to perform maintenance work must 

be confirmed. Access to adjacent lands to perform maintenance work, or to provide access, may be 

obtained through a Site Access/Vegetation Management Permit or permanent easement. Refer to Section 

8.13 - Access, Easements and Temporary Work Space for more information.  

Figure 4.2-1 depicts a flow chart for the inspection review, maintenance recommendation and approval 

process for embankment maintenance activities. 
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Figure 4.2-1: Inspection Maintenance and Approval Flow Chart   








































































































