Canal
Corporation

0| BERGMANN 5

ARCHITECTS ENGINEERS PLANNERS

New York State Canal Corporation
EMBANKMENT INSPECTION & MAINTENANCE GUIDE BOOK

March 2021

S —————_____


http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwie9dmf-d3dAhWI54MKHSmXDgkQjRx6BAgBEAU&url=http%3A%2F%2Fwww.canals.ny.gov%2Fnews%2Fmedia.html&psig=AOvVaw0IKQMjuwtuQzKl6lpWTQN9&ust=1538232634169332

March 2021 NYSCC Embankmentinspection & Maintenance Guide Book

TABLE OF CONTENTS

[ o] Y (= Te) 0 1T | TSP PP PRSI V.
REVISION SUMMAIY TaADIE... ... e e e e e e e e e et e e e e e e e e e s s tb e beeeeaeasssannrnreneeeeeeeas Vii..
GeNEral LIMILATIONS. .....eeiiriie ittt e st e s e s e e e et e sme e e sanneesnneeennre e e nnreennneenn] Vii
1= 7= Lo R SSSPRPN 1/ ||
Glossary Of TErMS AN BCIONYIMS. .....ccciitiiiiiiiiiie ettt ettt e e saree e e s st e e e e s asbeeeesanbeeeessabrreeesasbeeeesanrneeenn Xi.
1 EMDANKMENTS OVEIVIEW.....ciiiiiiiiieiiiiee ettt e st e e as et e s e e s sb et e s san e e e e s anneee s snnnee s 11
11 Overview and ManUal CONENL..........cuuiiirieiirieree e esre e snreesnneas 11
1.2 Canal and Canal Feeder EMbankments......... ...t ee e e 1-2
1.3 Distinction Between Levees and Canal Embankments.............ciiiiiiiiiiiiiiee e 1-3
14 Vegetation Management and the Experience of Other Agencies............oooccuviiiiiiiiiieciiiiiieeeeenn. 1-3
1.4.1  US Army Corps Of ENQINEEIS.....cciiii ittt ssre e e e e e e s s ee e e e e e s s e snnneenee e 1-4
1.4.2 California Urban Levee DeSign CriterTa.........oocuuiieiiiiiie et 1-7
15 New York State Regulatory Recommendationsfor Vegetation Management ...............c.co...... 1-11
1.6 SUMIMIANY. .1t £ e e e e e o e oo 4 e e e e e e e e e e e e e e e e e e e e e e e e e e e aaaeaeaaaaaaaaaaaaaaaaaaaaaaaeataaaees 1-12
2 NYSCC Dam Safety PrOQraM........ccoiiuiiiiiiiiieeeiiiiee ettt sitte e sttt e st e e s sbee e s s sibbe e e s ssbae e e s anbeeaeseanee 2-1
21 Organizational StruCture 0f NYSCC........uuiiiiiiiiiie ittt e e 2:1
2.2 General Organizational Structure of NYSCC Operations Staff............ccoccoiiiiiiieiniiie, 2-2
3 EmMbankment RatiNg SYSIEM.. ... e e e s s e e e e e e e st e e e e e e e e e e e e nnnareeeeeeeas 3-1
3.1 Hazard ClasSIfiCAtION. ........uiiiiee i e e s s e e e e e s e e ar e e e e e e e s nnnreneees 3:1
3.2 67e] g o [11[o] g I 2 ¥ 11] oo [E T PO PP PRSP UPP PP PRPON 3:2
3.3 FEMA Risk Urgency Rating SYSIEML..........uuiiiiiiiiiiiiiiieeee ettt e e e e e e e e s 3:3
3.4 Modified Risk Urgency Rating System for Use on Canal ASSetS.......ccccccveeeveiiiiivieeeee e s, 3:4
4 Embankment INSPECLIONS.......coiuiiiiiiiiiii ettt ssneee e s snne e e s snnnneessnnenee s e AR
4.1 SUMMArY Of INSPECHIONS.......eiiiiiiiiie et e e snne e e snreee s nnneeeeeeen A2 L
4.1.1  Bank Walk INSPECHIONS......cciiiiiiiiiiiie ettt ettt e e e e e et be e e e e e e e s s nbnbeeeeeeeeeeasaana 4-1
4.1.2 Informal Inspections & Enhanced Embankment MONItOring .............cccocccvvviieeeeeeeciciiiieeeeeeenn 4-2.
e B (o4 4 g = T K] o=t 1o £ PSP SR 4:2
4.1.4  SPECIAI INSPECTIONS.....ciiiiiiiie ettt ettt ettt e e et b e e e et b e e e e saare e e e s asbe e e e e abbeeeesanreeeesanee 4-3
4.2 Identification, Review, and Programming of Corrective ACtiONS..........cccccceeveeeiiiiciieeceenee e 423
4.3 Related Items Concerning INSPECHIONS.........eeiiiiiiiiee it rreee e sereee e seneee e sneeeee e A0 T
4.4 EMEIGENCIES....coiiiiiiiii ittt e e e e e e s snbeeeesennneeessnnneeessnnnneessn D0 T
4.5 Safety REGQUINEIMENTS ...ttt ettt e e e e e e st b et e e e e e e e e bbb e e e e e eaaeeessnnrnneeeaaeaanas 4-7
5 Isolation and Dewatering of Embankment SEgMENLS...........ccviviiiiiiiiiiiieee e e e e 51
51 Isolation of Canal and Feeder SECHONS............iii it seeeee e 5-1
5.2 Locations of Embankment SEgMENLS.........coiuiiiiiiiiiiie e 5:1
5.3 DY =] o[ oo [T PERT TR 5:2
6 EMDAnKMENT FEAIUIES........ooiiiiieitie e e e e bt eemre e e nn e e srne e 6-1
6.1 Typical Canal embankment SECHONS.........uiviiiiii e e s e e s snenreeeae e e e enned 6-1
6.2 EMDaNKMENT FEATUMES........uiiiiiiiiee ettt e e e sttt e e e e e e e e s st e e e e e e e e s e esnnneneeeeeeesennnned 6-3
6.2.1  EMDANKMENT ZONES.......ooiiiiiiiieiitiie ettt e s e et e st e e s snne e e e snbn e e e s snnneeenannnneesd 6-3
6.3 Outboard Slope EMbankment FEAtUIES..........ccuuiiiiiie e esseee e e e e e e e e e e 6-5



March 2021 NYSCC Embankmentinspection & Maintenance Guide Book

6.3.1 Erosion and Bank ProteCLON..........cuuii ittt re e e e e e 6-5
6.3.2 Drainage Channels and DitChES..........ccoiiiiiiiiiiiiie e ee s e rrrrrr e e e e e nnned 6-6
6.4 Inboard Slope EMbankment FEAIUIES...........uuiiiiiiiiiiciieiee e e e e e e s e e snaeree e s 6:6
6.5 Crest EMBanKmeENt FEAUMES.......uuiiiiiei ittt e s s e e e e e e e e s s baaane e e e e e e e snnnnreeeeeaas 6:6
6.6 Structures Integrated within the Embankment ...............ccoo i 6-6.
7 Embankment MaiNtENaNCE........coiiii it ettt e e e e e siabeeeeee e e s s nannbeseeeeeessessnnnneneee T L
7.1 Y= U a1 =Y g T U [of I @F= (=T o] 4 =Y SRS 7-1
7.2 Best ManagemMeENt PraCliCES........uuii ittt s e b e e s ennes 7=
7.3 Vegetative MaINTENANCE ..........u ittt e e e e et e e e e e e e e s baneee e e e e e e e aanbbbbeeeaaaeeaanns 7-5
0 5 V1 o Y O S o TS A I = o = T - Y YU 7-5
732 How | tds Done..Saf el Y 7-6
8  Environmental CONSIAEIALIONS. . ......ccoiiiiiiieiii ettt e e e s et e e e e e s e sabsbeeeeeeaeeesananneed 8-1
8.1 Erosion and Sediment CONTIOL........cooi ittt e e e e e e sab e e e e e e e as 8:-1
8.2 Rare, Threatened and Endangered SPECIES.........uuiiveeeiiiiiiirieeee e i s sttt e e e e e e s ssnrneeeeeaee e e s snnenes 8-1
8.3 Surface Waers and WeELlanAS. ........ooveeiie it e e eer e e e e e s nnnrrneeeeee s 8-5.
8.3. 1 SUIMACE WALEIS......eiiiiiiiei ettt ettt e e e e s ettt e e e e e e e e s s bbb be e e e e e e e e saannbbeeeeaeeessasnsbeeeeeas 8-5
8.3.2  WWBLIANGS. ...ttt ettt et e e e e et e et e e e e e e e e b r e e e e e e e e e e e nbabreeeaaaaeas 8-6
8.4 (1010 =TI 1H T of = PO STR 8-7
8.5 COoNtrol Of INVASIVE SPECIES .....uiiiii ettt e e e st e e s e sabre e e e e neeas 8-9
8.6 Hazardous Wastes / Contaminated MaterialS............cccuuvieiiiiiiiiiiiiieiie e e 8-11
8.7 LGNt POIULION ...ttt et e e e e e e s abn e e e e e e e e e s nnnenees 8-12
8.8 Scenic Management GUIAEIINES........uuuiiii oo e e e e e e e enrrere e e e e e e nned 8-13
8.9 N[0 T ST 8-15
S0 O B B U £ A O 11 (o] PP OPPPPPPUPPN 8-17
S0 T o o T o] =1 1= PP 8:18
8.12  RecCreational TraffiC..........coccuiiiiiiiie s e e e e e e e s e e e e e e e s s nrnarree e e e e s 8-20
8.13  Access, Easements and Temporary WOrK SPaCE.........c.ueeviiiiiiieiiieieeiiiie e e e 8-20
8.14  Permitting REQUITEIMENTS ........uiiiiiiiee ittt e e e e e a bbb et e e e e e e s e sanneeeeeaeeeesaanbbbbneeaeaaeas 8-20
8.15 SEQR Thresholds and deciSion ProCEAUIE..........uiiiei i icieeee e s e e e e e s e e e e e esnanes 8-23
9  Public Relations & CommuNity OQUIFEACK.........ccoiiiuiiiiiiiiiiie et sbee e e e e 9:-1
9.1 Communications & NOLIfICAIONS ........oiiiiiiiiii e e 9:-1
9.2 0 o] [To Y 1T 1 o To [PPSO UUPURT PP 9-1
9.3 O IS 41T = RS Q-1
10 LS (=] =] 1= 10-2



March 2021 NYSCC Embankmentinspection & Maintenance Guide Book

Table of Tables

Table 3.2-1: NYSCC Hazard Classification for EMbBankments...........occvviiririeenneeenreee e 3-1
Table 3.21: NYSCC General Condition Rating for Embankments............cccccoviiiiiiieiiiiiieec e 3-2
Table 3.3 1: FEMA RISK UrgenCy RatiNG..........ccccuiiiiiiiieeieeciiiiie e ee e e s e s seitsseeeee e e e s sssnntseaseeesessnsnnnssssasaeesaann 3-3
Table 3.4 1: NYSCC Preliminary Risk Urgency Rating for Embankments...........cccccccoovviiveeeee v, 3:4
Table 7.1 1: Frequency, Risk Priority, and Category for Typical Maintenance Tasks...........ccccocvvvirnineenn. 1-2
Table 8.2 1: Federally Listed Species Potentially Present in EEIP Project Area (as of December 2020)..8-1
Table 8.2 2: State Listed Species Potentially Present in EEIP Project Area (as of February 2021)........... 8-1
Table 8.23: Avoidance and MiniMization MEASUIES ...........cccuieiirrieiieeeieeeseeesree e snee e 8-3
Table 8.3 1: Freshwater ClasSifiCaAtiONS...........cuuiiiiiiiiie e s 8:5
Table 8.51: Commonly Encountered Invasive Species in New York State...........ccccevevvieeeeniiieeeininnen. 8-11
Table 8.14-1: Permits, Thresholds and ReqUIreMENtS.............uiiiiiiiiiiiiiiie e 8-21
Table 8.151 Regulatory and Community Thresholds...........cccciiiiiiiii e 8-23

Table of Figures

Figure 1.1-1: Example Failure Modes for EmMbankments...............uuiiiiiiiiiiiiiee e ix
Figure 1.2-1: Typical Canal Embankment Sectiord 60 Mile POOI..............ccccciiiieee e 1:2
Figure 1.2-2: Overbuilt Canal Embankment Sectiond 60 Mile POOI ...........ccccocvviiiiiiieniiniiee e 1-2
Figure 1.4-1: USACE Guidance Vegetation-Free Zone (Figure Al of EP 11102-18).......cccccccvvveeiiinnnnnn. 1-5
Figure 1.42: USACE Guidance Levee Section with Planting Berm Showing RootFree Zone (Figure A13 of
EP L1102-18) ...eteiiiiieitiee ittt etttk e etk R e Rt e R et na b et e b et e e R et aR e e e ne e nn e e e aneeennnee e e 1-6
Figure 1.43: California Quidance dVegetation Management for Existing Levee Section (Figure 77 of
California Urban Levee DeSign CrItEITA)........ccouituriiiiiieeeeriiee ettt e ettt e e s st e et e e e s sib e e e e sabe e e e s sabneeee e e 1-10
Figure 4.2-1: Inspection Maintenance and Approval FIow Chart................oooiiieeee s 4-5
Figure 5.3-1: Parts of an Impounded Canal...............ccooiiiiiiiiiiie e eeescee e e saarreee e e e e s nnnes 6-1
Figure 5.32: EMDanKmMENt FEATUIES. .......coiiiiiiiii ittt e e s st e e ea e e e e snneeeean 6-1
Figure 6.1-1: Earthen Embankment Canal Section: Erie Canél Waterford to Three Rivers............c.......... 6-2
Figure 6.1-2: Earthen Embankment Canal Section: k& Canald Three Rivers to Tonawanda and Champlain
L0 1 - PR PRPN 6-2
Figure 6.2-1: EMDANKMENT ZONES ......ciiiiiiiiieiiiiii ettt ettt s bt e e s aae e e e sbbe e e e s s bt eeesanneeas 6-4
Figure 6.6-1: Western Embakment Dive CUulvert Profile............ooo e 6-8.
Figure 6.6-2: Erie Canal Waste Weir (and Sluice Gates) at Albion, NY........ccccooveiiie i, 6-8
Figure 6.6-3: Concrete Wall along Canal............ocuuiiiiiiiiiiiiie e e st sbeeee e s need 6-9.
Figure 8.15 1: Maintenance SolutionNS DECISION TIEE.........uiiiiiiiiiiiiiee ettt neeas 8-25



March 2021 NYSCC Embankmentinspection & Maintenance Guide Book

LIST OF ATTACHMENTS

Attachment 1
NYSCCEmbankment Maintenance BestMangement Practices (BMPSs)

Attachment 2
Map of NYSCCRegion and Section Limits

Attachment 3
Tables of Canal Sections for Isolation and Dewatering



March 2021 NYSCC Embankmentinspection & Maintenance Guide Book

REVISION SUMMARY TABLE

This manual shall be updated, at minimum, every 2 years, or as necessary to ensure accurate mapping,
procedures, best practicesand environmental regulations. The following table describes the revisions of the
manual development.

Revision No. Date Description

0 03-12-2021 | Initial Issue
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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 this 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.

Vii
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PREFACE

Public safety is a critical component to the New York State Canal Corporationd $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, OswegoCayuga 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 embankments! primarily serve to
provide water for navigation, they also provid e 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 includesthe
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 proceduresfor
early identification of these problems. Similar to earthen dams, embankments have the potential to fail in
several modes, asillustrated in Figure 1.1-1, developed by the American Society of Civil Engineers[ASCE,
2010

1 For the purposes of the Embankment Maintenance Guide Bookt he t er m 0 e mtefineckamtbase edrthéns
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

oembankment é will be used issuchasewad fmptoluen dino ige e s e coilefia c thteenr m

e mb a n k ntleaughdut 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.

viii
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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 Bookincludes 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 featuresThe scope
includes all embankment material and i mpairments, and
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
areasmay 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 Bookwill be performed on
lands under jurisdiction of the NYSCC or on lands where the NYSCC has permanent easementsr permits
that allow the work of the Guide Bookto 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 NYSCQr its contractors.

The purpose of this document is to provide a reference to NYSCC staffand 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 Cand System and to provide direction to staff,

consultants, and contractors as to the appropriate measures and actions to address observed deficiencies
or concerns. This documentis to be used by all NYSCGCemployees and consultants having responsibility for
the maintenance and operation of embankments throughout the NYS Canal Systemwith 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 made only with appropriate approval and should reflect sound engineering
judgment.

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

Prevent conditions that could lead to embankment failure ;
Prevent conditions that impair inspections and early identification of hazardous conditions ;

Maintain access to facilitate repairs in case of emergenés; and
Without compromising safety or regulatory compliance, maintain embankments consistent with

=A =4 =4 =4

existing community character to the maximum extent practicable.
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GLOSSARY OF TERM&ND ACRONYMS
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ABUTMENT & The
differing components of a dam or embankment
system or the dam/embankment and the natural
ground surface. Right and left abutments are

interface between two

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 A projecting collar of
concrete or other material built 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 STRUCTURES 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 & See SPILLWAYOS
AUXILIARYYEMERGENQY

BERM 06 A nearly horizontal step in the sloping
profile of an embankment. Also, a step in a rock
or earth cut.

BMP 0 Best Management Practice 8 In this
document, BMP is used to refer to the
embankment maintenance Best Management
Practice sheets (Attachment 1)

BOIL 9 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

Xi

O0v ol c amund he area where the water
escapes.

BREACH & 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

embankment).

the dam (or

CHANNEL 06 A general term of any natural or
artificial facility for conveying water.

COMMUNITY CHARACTER 0 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 0 A closed channel to convey the
discharge through or under a dam or
embankment, typically a pipe or culvert.

COREDO® 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 WALLS 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 o 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 LENGTHS The measured length of the
dam or embankment along the crest.
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CUTOFF WALLGS 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 the

embankment.

adjacent to

CANAL PRISM & 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 & 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 oDiameter at Breast Height 6 Standard for
measurement of trees size defined by the trunk
diameter measured 4.5 feetabove the ground.

DIVE CULVERT® A culvert structure that conveys
a stream or drainage underneath the canal prism.

DRAINAGE AREA 0 The area that drains to a
particular point on a river or stream.

DRAWDOWN @ The resultant lowering of water
surface level due to release of water from the
impoundment.

EM & Engineer Manual 8 A US Army Corps of
Engineers document that provides technical
guidance for a specific subject or structure type.

Xii
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EMBANKMENT & Any form of earthen
construction for impounding water. 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.

embankments

This manual only covers
that impound
Furthermore, for the purposes of this manual,

water.

three types of embankments are differentiated:

CANAL EMBANKMENT & A water-
impounding structure,  usually
constructed in a parallel alignment to the

earthen

Canal, raising the water surface etvation of
the Canal above the adjacent land surface
elevation. Such embankments can beon one
the Canal. These
embankments may retain water only during

or more sides of

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 & A water impounding
earthen structure, typically constructed
across a waterwayor 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 EMBANKMENTSO
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 FAILURED® 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
sizesfrom a minor slough to a complete loss of
the embankment.

EMERGENCY ACTION PLAN (EAP)0 A dam
ownerds written plan
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 Any device constructed
in a waterway to reduce the energy of fast-
flowing water. Typically located at the outfall of a
pipe or spillway.

ENGINEEROA 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
regarding, and is otherwise
competent in areas related to, the investigation,
design, construction, operation, and maintenance

conclusions

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 NYCRRPart
673.

EP & Engineer Pamphletd A US Army Corps of
Engineers documen that provides functional,
instructional, or procedural guidance needed to
implement programs or systems directed in
regulations.

of
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EROSION & Wear or scouring caused by the
abrasive action of moving water.

ETL 8 Engineer Technical Letterd A US Army
Corps of Engineers document that Contains
advance planning, design,
engineering, construction, and operations and

information on

m endifteoathce @ ajedts. pETles ¢ &ed wonsdered

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.

FACEO® The external surface of a structure (e.g.,
the surface of a wall or a dam).

FEMA 0 Federal Emergency Management Agency
0 Federal agency that provides guidance for
disaster preparedness and reduction Improving
the safety of dams and levees is part of its
mission.

FERCS Federal Energy Regulatory Commissiond
Agency that licenses and regulates hydropower
dams.

FILTER (FILTER ZONEp 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.

FLASHBOARDSA 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 & A temporary rise in water surface
elevation resulting in inundation 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 & 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 & The natural material on which
the dam or embankment structure is placed.

FREEBOARDGS 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.

GATEO® A water barrier for the control of water .

GRAVITY DAM 8 A dam constructed of concrete
or masonry, which relies on its own weight for
stability.

GROIN AREA 8 The area at the intersection of
either the upstream or downstream slope of an
embankment and the valley wall or abutment.

GULLY & A landform created by running water,
eroding sharply and deeply into soll, typically on
a hillside, to depths of greater than about 3 ft. See
also RILL.

HAZARD CLASSIFICATION 8 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
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INTAKE 0 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 & A map delineating the area
that would be inundated in the event of a dam or
embankment failure.

LEAKAGE & Uncontrolled loss of water by flow
through a hole or crack.

MAXIMO - A work order management system
used to manage NYSCCstructure assets, create,
and fulfill work requests for maintenance and
operation work .

MAXIMUM DESIGN WATER LEVEL &8 The
maximum water level, including the flood
surcharge, the dam or embankment is designed
to withstand.

NAVIGATION SEASON 8 Period of the year that
the water level in the Canal is elevated to allow
for boat traffic, generally mid-May to mid-
November each year.

NORMAL WATER LEVEL (NORMAL POOL)d
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.

NYCRROA New York Codes, Rules and Regulations
0 The Official Compilation of Codes, Rules and

accordance with 6 NYCRR Part 673.5The Hazard Regulations of the State of New York. 66 NYCRR®
Classifications are:Cl ass 0A6 (|l ow h %éaﬁsrTﬂle)éofthglkl\?Cﬁﬁ

0Bo6 (intermediate hazard); Class 0C6 (high hazard);
and Class 0DO6 (negligi bl e NYRAOJNew YbrikaPower Autharity

HEIGHT o 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.

NYSCCd New York State CanalCorporation

NYSDEC & New York State Department of
Environmental Conservation

NYSDOT & New York State Department of
Transportation

Xiv
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OUTLET & An opening through which water can
be freely discharged from a reservoir to a
downstream channel.

PARGE COATING 8 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 6 A material property which
defines the material &8s

PHREATIC SURFACES The upper surface of
seepage in an embankment.All the soil below this
surface will be saturated when the steadystate
seepage condition has beenreached.

PIEZOMETER®S A device used to measure pore
water pressure in soil. (See also Standpipe
Piezometer)

PIO 6 Public Information Office

PIPING & Progressive erosion and removal of soll

by concentrated seepage flows through an
embankment, dam, dike, or levee, its foundation,

or its abutments. As material is eroded, the area
of the Opiped increases
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.

RESERVOIRS An impoundment of water created
by a dam.

RETENTION DAM 98 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.

XV
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RILL & 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 3 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.

c a BBEPAGEY Theo slowr percalatiant of watére r .

through a dam, its foundation, or abutment.
Some amount of seepage will normally occur in
any dam or embankment that retains water.

SLIDEO 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 & 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 & Breaking (or erosion) of small
fragments from the surface of concrete, masonry

& gtgne L}ngeF the 9dtdh '?thvx}eatthgr or aer%s%e

forces.

SPILLWAY & A structure over or through a dam
or embankment by which normal or flood flows
are discharged.

PRINCIPAL & The principal spillway conveys
normal flows, sometimes referred to as
service spillway.

AUXILIARY (EMERGENCY 8 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 & A channel conveying
water from the spillway crest to the water course.

SPILLWAY CREST® The lowest level at which
water can flow over or through the spillway.

STANDPIPE PIEZOMETERGS Used to measure
saturation levels and hydrostatic pressures to
monitor slope stability and seepage.

STORAGE® 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 LEVELS The level of water in the
discharge channel immediately downstream of
the dam or spillway.

TOE DRAIN 9 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 DAMEMBANKMENT & The base
portion of a dam or embankment which intersects
with natural ground.

TOP OF DAM/EMBANKMENT 0 See CREST OF
DAM OR EMBANKMENT

TOWPATH 9 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 toCanal embankment for
maintenance purposes.

TRASH RACK 3 A device located at the intake of
a conduct inlet or waterway to prevent entrance
of some floating or submerged debris.

USACES® United States Corps of Engineers

USBRO United States Bureau of Reclamation

XVi
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VALVE 0 A device fitted to a pipe or orifice to
control or stop flow.

WASTE WEIRS 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 & 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 8 A type of spillway in which flow is
constricted and caused to fall over a crest.
Sometimes specially desigred 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 Oembankment o6 wildl be used i n | i-iempoundirfyg darthen
embankment 6eart hen ethrdughout nihe iGuide Book for simplicity.

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

contractors and other associated parties to:

1.

10.

Explain the proper function and features of embankments,

Provide the risks associated with embankments and ways to mitigate and marage those risks,
Identify the appropriate inspection and m aintenance activities to be performed on a regular basis
at all NYSCCembankments,

Perform the various inspection and maintenance activities in a uniform and consistent manner
throughout the Canal system as defined by the Guide Book

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

Clarify the decision-making process for addressing maintenance activities either through in-house
maintenance, contract maintenance or capital program maintenance,

Clarify the roles and responsibilities of various individuals in the organization in relationship to
processing of the various types of inspections that are conducted,

Explain the embankment features,

Provide best management practices,

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:

f
f

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 Bookincluding the NYSCCembankment 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 multievel inspection program unique to embankments in the
Canalsystem.Both the hazard classification system and the inspection program are explained in subsequent

1-1
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sections of the Guide Book Lastly, the NYSCC has identified typical embankment repair types, and
developed a series ofembankment mainte nance 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 CANALAND CANAL FEEDEEMBANKMENTS

The quintessential example of the oOtypical é canal emb a
06Mmi |l e pool 6 which stretches from Rochester imgeoat to Lo
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.

r—,sfa 1 - €70 gL s26+ —~6.0

Surface L7 51268,

Figure 1.2-1: Typical Canal Embankment Section & 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.

Figure 1.2-2: Overbuilt Canal Embankment Section & 60 Mile Pool

Feeder embankmentsare 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).

1-2
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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:

1 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 onlyonce 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] 1110-2-1 913 o0Desi gn and
Leveesd) which states the following:

Embankments that are subject to water loading for prolonged periods (longer than normal flood
protection requirements) or permanently should & 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 createdby 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 viewthe trees and vegetated slopes

1-3
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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 costeffective 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. Tle
two agencies were chosen because of their specific technical reputation and the similarity of the issues
covered. TheNYS regulating agency requirements for dam embankments is covered in Sectian 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 Corpgguidance makes it clear that vegetation may remain on and around embankment and related

infrastructure, provided that 0t he saf ety of the structure is not cComp|
monitoring, inspection, maintenance, and flood-f i ght i ng of the facility are not

A key aspect of the Corpsd guidanteeeszohe wbiablishrn
dimensional corridor surrounding all levees, floodwalls, embankment dams, and critical appurtenant
structures in all fl ood dage@tpre othertdan approved grassgssntag ms . 6 N
penetrate the vegetation-free zone. The primary purpose of the vegetation-f r ee zone is to opr
reliable corridor of access to, and along, |l evees, fl oc

1.4.1.1 LEMEES

For levees, this vegetationfree zone is indicated in the figure below (Figure 1.4-1). TheCorps 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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15 15
MIN.

MINIMUM
VEGETATION-FREE ZONE

% 15 OR DISTANCE TO EDGE OF NORMAL WATER SURFACE, IF LESS

% |NTHIS 4' X 7" TRANSITION ZONE, TEMPORARY OBSTRUCTION BY LIMBS AND CROWN
15 ALLOWED DURING DEVELOPMENT OF NEW PLANTINGS, FOR UP TO 10 YEARS

%/ NORMAL WATER SURFACE

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 corjunction 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 performance (i.e. risk) of the embankment.
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L PLANTING BERM
15
. -
M,
MIn. % MINIMUM LR 0| Z
VEGETATION-FREE ZONE =
— L 1 i

ROOT FREE ZOME (MIN. T)

k3 15 OR DISTANCE TO EDGE OF NORBMAL WATER SURFACE, IF LESS

ok INTHES 4 X T TRANSITION ZONE, TEMPORARY OBSTRUCTION BY LIMBS AND CROWN
15 ALLOWED DURING DEVELOPMENT OF NEW PLANTINGE, FOR UP TD 10 YEARS

% MORMAL WATER SURFACE

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 Corpsdpolicy as it relates to embankment dams is clear. The guidelines require the following five areas
to be vegetation -free zones:

1. The damand 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 s pillway.

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 2 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 506ft 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:

1 No significant tree roots (those greater than %2 in. diameter) will enter the levee prism .

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

1 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 anddrains.

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 b 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 Sandaquin 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 theArmy 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 20094 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 NY&C canal
embankments are constructed of many different material types.

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

with vegetation on | evee embankments and the detri ment
Department of Water Resources published guidance® for levee construction and maintenance which strives
forabal ance between the two goals. Because O¥3CCtharr ni ads

guidance is generally applicable keeping in mind the important difference that the canal embankments are
typically more critical than levees since theyfunction for a 6 -month duration every year.

4 The guidance released was ETL 1132-571 Guidelines for Landscape Planting and Vegetation Management at Levee,
Floodwalls, Embankment Dams and Appurtenant StructuregApril 2009). ETL 11162-571 was replaced by two
subsequent documents having the same title as the original 2009 document 8 ETL 11102-583 (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 brmatting.

5 State of California, The Natural Resources Agency, Department of Water Resources)rban Levee Design CriteriaMay
2012.
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Secti on 7 olrbaClaevee DesigniCiiteriéinsludes requirements for many aspects of the levee
system. The documentds relevant sections <covering veg
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:

adeveloping flood risk reduction solutions that also integrate environmental stewardship.
Guidance for levee vegetation management is focused onmproving 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
resourcesd

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 tconsider 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 slopevould 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 | eve
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 ¥-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 INPECTION

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 | 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 leveecrown (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, naural revegetation may be allowed outside of the vegetation management zone, and replanting
may be allowed (see Sectionl1.4.2.1.7; for levees regulated by USACEtheir 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 ap propriate resource agenciesby including the following root mitigation alternatives as part of any
levee improvement program:

w 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
guantity, size and orientation of roots; the dimensions of the embankment; and the levee features that address seepage.
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w 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

Californi ads eyees with existing vegetationhaee to bé maintained according to the bullets

below. Wit h respect to Californiafds guidance and its appli
important to consider the differences between levees and canal embankments noted in Section1.3. 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 Corpgdguidance dictating that canal
embankments be designed using earth dam criteria®. Standard guidance and best practices dictate that

the levee criteria below are not appropriate for canal embankments.

1 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 (seeFigure
1.4-3).

1 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.

1 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.

Lm‘:;“m e5d' m: rﬂ;‘:‘:: ; SHORT UNSUBMERGED
weeds trimmed, thinned or WATERSIDE SLOPE
removed for visibility and access ‘ ¢ Keep Top <20' waterside slope length below

hinge point: Trees trimmed 5' above ground
level and thinned plus brush and weeds
trimmed, thinned or removed for visibility

f and access.
fl

|

Ground cover < 12" high

Ground cover < 12" high

All vegetation O.K. within

5' of water surface elevation that Channel

*15'or Management I occurs frequently enough to

less if the Leveetoe  ZON€ prevent long-term tree

9asement All vegetation O.K. ' establishment unless this zone is
is less beyond this point within &' of the crown.

Figure 1.4-3: California Guidance o&Vegetation Management for Existing Levee Section
(Figure 7-7 of California Urban Levee Design Criteria)

8 From USACE EM 111{2-1913 Design and Construction of LeveesApril 2000, Section1-5 a. (1) which states
levee as used herein is defined as arembankment 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 (I onger than normal flood protection requirements) or
permanently should be designed in accordance with earth dam
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1.4.2.1.6 LIFECYCLE VEGETATION MANAGEMENT

California uses Ife-cycle management (LCM)to achieve visibility and accessibility criteria whike 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 managementon the California levees involves:

w Removal of immature trees and other woody vegetation less than four inches in diameter at
breast height.

w 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.

w 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-OR OVERBUILT EMBANKMENTS)

Californiads guidance f or o reesanidothel woodyg vepetmtiok mag bbet (%)
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 feef thicker than required for
levee integrity (to account for potential overturning of trees from windthrow) (see Figure 78). 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 STATEBESULATORY REOMMENDATIONS FOR VEGETATION MANAGEMEM T

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

the NYSDECAIthough 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 wsed 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 NYSDEOwners Guidance Manual for the Inspection and Maintenance of Dams
in New York State [NYSDEGC 1987], originally published in June 1987 remains the current guidance. This
document states:

1 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 thespecific 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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1 When brush is cut down, it should be removed from a dam to permit a clear view of the

embankment.
T Stumps from trees or woody brush with a diameter
1 Following removal of large brush or trees (with a diameter greater than 46 ) , t-dver robte f t
systems should also be removedtoam ot di ameter of 16 or |l ess and

1.6 SUMMARY

This chapter provided:

1 An overall introduction to this Guide Bookand its objectives.

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

1 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.

1 Information and background 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 theUSAC E @usdelines 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 ORGANIZATIONALSTRUCTURBEDF NYSCC

Pursuant to Public Authorities Law Setion 1005-b, the NYSCC is a public benefit corporation and subsidiary
corporation of the New York Power Authority.

The NYSCC operations are divided into tworegions: Easternand Western. Work forces and responsibilities
for individual structures are divided into Sections within each Region as follows:

EASTERNREGION

Section 1- Fort Edward
Champlain Canalbetween Waterford (junction with Erie Canal) and Whitehall (north end of Lock C12)
[Locks Clthru C12]

Section 2 Waterford
Erie Canalbetween Waterford (junction with Ch amplain Canals) and theEast end of Lock E8 (Rotterdam)
[LocksE2
-E7]

Section 3- Fonda
Erie Canalbetween and including Lock BB (Rotterdam) to the east end of Lock E16(Minden)
[Locks EBE15]

Section 4- Utica
Erie Canalfrom the east end of Lock E16 (Minden) to the west end of the Sylvan Beach breakwater

[Locks E16E22]

WESTERNREGION

Section 5- Lysander
Erie Canal from the western end of the SylvanBeach breakwater to Cayuga/Seneca County lineat
Montezuma; and the entire Oswego Canalfrom Three Riversto Lake Ontario
[Locks E23 E24, & O108]

Section 6- Lyons
Erie Canal fromCayuga/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
[LocksE25-E30, & CS16 CS4
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Section 7- Pittsford
Erie Canalfrom Wayne/Monroe County line to east end of Ingersol Street Lift Bridge, Albion
[Locks E32E33]

Section8 - Lockport
Erie Canalfrom east end of Ingersol Street Lift Bridgeto Tonawanda Cr eek (5008 west of
Bridge)
[Locks E34/35]

See Attachment 2 for a Map of NYSCCRegion and Section boundaries. The inspection and maintenance
plans shall be retained by the NYSCQlectronically 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 EasteriiRegion NYSCC WesterrRegion
Regional Canal Engineer Regional Canal Engineer
30 South Pearl Street 4950 Genesee Street, Suite 190
Albany, NY 12207 Cheektowaga, NY 14225
(518) 4496036 (716) 686-4400
NYSCCSyracuse Office
Administrative Headquarters Director of Waterways Maintenance
Deputy Director30 South Pearl Street 149 Northern Concourse
Albany, NY 12207 Suite 400
(518) 4496000 Syracuse NY 13212

(315) 423-2081

2.2 GENERALORGANIZATIONAL STRUCTURE OF NYSOBERATIONS STAFF

The general reporting structure for the Canal Corporation Operations staff in the Regions s as follows (note
that not all staff categories are included):

Engineering:

1 One Regional Canal Engineer (RCEper CanalRegion. The RCHs a management position requiring
a professional engineering licensewho managesthe work in the Canal Region.

1 Two Transportation Maintenance Engineers (TME) per Region who each oversee two Canal
Sections. The TMEis a management position requiring a professional engineering license and
reports to the Regional Canal Engineet
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Operations:

1 One Section Superintendent per Canal Sectionwho is in charge of the entire section including
maintenance, operations, and the Section maintenance shop. The Section Superintendents report
to the Regional Canal Engineer.

1 Canal Maintenance Supervisor2 (CMS2) who functions as a maintenance general foreman and is
the senior maintenance supervisor in the Canal Section. The CMSZeports to the Section
Superintendent.

1 Canal Maintenance Supervisor 1 (CMS1yvho 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 prioritization, a
matrix was developed based ontwo metrics: hazard classification, and condition rating to assign aresulting
risk urgency rating. The matrix prioritizes risk urgency by assigning the highest risk urgency to those
segments with the highest hazard classification andlowest 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: NYSCCHazard Classification for Embankments

An embankment failure is unlikely to result in damage to anything more than
isolated or unoccupied buildings, undeveloped lands, minor roads such as town
Class "A" or "Low or county roads; is unlikely to result in the interruption of important utilities,

Hazard" 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.

An embankment failure may result in damage to isolated homes, main
highways, and minor railroads; may result in the interruption of important

Class "B" or Sl .
" . utilities, including water supply, sewage treatment, fuel, power, cable or
Intermediate . . L
Hazard" 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.
An embankment failure may result in widespread or serious damage to
home(s); damage to main highways, industrial or commercial buildings,
Class "C" or railroads, and/or important utilities, including water supply, sewage treatment,
"High Hazard" 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) personneln 2015 and prior years. Starting in

2017,
rating

the Canal Corporation and its consultants took over the inspection program. Minor revisions to the
system have been made over timeto include dam safety best practices and risk reduction measures.

Table 3.2-1: NYSCCGeneral Condition Rating for Emba nkments

1 - SERIOUS/EMERGENCY

Serious DeficienciesExist RepairsNeeded Urgently, Consider
Emergency Remedial Action. Dam Safety Review Warrantedto
Determine the Embankment Integrity. Enhanced Monitoring
Required

Advanced Safety Deficiencies Exist.Begin Monitoring and

2 - VERY POOR Consider Interim Stabilization Measures

Safety Deficiencies Exist that Signify Potential Progression of

3 - POOR Deterioration under Existing or Increased Loading Conditions.
May Need Condition-Based Preventative Maintenance Place in
Priority Scheduling for Improvement.
Moderate Safety Deficiencies Exist.Improve as Part of Normal

4 - FAIR .

Scheduling.

5. GOOD er_lor Safety Deficiencies Exist. Satisfactory but Shows Signs of
Aging.

6 - VERY GOOD Normal Aging.
7 - EXCELLENNEW No Appreciable Deterioration or Deficiencies Exist.

Key elements that are examined in the inspection include

1

= =4 A —a -2

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 FEMARISKURGENCYRATINGSYSTEM

The FEMArisk urgency system assigns different levels of urgency to dam corrective actions.lIt 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 ManagemedfFEMA,
2015].

Table 3.3-1: FEMA Risk Urgency Rating

CRITICALLY NEAR FAILUREré&zt evidence that failure is in progress, and the
dam is almost certain to fail during normal operations if action is not taken
quickly.
| - Very High OR
Urgency
EXTREMELY HIGH RISK: Combination of life or economic consequences and

likelihood of failure is very high with high confidence.

RISK IS HIGH WITH HIGH CONFIDENCE OR IT IS VERY HIGH WITH LOW T
Il - High Urgency MODERATE CONFIDENCE: The likelihood of failure from one of these
occurrences, prior to taking some action, is too high to delay action.

MODERATE TO HIGH RISK: Confidence in the risk estimatesgienerally at

IIl - Moderate least moderate but can include facilities with low confidence if there is a
Urgency reasonable chance that risk estimates will be confirmed or potentially increase

with further study .

LOW TO MODERATE RISK: The risks are low to moderate with at least
IV - Low Urgency moderate confidence, and there is a potential for the risks to increase with
further study.

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

V - No Urgenc . . .
gency 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 sectiongegan 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 MODIFIEDRISKURGENCYRATING SYSTEM FOR USE ON CANAL ASSETS

The NYSCQuses amodified 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 establishedThe new

ratingof o VaVery Low Urgencybod v sredl &/ classificatioast Thig reew ratfhdEisM A 6 s
beneficial to differentilLawler goeentowede na nad cad Moslsa o s nctapt ci éotni cor

i s

The NYSCC usethe 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 conditi on Highedhazarth €ructturesn s e g u e n ¢
generally receive a higherpreliminary 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 Ratingassigned 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 Ratingallows

for consideration of factors that are difficult to quantify in the general matrixa n d
assignment of the final Risk Urgency Rating.

eliminates the 06D

Table 3.4-1: NYSQC Preliminary Risk Urgency Rating for Embankments
GCRHazard Low Hazard Intermediate Hazard
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 lIl - Moderate Urgency | Il - Moderate Urgency
Ill - Moderate Urgency | Ill - Moderate Urgency

| - Very High Urgency

1 - Serious/Emergency

I - Very High Urgency
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4 EMBANKMENTINSPECTIONS

NYSCC is responsible for periodically inspecting embankments under itsjurisdiction. 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 failure 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 whenplanning 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 professinal engineers. Training requirements are evaluated annuallyand revised as needed.

4.1 SUMMARY OF INSPECTIONS

The NYSCC performsrarious types of inspections at its embankments. Further description of the inspection
requirements is included in the following sections. The frequencies identified below are targets NYSCC
strives to meet based on resource availability. Additional inspections for appurtenant structures including
spillways, weirs,sluice gatesand culverts are coordinated by the Asset Management & Inspection Engineer
separately from the embankment inspection program .

4.1.1 BANK WALK INSPECTIONS

Bank Walk Inspections areroutine scheduled inspections performed by NYSCC staff. It is alsahe
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

1 Crestalignment 1 Toe drain flow

1 Seepage 1 Trash rack debris/ culvert flow

1 Reservoir pool 1 Condition of any appurtenant or adjacent
1 Wetareas structures (e.g., spillways, dive culverts,
1 Slides/sloughs waste weirs)

1 Cracks

Minimum Frequency :
1 Assigned by the Regional Canal Engineers or Transportation Maintenance Engineers based on the
embankment 8s condition and hazard cl ass
1 Typically performed on a more frequent interval as often as weekly to bi-monthly
Inspection Personnel :
1 NYSCC Section Stdf
Responsible Reviewers:
1 Canal Maintenance Supervisor 1,
1 Canal Maintenance Supervisor 2 and/or
1 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.

Iltems to Monitor

1 Areas of Concern (AOCs) identified in 1 Monitoring Weirs (discharge)
Safety Inspections

1 Monitoring wells (level) 1 Rodent activity

1 Piezometers (level) 1 Vegetation

1 Observation manholes (level) 1 Concrete surfaces
9 Outfalls (discharge) 1 Vandalism

1 Monitoring Devices
Minimum Frequency:

1 Enhanced Embankment Monitoring intervals vary and are assigned by the Regional Canal
Engineers based on the embankmentds condition, haze
being monitored

1 Informal inspection frequencies are completed according to the Dam Safety Program Policy CG
POL:-DS as follows:

Hazard (See Section3.1) Inspection Interval*
Class A Semiannually
Class B Quarterly

Class C Monthly

1 Inspection intervals are applicable only during periods when embankment retains water)
Inspection Personnel:
1 NYSCCEngineering Staff
1 Licensed Professional Engineers
Responsible Reviewers:
1 Regional Canal Engineer
1 Dam Safety Engineer

4.1.3 FORMAL INSPECTIONS

Formal Inspections are conductedregularly 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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1 The formal inspection is a detailed inspection of all aspects of the embankment including general
condition, apparent hazard classification and overall risk.

Minimum Frequency:

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

Hazard (See Section3.1) Inspection Interval
Class A Every 5 years
Class B Every 3 years
Class C Every 2 years

Inspection Personnel:

1 Licensed Professional Engineersrained in dam safety

Responsible Reviewers:
1 Dam Safety Engineer

4.1.4 SPECIAUNSPECTIONS

Refer to NYSCC Post Event Inspection Procedures; K1ABMP-0008 [NYSCC, 2018For instructions on post
event or emergency (earthquake, flood) inspection criteria.

4.2 |IDENTIFICATIONREVIEWAND PROGRAMMINGOF 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 issuesmay be
identified through the inspections discussed in Section4.1. 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
NYSCCleadership 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 Engineerwill determine when consultation wit h and/or involvement of the Public Information Office,

Legal and/or Real Property is also required. Such instances includewhen 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 vi a gener ati on

management system Maximo.

of

wowokk order der s

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 progerty 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 TemporarWork Spacefor 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
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