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4.1 Applying Asset Management

Principles to O&M

A Levee management life cycle
This section explains how O&M fits into the
entire life cycle of the levee (see Figure 4.1)

A Organisation of O&M

This section explains the division of O&M into

A Importance of the O&M Manual
The key elements in this sub-section include:
- The benefits of an O&M manual
- Suggested contents for a manual
- Types of tasks the manual should define
- Type of emergency information to include
- Good practices for compiling & updating

the manual
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4.1 Applying Asset Management
Principles to O&M

A Activities and practices of asset management
The most critical activities include: defining O&M objectives during design
and construction; defining functional objectives, performance objectives and
performance indicators; and determining when and how to decomission

A General approaches to O&M
This section explains the benefits of operating and maintaining using a risk-
based approach (that takes flood risks associated with the levee system into
account when prioritising O&M), and a sustainable approach (which includes
maintaining the entire levee cross-section, effectively managing
encroachments, understanding impacts of channel and foreshore
morphology on the levee, and operating for the long -term).

A Scope of O&M and Chapter 4

Describes the types of data produced during O&M and where else in the
handbook to find information related to that data.
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4.2 Operations

The purpose of levee operation is to assure that the levee
performs its flood mitigation role safely and according to its
design. This section discusses the operation of the earthen
embankment and only those auxiliary structures that
directly affect its operation, such as closure structures.

Levee systems are operated to fulfil three critical functions:

A To keep water out of a leveed area (eg closing closure structures)

A To get water out of a leveed area should it be inundated (eg
pumping water out if it enters the area)

A To keep the levee resilient during flood and storm events. ( eg flood
fighting to improve levee resiliency)
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Table 4.3 Operational activities that may be required to keep water out of a leveed area
Type of structure Operational activities
Stop logs e transporting materials to the closure
e stacking logs on top of each other to close the physical opening in the levee
e covering the structure with plastic sheeting
e patrolling the closure if logs are made of valuable material that may be stolen.

None. A flap gate operates passively. It has a one-way door that closes to keep rising water
level fluctuations from flowing through a flood defence. It keeps water out of the leveed area
by closing when the water pressure differential is high enough to hold the gate closed.

Slide gates allow interior drainage to flow from the leveed area out through the flood defence
and keep flood waters from inundating the leveed area when water levels are high. They give
the levee owner and maintainer close control over how much water is allowed to enter or
leave the leveed area. Operational activities may include:

e adjusting the gates (manually or automatically) up and down along the track
e regularly removing any debris that accumulates in the intake structure.

See Section 4.14 for more information on maintenance of closure structures.
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4.3 Maintenance

Maintenance is critical to the long-term performance of the
levee. However, even a perfectly operated and maintained
levee may not provide the intended flood risk mitigation if
there are flaws in its design or construction.

In the maintenance section:

A Limits of maintenance
A Consequences of postponing maintenance
A Issues with earthen levees
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Structure of Maintenance Sub-Sections

All maintenance-related sub-sections address the following
topics:

A What maintenance issues you are likely to see, what they look like,
and why they are problematic

How you can prevent these issues from happening
How you can repair these issues if they happen
How you can know when repairs are beyond O&M

To o Iw
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opics Discussed In the Maintenance
Section of the ILH

The slides in the following sections were chosen to illustrate some
of the techniques Chapter 4 uses to highlight and explain
Important concepts. These techniques include text boxes, bulleted
lists, tables, photos, figures, diagrams, and caution boxes.

A Encroachments A Instability

A Vegetation Management A Cracking

A Burrowing Animals A Slope/bank protection
A Erosion A Closure Structures
A Depressions A Pipes

A Settlement A Transitions

A Seepage A Floodwalls
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4.4 Encroachments

An encroachment is any structure not considered part of a

| eveeds design that, when pl:
near a levee, may have a negative effect on its structural
Integrity, its ability to mitigate flood risks, or on its access

roads. Examples include pipes, boat docks, stairs, homes,
swimming pools, poles, roads, etc. This section describes:

A Why encroachments occur on levees

A Why encroachments need to be controlled

A 7 elements of an effective encroachment control program
A Repairs of encroachment issues

A When repairs are beyond O&M
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Reinforcing the levee to
allow for permitting
encroachments

v —Pipe
Berm

-

Option 1: Berm with pipe outside
zone of influence (grey area)
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Figure 4.12 Levee along a river - historical house on the riverside of
the levee, the Netherlands

v . Pipe

Option 2: Berm with pipe inside
zone of influence (grey area), but
with sheet piling

Figure 4.13 Possible levee reinforcements to accommodate a pipe
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4.5 Vegetation Management

Vegetation management is the F—
systematic and continual control of BIRE -t >
vegetation on and near levees. The - o B
primary purpose of vegetation - 5
management on a levee Is to -
preserve levee integrity, visibility, -
access in the interest of public |

safety, and performance.

Figure 4.18
FOCUS IS ON 3 Ievee perform ance ObJeCt|Ves Mechanical mowing of grasses on California. USA.

levee slope in dry season {courtesy California DWR)

A Protecting the levee from external erosion

A Maintaining adequate access and visibility

A Preventing the development of vegetation-induced damage or defects
This section also examines various

where woody vegetation is already present and managing levees that are
free of woody vegetation.



Summary of potential
deterioration mechanisms

associated with woody vegetation
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Deterioration process

Role of woody vegetation

Potential levee damage mechanisms
affected (see Chapter 3)

Blowover/overturning

The overturning or blowover of a large tree may
remove a large section of a levee or adjoining ground
during a flood event. If on the waterside, the resulting
pit may leave the levee susceptible to scour.

External erosion, slope instahility, and
internal erosion (caused by through-
seepage, underseepage, and piping)

Root penetration

Roots, especially when decayed, may alter soil
permeability or concentrate seepage along root paths.

External erosion and internal erosion
(caused by through-seepage,
underseepage, and piping)

Woody vegetation weight
and wind loading

The adverse effects of woody vegetation weight and
wind loading is transferred to a levee slope.

Slope instability (slip surfaces may be
deeper than extent of root penetration)

Scour flows Woody vegetation may cause concentrations or eddies | External erosion
in waterside or overtopping flows.
Burrowing Woody vegetation may attract burrowing animals into | Internal erosion

a levee.

Discouraging adequate
growth of grass and turf

Woody vegetation may prevent adequate growth of grass
and turf by blocking sunlight, absorbing nutrients and
moisture or releasing chemicals that act as herbicides,
resulting in bare, exposed soil on levee surfaces.

External erosion

Damage to the
revetment

If the revetment was not designed for vegetation,

the growth of roots and stems may move and loosen
the stones, or rigid levee protection elements such
as asphalt, grouted stone, or concrete slabs, thus
affecting the revetment’s interlocking characteristics.

External erosion
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4.6 Burrowing Animals

One method that Is
used in France to
prevent levee
damage from
burrowing animals

Figure 4.33 Metal mesh on the surface of the levee (courtesy Symadrem)
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4.7 Erosion and Bank Caving

Box 4.35

Effects of erosion on a levee slope, Park Creek, New York, USA

On Park Creek deposits have
concentrated the river flow
close to the levee. Because
the flow is more intense on

the outside of the curve, the
portion of levee in that area
was heavily eroded during

the 2006 flood (Figure 4.34).
Once the grass cover was
removed from the levee and
the unprotected earthen
material was exposed, erosion
progressed very quickly. This
site was repaired by armouring
the toe of the levee. No damage
was done to the levee during
the largest flooding event on
record in September 2011.

Figure 4.34 The effects of erosion on a levee slope at Park Creek, New York, USA
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4.9 Settlement and Subsidence

The excerpt below from Table 4.16 demo
Preventive measureso format t hadtrelaled ovi
Issues.

Table 4.16  Settlement: causes and preventive measures

Observations Preventive measures

Loss of excessive amounts of material as a e if a boil is identified, a ring dike could be placed around it to keep
fine particles from piping, preventing settlement if caught early
enough

e every effort should be made to control seepage runoff so that the
loss of material does not lead to settlement

e if excessive amounts of material have already been lostin an area

result of boils

~_ Decreased crest elevation

of the levee because of a boil, consider installing a cut-off wall (see

Seepage
Chapter 9)

See Section 3.2.2.9 on cut-offs for permeable foundations, Section
6.7.2.1 on seepage berms and Section 6.7.3.1 on additional techniques
for flood-fighting boils.

Movement of material under and through the
levee due to seepage can cause settlement

WWW.ciria.org



D International Levee Handbook
4.11 Instabllity

It is iImportant for a levee maintainer to be able to identify
the signs of levee slope instability. Look for the following
three visual signs of an unstable slope in both the levee
embankment and foundation soils below the levee:

1. Slumps: these appear as isolated areas of nearsurface soil on a slope that
has slightly to moderately dropped down -slope and exposed underlying subgrade
(occurring only on the face with no evidence on the crest, Figure 4.42) .

2. Slides: may be seen when the soil has dropped down a slope, exposing a
near-vertical scarp (portion of the inside of the levee) at the top of the slide. This
could cover a large area. See Figure 4.43.

3. Tension cracks on the slopes or crest: tension cracks (see Figure 4.44)
appear either as relatively straight single or multiple cracks parallel to and above
the top (scarp) of a slide or slump.
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4.11 Instability

Recognizing slope instability

Crest

N

Figure 4.43 Cross-sectional diagram of a slide in the levee
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4.12 Cracking

This table can help you understand how to know what type of a crack you are
looking at and which type is a higher concern.
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Table 4.19 Characteristics of desiccation and structural cracks

Type of cracks | JPICal I8Vel | oy - racteristics Why they are a concern
of concern
Desiccation Low *  vary in size by material type ¢ extended dry periods may
cracks s appearance of the crack varies based on the induce larger and deeper
(Figure 4.47) moisture content (may exhibit a blocky pattern cracks into levee
common in very dry or desiccated clayey levee | »  repeated wetting and drying
surfaces) fatigues the embankment
« generally parallel to the crest, although they 50ils, reducing embankment
may be parallel or perpendicular shear strength and possibly
=  generally narrow and shallow and extend 0.3 resulting in a shallow slope
m to 0.5 m into embankment and/or adjacent (slough) slide
riverbank « material or debris may enter
. normally close during wet periods the crack when it is open and
= typically smaller than structural cracks, but keep the crack from closing
more extensive over levee surface. properly when it is wet.
Structural High . may run parallel or perpendicular to the levee |e  may appear as small
cracks crest displacement cracks and grow
(Figure 4.48) *  may result from embankment movement or substantially depending on the
duress, such as settlement, sliding and/or mechanism for movement or
soil-bearing type failures. duress
. should be brought to the
attention of a geotechnical
engineer for evaluation of
foundation conditions.
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4.13 Levee Slope and Bank Protection

One of the highlights of this sub -section is a table with photos illustrating the different types of levee
slope and bank protection with a brief description and details on the maintenance needs of each type of
bank protection. This is an excerpt from that table.
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