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Seepage Exit at Landside Toe Seepage Exit Landward of Toe
FSy216 FSy21.0
or or
i, £ 0.5 (where y; 2 112.5 Ib/ft?) iy, £ 0.8 (where ygu = 112.5 Ib/ft3)
Design Water Surface Elevation (DWSE)

Landward Distance for
Criteria 2: (Progression)

Asybstratum
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where:
FS,; = factor of safety based on vertical gradient

YsDFEEWN?

iy = critical vertical gradient = y'/y,,
iy = vertical exit gradient at point of interest= A,/z; typically the landside toe

= vertical distance to surface, typically the landside blanket thickness
hx = excess head (above hydrostatic) at the point of interest, typically bottom of blanket
(h, at the embankment toe and h, at a distance x from the embankment toe)

v' ¥ average effective (or buoyant) unit weight of blanket (overlying soil) = Ysar = Yw
Ysar = saturated unit weight of blanket limited to no more than 112.5 1b/ft?
Yw = unit weight of water

N
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ipLh

where:

D; = the distance from the landside levee toe.

hsubstratum = total head at the base of the top stratum or blanket at the waterside toe of the levee
based on a seepage analysis.

ipLh = horizontal hydraulic gradient to select Dy as discussed below.
W = levee width

Characterization of the Substratum

iDLh
Cu <2 and fines content < 5% 0.02
Cu<4 and 5% < fines content < 10% 0.05

All other coarse-grained soils 0.1
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Absorb/Resist

Community Education Structural Measures
and Awareness

» Constructing levees,

Community Emergency dams, channels
Planning
Nonstructural Measures

* Flood forecasting and warning

« Evacuation planning * Regulating land use

« Conducting exercises * Using building codes

« Planning for continuity of * Implementing natural and
operations nature-based solutions

» Acquiring property

» Elevating or relocating structures

» Floodproofing

» Improving stormwater drainage
system capacity

» Hardening or elevating

infrastructure

Individual Actions

+ Getting out of
harm’s way

* Reducing exposure
and vulnerability

» Protecting property

18t - BiE

Restore/Recover

» Community recovery planning
» Submitting flood insurance claims
» Accessing grants and emergency

+# : Levee Safety Program Guidelines
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Volume
FM ET'{?IJ Toe drains, no confining layer, and ~ '“"e“e\
o o< ) blowout or defects in confining layer \ mpervious Yoo
/ \ 4 t / 7 \\, —+ Cohesionless —_— — trtt
— BLOWOUT Foundation —> s >4 N
Impervious Rupt RIE
\K. Confining layer el ¥ S 7J< Fﬁ ;ﬁéi]
Perviouslayer —> _, ——p — YV %Ei
HEAVE/UPLIFT Uncontrolled
N release of
L E 2 impounded
Impervious Defects /‘fxﬁ ﬁ | . water occurs?
\ A A4 ° ° : Detection and
\\' Confining layer — Y/r /N /r a2 intervention are
Pervious layer — T S T ﬁ’\ﬁﬁ Sufficient flow unsuccessful?
_I._ 63\ 7‘;‘: exists to advance l
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An unfiltered
exit

HKIA

exists?

A continuous
path of fine to
medium,
uniform sand
exists?

RIET L

B) KBS

sufficient exit
gradient exists to
initiate backward
erosion piping at
the unfiltered

seepage exit?

pipe?

A continuous
stable roof
forms over the
developing

the pipe to the
impounded
water?

IMPERVIOUS |

Pipe  &—
o
GRAIN EQUILIBRIUM
SAND GRAINS ’ =i GROUNDWATER FLOW

Confining layer is
penetrated by
burrows, cracks, or
objects resulting in
an unfiltered
seepage exit?

or

Sufficient uplift
pressure exists at
base of confining
layer to crack it and
create an unfiltered
seepage exit?
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« FMET (Failure Mode Event Tree)

FMET#|
(1 E>T)

Toe drains, no confining layer, and
blowout or defects in confining layer

BLOWOUT

Impervious Rupture.

\\. Confining layer ey P
Pervious layer — — y

HEAVE/UPLIFT

Impervious

Confining layer
Pervious layer

\&

HKIA

exists?

RIET L

developing

the unfiltered
seepage exit?

forms over the

Uncontrolled
release of
impounded
water occurs?

Detection and
intervention are
unsuccessful?

Sufficient flow
exists to advance
the pipe to the
impounded
water?

~ IMPERVIOUS |

Pipe N—
o
GRAIN EQUILBRIUM
SAND GRAINS /‘ =i GROUNDWATER FLOW

Confining layer is
penetrated by
burrows, cracks, or
objects resulting in
an unfiltered
seepage exit?

or

Sufficient uplift
pressure exists at
base of confining
layer to crack it and
create an unfiltered
seepage exit?
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US Army Corps.
of Engineers.

Engineer Manual (EM) 1110-2-1913
FAST FACTS

The US. Army Corps of
Engineers (USACE) has updated
its guidance for evaluating,
designing, and constructing
levees. Engineer Manual (EM)
1110-2-1913, first published in
1378 and updated in 2000,
historically relied on traditional
standards for designing and
constructing levees. The
guidance has been updated
and is now available for review.

NVOLVE

USACE is seeking input on EM 1110-2-1913 including areas where the manual is unclear and
recommendations for training or resources that may support implementation of the manual once
final. Please share your feedback with EM1913@usace.army.mil by September 1. USACE plans to
finalize the manual in December 2022.

Comment roview  Guidance final

M 110

USACE review

Opon review

USACE will host webinars
in July and August 2022 to
provide an overview of the
manual, answer questions,
and collect feedback
Check

or emad
EM19138usace.army.mil
for more information on
upcoming webinars.

Comments should be
submitted to EM1913 Gusace.
army.mil by Sept. 1, 2022.

The manual has adopted practices that can be applied nationwide. Praviously, the manual

included methods primarily derived from experiences with levees along the Mississippi River.
Adapting these methods to consider ather conditions, such as levees along the coast or with steep
streams and rivers, was a challenge. Many practices adopted in the updated manual have been
apphied for levees in California, Louisiana, Missouri, Florida, New York, and Pennsylvania, among
other areas.

The manual includes a framework to adjust the design of a levee based on floods that

may occur and the levee’s likely performance during those events. Examples of how this
framework has been applied are available and support consideration of a range of potential floods
and levee performance to inform levee design and construction.

Significant advancements have occurred since the manual was first published. The

manual incorporates modern-day methads for the analysis, data collection, and investigations
required to evaluate, design, and construct levees. Many of these practices can be seen in projects
such as the Hurricane Storm Damage Risk Reduction System in Louisiana and the California

Many best practices have emerged since the manual was last updated that supporta

more comprehensive understanding of how levees behave and perform during floods
and how people and propevty behind levees are impacted. A summary of lessons learned is
avadable in the USACE For example, new practices related to erosion have
emerged and are integrated in the manual among others that help practitioners consider a levee's
performance when evaluating, designing, and constructing it.

USACE plans to update and
publish the manual based on
this input by December 2022.

industry. The draft manual has undergone several rounds of review by USACE agency experts
across the nation with experience evaluating, designing, and constructing levees. An external peer
review was also completed by industry leaders, which shaped the manual and practices provided.
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