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PREFACE 

The California Levee Vegetation Research Program (CLVRP)1 conducted a four-year 
program of research to resolve gaps in knowledge associated with the effects that woody 
vegetation growing on or near levees has on levee integrity. This research program was 
developed in response to recent changes in the enforcement of the vegetation policy of the 
US Army Corps of Engineers (USACE). For California, compliance with this policy comes 
with significant monetary and environmental impacts. The series of studies presented 
herein was undertaken as a part of the CLRVP research program specifically to elucidate 
the influence that roots of woody vegetation and burrowing animals may have on the long-
term performance of levees.  The evaluation of the influence of tree roots focused on the 
potential for enhanced seepage along tree roots from actively growing trees as well as 
along decaying roots left after tree removal, and on the potential for failure initiation by 
pullout of the root ball as a result of tree fall on either side of the levee. The evaluation of 
the impact of animal burrowing activity focused on documenting the typical geometries of 
burrows of different species, their continuity, their potential to induce seepage and piping, 
as well as the effectiveness of various burrow remediation treatments.  

Overall, the study included experimental and analytical components and is presented in a 
series of individual volumes, as follows: 

1. Literature and case history review was carried out to document and analyze known 
cases of levee failure and the reported or inferred causes of those failures, 
concentrating on failures ascribed to either vegetation or animal burrowing activity.  

2. Two field seepage experiments were performed on a levee to provide direct 
measurements of the rate of seepage and the influence of roots on the seepage rate 
and the seepage path. 

3. Two animal burrow sites on a levee were surveyed, treated by injection grouting, 
and excavated in order to document the volume of the burrows, their geometry, and 
the effectiveness of different techniques for mitigation. 

4. Numerical models were used to evaluate the potential influence of root and animal 
burrow openings on rate of seepage and their potential to induce levee piping 
failures. 

5. Finally, slope stability analyses were performed to evaluate the influence of 
different seepage and root geometry scenarios on levee slope stability. 

                                                           
1 Sponsoring Agencies include the CA Department of Water Resources, Sacramento Area Flood Control Agency, 
CA Central Valley Flood Protection Board, CA Department of Fish & Wildlife, US Fish & Wildlife Service, 
NOAA, National Marine Fisheries Service, California Central Valley Flood Control Association. 
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The literature and case history review is presented in Volume 1.  Volumes 2 and 3 contain 
the descriptions and data from the two field seepage experiments.  The results of the study 
of the burrowing mammal activity are presented in Volume 4. The analyses of the influence 
of various theoretical geometries of openings caused by roots or animal burrows on 
potential for levee piping or seepage-induced slope failure are presented in Volume 5. 
Finally, Volume 6 presents the results of analyses of the influence of tree roots on levee 
embankment stability. 
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SUMMARY 

The available case histories and data presented in this volume indicate that both vegetation 
and animal activity can impact levee performance. The severity of this impact depends on 
tree and animal species, location of the tree, local levee district maintenance practices, soil 
types and loading the levee is subject to; thus it is not appropriate to consider all trees as 
imposing the same level of risk to all levees in the United States. As observed from the 
USACE incident reports, the majority of the reviewed reported vegetation related case 
histories point to vegetation as inhibiting maintenance and inspection, with none directly 
identified as contributing to an actual cause of levee failure. Conversely, several cases 
where vegetation was present along the waterside levee slope were reported to have 
limited erosion and fewer failures when compared to reaches without vegetation. In 
comparison, levee failures associated with animal burrowing appear to be more common 
and well documented, given the larger, more continuous openings produced by the 
burrowing activity. 
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1 INTRODUCTION 
 

The current state of knowledge on the influence that live and decomposing vegetation and 
mammal burrowing have on the performance of embankments and levees is reviewed here 
to provide the background for the field experiments and analyses performed in this study. 
In particular, the focus is on the changes that vegetation and animal activity have on the 
wetting patterns and hydrogeological response of embankments when subject to hydraulic 
loading.  

Most past research on the effect of woody vegetation and its roots on soil hydrology and 
slope stability has focused on the effects of clear-cutting vegetation on natural slopes, 
which are subject to relatively low hydraulic pressure heads from precipitation or 
infiltration. The other aspect being root decay, which causes the previously resisting tensile 
forces added by root systems to disappear (see e.g. Grey and Megahan, 1981).  

From the perspective of levee performance, the importance of quantifying the effects of 
vegetation and animal activity on the hydrogeologic performance of embankments resides 
in the potential for internal erosion or piping due to concentrated flow along potential 
preferential seepage paths within the embankment as described by Abe and Ziemer (1991). 
The following sections present a summary of available data and case histories where 
vegetation and animal burrows have some type of influence on a reported levee breach or 
distress, concentrating specifically on California experience.   

2 WOODY VEGETATION EFFECTS ON LEVEE PERFORMANCE 
 

A review of historical data and performance reports from levees in the United States was 
performed focusing specifically on reports where negative impacts were documented. 
Sources of information were the literature review performed by the USACE’s Engineering 
Research and Development Center (ERDC) in 2011, levee performance reports by USACE 
between 1993 and 2009 (USACE, personal communications in 2012) and other available 
sources. Generally, the reported negative impacts of vegetation on levee performance were 
related to levee overtopping and scour around tree trunks and root systems, which 
resulted in exacerbated scour around the tree or root. Several instances of sand boils 
around live trees on the landside toe area were reported, but no reports of water seeping 
through or along live or decomposed root systems were encountered in the literature. 
Several post-failure investigations reported the presence of large woody vegetation 
through the embankments after failure had occurred. The USACE along with several 
national and international agencies is currently working on the International Levee 
Handbook, which describes several levee failure modes in relation to the presence of 
woody vegetation (Table 2-1). 
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The following paragraphs document some of these cases and describe the reported failure 
(or distress) mechanism and the influence from woody vegetation. 

2.1 URS (2011) REVIEW OF DOCUMENTED LEVEE PERFORMANCE 
 

The California Department of Water Resources (DWR) has funded the Urban Levee 
Evaluation Project (ULEP) and Non-Urban Levee Evaluation Project (NULEP), where more 
than 2,000 miles of levees in California have been logged in a database, which includes past 
performance information, soils reports, geotechnical testing and analyses, known breaches, 
levee penetrations, etc. URS (2011) performed a literature review using this database with 
the objective of generating records of past performance instances where some mention of 
vegetation was available.  

The performance records evaluated by URS included records where vegetation was 
identified as a factor that negatively, or positively, affected levee performance. URS also 
evaluated records where vegetation influenced levee operations and maintenance (O&M) 
activities, records that had incidental descriptions of vegetation and did not have an 
association with O&M nor performance; and records that identified the occurrence of 
vegetation in association with performance data, but no clear cause-effect relationship 
between performance and vegetation (URS, 2011). 

Table 2-1. Levee failure modes and their relation to woody vegetation. Source: USACE 
(2012, International Levee Handbook) 

No. Failure 
Mode 
Category 

Sub-
Category 

Load 
Factors 

Failure Mechanism Effect Leading to 
failure 

Potential Role of 
Woody Vegetation 

1 Under 
seepage 

- H Water seeps 
through the top 
stratum and 
increases the 
hydraulic pressure 
in the aquifer and 
raises the exit 
gradient. 

Liquefaction occurs at 
the base of the 
protected side where 
the exit gradient is the 
highest. Water flows to 
the protected side, and 
stability of the levee 
structure is weakened. 

Woody vegetation may 
affect soil permeability 
on both sides of the 
embankment. A critical 
location is at the toe 
on the protected side. 

2 Through 
seepage 

Saturatio
n 

H Levee embankment 
becomes saturated 
and pore water 
pressure builds. 
Phreatic line 
advances to the 
protected side. 

Water seeps out on the 
protected side of the 
embankment. 

Woody vegetation 
reduces the distance 
between the phreatic 
line and inner slope of 
the levee. 

3 Through 
seepage 

Internal 
erosion 
and 

H Preferential flow 
paths develop due 
to internal cracks, 

Levee or foundation 
loses soil particles, 
eventually deforming 

Living tree roots may 
channel water along 
the root-soil interface. 
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piping low strength soil 
zones, conduits, 
inclusions, or water-
restrictive soil 
layers. 

and weakening the 
levee structure and 
causing breaching. 

Dead tree roots may 
decay, leaving defects 
in the levee. Woody 
vegetation may attract 
animals that burrow 
into the levee. 

4 Uplift and 
piping 

- H Excessive hydraulic 
head creates 
excessive 
hydrostatic 
pressure in a 
confined pervious 
stratum below the 
embankment. 

Levee structure is 
weakened, and 
preferential seepage 
paths develop 
underneath the levee. 

The effects of woody 
vegetation with 
respect to this failure 
mode are unclear. 

5 Foundation 
instability 

- H Lateral force from 
hydrostatic water 
level difference 
exceeds net shear 
strength of the 
foundation. 

Levee structure is 
weakened and 
deforms, displacing 
the structure from its 
foundation. A breach 
in the levee may result 
from displacement of 
the structure. 

Roots that penetrate 
into engineered 
foundations may 
weaken or reinforce 
the foundation. 

6 Oversettlin
g 

- ML, MS The foundation fails 
to support the levee 
as designed and the 
levee settles so that 
the actual crest 
elevation is below 
the design crest 
elevation. 

The levee no longer 
prevents overtopping 
during those flood 
events for which it was 
designed to prevent 
overtopping. 

The weight of a large 
tree on an 
embankment could 
conceivable cause 
excessive settlement of 
the levee, but this 
scenario is regarded as 
unlikely. 

7 Scour and 
erosion 

Protected 
side 

H (A) Laminar 
overtopping: Water 
level exceeds the 
crest of the levee 
and water flows 
down the protected 
side. 

(B) Wave 
overtopping: Waves 
overtop the levee 
crest and water 
flows down the 
protected side. 

Erosion may alter 
levee geometry and 
weaken the structure. 
Severe erosion may 
cut through the levee. 

Tree stems interrupt 
the laminar or wave 
flows, creating 
currents and eddies 
that may enhance the 
erosive force of the 
water. Root structures 
may reduce the 
erodibility of the soil. 
Canopies may inhibit 
the growth of 
herbaceous ground 
cover. 

8 Scour and 
erosion 

Flood 
side 

H, V Levee is undercut 
on the flood side, 
altering the 
geometry of the 

Slumping on the 
floodside. Erosion 
removes soil material. 
Erosion may alter the 
geometry and weaken 

Woody vegetation on 
the stream bank (roots 
and or stems) may 
create local currents 
and eddies that 
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levee structure. the levee structure. increase the erosive 
force of water. 
Embedded roots may 
stabilize banks and 
side slopes. 

9 Slope 
instability 

Deep slip 
plane 

H, W, 
MS 

Opposing forces in 
the levee structure 
become unbalanced. 
Internal levee forces 
and moments 
exceed the soil 
strength along a 
horizontal, vertical 
or rotational slip 
plane. 

Levee slumps 
(collapses), causing a 
breach. If water levels 
are high, water may 
flow to the protected 
side. 

Woody vegetation may 
add weight to the 
slope and may transfer 
the force of wind to 
the slip plane, 
increasing or 
decreasing the ability 
to withstand 
downward force along 
the slip plane. 

10 Slope 
instability 

Surficial H, MS Surface soil layer 
becomes saturated 
and weakened. 

Surficial slope failure 
(shallow slumping) 
may reduce the ability 
to withstand other 
failure modes. 

Shallow root systems 
may reinforce shallow 
soils (root depth, 
spatial extent, and 
tensile strength). 
Canopy cover may 
reduce side slope 
water runoff. Root 
systems may enhance 
the percolation of 
water into the levee 
structure. 

Load Factors: H= hydraulic head, W= wind velocity, V= fluvial velocity, ML= Mass of the levee, MS= Embankment 
surcharge 

 

The results of the URS analysis of over 10,000 records showed that 6,970 performance 
records contained some observations with respect to vegetation. Of these, 348 were levee 
breaches resulting in water flooding the protected side, but none of the records identified 
vegetation as having influenced the reported breaches. The remaining 6,622 records 
contained 95 performance reports that indicated the presence of vegetation in the vicinity 
of an identified performance issue (Figure 2-1). From these 95 records, 11 identified 
vegetation as a factor influencing performance, 25 indicated vegetation had an influence on 
Operation and Maintenance (O&M), 39 had references to vegetation in a way that was not 
relevant to an O&M or performance issue; and finally, 20 referenced vegetation but had 
insufficient information to assess its role. 

The report by URS (2011) indicates that those reports that discuss vegetation in the 
context of O&M describe an “…inability to visually determine levee performance during 
high water events.” 
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Figure 2-1. Performance records related to vegetation in California levees (URS, 2011) 

2.2 INSTANCES REPORTED BY THE USACE 
 

The USACE in its evaluation of the influence of woody vegetation on levee performance 
reviewed data from across the US and identified 15 cases in which vegetation was 
implicated in some fashion (USACE, 2012). From these reports, seven were identified by 
field personnel as ‘causing damage’; eight were identified as ‘inhibited inspection or 
maintenance’, and only one was identified as ‘contributed to failure’. 

Most of these incident reports were documented by personnel from different districts of 
the USACE, and none was associated with a levee failure. In fact, most incidents only dealt 
with lack of visibility or localized erosion due to tree toppling. These incidents were not 
investigated in great detail and consequently not all levee performance information might 
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have been discovered. The following sections describe the cases available for this literature 
review.  

LEVEE BREACH ON DES MOINES RIVER, IOWA, 1993 

The 1993 flooding in the Mississippi River basin has been catalogued as one of the most 
severe events in recent years, with a 500-year recurrence interval. A levee breach was 
reported by a USACE engineer along the Des Moines River in Iowa, north of the town of Des 
Moines. This site breached once again during a 2008 flood described in subsequent 
paragraphs. 

During the 1993 event, the river was reported to have crested one to two days before the 
breach occurred, and the breached levee was known for having been constructed with poor 
compaction, having no under or through seepage remediation measures, having steep 
slopes under constant erosion from the river and having heavy tree growth (Figure 2-2 and 
Figure 2-3). Once the waters began to recede, the engineer in charge of the report states 
that “saturated levee embankments in this reach began a catastrophic failure, with large 
segments of the levee material slumping into the river. Several massive root balls were 
observed in the area where the levee failed. Ultimately the levee slumping passed through the 
levee crown and into the landside of the levee…the heavy tree growth hindered levee 
inspections and monitoring during the flood fight as well as the remedial constructive 
measures that were undertaken on the landside of the levee”. The inspection report goes on to 
state that “the large trees located on these saturated slopes added to the instability of the 
levee with dead and wind loads contributing to the failure of the levee. While original 
construction standards on material compaction were inadequate, the failed areas of the levee 
revealed significant root growth throughout the levee, which likely further facilitated the 
saturation of the levee embankment when record river stages were occurring”.  

This last statement suggests the possibility of saturation of the levee prism was enhanced 
by seepage paths along the roots, but no direct or specific evidence was provided. The fact 
that the failure occurred while the waters were receding and progressed from the 
waterside slope to the landside indicates that these failures could have been related to a 
rapid drawdown slope instability condition rather than root-aided seepage forces.   
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Figure 2-2. 1993 Des Moines River breach (USACE, 1993). Red oval highlights root system 

 

Figure 2-3. Downstream view of Des Moines River levee break (USACE, 1993). Red oval 
highlights root system 
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3 SUMMARY 
 

The available case histories and data indicate that both vegetation and animal activity can 
impact levee performance. The severity of this impact depends on tree and animal species, 
location of the tree, levee district maintenance practices, soil types and hydraulic loading 
the levee is subject to; thus it is not appropriate to consider all trees as imposing the same 
level of risk to all levees. As observed from USACE incident reports, majority of the 
reported vegetation related case histories point to vegetation as inhibiting maintenance 
and inspection, with none directly tied to an actual cause of levee failure. Conversely, 
several cases where vegetation was present along the waterside levee slope were reported 
to have limited erosion and fewer failures when compared to reaches without vegetation. 
In comparison, levee failures associated with animal burrowing appear to be well 
documented and apparently common, given the larger, more continuous openings within 
an embankment produced by the burrowing activity.  
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