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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). 



5 
 

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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WATER SKI PARK LEVEE DAMAGE, CARBON RIVER, WA 

An August 2007 USACE report describes localized waterside levee slope damage near 
Orting, WA, after an alder tree was toppled in a windstorm and removed surficial soil and 
erosion armoring from the surface. No measurements of the hole left by the root system 
were provided, but it appears that the tree lifted a shallow ‘slab’ of soil (Figure 2-4). No 
levee failure or distress was reported at this site. 

PUYALLUP LEVEE DAMAGE, TACOMA, WA  

Vegetation-induced levee damage in December 2005 was reported by the USACE on the 
levee along the Puyallup River near Tacoma, WA. This incident report indicates that soft 
soil conditions, along with wind loads and river incision contributed to a cottonwood tree 
toppling over and removing soil from the waterside levee slope (Figure 2-5). No further 
indication of damage or reconstruction is provided in the incident report, but the report 
indicates that this type of occurrence is common in the area and toppled trees pull out 
material adjacent to the levee prism. In this case, the root ball pulled a mass of soil near the 
waterside toe of the levee. 

 

Figure 2-4. Erosion on waterside slope after tree toppling (USACE, 2007) 
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Figure 2-5. Cottonwood root plate toppled on Puyallup River (WA). Image courtesy USACE 

LEVEE DAMAGE ON LINDLEY LEVEE NEAR WAITSBURG, WA 

Similar to the case on the Puyallup River (Figure 2-5), in 2008 high wind caused several 
trees to topple and remove soil and erosion protective riprap from the waterside slope of 
the Lindley levee (USACE, July 2008). The levee appeared to have had very little 
maintenance and trees and shrubs grew uncontrolled on the waterside slope (Figure 2-6). 
The report does not give an indication as to how deep the hole left by the root system was 
as the tree toppled, nor how many of these incidents occurred along the Touchet River. A 
failure or breach of the levee did not occur. 
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Figure 2-6. Damage on waterside toe, Touchet River (USACE, 2008) 

LEVEE DISTRESS, SAINT GENEVIEVE, MO 

The St. Genevieve #2 levee along the Mississippi River was subjected to severe water 
loading during June 2008. The USACE post incident inspection report provides a 
description of the levee distress that seems to have been related to presence of woody 
vegetation near the landside toe. On 28 June several active sand boils were reported in a 
heavily vegetated area (Figure 2-7) which were observed to be flowing water and soil. 
Flood fighting activities lasted over five days; local authorities built sand bag rings around 
the active boils (Figure 2-8) and allowed the toe area to flood several feet to reduce the 
hydraulic head differential and stop the flow of material through the sand boils.  

According to the incident report, the largest boil was approximately 1 meter in diameter 
and most of the boils were encountered in a low spot with a dense line of trees. After the 
fifth day of flood fighting some boils were still active and a 200 m (600 ft) long rock berm 
was placed to increase the stability of the toe area, but new sand boils developed upstream 
of the berm. 
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Figure 2-7. View of landside toe area, St. Genevieve levee distress (USACE, 2008) 

No information on the levee and foundation conditions are given in the incident report, but 
the levees in the area along the Mississippi River in Missouri are known for their 
underseepage susceptibility because of relatively thin landside fine grained soil layers. 
Several other sand boils were reported during the same flood event in other areas as 
described by Harder et al., (2009). The incident report concludes that tree roots and 
associated animal activity (the animal activity was not reported by the USACE) likely 
attributed to the intensity of the seepage, and that vegetation made it difficult to place the 
seepage mitigation rings around the boils; however, it seems likely that some boils would 
have occurred even without the presence of vegetation. 

MAINTENANCE AND REPAIR, GRAND TOWER LEVEE, IL 

Several shallow landslides along the protected landside toe of the Grand Tower and 
Degognia levee in Southern Illinois occurred in 2008. At this location, trees were present 
along long stretches of the landside toe (Figure 2-9). Landslides appear to be a common 
occurrence in the area and are associated with high-plasticity clays used for embankment 
material and not necessarily associated with the presence of woody vegetation near the toe 
of the levee. The report indicates that the trees inhibited maintenance and did not allow for 
staging materials and equipment for repairs to be performed, but no direct relation to the 
observed failure was given.   
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Figure 2-8. Active sand boils around trees, St. Genevieve levee distress (USACE, 2008) 

However, the USACE report concludes that “without a vegetation clear zone at the toe of the 
levee, the slides in the affected levee stretches cannot be repaired. If the slides are not repaired 
the integrity of the levee is affected by a decrease in the factor of safety which puts the 
protected area at increased risk for flooding. If the trees were removed and a vegetation clear 
zone of 15 feet was maintained the existing and future levee slides could be repaired”.  
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Figure 2-9. Trees along landside toe. Grand Tower Levee (USACE, 2008) 

MAINTENANCE INHIBITION BY VEGETATION  

A potential detrimental impact of dense woody vegetation on levee performance is the 
interference with regular maintenance and inspection activities. A levee along the 
Kuskokwim River in Alaska was reported to be so densely vegetated that visual inspection 
was impossible during routine inspection in 2008 (Figure 2-10).  

Similar cases were reported in May and September 2008 on the Klutina River (Figure 2-11) 
and Tanana River in Alaska (Figure 2-12). The slopes of the levees were covered with large 
and small diameter trees and brush, and the levee owner was directed to maintain the 
levee in accordance to USACE guidelines. No indication of poor performance or negative 
influence of the trees was reported. 
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Figure 2-10. Dense vegetation inhibiting visual inspection along Aniak levee in Alaska 
(USACE, 2008) 

 

Figure 2-11. Vegetation covered slopes, Klutina River levee, Alaska (USACE, 2008) 
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Figure 2-12. Vegetation covered slopes, Tanana River levee, Alaska (USACE, 2008) 

DAMAGE TO CORRALES LEVEE, CORRALES, NM 

The landside drainage system of the Corrales levee unit along the Rio Grande in New 
Mexico is protected from underseepage by a system of subdrains comprised of a PVC pipe 
parallel to the levee toe and risers every 1/10th of a mile. An inspection in October, 2008, 
found several trees, including Siberian elms, cottonwoods, Russian olive and salt cedar 
growing next to or inside the risers (Figure 2-13). In some cases the roots of these trees 
damaged the risers and likely penetrated the slotted PVC pipe near the toe of the levee. The 
inspection team deemed that the subdrain system would not function as designed and 
recommended removing all trees and roots from the toe subdrain system and an 
investigation of the extent of intrusion by the woody vegetation. 

TREES AND TREE-INFLUENCED ANIMAL ACTIVITY, Alamosa Levee, Rio Grande, CO 

A USACE incident report for the Alamosa levee along the Rio Grande in Colorado from 
September, 2008, describes the waterside toe area to be populated by numerous large 
trees within 5 meters (15 feet) of the toe (Figure 2-14). The inspector reported that the 
trees were of different size and health, as some of them had been damaged by recurrent 
beaver activity in the area.  
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Figure 2-13. Tree growing inside landside subdrain system. Rio Grande, New Mexico 
(USACE, 2008) 

 

Figure 2-14. Trees at waterside toe and channel dug by beaver, Alamosa levee, Colorado 
(USACE, 2008) 
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A channel had been dug by the animals from the river to the waterside toe (apparently 
there is a waterside berm separating the levee from the river) and two large beaver den 
entrances were encountered, as well as several smaller holes along the waterside slope 
(Figure 2-15).  

 

Figure 2-15. Beaver tunnel on waterside slope, just below tree line. Alamosa levee, 
Colorado (USACE, 2008) 

The report attributes the existence of beaver dens to the presence of woody vegetation 
because “these trees on the riverside provide shelter, protection and food for the beavers”.   

COFFEYVILLE LEVEE, KS 

The USACE (2007) reported a small erosional feature on the landside slope of the 
Coffeyville levee in central Kansas following the storms of May and June of 2007. According 
to the incident report, the compacted clay levee was overtopped by approximately 1.2 m 
(four feet) of water and no breaches were reported, but an erosional feature was 
discovered during post flood inspections (Figure 2-16). The erosion exposed roots from a 
large tree near the landside toe extending upslope and reaching the crown of the levee. 
However, it is not clear how the roots might have contributed to the removal of 
approximately 1 to 1.5 meters (3 to 5.5 feet) of soil from the area near the landside hinge 
point of the embankment as a result of overtopping rather than internal seepage.  
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Figure 2-16. Levee distress, Coffeyville levee, Kansas (USACE, 2007) 

 

Figure 2-17. View of exposed roots on Coffeyville levee distress, Kansas (USACE, 2007) 
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The images show that the erosional feature roughly coincides with the zone of densest 
roots (Figure 2-17). However, there is no information on soil properties and their 
variability along the levee.  

2.3 EVALUATIONS OF LEVEE DISTRESS AND LEVEE BREACHES BY 
OTHERS 

2.3.1 EAST SAINT LOUIS LEVEE SYSTEM, JUNE 2008 FLOOD 
 

Harder et al., (2009) performed inspections of the levee distress and breaches during the 
June 2008 floods in the Midwestern United States. Twenty-two breaches were reported, 
mainly due to overtopping along levee systems spanning the states of Iowa, Illinois and 
Missouri. The sites studied were selected because of the presence of trees and/or animal 
burrowing activity.  Their descriptions, conclusions and findings are summarized on this 
section.   

The distress site is located on the left descending bank of the Mississippi River across from 
St. Louis (MO). The levee is approximately 8 meters (25 ft) high with slopes of 3:1 
(horizontal to vertical). Two berms and a system of relief wells were observed by Harder et 
al. (2009), indicating a known history of seepage and stability issues for this levee reach.  

Animal burrows were observed near the crest and on the lower part of the landside slope, 
and several trees that were apparently uprooted some time before the 2008 floods were 
also observed. The root balls (Figure 2-18) were still in evidence showing that there was 
apparently disturbed ground near the landside toe and most likely including roots in the 
soil.  
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Figure 2-18. Uprooted trees and root balls at the East St. Louis site. (Harder et al., 2009) 

Sand boils (Figure 2-19) were observed between the relief wells, in some instances as close 
as 20 ft from a well, and the occurrence of the boils appeared to coincide with the ground 
disturbance produced by the removed trees.  A previous flood event in 1993 did not 
produce any sand boils, despite the fact that recorded river levels were about 11 ft higher 
than the 2008 flood. The report by Harder et al. (2009) indicates that improper tree 
removal might have disturbed the top soil enough to allow the triggering of the observed 
levee distress in the form of sand boils.  

The reported levee distress at this site seems to have been exacerbated by anthropogenic 
activities rather than by the presence of woody vegetation detrimental to the performance 
of the levee. The fact that during previous flood events with significantly higher hydraulic 
loading the existing remediation measures performed adequately (relief wells, stability and 
seepage berms) indicates that the problems presented on this site were likely a direct 
consequence of the ground disturbance generated by the removal of the tree and root balls 
near the landside toe. The report does not provide information on the presence or absence 
of a landside fine-grained blanket, but it is likely that the removal of root balls had damaged 
the blanket or created discontinuities that allowed the formation of sand boils. 
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Figure 2-19. Sand boil at East St. Louis site (Harder et al., 2009) 

2.3.2 CAP AU GRIS LEVEE BREACHES, MISSISSIPPI RIVER, WINFIELD, MO 
 

Harder et al. (2009) describe two breaches that washed away the levee at low spots along 
the Cap Au Gris levee alignment, coincident with road access or structure encroachments. 
The breaches occurred along a levee near Winfield (MO) along the Mississippi River.  

Post failure reconnaissance of the eroded embankments indicated the presence of several 
large (5 to 7 inches in diameter) live roots, extending across most of the embankment 
width.  The first breach (Cap Au Gris – Site 1 in Harder et al. 2009) of a relatively low levee 
(9 feet high) with slopes between 3:1 and 4:1 (Figure 2-20) developed as water overtopped 
and concentrated on a low spot where a road access joined the levee crown. A witness 
account described no (through or under) seepage shortly before the failure, therefore the 
failure was likely due to concentrated overtopping that washed away the levee material 
and resulted in a 30 ft wide breach extending down to the foundation. 

The roots encountered in the eroded area ranged from less than 1 inch to about 5 inches in 
diameter (Figure 2-21), and seemed to originate from two stumps encountered near the 
waterside toe of the eroded levee with diameters of 3 and 4 feet. The larger roots appear to 
have traveled distances larger than 50 ft from the stump towards the embankment. A 
smaller stump and a live cottonwood were also present in the vicinity of the breach. 
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Figure 2-20. Cap Au Gris - Site 1 (Harder et al., 2009) 

 

Figure 2-21. View of eroded levee at Cap Au Gris - Site 1 (Harder et al., 2009) 

A second breach in the area (Cap Au Gris – Site 2), located approximately one mile 
downstream of Site 1 was also triggered by concentrated overtopping around a low spot on 
the levee crown. This breach was approximately 105 m (350 ft) wide and destroyed several 
houses. Post failure reconnaissance also noted a large number of roots coming from live 
trees located at or near the waterside toe and a single burned stump near the landside toe.  
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Harder et al. (2009) examined the interface between the clay embankment and roots along 
intact sections of the levee, showing no visible gap between the roots and the soil that 
could potentially serve as a preferential seepage path. They noted that the downstream 
edge of the breach coincides with the root system of the burned stump, suggesting the 
possibility that the breach width was limited by the reinforcing effect of this root system. 
No evidence other than the coinciding locations exists for this hypothesis.  

The two failures along the Cap Au Gris levee as reported by Harder et al. (2009) present 
important observations on the extents and size of intrusions created by roots coming from 
live trees in the Midwest. Several roots with diameters larger than 5 inches were observed 
going from the waterside toe to the landside toe, however, there was no evidence that 
presence of the roots had any effect on the levee breach except, possibly, to inhibit the 
depth of scour during overtopping.  

2.3.3 1993 MISSOURI RIVER FLOOD 
 

Allen et al (2003) investigated a series of levee breaches along the Missouri River after the 
1993 floods, and concluded that vegetation played a significant role in the reduction or 
prevention of damage of levees. Their study of a 353 mile long segment along the Missouri 
River concluded that areas where vegetation corridors were present exhibited a smaller 
number of levee failures, and that the length of the failures or breaches was almost halved 
when a vegetated corridor existed (Figure 2-22). Moreover, they concluded that 
discontinuities within these corridors can be weak links for initiation of failures. The figure 
shows number of levee failures based on incremental increases in the width of woody 
corridors for level mile 0-226. The numbers above each bar correspond to the cumulative 
percentage of levee failures occurring with the addition of each increase in woody corridor 
width. 
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seven recurrences), 350 miles (22%) had low persistence (one to three recurrences), and 
the remaining 292 miles were considered to have no recurrences or no available data to 
classify them.  

The presence and recurrence of animal intrusions in levees are a direct function of: 
available food sources, levee material, vegetation and maintenance practices. The latter is 
of particular importance as local districts generally have different funding depending on 
the characteristics of their protected basin (e.g. urban vs. non-urban levees). Therefore, 
each district applies animal control and vegetation management practices that are deemed 
affordable and specific to the habitats of the burrowing species.  Typical animal control 
measures consist of cement-bentonite grouting, trapping, baiting with zinc phosphide, 
fumigation, anticoagulant baits, carbon monoxide injections, biological control, 
contraception, and shooting (Ventura County Watershed Protection District, 2006). 

Typical burrowing rodent species in levees are Botta’s Pocket Gopher (Thomomys bottae) 
known for creating shallow networks of burrows parallel to the ground surface (4 to 6 cm 
in diameter). Gophers have been reported to burrow through irrigation ditch 
embankments (Dixon, 1922) and are commonly found in North and Central America. This 
species is known for displacing as much soil as 18 m3/ha per year (Bayoumi and Meguid, 
2011). The California vole (Microtus californicus) is another small rodent that tends to 
remain in the upper foot of soil and dig holes similar to gophers, generally from 3 to 5 cm in 
diameter.  

California ground squirrels (Otospermophilus beecheyi) are a common burrowing mammal 
and tend to dig relatively large burrows (6-15 cm in diameter), averaging 10 cm in 
diameter and between one and ten meters in length. The longest squirrel burrow on record 
had a total length of 222 meters (728 ft) with 33 openings, indicating that despite their 
relatively small size, squirrels can burrow completely through a levee section (Bayoumi 
and Meguid, 2011). Squirrel burrow complexes can become preferential paths for seepage 
and carry floodwaters and sediment and in general provide pathways for internal erosion 
of levee embankments. Van Vuren (2011) indicates that the presence of woody vegetation 
has a negative influence on the occurrence of squirrel population. 

Larger species such as beavers (Castor Canadensis), muskrats (Ondatra zibethicus) and 
certain carnivores (coyotes, gray foxes and skunks) may excavate significantly larger 
burrows that can result in collapse of alevee embankment. Beavers obstruct waterways by 
constructing dams; their dens generally extend from several feet below the waterline 
toward the landside. Dens tend to be between 0.5 and 3 meters in diameter and extend 
several meters into a levee embankment. Two recent levee failures in the United States 
have been attributed to beaver intrusions (Clevenger, 1999): one in Southern Hinds County 
(MS), where “a levee almost breached within a few hours from the first spotted landside 
leakage. Upon inspection by the division of dam safety in the state of Mississippi, beaver dens 
and tunnels were exposed and the levee segment appeared to be badly damaged”. The second 
failure was reported in DeSoto County (MS) and involved a large beaver den near a 
populated area (Clevenger, 1999).  
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Muskrats are another large burrowing species known for creating large burrows and 
extensive damage to levees and earthen dams. Typical muskrat burrows are between 13 
and 15 cm in diameter and can extend between three and fifteen meters (Bayoumi and 
Meguid, 2011), converging in one or several nest chambers above the water level. Muskrat 
burrows have been classified as a threat to the security of dike and levee systems in the 
Netherlands (Van Troostwijk, 1978; Kadlec et al., 2007) because of their large size, which 
similar to beaver dens, can trigger collapses of large portions of a levee embankment. Other 
species such as marmots, nutria and armadillos have also been linked to levee damage. 

In terms of potential damage to levees, gophers and voles are considered to have little 
influence as their burrows tend to be shallow and parallel to the levee face; therefore, their 
effects are more of a maintenance issue as soil is transported downslope and the potential 
for collapse of the embankment is low. California ground squirrels dig larger, deeper and 
longer burrow complexes that can threaten levee performance (Daar et al. 1984). These 
three species were the focus of a recent study by Van Vuren et al., (2011). He performed a 
statistical study of habitat association for mammal intrusions on levees in California, by 
analyzing data collected along 166 50-ft long levee segments. His team counted 33,678 
gopher burrows and 5,705 squirrel burrows. Larger species were found to be too few for 
the statistical analysis (16 large carnivore holes). However, a single large beaver intrusion 
might be large enough to produce a collapse of the embankment.  

The following section describes several well-documented animal intrusion case histories 
that have resulted in extensive damage to levees in order to set the stage for the 
experimental program performed in this study.  

2.4.1 PIN OAK LEVEE BREACH 
 

The Pin Oak levee protects the city of Winfield, MO, from the backwaters of the Mississippi 
River and has a history of poor performance, as two breaches had previously occurred at 
this site during the 1993 floods (Harder et al., 2009).  

During the 2008 flood several landside slope failures were observed, as well as through 
seepage (flow of water through the levee embankment exiting on the landside slope) at two 
locations. A breach occurred at one of the through-seepage sites on 27 June, 2008 (Figure 
2-24). The heaviest seepage was observed near the landside toe where a landside ditch 
parallels the toe. Sandbags were placed around the heavy seepage area (Figure 2-25) in an 
attempt to minimize the seepage quantities but the through seepage ‘broke through’ the 
levee material above the top of the sandbags. Subsequent emergency response included the 
construction of a larger sandbag ring and placement of a tarp on the waterside slope; all to 
no avail as this levee breached several hours later. 

The post-breach reconnaissance by Harder et al. (2009) reports several 5 to 8 cm (2 to 3 
inch) diameter rodent holes in the vicinity of the breach along the waterside slope, 
extending from the toe to a few feet below midslope.  Witness accounts report the presence 
of muskrats diving into the area where the tarp was placed during the flood and chunks of 
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clay being ejected from the protected side. The extent of the animal activity appears to 
coincide with the eroded mass, as it only extended down to the elevation of the toe. 

 

Figure 2-24. Pin Oak Levee breach (Harder et al., 2009) 

 

Figure 2-25. Animal burrows on Pin Oak Levee breached section (Harder et al., 2009) 

2.4.2 TRUCKEE CANAL BREACH, FERNLEY, NV 
 

This levee breach was originally documented by URS (2008) in a report for the U.S. Bureau 
of Reclamation. The failure occurred on the 5th of January, 2008, near Fernley, Nevada. The 
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breached levee lined the Truckee Canal, which serves as a diversion for excess flows from 
the Truckee River as well as a water conveyance for miscellaneous uses. The embankment 
was about eight feet high, with slopes of approximately 1.5:1 (horizontal to vertical) 
(Figure 2-26). Embankment materials were mainly silts and clays dredged from the bottom 
of the Truckee Canal and piled over the years (URS, 2011). 

The breach developed early in the morning and water flowed into the city of Fernley for 
about nine hours before it could be plugged, flooding the adjacent areas to depths up to 
eight feet (Figure 2-27). The investigative team concluded that because the embankment 
and foundation materials were composed of silts and clays of medium to high plasticity 
(ML, CL, MH and CH), underseepage or through seepage induced failure was an unlikely 
cause of the failure. Other potential failure modes, such as wave erosion, lateral instability, 
overtopping and seismic activity were also ruled out because of lack of evidence. The most 
likely failure mechanism was judged to be a piping failure due to rodent activity, asrodent 
(muskrat) activity had been reported in the area by local personnel, and several rodent 
tunnels were observed during the forensic investigations. A previous, smaller failure in 
1996, was also related to animal burrowing in the area (Benedict, 2008). 

 

Figure 2-26. Truckee Canal cross sections (URS, 2008) 

URS also performed chemical grouting at a site 250 ft downstream of the breach in order to 
assess the extents of the muskrat burrows present in the area. The investigation revealed a 
complex system of interconnected burrows (Figure 2-28) extending from the waterside 
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slope to near the landside slope, reaching what the investigative team called a ‘collapse 
feature’ (Figure 2-29) with a fan of sand apparently coming from internal erosion along the 
burrows. The findings indicate that even if the holes did not fully extend to the face of the 
landside slope, such openings could have collapsed at some point during the failure. 

For these reasons, the specific cause of the breach was attributed to muskrat burrows, 
given the presence of the networks exposed and documented by URS (2008) and the fact 
that a previous (smaller) failure in 1996 was also related to animal burrowing in the area. 

 

 

Figure 2-27. Developed breach looking downstream (URS, 2008) 
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Figure 2-28. Exposed grouted burrows 250 ft downstream of breached site (URS, 2008) 

 

Figure 2-29. Collapse feature at the landside edge of burrow complex (URS, 2008) 

2.4.3 MEDFORD ISLAND LEVEE, CA 
 

On 24 January 2009 a cave-in was reported on the southern end of Medford Island in theh 
Sacramento-San Joaquin Delta, exposing a large beaver den. The levee is approximately 2.5 
to 3 meters (8 to 10 ft) high and 6 meters (20 ft) wide at its crown (Figure 2-30).  
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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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