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DUPAGE RIVER FEASIBILITY STUDY 
GEOTECHNICAL DESIGN APPENDIX 

APPENDIX E 

INTRODUCTION 

1.  The study area encompasses the DuPage River Basin which includes the East and West 
Branch, as well as, larger tributaries such as the Lily Cache Creek and St. Joseph Creek all 
within the state of Illinois.  The branches are primarily in DuPage County while the main 
stem is in Will County.  The DuPage River Basin flows generally north to south into the 
Des Plaines River near Channahon.  The purpose of this appendix is to evaluate subsurface 
soil information and provide generalized geotechnical design and related construction 
considerations for each project feature of the proposed flood risk management.   

2.  The DuPage River, Illinois Feasibility Study investigates overbank and backwater 
flooding across the DuPage River Basin, all within DuPage and Will Counties.  A previous 
study was completed in 1982 addressing this area and is summarized within the main 
report.   However, the area has experienced rapid development over the past several 
decades and has experienced several events which resulted in overbank flooding of roads, 
homes, and businesses.   

3.  During the feasibility study formulation, the team has identified one levee rehabilitation 
to be part of the tentatively selected plan.  It has also identified several non-structural plans, 
although those are not addressed in this appendix.  Other sites that were eliminated from 
consideration which had some level of geotechnical investigation completed are included 
in Attachment 4 of this appendix.  

REGIONAL GEOLOGY 

Bedrock Geology  

4.  The surface bedrock of the region consists predominantly of rock of the Silurian System 
(Figure 1), which is newer than the underlying and adjacent Ordovician System.  Both 
systems consist of almost exclusively dolomitic limestone.  The Ordovician Series, which 
is present at the top of bedrock in the southwestern-most reaches of the project area is very 
thick, at several hundred feet.  South of the project area, Pennsylvanian System is present, 
which contains a more varied bedrock composition such as limestone, shale, and coal.  DRAFT
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Figure 1. General Bedrock Geology of Project Area 

 

Surficial Geology  

5.  Thicknesses of the overburden are estimated in Figure 2 below.  Shallow bedrock less 
than 25 feet below grade is present throughout most of the main stem of the DuPage River, 
as well as, the southern-most portion of the west branch.   The rest of the project area is 
expected to have bedrock between 25 and 100 feet below grade, except for stretches on the 
northern portion where bedrock is likely to be 100-300 feet below grade.   
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Figure 2. General Thickness of Overburden in Project Area 
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Physiography 

6.  Deposits on the Silurian and Ordovician Series bedrocks consist of glacial till.  The 
major topographic features in these counties reflecting the influence of glacial deposition 
(moraines); till plains and sand and gravel outwash plains; a few knob-like hills of sand 
and gravel (kames); and the Sag, Fox, and Des Plaines River valleys which were drainage-
ways for glacial melt-waters.  Sand and gravel accumulated as valley trains along these 
rivers.  The DuPage River is relatively young and would not have the same amount of sand 
and gravel as those of the Des Plaines, Fox, or Illinois Rivers.  However, the historic 
meandering of these rivers may have influenced the subsurface.   

7.  The DuPage River Basin is located within the Wedron Formation, split into the 
Wadsworth Till to the northeast and Yorkville Till to the southwest.  The Wedron Formation 
was covered by the most recent glaciation; the Wisconsinan from about 85,000 to 11,000 
years ago meaning the native clay within the area is almost always overconsolidated due 
to the historic ice loads it has experienced.  However, there may be some pockets of water 
deposited alluvium or wind deposited loess on the surface which would not be 
overconsolidated.  The difference between the two tills is the Wadsworth till was more 
recently affected by the ebb and flow of the glacial advances and retreats, which each 
resulted in a moraine.  The Wadsworth till generally consists of less sands than the Yorkville 
till, implying there was a glacial lake covering the Wadsworth area but not the Yorkville 
area.   
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Figure 3. Areal distribution of predominant Quaternary formations in Illinois 
(Willman & Frye 1970)  

8. Figure 3 is a regional description of the expected conditions.  A second soils quaternary
map was investigated and included in Figure 4.  It is provided by IDNR as a shapefile and 
includes the Yorkville and Wadsworth members as mentioned in Figure 3 above.  However, 
it also includes more detail as the below map shows areas which have been affected by 
alluvial movement (Cahokia Member) as fine-grained materials from the till has moved 
due to water erosion/deposition.   

9. The Mackinaw Member, Batavia Member, and Surface-Mined Areas identify areas
where shallow/exposed bedrock may be present.  The Carmi Member is differentiated as it 
was likely a location of a glacial drainage areas of sediment.  These soils are still likely to 
be fine-grained, though.     

Project Area 
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Figure 4. Geologic Quaternary Map (IDNR) 
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10.  Over the last 200 years, the river has become increasingly channelized due to 
urbanization, reducing the DuPage River’s opportunity for meandering.    Because of 
extensive urbanization, there are many areas of DuPage and Will Counties where geologic 
materials have been affected by human activities.  It is recognized that a few feet of 
miscellaneous fills and/or regraded topsoil and other surficial material underline parts of 
the study area.    

LOCAL GEOLOGY 

11.  The site identified in the tentatively selected plan was investigated via NRCS (Natural 
Resources Conservation Service) soils maps, existing ISGS soil boring logs, and any 
available nearby soil boring logs provided by the local sponsor.  Additional soil boring are 
planned after the Agency Decision Milestone.       

 

River Dumoulin Levee Rehabilitation 

12.  The River Dumoulin Levee Rehabilitation project includes multiple levee systems 
between I-88 and Maple Ave in Lisle along the East Branch and St. Joseph Creek.  It is 
sometimes referred to as the Lisle Levee project.  These levees are included in the National 
Levee Database as shown in Figure 5 with the system names shown.  However, it should 
be noted that some of these systems are likely to be combined as the NLD leveed areas are 
not as detailed compared to what is included in this study.   
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Figure 5. Lisle Levee Systems as shown in the National Levee Database may be more 
segmented than reality 
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Table 1.  Summary of levee data provided by the National Levee Database 

Feature 
Name 

NLD Levee 
System ID 

Segment 
Length 
(miles) 

People 
at Risk* 

Structures 
at Risk* 

Property 
Value* 

Study 
System 
Designation 

East 
Branch 
DuPage 
River 
(EBEB) 1 

1505901401 0.03 3 1 $417k West System

EBEB 2 1505901402 0.34 27 14 $10,400k West System
EBEB 3 1505901403 0.52 66 30 $12,500k Northeast 

System 
EBEB 4 1505901404 0.24 1 1 $2,690k Southeast 

System 
EBEB 5 1505901405 0.22 121 45 $18,700k Southeast 

System 
EBEB 6 1505901406 0.22 51 16 $14,600k West System
EBEB 7 1505901407 0.04 3 2 $1,900k West System
EBEB 8 1501000250 0.04 21 8 $3,340k Southeast 

System 
EBEB 9 1505901409 0.24 78 9 $23,900k Not included 

in TSP 
EBEB 10 1505901410 0.44 38 12 $5,010k Not included 

in TSP 
*Provided by NLD, but has been refined per the Economic Appendix 

13.  The 10 systems identified in the NLD are shown on Table 1 and are color coded per 
what is considered the three systems included in this study.  The two systems in the NLD 
that are south of the railroad are not included in the study.     

14.  Figure 6 combines the existing levees north of the railroad into the three segments.  
The levee on the west bank is about 3,500 feet long, east bank north is about 2,000 feet 
long, and east bank south is about 2,000 feet long.  Each consists of earthen embankment, 
only.   DRAFT
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Figure 6. Approximate extents of existing levee in Lisle (3 systems) 

 

15.  These existing levees have various deficiencies such as encroachments, corroded pipes, 
erosion of the crest and riverside slopes, and vegetation as described in the Existing Levee 
Condition section below.   

16.  The current levee is constructed to a level that would reduce flood impacts for a 50-
year or less event.  The proposed plan would consist of rehabilitating and raising the levee 
to a 100-year event, plus 2 feet of freeboard.  This would allow the project to potentially 
qualify for FEMA accreditation.   

17.  The rehabilitation for the levee would include several measures.  Vegetation on the 
slopes and within 15 feet of the new toes would be removed.  Also, miscellaneous structures 
within the footprint such as power poles, fences, and staircases would be 
removed/relocated/approved on a case-by-case analysis.  The riverside toe would also 
require additional bank protection such as riprap.  Finally, existing features such as gravity 
drains and pump stations may require upgrades.   
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River Dumoulin Levee Rehabilitation Subsurface Information  

18. The area along the River Dumoulin levee alignment consists of alluvium (Sawmill). 
Refer to Attachment 1 for a more detailed soil map provided by NRCS.  The depth to 
bedrock varies from under 25 feet below grade at the north to 50-100 feet below grade at 
the south, according to Figure 2.   

19.  While there are a few nearby ISGS logs, there has also been a subsurface investigation 
completed along the existing levee which includes more accurate and complete data.  The 
report is called “River Dumoulin Levee Study between Maple Avenue and Middleton 
Avenue” dated May 2012.  This report is included in Attachment 2 and the soil boring map 
is shown in Figure 7 below.   

 

Figure 7. Soil boring map from 2012 ERA investigation 
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20.  As shown above, fifteen borings were planned, but only eleven were completed due to 
accessibility issues of the drill rig.  Of the eleven soil borings completed, nine were done 
on the centerline while two (B-2 and B-15) were done on the landside toe of the existing 
levee.  Five of these borings (B-1 thru B-5) are south of the BNSF railroad and therefore 
not along the project proposed in this report.  Boring logs are located within the report in 
Attachment 2.   

21.  Levee material and the top strata of the foundation consisted of similar materials of 
silty or sandy clay with pebbles.  This layer was about 8 to 12 feet thick, although the 
boring logs do not differentiate between native and fill.  If the levee is about 5 feet tall, 
then the native clay is about 3 to 8 feet thick.  Below this material, the second native layer 
generally consisted of sand and/or broken rock, which continued to the bottom depth of 
boring (between 20 and 30 feet below grade).  Bedrock was not encountered in any of the 
logs.   

River Dumoulin Historic Topographic Maps 

22.  There are several topographic maps available for the area around the River-Dumoulin 
Levee.  The first available is from 1908.  The proposed levee alignment, current creek 
alignment, and existing soil borings are shown on the maps to identify changes in the 
topography.   
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Figure 8. Lisle Levees with 1908 Topographic Map showing old versus new river 
alignment 

23.  The 1908 topographic map indicates both the East Branch and St. Joseph Creek have 
changed alignments.  Within the area of the levee, the East Branch has shifted west and 
straightened.  St. Joseph Creek has generally shifted north, particularly at the confluence.   DRAFT
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Figure 9. Lisle Levees with 1954 Topographic Map showing old versus new river 
alignment 

24.  From 1908 to 1954, a significant amount of development has occurred in the area in 
the form of roads and homes.  As for the East Branch, it has been straightened to roughly 
the existing channel and the confluence from St. Joseph Creek has been adjusted north to 
roughly the existing location.     DRAFT
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Figure 10. Lisle Levees with 1962 Topographic Map showing old versus new river 
alignment 

 

25.  From 1954 to 1962, the biggest change is the addition of the East-West Tollway (I-88) 
north of the levees.  Another topo map was available from 1985 but no major changes were 
noticed.   DRAFT
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Figure 11. Lisle Levees and Storage Areas with 1993 Topographic Map showing old 
versus new river alignment 

 

26.  From 1985 to 1993, ponds are added between I-88 and the levees.  There is also a 1998 
map available, but no noticeable changes are present near the proposed project features 
versus the 1993 map.  These topographic maps indicate there are several locations where 
previous meanderings of the rivers intersect with the levee.  These locations should be 
focuses of future subsurface investigations.   
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River Dumoulin Existing Levee Conditions 

27.  As part of ERA’s investigation and report, a site visit was conducted in 2012 to 
determine the existing condition of the levee.  These photos are shown in Attachment 3 
and show various encroachments and vegetation.  These inhibit inspection of the levee, 
promote animal burrows into the levee, create seepage paths via root systems, and decrease 
slope stability should these trees die/fall over.  Additionally, there are encroachments 
which include fishing piers, fences, power poles, etc. that further reduce the ability to 
inspect the levee and could increase the risk of instability/seepage.  Levee guidelines 
require the levee crest, slopes, and within 15 feet of both toes to be free of vegetation.  Any 
encroachment near the levee should be analyzed to determine if it has an adverse effect of 
levee/floodfighting performance.  A sampling of the 2012 Attachment 3 photos are shown 
in Figure 12 below.   
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Figure 12. Vegetation and Encroachment examples along River-Dumoulin Levee (30 
January 2012) 

28. The ERA 2012 study determined that some of the unarmored riverside slopes would
not be able to withstand the erosive forces of the river at stages greater than a 50-year event.  
The next year in April 2013, a flood event occurred on the river and eroded significant 
areas of the riverside slopes.  A post-flood site visit was conducted 1 May 2013 (included 
in Attachment 3) which included photos of the damage from the flood, including severe 
erosion of the riverside slope.   

DRAFT



DuPage River Feasibility Study 
Geotechnical Appendix E 

9 July 2018 
 

19 
 

 
Figure 13. Erosion on riverside slope of Lisle Levee from April 2013 flood (1 May 
2013) 
 

29.  The 2013 event overtopped the levee in some locations and eroded the crown and 
landside of the levee, particularly in areas without sod cover where woody vegetation was 
prevalent.  This erosion reduces the effective top of levee elevation.  It also increases the 
likelihood of total levee failure during the next overtopping event.  One of these locations 
included in Attachment 3 is shown on Figure 14.   
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Figure 14. Erosion on landside slope of levee due to overtopping in April 2013 event 
(1 May 2013) 

 
30.  There are several CMP culverts which have excessive erosion around the riverside 
outlets.  The CMP have never been camera inspected and it is assumed they are the original 
pipes from construction in the early 1960’s, making them over 50 years old.  With the CMP 
portion exposed to the river, they are increasingly susceptible to corrosion and puncture 
damage, which would circumvent the flap gate at the end of each pipe.  There are 
approximately 9 gravity drainage culverts through the existing levee north of the BNSF 
railroad.  These pipes range in size from 12 to 24 inches in diameter. 

Figure 15. Culverts with CMP exposed on riverside (1 May 2013) 

Eroded 
landside 
slope 
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31.  According to the local sponsor, the Village of Lisle occasionally checks to make sure 
the flap gates are operational and mows the turf portions, but there have been no repairs to 
the erosion caused by the April 2013 event.  There is no formal written plan of operation 
and maintenance, Emergency Action Plan, stockpiled emergency supplies (sand bags, 
portable pumps, etc.), training, or public outreach.  Without these plans in place, the risk 
of levee overtopping/breach is increased due to lack of knowledge, responsibility, and 
information on what areas are more susceptible to issues. 

32.  Due to the lack of real estate easements, USACE was not able to inspect the levee prior 
to compiling this report.  Therefore, all of the site information available is from inspections 
that occurred about 5 years prior.   

 

River Dumoulin Fragility Curve 

33.  The existing levee provides some amount of flood damage reduction, but since there 
are deficiencies present, the levee is not expected to perform well against every future 
flood.  Per EM 1110-2-1619, the method to determine a failure rate of an existing levee is 
to create a fragility curve of an existing levee allows elevations to be applied to the expected 
failure rate of the levee.  The fragility curve is defined by determining two points on a 
graph; the probable failure point (PFP) and probable non-failure point (PNP).  The PFP is 
defined as the water elevation above which the levee is highly likely to fail, set at 85% 
failure rate in the EM.  The PNP is defined as the water elevation below which the levee 
has a low likelihood of failure, set at 15% failure rate in the EM.  Figure 16 is shown below, 
which is extracted from EM 1110-2-1619.   

 

Figure 16. Figure from EM 1110-2-1619 showing PFP and PNP 

 

34.  To establish the PNP, the levee was examined at the lowest elevation which may induce 
a breach scenario.  This scenario was determined to be a breach at the CMP gravity 
drainage pipes, which extend underneath the levee.  Figure 15 shows photographs of the 
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50+ year old pipes exposed to on the riverside.  A breach may occur in any of the following 
scenarios: 

1. Debris floating down the river damages/shears the pipe from the backflow 
prevention (flap gate), allowing free flow up the pipe to the landside. 

2. Erosion extends underneath the concrete headwall to create a cantilever.  The 
headwall settles and the pipe cracks.   

3. Erosion around the pipe exposes piping pathways, allowing seepage along the 
outside wall of the pipe to the landside. 

4. Corrosion of the CMP exposed directly to the river allows free flow up the pipe 
to the landside.   

5. Corrosion of the CMP within the levee allows levee material to enter the pipe, 
which results in a void above the pipe.  This void may settle, create a piping 
pathway, and/or clog the CMP.   

35.  Each of these scenarios are possible based on the known erosion around the outlets, as 
well as, the lack of information on the interior condition of the aging pipes.  Therefore, 
there is a small chance that levee failure could occur at a storm event which inundates the 
culverts, which will be the PNP.  For the levee to fail, the river would have to exceed the 
height of the landside invert elevation, which is assumed to be 662.25 ft NAVD88 based 
on the lower elevation of the landside toe.  (This cross section was taken about 200 ft north 
of Burlington Ave.)   
 
36.  With the numerous deficiencies the River-Dumoulin Levee has documented across the 
project site, there are many possible failure modes that could occur during a high water 
event.  Determining the PFP is based on the following issues: 

 
1. Issues associated with culverts described in PNP determination. 

2. Erosion noted on the crest lowers the effective top of levee.  

3. Erosion of landside and riverside slopes shortens the seepage path, decreases 
stability, and is more likely to erode during future events. 

4. Trees and encroachments reduce effectiveness of flood fighting measures. 

5. Trees increase the risk of seepage through their root systems.  The risk increases 
as trees die and roots rot to leave voids.   

6. Trees increase the risk of instability, as they can tip over during storms.  This 
pulls out their root balls along with portions of the levee. 

7.    Lack of formalized plan reduces effectiveness of flood fighting measures. 

8.    Lack of right of access agreements with the private residents to allow local 
workers to inspect and floodfight reduces the resiliency of the levee. 
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37.  Due to the above factors, the PFP is determined to be 1 ft below the levee crest, or 665 
ft NAVD88.  At this elevation, the water may be high enough to access the locations which 
have been eroded on the crest (Item #2).  Therefore, every failure mode listed above could 
initiate/contribute to an overall failure at this elevation. 

Table 2.  Fragility Curve PFP and PNP determinations 

 

 

 

 

River Dumoulin Design Analysis 

38.  The subsurface report completed for the River Dumoulin Levee by Engineering 
Resource Associates in May 2012 (Attachment 2) included seepage, stability, and 
settlement analyses.  The calculations were completed on a cross section near Boring B-7 
on the east bank, just south of Ogden Ave.  Three cases were run for the levee stability; 
normal conditions, steady seepage from long term flood, and sudden drawdown.  Each 
analysis assumed the subsurface had a unit weight of 115 pcf, phi angle of 29 degrees, and 
no cohesion and was completed via the Modified Bishop’s Method by hand.   A summary 
of the results are in Table 3 below.  

Table 3.  Slope stability calculated safety factors for River Dumoulin Levee near 
Boring B-7 on landside indicates no issue 

Case Calculated Safety 
Factor 

Minimum Safety 
Factor 

Normal Flow (normal water 
level) 

2.416 1.5 

Steady Seepage (fully saturated, 
water at top of levee) 

2.296 1.4 

Sudden Drawdown (fully 
saturated, normal water level) 

1.941 1.0-1.2 

 

 

 Probability of 
Levee failure per 
EM 1110-2-1619 

Ft NAVD88 at cross 
section 200 ft north of 
Burlington Ave 

Elevation 
description 

PNP 15% 662.25 Levee toe 
PFP 85% 665 1 ft below levee 

crest 
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39.  These were only completed on the landside slope which has a gradient around 3:1.  
The riverside is closer to 2:1 slopes.  Therefore, additional analyses should be completed.  
Additionally, the proposed plan for the levee is to raise it from the current height to 100-
year event plus 2 feet.  Once cross sections are created for this levee raise, the additional 
analyses will be completed as it is not known how the raise will affect side slopes or how 
much the levee needs to be raised across the alignment.   

40.  The settlement analysis in the 2012 report determined that the existing levee would’ve 
created about 1 inch of settlement based on the subsurface soils.   However, the main ERA 
report in Attachment 2 includes results of a survey completed in 2012.  The survey 
identifies several areas where the existing levee is lower than the design drawings, which 
generally ranges around ¼ ft.  There is one location where the elevation is about 2 feet 
lower than the design.  This difference is likely not due to settlement, but from another 
factor such as erosion (either from water or manmade) or due to the fact that there was not 
an as-built survey completed after the project was finished.  So the as-built drawing 
elevations may have never been achieved.  Adding an additional 2-4 feet of fill per the 
recommended plan is relatively insignificant and is unlikely to lead to additional 
settlement.   

41.  Finally, seepage analysis determined that about 1.26 ft3/day/foot would seep through 
the levee.  This translates to about 0.65 gal/min per 100 feet.  The ERA report classifies 
this amount of seepage as unacceptable and suggests methods to cut off paths with 
sheetpile, grouting, or clay cap.  However, according to the USACE Waterways Experiment 
Station Publication, “Investigation of Underseepage and Its Control – Lower Mississippi 
River Levees”, Technical Memorandum No. 3-424, Vol. 1, October 1956, an underseepage 
flow of less than 5 gpm per 100 ft is considered light seepage.  Therefore, the calculated 
amount of seepage would be considered light and not require seepage mitigation.   

42.  The seepage analysis did not calculate an exit gradient for the levee.  A high exit 
gradient could lead to sand boils which erode underneath the levee and can cause failure.  
Based on review of the borehole logs, the clay layer is likely sufficiently thick to reduce 
the risk of uplift.  Additionally, the post-flood memo in Attachment 3 does not mention any 
sand boils.  Once cross sections are developed to the full height of the proposed 
rehabilitation, an uplift calculation will be completed, as well as, an updated seepage 
analysis.   DRAFT
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SUMMARY 

43.  The River Dumoulin Levee project requires additional development to determine the 
proposed cross sections.  From these cross sections, updated analyses can be completed to 
ensure the design adequately accounts for any known subsurface irregularities.  Additional 
soil borings should be completed to fill in the gaps and focus on areas identified in the 
topographic maps.  Issues noted in the post flood memo should be addressed in the plan.  
Also, a real estate agreement should be completed to allow USACE access to the site to 
conduct an updated inspection.  The gravity drains, pipes, and flap gates should be 
inspected to determine their adequacy.  Since the plan includes raising the levee, careful 
inspection of high ground tie-ins should be completed so that floodwater cannot enter the 
leveed area by circumvention.  Any non-project features which are included in the plan to 
provide flood risk reduction should be inspected to ensure they are not weak points.  After 
completion of the projects, USACE plans to apply for FEMA accreditation.   

 

New Subsurface Investigations 

44.  Additional subsurface investigations are planned after the Tentatively Selected Plan 
milestone for the River-Dumoulin Levee site.  A Scope of Work including proposed tests 
and borehole locations is included in Attachment 5.  Award of this task order is expected 
in August 2018.    
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EXECUTIVE SUMMARY 

Background: A portion of the central part of the Village of Lisle is protected by the River 
Dumoulin Levee System, a system of non-accredited levees along the East Branch of the 
DuPage River and a portion of St. Joseph Creek. The purpose of this study is to provide the 
Village of Lisle with a detailed evaluation of the current condition of the levee system and to 
provide recommendations based on our findings.   

Levee Design: The 1961 proposed levee crest elevations are relatively consistent with the 
elevations of a flood event with a 50-year recurrence interval, as determined by a comparison 
of the 1965 Flood Inundation Map and the 2007 DuPage County Flood Insurance Study (FIS).  
Based upon a comparison of the design documents and the existing conditions today it appears 
that the levee crest is currently below the designed crest elevations in numerous locations.  The 
locations where the levee falls below the designed elevation are shown in the levee profiles and 
cross section in Appendix 5.2 Engineering Plan Set. These areas are also illustrated in Appendix 
5.1 Levee Protection Areas. Based upon the Levee Protection Areas approximately 182 
residences and 11 businesses are impacted by the 50-year flood event.  Additionally, the levee 
system was found to consist of structurally unsuitable material and in need of maintenance 
throughout.  

Freeboard: The River Dumoulin Levee System is assumed to have been constructed to provide 
protection from a flood event with a 50-year recurrence interval.  A freeboard depth was not 
identified on the engineering plan set.  Based upon the free board analysis, 1.47 ft of freeboard 
along the river segments and 1.74 ft along the Middleton Ave. sections would be necessary to 
provide a factor of safety to the designed level of flood protection.  It may not be feasible, 
however, to increase the elevation beyond that to which it was designed/constructed as the 
compensatory storage required for filling in the floodplain would be significant. If the Village 
desires the levee to be elevated we would recommend that a watershed study be performed 
on the East Branch to determine the feasibility to provide compensatory storage and to show 
there are no up or downstream impacts. In the event that the Village conducts a watershed 
study to determine the feasibility of providing freeboard we would also recommend 
determining if providing the amount of freeboard necessary to have the levee accredited is 
feasible. As the cost associated with a watershed study can be great the reduced flood 
insurance benefit may justify the added expense of the study. 

Embankment Protection: Based upon the embankment protection analysis, the permissible 
velocities are exceeded in some areas along the levees. Field inspection of the levee system 
revealed actively eroding banks that are encroaching into the toe of the levee. Therefore, 
streambank stabilization measures that will prevent further erosion and provide levee 
embankment protection during the 50-year design storm are recommended.  The best option 
would be to select a measure that combines armored protection with deep rooted native 

DRAFT

../Deliverables/2012.05.31/Appendix%205.2%20Engineering%20Plan%20Set.pdf
../Deliverables/2012.05.31/Appendix%205.1%20Levee%20Protection%20Areas.pdf
../Deliverables/2012.05.31/Appendix%205.1%20Levee%20Protection%20Areas.pdf


 
  
East Branch DuPage River Levee Study  
Middleton Av to Maple Ave Village of Lisle   7/3/2012 

 

 
- 4 - 

vegetation. The total length of the levee segments adjacent to the river is approximately 10,000 
linear feet for a total project cost of $2,000,000. While the cost of this project is great funding 
may be available (i.e. 319h Grant and DuPage County Water Quality funds) due to the water 
quality benefits of associated with this type of project. 

Embankment Foundation: The foundation materials generally consist of saturated, loose, 
highly permeable sands and broken rock, which promote an unstable embankment foundation.  
Without control, seepage will continue to occur along the length of the levee and will be most 
significant during high water conditions.  The coarse sands, gravels, and broken rocks that 
comprise the levee foundation allow piping of water to occur beneath the levee itself.  As this 
piping occurs, materials are eroded away along the river edge and along the downstream toe of 
the slope, creating an increased possibility of a slope stability failure during a future flood 
event. Therefore, we recommend a design option that will provide reinforcement of the 
embankment foundation during the 50-year design flood.  These alternatives range from 
retrofit options, such as sheetpiling, bentonite slurry wall, and clay cap, to rehabilitation 
options, such as removal and replacement, and pressure injection grouting.  The cost for these 
alternatives range from $32,000 (Clay Cap) to $18 million (Steel Sheetpiling).  

We recommend pressure injection grouting and clay cap (Option 5). However, additional 
borings may be needed to determine a cost associated with this solution. Due to the highly 
specialized aspect of pressure injection grouting a specialty contractor is required. For the 
purposes of determining an approximate cost they have estimated a borehole frequency of 
every 6 ft. At this frequency the approximate cost would be between $5 and $6 million for the 
entire length of the levee. However, the frequency of the boreholes may be less depending on 
the diameter of each column; however this would be determined during the design stage.  

Settlement: The results of our soil boring investigation indicates that no highly compressible 
soils were encountered, demonstrating that the majority of the consolidation settlements of 
embankment fill and foundation soils have already taken place.  However, the addition of newly 
compacted embankment fill during a levee rehabilitation project will likely cause additional 
settlements due to the added load from the fill and required compaction efforts. Further 
settlement calculations will be needed to determine the settlement due to added fill and 
compaction. 

Operations Plan: We recommend adding several flood preparedness elements to the existing 
Operations Plan, including specific actions and assignments of responsibility by individual name 
or title; documentation of the flood warning system that will be used to trigger emergency 
operation activities; and an evacuation plan.  Additionally, flood fighting equipment and 
supplies (specific quantities and storage location); training and exercises; and public awareness 
materials/activities are also recommended to be added to the Operations Plan. 

Maintenance Plan: We recommend adopting the US Army Corps of Engineers Flood Damage 
Reduction Segment/System Inspection Report as the standard inspection form for monitoring all 
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maintenance needs.  A “Vegetation-Free Zone” is recommended to allow for structural stability 
of the levee, easy routine inspection, maintenance access, and also to provide access for flood 
fighting activities. This only applies to woody vegetation, herbaceous vegetation, such as grass, 
is acceptable as it provides protection from erosion, without interfering with the above stated 
objectives for the Vegetation-Free Zone.  Field inspection of the levee revealed several animal 
burrows, which have been surveyed and shown on the attached plan and profile sheets.  
Animal burrows can compromise the structural integrity of an earthen embankment levee, and 
therefore the animals must be removed and their burrows filled in. We recommend that the 
Village coordinate with a licensed trapper for proper animal capture and relocation.  During our 
field visit, miscellaneous items such as power poles, fence lines, staircases, piers, and gardens 
were observed in the levee.  These structures can potentially undermine the flood-proofing 
integrity of the levee, and therefore should be removed throughout.  

Easements: The 1961 proposed channel and levee design plans indicated a 170’ Right-of-Way 
over the East Branch DuPage River (85’ from centerline on each side of channel). This easement 
is necessary to provide the Village with access for levee inspection, maintenance, and flood 
fighting. Currently, the Village has yet to acquire all necessary easements.  As such, there are 
several sections of the levee where proposed maintenance activities cannot be completed.  
Furthermore, in the event of a flood fighting scenario, the Village will be limited in access by 
these areas.  While obtaining the full 170’ easement may not be possible for the Village, 
easements must at a minimum cover the levee from toe to toe. 

Permits: The following permits are required for work in Special Management Areas (i.e. 
Floodplain, floodway, Waters of the U.S., wetlands, buffers, etc.): DuPage County Stormwater 
Management Permit, IDNR/OWR Floodway Permit, FEMA, Army Corps of Engineers, 
Kane/DuPage Soil and Water Conservation District, Village of Lisle, IEPA Notice of Intent, IDNR 
Threatened and Endangered Species & Illinois Historical Preservation Agency. 

Overall Recommendations & Prioritization: The following is the overall project 
recommendations and prioritization of levee projects: 

1. Begin acquiring the additional easements necessary to complete maintenance and 
future improvements to the levee; 

2. Begin working with Common Wealth Edison (ComEd) to relocated overhead wires; 

3. Complete a concept plan for streambank stabilization of the East Branch DuPage River 
adjacent to the levee segments and apply for funding from various agencies (i.e. 319 
and DuPage County water Quality Funding); 

4. Design and permit streambank stabilization measures, pressure injection grouting, clay 
cap (where applicable), and levee maintenance (i.e. removal of woody vegetation, 
structures, etc.); 
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5. Construct streambank stabilization measures, pressure injection grouting, clay cap 
(where applicable), and levee maintenance (i.e. removal of woody vegetation, 
structures, etc.). 

6. Operate and maintain the levee in accordance with adopted operation and maintenance 
procedures. 
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1.0 INTRODUCTION  

 
1.1 Background 

A portion of the central part of the Village of Lisle, bound roughly by Middleton 
Avenue to the north, Main Street to the east, Maple Avenue to the south, and 
Schwartz Avenue to the west, is protected by the River Dumoulin Levee System, a 
system of non-accredited levees along the East Branch of the DuPage River and a 
portion of St. Joseph Creek.  
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Figure 1.  River Dumoulin Levee System Location Map. 

A. 1955 Flood Assessment and Proposed Improvements 

In 1955 the State of Illinois, Division of Waterways, Department of Public Works and 
Buildings issued a report entitled Survey Report for Flood Control, DuPage River, 
DuPage and Will Counties, 1955.  The report included a comprehensive assessment 
of flood problems, flood damages, and notable floods throughout DuPage and Will 
Counties, including the Village of Lisle.  The report proposed channel improvements 
(straightening, dredging, and widening) and levee installation (earthen 
embankment) along certain reaches of the East Branch DuPage River.  The 
improvements were to provide protection against a flood of magnitude equal to the 
flood of March 1948, which was assumed at the time to have a frequency of 
occurrence of once in 100 years.  The report also included a cost-benefit analysis of 
the proposed improvements, which ultimately led to a recommendation by the 
Division of Waterways not to proceed. 

The Village of Lisle, however, continued to experience major flooding problems 
around the time the 1955 report was issued, with storm events in October 1954 and 
July, 1957.  In fact, the storm event in October 1954 generated the largest flood on 
record, exceeding the flood elevations of the 1948 flood.  In 1959, the residents of 
the Village of Lisle requested that the Division of Waterways review the part of the 
1955 report pertaining to Lisle, for the purpose of determining the cost of the 
proposed improvements in light of present day costs and development of the Village 
(Addendum, 1959, For Insertion in, Survey Report For Flood Control, DuPage River, 
DuPage and Will Counties, 1955).   

B. 1961 Proposed Channel and Levee - Design 

The revised cost analysis yielded similar results, however, presumably increased 
benefits of the proposed improvements outweighed the costs, because in 1961 the 
Division of Waterways developed design engineering plans for the proposed 
improvements entitled Channel Improvements - DuPage River and St. Joseph Creek, 
1961.    

The 1961 channel design improvements included: 

 Straightening several sections of the East Branch 

 Straightening and relocating a portion of St. Joseph Creek 

 Dredging the channel bottom depth (depth varies) 

 Excavation of channel bottom width (30 ft) 
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 Reshaping of the channel banks (2H:1V slopes) 

 170 ft Right-of-Way over East Branch (85 ft from centerline on each side of 
channel) 

The 1961 levee design improvements included: 

 Crest elevation to be 12 ft above proposed channel bottom 

 Crest to be 10 ft wide (5 ft wide in some areas) 

 Embankment to have 3H:1V side slopes 

 Centerline of levee to be 60 ft from centerline of channel 

 Toe of levee to be 10 ft from top of channel banks 

C. 1961 Proposed Channel and Levee - Level of Flood Protection 

The design level of flood protection for these 1961 improvements is unclear. 
However, examination of the Flood Inundation Map for the Wheaton Quadrangle 
(issued by the U.S. Geological Survey in 1965), provides some insight to the intended                                                                                                                              
level of flood protection.  The 1965 Flood Inundation Map offers the following 
information: 

 East Branch inundation areas determined using the flood of October 1954 

 A 50-year recurrence interval on the East Branch at Maple Avenue 
(downstream limit of levee) estimates the following stage/elevation 
conditions:  

o Gage height - 12 ft 

o Approximate elevation - 662.2 ft 

Furthermore, the 2007 DuPage County Flood Insurance Study provides the following 
peak discharge data with associated elevations and recurrence intervals at Maple 
Avenue: 

   10-year  1,810 cfs 661.5 ft elevation 

   50-year  2,510 cfs 662.6 ft elevation 

 100-year  2,900 cfs 663.6 ft elevation 

 500-year  3,880 cfs 665.2 ft elevation 

As mentioned above, the 1961 plans established the levee crest height to be 12 ft 
above the proposed channel bottom.  At Maple Avenue (Station 2032+00, Profile 
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Sheet No. 14 of 28) this corresponds to a proposed levee crest elevation of 662.28 ft 
(corrected for vertical datum discrepancies).  This is relatively consistent with the 
elevations of a flood event with a 50-year recurrence interval, as compared to both 
the 1965 Flood Inundation Map and the 2007 DuPage County FIS; therefore, this is 
the assumed design level of flood protection. 

D. Constructed Channel and Levee Improvements 

The Village does not possess any Record Drawings of the constructed improvements.  
Therefore, while many of the 1961 proposed improvements were indeed 
constructed, it is not clear when the construction actually took place or more 
importantly how precisely the construction efforts matched the 1961 proposed 
design.  Based upon a comparison of the 1961 design engineering plans and the 
2012 topographic survey conducted by Engineering Resource Associates, Inc. (ERA), 
it appears that the levee crest is currently below the 1961 designed crest elevations 
in numerous locations. The tables below depict the locations where the levee crest 
is currently below the 1961 design crest elevations:    

Table 1: River Dumoulin Levee System (East Side). 2012 Crest Elevation Below 1961 
Design Elevation. 

Station Start End Station Average Depth (ft) 
124+00 125+50 0.10 
137+00 139+50 0.33 
143+50 146+50 0.25 
152+50 153+00 0.10 
158+00 162+00 0.45 
164+00 169+00 0.25 

Table 2: River Dumoulin Levee System (West Side). 2012 Crest Elevation Below 1961 
Design Elevation. 

Station Start End Station Average Depth (ft) 
249+25 254+00 0.30 
255+00 257+00 0.45 
257+50 262+50 0.30 
263+50 269+00 0.35 

Table 3: River Dumoulin Levee System (Middleton Avenue Segments-East & West 
Sides). 2012 Crest Elevation Below 1961 Design Elevation. 
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Station Start End Station Average Depth (ft) 
304+50 310+00 2.00 
310+50 311+50 0.25 
314+00 314+50 0.10 

The areas where the current levee crest is slightly below the 1961 design elevation is 
likely due to settlement. However, the areas where significant discrepancies exist 
are likely due to field changes to the plan during construction or possibly from 
impacts to the levee that occurred after construction. 

E. Existing Conditions Assessment 

As mentioned above, Record Drawings of the constructed improvements are not 
available.  As such, it is difficult to determine the extent, if any, of deterioration that 
the constructed improvements have experienced over the years.  It is, however, 
possible to perform an existing conditions assessment on the levee system as it 
stands today.  This means evaluating existing levee maintenance and operational 
needs using standard earthen embankment levee guidance as issued by the Federal 
Emergency Management Agency (FEMA) and U.S. Army Corps of Engineers.    

The 1961 proposed levee crest elevations are relatively consistent with the 
elevations of a flood event with a 50-year recurrence interval, as determined by a 
comparison of the 1965 Flood Inundation Map and the 2007 DuPage County Flood 
Insurance Study (FIS). Based upon the topographic survey and the DuPage County 
FIS profiles the levee crest is below 50-year flood plain in numerous locations. The 
locations where the levee falls below the designed elevation are shown in the levee 
profiles and cross section in Appendix 5.2 Engineering Plan Set. These areas are also 
illustrated in Appendix 5.1 Levee Protection Areas. Based upon the Levee Protection 
Areas approximately 182 residences and 11 businesses are impacted by the 50-year 
flood event.  Additionally, the levee system was found to consist of structurally 
unsuitable material and in need of maintenance throughout.  

The tables below depict the locations where the levee is currently below the current 
50-year flood plain elevations:    

Table 4: River Dumoulin Levee System (East Side). 2012 Crest Elevation Below 50-
year Floodplain Elevation. 

Station Start End Station Average Depth (ft) 
106+00 109+50 0.25 
158+50 161+00 0.4 
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Table 5: River Dumoulin Levee System (West Side). 2012 Crest Elevation Below 50-
year Floodplain Elevation. 

Station Start End Station Average Depth (ft) 
252+50 253+50 0.25 
255+50 256+50 0.35 
258+50 262+00 0.2 
264+00 266+00 0.35 

Table 6: River Dumoulin Levee System (Middleton Avenue Segments-East & West 
Sides). 2012 Crest Elevation Below 50-year Floodplain Elevation. 

Station Start End Station Average Depth (ft) 
304+50 310+00 2 
310+50 311+50 0.25 
314+00 314+50 0.1 

 

1.2 Purpose & Objectives 

The purpose of this study is to provide the Village of Lisle with a detailed evaluation of 
the current condition of the River Dumoulin Levee System along the East Branch 
DuPage River. 

The objectives of this study are: 

 To establish original 1961 levee design standards 

 To determine if existing conditions meet original 1961 levee design standards 

 To determine if existing conditions meet 2012 levee design standards 

 To provide recommendations relating to current levee design, maintenance, 
and operational needs DRAFT
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2.0 EXISTING CONDITIONS ASSESSMENT 
 
2.1 Levee System Design Elements 

The original 1961 levee system engineering plan set for the River Dumoulin Levee 
System is available. However, as-built documentation is not available.  If we assume 
that the levee was built according to the plans it can be concluded that there has been 
a decline in performance of key design elements (e.g., desired level of flood protection 
and embankment stability) over the years since the levee system was originally 
constructed.  We have also compared the levee in its existing condition to that of 
FEMA and U.S. Army Corps of Engineers levee standards.  

A. Freeboard 

Freeboard is a factor of safety usually expressed in feet above a flood level for 
purposes of floodplain management. "Freeboard" is intended to compensate for the 
many unknown factors that could contribute to flood heights greater than the height 
calculated for a selected size flood and floodway conditions.  

The River Dumoulin Levee System is assumed to have been constructed to provide 
protection from a flood event with a 50-year recurrence interval.  There is no 
mention of freeboard on the 1961 Engineering Plan set; therefore, it is unknown 
whether or not freeboard was an intended consideration in the 1961 proposed 
design elevation.   

In general, the amount of freeboard above the design flood elevation deemed 
necessary to provide an adequate factor of safety is a function of the following 
factors:  

 Design Flood Elevation Error 

 Potential Changes in Stage-Discharge 

 Sources, Potential, and Magnitude of Debris, Sediment, and Ice Accumulation 

 Wave Run-Up 

 Embankment Compression 

 Foundation Consolidation  

 Finished Grade Error 

a. Design Flood Elevation Error 
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DuPage County is unique in its development of the hydrologic and hydraulic 
models used in its flood plain mapping.  Rather than using single event, steady 
state models such as the Hydrologic Engineering Centers Hydraulic Modeling 
System (HEC-HMS) and Hydrologic Engineering Centers River Analysis System 
(HEC-RAS) the DuPage County utilizes continuous simulation and dynamic 
routing models.  The Hydrologic Simulation Program – FORTRAN (HSPF) is used 
to simulate continuous runoff for precipitation that has occurred in the past 
(1949-2008).  The hydraulic analysis is achieved using the dynamic flood routing 
model known as Full Equations (FEQ).  Flow and stage data is produced at 
locations along the East Branch DuPage River from the runoff generated from 
HSPF.  Statistical analysis utilizing the Peak to Volume Statistical (PVSTATS) 
program is performed on the flows and stages generated from the H&H models 
at locations along East Branch DuPage River to generate the 50-year flood 
profile.   

Although DuPage County’s modeling procedures are different than the more 
traditional methods used in flood plain mapping studies, it is anticipated that the 
potential error is of the same magnitude.  An error of 0.5 ft is typically assumed. 

b. Potential Changes in Stage-Discharge  

The HSPF/FEQ/PVSTATS procedure is still being updated for the East Branch 
DuPage River, and is expected to be completed in the summer of 2012. It will 
also reflect current land use and watershed development status.  However, 
generally speaking the watershed is substantially built out and further 
development will have an insignificant impact on modeled flood flows and flood 
stages in the future.  Also, the Countywide Stormwater and Flood Plain 
Ordinance, in use since 1992, require any new development or redevelopment 
greater than one acre to provide on-site detention so as to not increase the 
potential for flooding in waterways.  Development in the floodplain requires 
compensatory storage. In addition, the Ordinance has a zero impact requirement 
for development within the floodway.  Any person proposing development 
within the floodway is required to demonstrate, using the county mapping 
models, that the development will not increase flood elevations.   

Therefore, based on the current build out in the East Branch DuPage River 
watershed and current regulations for development, the potential for increases 
in future flood elevations, and therefore the 50-year flood elevation used to 
calculate levee freeboard, is significantly reduced.   

c. Sources, Potential, and Magnitude of Debris, Sediment, and Ice Accumulation 

DRAFT



 
  
East Branch DuPage River Levee Study  
Middleton Av to Maple Ave Village of Lisle   7/3/2012 

 

 
- 15 - 

The heavily urbanized nature of the East Branch DuPage River watershed 
upstream of the Maple Avenue Bridge provides little potential for woody debris 
to affect the 50-year flood water surface elevations and/or the freeboard 
provided at the levee structure.  Additionally, if all woody vegetation in the 
vegetation free zone of the levee system were to be removed and replaced with 
deep rooted native grasses, erosion and transport of excessive sediment would 
be minimized (see Maintenance Recommendations section below).   

However, historical accounts of ice jams forming at dams and bridges in the 
winter time along the East Branch have been documented to raise water levels 
and aggravate local flooding conditions.  An analysis estimating the impacts of 
ice accumulation would need to be performed in order to quantify these 
impacts. This analysis was not included in ERA’s proposed services but can be 
performed at the Village’s request. 

d. Wave Run-Up 

An analysis calculating the anticipated wave height and wave run-up would need 
to be performed in order to quantify these impacts.  Methodology typically uses 
shallow water wave forecasting data from the Army Corps of Engineers Shore 
Protection Manual.   

Wave Run-up Set-up in Ponds 

Maximum wave height is based upon a number of factors, including fetch.  Fetch 
is the distance the wind blows over an open water area.   Prevailing winds in Lisle 
(and northeast Illinois) are from the west.  In the northern portion of the project, 
there are two open water ponds that have a much larger fetch when compared 
to the fetch of the river.  Maximum wave run up/wave set may occur in this 
location.  Therefore, this area was used to determine maximum wave run up/set 
up.   

The effective fetch in this area was determined to be approximately 470-feet 
based upon the width and length of the open water area.  Maximum pond depth 
per the Village of Lisle was determined to 19.9 feet.   

A maximum wind speed of 60 miles per hour was utilized based upon 
Department of the Army Wave RunUp and Wind Setup on Reservoir Report.  As 
wind speeds increase over water there is a multiplier of 1.08 added to this 
resulting in a wind speed of 64.8 miles per hour.  The resulting wave height is 
0.65 feet (this is Ho) and associated wave period of 1.0 second based upon Corps 
of Engineers “Shore Protection Manual”, figure 3-30.   
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The wave length (L), based upon 1.0 second wave period is L=5.12T^2 

Where T is the period = 5.12ft  

L = 5.12 

Slope : 3:1 (within ponds) 

Ho/L  = Design Wave Height/Wave Length = 0.6/5.12 = 0.117  

= 1.05*                                    

*taken from embankment slope verses relative run-up ratio graph 

As material is not rip-rap, the Ho/L ratio must be multiplied by 1.2 = 
1.2*1.05=1.26 R/Ho 

Run up (R) = Design Wave Heights (Ho)* R/Ho = 0.65 feet * 1.26 = 0.819 feet 

Wave Set-up = 0.1*Ho = 0.1*0.65 = 0.065 

Total Wave Height in Area of Ponds = 0.819+0.065 = 0.884 feet 

Wave Run-up Set-up along River 

The effective fetch in this area was determined to be approximately 100-feet 
based upon the width and length of the open water area.  Various locations were 
reviewed along the length of the levee.  An average depth of the river was 
assumed to be 11.5 feet based upon the average depths found along the length 
of the levee. 

A maximum wind speed of 60 miles per hour was utilized based upon 
Department of the Army Wave RunUp and Wind Setup on Reservoir Report.  As 
wind speeds increase over water there is a multiplier of 1.08 added to this 
resulting in a wind speed of 64.8 miles per hour.  The resulting wave height is 0.4 
feet (this is Ho) and associated wave period of 0.6 seconds based upon Corps of 
Engineers “Shore Protection Manual”, figure 3-28.   

Wave Length, based upon 0.6 second wave period is L=5.12T^2, where T is the 
period = 1.84ft  

Slope : 2:1 Riverside 

Ho/L  = Design Wave Height/Wave Length = 0.3/1.84- = 0.217  
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=1.38*                                    

*taken from embankment slope verses relative run-up ratio graph (used curve of 
0.10 as ours was off chart data) 

As material is not rip-rap, the Ho/L ratio must be multiplied by 1.2 = 1.2*1.38= 
R/Ho 

Run up (R) = Design Wave Heights (Ho)* R/Ho = 0.4 feet * 1.38 = 0.552 feet 

Wave Set-up = 0.1*Ho = 0.1*0.552 = 0.0552 

Total Wave Height = 0.552+0.0552 = 0.61 feet 

e. Embankment Compression 

A compression analyses is designed to calculate the total anticipated settlement 
of levee embankment based on the compressibility of the embankment fill 
material.  Generally, compacted embankment fill will settle about 0.5 to 1 
percent of its height if compacted to at least 95 percent of the Modified Procter 
value.  There has been evidence of previous settlement areas at locations along 
the length of the levee, indicating that the levels of compaction during levee 
construction did not meet the 95 percent value.  Levee embankment fill will 
settle up to 5 percent of its height in areas of minimal compaction, which is likely 
where previous settlement has occurred.  Given a levee height of 4 ft, this 
amounts to nearly 2.0 in. of settlement.   

f. Foundation Consolidation 

A consolidation analyses is designed to calculate the total anticipated settlement 
of levee foundation soils due to the loading from the levee embankment.  A 
settlement analysis for the foundations soils of the existing levee was performed 
near the location of Boring B-7 approximately at Station 153+00.  The height of 
the embankment fill in this area is approximately 4 ft.  

The results of our analysis indicate that the consolidation settlement of the silty 
clay material beneath the embankment can be expected to settle approximately 
1 in. due to the load from additional embankment fill in the area of Station 
153+00.  The calculations used in the analysis are located in the Geotechnical 
Report (Appendix 5.3). 

g. Finished Grade Error 
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Levees are engineered structures, assumed to be adequately compacted and 
placed in several lifts under carefully controlled conditions.  The finished grade 
error associated with these structures is typically expected to be less than one 
inch or 0.08 ft.   

In summary, the amount of freeboard deemed necessary to provide a factor of 
safety to the design level of flood protection (i.e., 50-year recurrence interval) is 
estimated to be the sum of the following factors: 

 Design Flood Elevation Error (0.5 ft) 

 Potential Changes in Stage-Discharge (negligible) 

 Sources, Potential, and Magnitude of Debris, Sediment, and Ice Accumulation 
(unknown) 

 Wave Run-Up (0.88 ft for Middleton Ave sections, 0.61 ft for East Branch 
Sections) 

 Embankment Compression (0.2 ft) 

 Foundation Consolidation (0.08 ft) 

 Finished Grade Error (0.08 ft) 

B. Closures 

The River Dumoulin Levee System does not include any closure devices as described 
by Guidelines and Specifications for Flood Hazard Mapping Partners [April 2003].  
Closure devices are defined as “Any movable and essentially watertight barrier, used 
in flood periods to close an opening in a levee, securing but not increasing the levee 
design level of protection”.   

The River Dumoulin Levee System does, however, include gravity outlets as 
described by Guidelines and Specifications for Flood Hazard Mapping Partners [April 
2003].  Gravity outlets are defined as “Culverts, conduits, or other similar 
conveyance openings through the line-of-protection that permit discharge of 
interior floodwaters through the line-of-protection by gravity when the exterior 
stages are relatively low. Gravity outlets are equipped with gates to prevent 
riverflows from entering the protected area during time of high exterior stages”.   

As such, the Closures design component is not applicable to the River Dumoulin 
Levee System, and the gravity outlets will be discussed in the Interior Drainage 
section below. 

C. Embankment Protection 
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An embankment protection analysis, also referred to as a scour analysis, evaluates 
whether appreciable erosion of the levee embankment can be expected during the 
design flood as a result of either currents or waves.  Additionally, the analysis will 
evaluate whether any anticipated erosion will result in failure of the levee 
embankment or foundation directly or indirectly through reduction of the seepage 
path and subsequent instability (see Embankment Foundation Stability section 
below). 

HEC-RAS can be used to determine overbank velocities associated with the design 
flood (i.e., 50-year) conditions that would be anticipated along the River Dumoulin 
Levee System.  These velocities can then be used to determine appropriate 
embankment protection measures (e.g., native vegetation, riprap) that would be 
necessary to withstand the anticipated velocities. 

Streambed elevation and flood profile data for the cross-section locations were 
obtained from the 2007 DuPage County Flood Insurance Study.  Additionally, base 
flood mean velocity data for the study areas were obtained from the 2007 DuPage 
County FIS (Table 7 below). These velocities were then used to determine 
appropriate embankment protection measures (i.e., native vegetation, riprap, etc.) 
that would be necessary to withstand the anticipated velocities. Velocities of the 
East Branch DuPage River range between 6.0 ft/s (upstream of Burlington Ave.) and 
0.6 ft/s (downstream of the Burlington Northern Railroad). Permissible velocities 
vary with soil type, slope of channel and cover.  Velocities which are permissible for 
diversion and drainage channels relate to soil texture, retardance and channel 
vegetative condition.   

Table 7: Base Flood Water Surface Elevation Data for the River Dumoulin Levee 
System (obtained from Table 5 within the 2007 DuPage County FIS). DRAFT
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Table 8: Permissible Velocities For Channels Lined With Vegetation. (Ref.: NRCS Engineering 
Field Handbook, Chapter 7, Exhibit 7-3.) 

Retardance Cover Slope Range
2
 Erosion Resistant Soils

3
 Easily Eroded Soils

4
 

A 

  Percent m/s (ft/s) m/s (ft/s) 

Bermuda grass <5 2.43 (8) 1.82 (6) 

  5-10 2.13 (7) 1.22 (4) 

  over 10 1.82 (6) 0.91 (3) 

B 

Bahia grass     

Buffalo grass <5 2.13 (7) 1.52 (5) 

Kentucky blue grass 5-10 1.82 (6)  1.22 (4) 

Smooth brome over 10 1.52 (5) 0.91 (3) 

Blue grama     

Tall fescue       

C 
Grass mixture 2< 1.52 (5) 1.22 (4) 

Reed canary grass 5-10 1.22 (4) 0.91 (3) 

D 

Sericea lespedeza     

Weeping love grass     

Yellow bluestem 5<5 1.06 (3.5) 0.76 (2.5) 

Redtop     

Alfalfa     

Red fescue       

E 
Common lespedeza6     

Sudangrass6 7<5 1.06 (3.5) 0.76 (2.5) 
1Use velocities exceeding 1.52 m/s (5 ft/s) only where good covers and proper maintenance can be obtained. 
2Do not use on slopes steeper than 10 percent except for vegetated side slopes in combination with a stone, 
concrete, or highly resistant vegetative center section. 
3Cohesive (clayey) fine-grain soils and coarse-grain soils with cohesive lines with a plasticity index of 10 to 40 (CL, 
CH, SC, and CG). 
4Soils that do not meet requirements for erosion-resistant soils. 
5Do not use on slopes steeper than 5 percent except for vegetated side slopes in combination with a stone, 
concrete, or highly resistant vegetative center section. 
6Annuals-use on mild slope or as temporary protection until permanent covers are established. 
7Use on slopes steeper than 5 percent is not recommended. 
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Table 9: Permissible Velocities for Diversions. (Ref.: NRCS Engineering Field Handbook, Chapter 
7, Exhibit 7-3.) 

Permissible Velocity 

Soil Texture Bare Channel Retardance* Channel Poor Vegetation Fair Condition Good 

  m/s (ft/s)  ------------------------m/s (ft/s)--------------------------- 

Sandy silt,  B 0.61 (2.0) 0.91 (3.0) 1.22 (4.0) 

sandy loam, 0.45 (1.5) C 0.45 (1.5) 0.76 (2.5) 1.07 (3.5) 

and silty loam  D 0.45 (1.5) 0.61 (2.0) 0.91 (3.0) 

        

Silty clay loam and 0.61 (2.0) B 0.91 (3.0) 1.22 (4.0) 1.52 (5.0)  

sandy clay loam  C 0.76 (2.5) 1.07 (3.5) 1.37 (5.0) 

   D 0.61 (2.0) 0.91 (3.0) 1.22 (4.0) 

        

   B 1.07 (3.5) 1.52 (5.0) 1.83 (6.0) 

Clay 0.76 (2.5) C 0.91 (3.0) 1.37 (5.0) 1.68 (5.5) 

   D 0.76 (2.5) 1.22 (4.0) 1.52 (5.0) 

        

Coarse Gravel 1.52 (5.0) B, C, or D 1.52 (5.0) 1.83 (6.0) 2.13 (7.0) 

        

Cobbles and shale 1.83 (6.0) B, C, or D 1.83 (6.0) 2.13 (7.0) 2.44 (8.0) 

*The choice of retardance B, C, or D will depend on the vegetation and maintenance planned for the diversion 
channel.  Refer to the Handbook for Channel Design, SCS-TP-61, or similar information in the field office technical 
guide, to select the vegetal retardance. 

Vegetation along the length of the levee generally consists of turf grass in good 
condition. The permissible velocity for turf grass is 6 ft/s. Based upon the soils 
present within the levee (silty clay) permissible velocities for similar soils are (5 ft/s). 
As such the erosive tolerance of turf grass of the soils and existing vegetation may 
be exceeded where the velocities exceed 5 ft/s.  Overall the existing turf grass 
provides sufficient embankment protection from erosive velocities associated with 
the 50-year flood along the toe of the levee.  However, vegetation with greater 
retardance (e.g. buffalo grass) and deeper root systems will provide improved 
protection from erosive velocities.  

It is important to note that while vegetation along the levee may provide adequate 
protection from erosive velocities the lack of vegetation and the under lying soil put 
the levee in danger of being undercut. Due to the lack of vegetation along the banks 
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of the East Branch DuPage River permissible velocities are being exceeded and the 
banks are actively eroding. This is evident as the toe of the levee as designed in 1961 
was approximately 10 ft from top of the channel banks. The designed channel 
bottom had a width of 30 ft and banks with 2:1 slopes. 

D. Embankment Foundation Stability 

An embankment foundation stability analysis, also referred to as a seepage analysis, 
evaluates expected seepage during loading conditions associated with the design 
flood (i.e., 50-year).  This analysis evaluates whether seepage into or through the 
levee embankment foundation material would jeopardize levee embankment 
stability. The factors typically addressed in this analysis include:  

 Depth of flooding 

 Duration of flooding 

 Embankment geometry and length of seepage path at critical locations 

 Embankment and foundation materials 

 Embankment compaction 

 Penetrations 

Seepage Analysis 

A seepage analysis was performed on the levee using the calculations and equations 
found in the US Army Corps of Engineers Manual on Design and Construction of 
Levees.  Typical soil permeability parameters were assigned to the generalized soil 
layers of the levee cross section at the approximate location of Boring B-7 near 
Station 153+00.  A pressure head on the river side of the levee was used to address 
ponded water behind the levee during high water conditions. 

Seepage through the levee was calculated to be approximately 1.46x10-5 cubic feet 
per second per foot of levee during high water conditions (Appendix 5.3 - 
Geotechnical Report). There is no recommended minimum value for levee seepage.  
However, by comparison, if this levee were underlain by a practically impervious 
foundation consisting of a well compacted clay, the calculated seepage through the 
levee would be approximately 7x10-9 cubic feet per second per foot of levee. 

Underseepage problems are most acute where a pervious foundation underlies a 
levee and extends both landward and riverward of the levee, as is the case with the 
River Dumoulin Levee. Seepage through pervious levee foundations is relatively 
common and requires control.  Without control, seepage will continue to occur 
along the length of the levee and will be most significant during high water 

DRAFT

../Deliverables/2012.05.31/Appendix%205.3%20Geotechnichal%20Engineering%20Report.pdf
../Deliverables/2012.05.31/Appendix%205.3%20Geotechnichal%20Engineering%20Report.pdf


 
  
East Branch DuPage River Levee Study  
Middleton Av to Maple Ave Village of Lisle   7/3/2012 

 

 
- 25 - 

conditions.  The coarse sands, gravels, and broken rocks that comprise the levee 
foundation allow piping of water to occur beneath the levee itself.  As this piping 
occurs, materials are eroded away along the river edge and along the downstream 
toe of the slope, creating an increased possibility of a slope stability failure during a 
future flood event.  

Slope Stability Analysis 

The principal method used to analyze levee embankments for stability against shear 
failure assumes a sliding surface having the shape of a circular arc within the 
foundation and/or the embankment.  Our analysis was completed using the 
Modified Bishop’s Method of slices and circular failure surfaces, and the results are 
presented in terms of factor of safety against slope instability (Appendix 5.3 – 
Geotechnical Report).  Factor of safety is defined as the ratio of the sum of the 
forces causing failure along a specified failure surface.  A factor of safety greater 
than 1.0 indicates slope stability, while a factor of safety less than 1.0 indicates 
instability.  As recommended by the US Army Corps of Engineers, the effective stress 
conditions were used in the calculations.  

The various loading conditions to which the levee and its foundation may be 
subjected, and which were considered in our analysis, include the following: 

Case 1 - Normal Low Flow Conditions: This case represents normal, non-flooding 
conditions. 

Case 2 - Steady Seepage from 50 Year Flood Stage:  This case represents the 
condition that occurs when the water remains at or near the 50 year flood stage 
long enough so that the embankment becomes fully saturated with a fully 
developed phreatic surface and a condition of steady seepage occurs. 

Case 3 - Sudden Drawdown from 50 Year Flood Stage:  This case represents the 
condition whereby a prolonged flood stage, in this case 50 year flood, saturates at 
least the major part of the upstream embankment portion and then falls faster than 
the soil can drain. 

Three trial failure surfaces were calculated at the approximate location of Boring B-7 
near Station 153+00.  The average results are included in the table below.  For 
comparison, the minimum factors of safety as recommended by the US Army Corps 
of Engineers for existing levees are also included.  

       Calculated FS     Minimum FS 

CASE 1:  Normal Low Flow Conditions       2.416           1.0 (for stability) 
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CASE 2:  Steady Seepage         2.296   1.4 

CASE 3:  Sudden Drawdown              1.941           1.0 - 1.2 

As such the levee currently meets the requirements for the minimum factor of 
safety. 

 
E. Settlement 

A settlement analysis evaluates the potential and magnitude of future losses of 
freeboard as a result of compressible embankment materials and consolidated 
foundation soils.   A settlement analysis for the foundations soils of the existing 
levee was performed near the location of Boring B-7 approximately at Station 
153+00.  The height of the embankment fill in this area is approximately 4 ft.  The 
results of our analysis indicate that the consolidation settlement of the silty clay 
material beneath the embankment can be expected to settle approximately 1 in. 
due to the load from additional embankment fill in the area of Station 153+00 
(Appendix 5.3 – Geotechnical Report). 

Generally, compacted embankment fill will settle about 0.5 to 1 percent of its height 
if compacted to at least 95 percent of the Modified Procter value.  There has been 
evidence of previous settlement areas at locations along the length of the levee, 
indicating that the levels of compaction during levee construction did not meet the 
95 percent value.  Levee embankment fill will settle up to 5 percent of its height in 
areas of minimal compaction, which is likely where previous settlement has 
occurred.  Given a levee height of 4 ft, this amounts to nearly 2.5 in. of settlement. 

2.2 Levee System Operations Plan 

The original levee system operations plan is not available for the River Dumoulin Levee 
System.  Therefore it is unclear whether there has been a decline in performance of 
key operational elements (e.g., pump stations) over the years since the levee system 
was originally constructed.  As such, the levee operations elements discussed below 
are in relation to current FEMA and U.S. Army Corps of Engineers levee standards.  

The Operation and Maintenance Manual, River Dumoulin Flood Control Project, Lisle, 
IL dated August 4, 2006 by Patrick Engineering, Inc. has been obtained from the 
Village.   

All closure devices or mechanical systems for internal drainage, whether manual or 
automatic, should be operated in accordance with an officially adopted operation 
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manual. It is recommended that all operations should be under the jurisdiction of a 
community participating in the National Flood Insurance Program (NFIP).   

A. Closures 

The River Dumoulin Levee System does not include any closure devices as described 
by Guidelines and Specifications for Flood Hazard Mapping Partners [April 2003].  
Closure devices are defined as “Any movable and essentially watertight barrier, used 
in flood periods to close an opening in a levee, securing but not increasing the levee 
design level of protection”.   

The River Dumoulin Levee System does, however, include gravity outlets as 
described by Guidelines and Specifications for Flood Hazard Mapping Partners [April 
2003].  Gravity outlets are defined as “Culverts, conduits, or other similar 
conveyance openings through the line-of-protection that permit discharge of 
interior floodwaters through the line-of-protection by gravity when the exterior 
stages are relatively low. Gravity outlets are equipped with gates to prevent 
riverflows from entering the protected area during time of high exterior stages”.   

As such, the Closures operational component is not applicable to the River Dumoulin 
Levee System, and the gravity outlets will be discussed in the Interior Drainage 
section below. 

B. Interior Drainage 

Interior drainage systems associated with the River Dumoulin Levee System include 
a combination of storage areas, gravity outlets, and pumping stations. The operation 
plan for these drainage systems should include: 

a. Documentation of the flood warning system, under the jurisdiction of 
community officials that will be used to trigger emergency operation activities 
and demonstration that sufficient flood warning time exists to permit activation 
of mechanized portions of the drainage system. 

b. A formal plan of operation including specific actions and assignments of 
responsibility by individual name or title. 

c. Provision for manual backup for the activation of automatic systems. 

d. Provisions for periodic inspection of interior drainage systems and periodic 
operation of any mechanized portions for testing and training purposes.  
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Based upon a review of the plan verses the Levee Owner’s Manual for Non-Federal 
Flood Control Works (see Appendix 5.7) dated March 2006, we find the following to be 
deficient: 

a. Plans 

 A formal plan of operation including specific actions and assignments of 
responsibility by individual name or title. 

 Documentation of the flood warning system that will be used to trigger 
emergency operation activities and demonstration that sufficient flood 
warning time to permit activation of mechanized portions of the drainage 
system. 

 Evacuation Plan 

b. Flood Fighting Equipment and Supplies (specific quantities and storage location) 

 Sandbags 

 Plastic Sheeting 

 Shovels/ Sandbag Filling Machines 

 Emergency Lighting 

 Communications System 

 Riprap for Erosion 

 Floatation Vests 

 Additional Sump Pumps 

 Sources of Borrow Material 

c. Training and Exercises  

 Routine drills  

 Continuing education/training for staff members 

d. Public Awareness Materials/Activities 

2.3 Levee System Maintenance Plan 

As mentioned above, the original levee system maintenance plan is not available for 
the River Dumoulin Levee System.  However, it is clear from a field inspection that 
there has been significant decline in performance of key maintenance elements (e.g., 
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vegetation overgrowth, animal burrows) over the years since the levee system was 
originally constructed.  As such, the levee maintenance elements discussed below are 
in relation to current FEMA and U.S. Army Corps of Engineers levee standards.  

Levee systems must be maintained in accordance with an officially adopted 
maintenance plan. It is recommended that all maintenance activities should be under 
the jurisdiction of a community participating in the NFIP that must assume ultimate 
responsibility for maintenance. The maintenance plan entitled Operation and 
Maintenance Manual, River Dumoulin Flood Control Project, Lisle, IL dated August 4, 
2006 by Patrick Engineering, Inc. has been obtained from the Village.   

We recommend adopting the US Army Corps of Engineers Flood Damage Reduction 
Segment/System Inspection Report as the standard inspection form (see Appendix 5.6) 
for monitoring all maintenance needs.  This form may be revised to be site specific for 
the River Dumoulin Levee System. 
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3.0 RECOMMENDATIONS 
 

3.1 Levee System Design Recommendations  

The following are recommendations relating to the structural design of the River 
Dumoulin Levee System. 

A. Freeboard 

Freeboard is a factor of safety usually expressed in feet above a design flood 
elevation. "Freeboard" is intended to compensate for any variables that could 
contribute to flood heights greater than the height calculated for a design flood 
elevation.  Freeboard is generally applied to levee structures in order to have greater 
confidence that the design storm event (i.e., 100-year) will be contained, given the 
factors associated with freeboard calculation.  This is why levees that are to be 
accredited through FEMA are required to incorporate freeboard into the design 
elevation.  Accredited levees are also required to provide protection from the base 
flood (i.e., 100-year recurrence interval). 

However, the Village is not attempting to have the River Dumoulin Levee System 
accredited, so there is no regulatory requirement for freeboard, not to mention that 
the River Dumoulin Levee System was presumably never designed (or constructed) 
for protection from the base flood.  The River Dumoulin Levee System is assumed to 
have been constructed to provide protection from a flood event with a 50-year 
recurrence interval.  Moreover, there is no mention of freeboard on the 1961 
Engineering Plan set; therefore, it is unknown whether or not freeboard was ever an 
intended in the 1961 proposed design elevation.   

Furthermore, adding freeboard to the design elevation may not be feasible as the 
compensatory storage required for filling in the floodplain would be significant. If 
the Village desires the levee to be elevated we would recommend that a watershed 
study be performed on the East Branch to determine the feasibility to provide 
compensatory storage and to show there are no up or downstream impacts. Adding 
freeboard would also potentially increase the size of the levee footprint (if raised 
with earthen embankment), thus potentially requiring a larger easement area.  
Lastly, as the Village is not seeking accreditation for the River Dumoulin Levee 
System, there will not be a reduced flood insurance benefit to justify the added 
expenses.  

Therefore, if the intent of the Village is simply to ensure the levee system continues 
to provide the level of protection it was originally designed for (i.e., the elevation 
associated with a 50-year flood), then we recommend not adding freeboard to the 
current 50-year flood elevation. 
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In the event that the Village desires freeboard we would recommend determining if 
providing the amount of freeboard necessary to have the levee accredited is feasible 
as the cost associated with a watershed study can be great. The reduced flood 
insurance benefit may justify the added expense of the study. 

B. Closures 

This section is not applicable to the River Dumoulin Levee System. 

C. Embankment Protection 

Based upon the embankment protection analysis, the permissible velocities are 
exceeded in some areas (i.e. upstream of Burlington Ave.) along the levees. As such, 
we highly recommend installing deep rooted grasses that will help stabilize the levee 
during flood events. 

Field inspection of the levee system revealed major erosion along the banks of the 
East Branch DuPage River and parts of St. Joseph Creek, and subsequently along the 
toe of the levee embankment in many areas.   

The 1961 proposed improvements included establishing a channel bottom width of 
30 ft, reshaping the channel banks with 2:1 slopes, and establishing the toe of levee 
10 ft from top of the channel banks. It is unclear as to whether the improvements 
were constructed to these design standards as Record Drawings are not available, 
however, our topographic survey of existing conditions show the channel width 
exceeding 50 ft in some reaches, with actively eroding (nearly vertical) banks that 
are encroaching into the toe of the levee. This indicates that the banks of the east 
Branch DuPage River are eroding at approximately 3 inches per year. 

Therefore, we highly recommend the installation of streambank stabilization 
measures that will not only prevent further erosion, but also provide levee 
embankment protection during the 50-year design storm.  There are a variety of 
streambank stabilization measures that can be considered, from riprap to 
bioengineered solutions.  The best option would be to select a measure that 
combines armored protection (e.g., rock) with deep rooted native vegetation. This 
form of stabilization is typically $200 per linear foot. The total length of the levee 
segments adjacent to the river is approximately 10,000 linear feet for a total project 
cost of $2,000,000. While the cost of this project is great funding may be available 
(i.e. 319h Grant and DuPage County Water Quality funds) due to the water quality 
benefits of constructing this type of project. 

D. Embankment Foundation Stability 
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As noted earlier, the embankment foundation materials generally consist of 
saturated, loose, highly permeable sands and broken rock, which promote an 
unstable embankment foundation. 

Therefore, we recommend a design option that will provide reinforcement of the 
embankment foundation during the 50-year design flood (see Appendices for Design 
Alternatives).  These alternatives range from retrofit options to removal and 
replacement of unsuitable materials.   

a. Option 1 - Steel Sheetpiling 

This is a retrofit option that consists of driving lengths of steel sheetpiling 
(approx 1 ft wide with corrugations) vertically down through the crest of the 
levee, into the bedrock below.  The steel sheetpiling can be extended above the 
levee crest up to the design elevation.  Any protruding portions can then be 
capped with decorative blocking.  This option provides a barrier to block seepage 
through the highly pervious materials of the embankment foundation.  Steel 
sheetpiling is not entirely watertight due to leakage at the interlocks, but can 
significantly reduce piping of loose materials in the foundation. This option is 
also relatively easy to install in that excavation is not required and the sheeting 
can be driven down using a back hoe.  There may also be access issues near 
homes and overhead power lines. Additionally, care will be needed to avoid 
compression to embankment materials during construction.  As such, a 
temporary work pad would need to be installed over the levee crest that is wide 
and stable enough to support equipment during installation as well as mobile 
enough for reuse. This option would be approximately $40-$50 per square foot 
for steel sheetpiling for a total of $18 million. Vinyl sheetpiling is approximately 
$20 per square foot for a total of $7.3 million. 

Given the cost associated with this option we would recommend proceeding 
with this option if the levee were to be elevated to a higher level of protection. 
We recommend determining if providing the amount of freeboard necessary to 
have the levee accredited is feasible. The reduced flood insurance benefit may 
justify the added expense of the study and the improvement. 

b. Option 2 - Bentonite Slurry Wall and Clay Cap 

This is a retrofit option that consists of excavating a deep trench (approx 20 ft-30 
ft) vertically down through the crest of the levee, into the foundation materials 
below.  As the trench is excavated, it is filled with a bentonite slurry to keep the 
excavation open, and then backfilled with concrete or grout to provide a cutoff 
wall similar to the steel sheetpiling. The levee is then covered with a compacted 
clay cap extending up to the design elevation. This option provides a barrier to 
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block seepage through the highly pervious materials of the embankment 
foundation.  This option is also aesthetically pleasing.  However, this option will 
be relatively difficult to install in that excavation is required and care will need to 
be given to underground utilities and sewer lines. Additionally, care will be 
needed to avoid compression to embankment materials during construction.  As 
such, a temporary work pad would need to be installed over the levee crest that 
is wide and stable enough to support equipment during installation as well as 
mobile enough for reuse. This option would be approximately $10 per square 
foot for a total of $7.1 million.  

Given the cost associated with this option we would only recommend 
proceeding with this option if the levee were to be elevated to a higher level of 
protection. We recommend determining if providing the amount of freeboard 
necessary to have the levee accredited is feasible. The reduced flood insurance 
benefit may justify the added expense of the study and the improvement. 

c. Option 3 - Remove and Replace 

This is a rehabilitation option that consists of removing all unsuitable levee 
materials and replacing with compacted clay extending up to the design 
elevation. A slurry wall installation will also be required below the compacted 
clay to prevent piping through the deeper pervious materials.  This option is 
designed to stabilize the levee embankment by replacing the existing loose sand 
and broken rock material with watertight compacted clay that is structurally 
stable.  This option is also be aesthetically pleasing.  However, this option will be 
relatively difficult to install in that excavation is required and care will need to be 
given to underground utilities and sewer lines. This option would be 
approximately $63 per cubic yard for removal and replacement of the levee and 
$10 per square foot for the slurry wall below the levee to prevent seepage. The 
total for this option would be approximately $8.5 million. 

Given the cost associated with this option we would only recommend 
proceeding with this option if the levee were to be elevated to a higher level of 
protection. We recommend determining if providing the amount of freeboard 
necessary to have the levee accredited is feasible. The reduced flood insurance 
benefit may justify the added expense of the study and the improvement. 

d. Option 4 - Clay Cap 

This is a retrofit option that consists of stripping existing vegetation and topsoil 
and installing a compacted clay cap, which extends up to the design elevation. 
This option will be relatively inexpensive, easy to install, and aesthetically 
pleasing, as it will only be implemented in areas currently below the design 
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elevation. However, this option is not designed to stabilize the levee 
embankment and will not prevent seepage through the levee. 

This option would be approximately $35 per cubic yard for the engineered fill. 
Approximately 225 cubic yards of engineered fill would be needed to bring the 
levee up to the 50 year design elevation. The total for this option would be 
approximately $31,625.00. 

We do not recommend this option as the seepage analysis indicated problematic 
seepage through the levee foundation materials. Without control, this 
underseepage may result in excessive hydrostatic pressures beneath a less 
pervious top stratum, sand boils, and piping beneath the levee itself. However, 
this option may be desirable as a temporary solution to flooding associated with 
the levee cresting during the 50-year flood event while funding or studies are 
completed to proceed with more permanent solution. 

e. Option 5 - Pressure Injection Grouting and Clay Cap 

This is a rehabilitation option that consists of using pressure equipment to inject 
specially formulated grout into the levee solidifying the loose and pervious 
materials.  This process attempts to reconsolidate and recompact the loose 
materials and broken rock to provide a stronger, relatively impervious, and 
stable foundation embankment.  Predrilling will be necessary to access the 
treatment zone. The formulated grout is then injected into the borehole to 
create a column of soilcrete. Adjacent columns create a continuous soilcrete 
mass or jet-grout panel wall cutoff. The levee is then covered with a compacted 
clay cap extending up to the design elevation. This option provides a barrier to 
block seepage through the highly pervious materials of the embankment 
foundation.  This option is also aesthetically pleasing.   

A specialty contractor will be required to perform this work. This option is 
designed to stabilize the levee embankment and prevent seepage through the 
highly pervious materials of the embankment foundation.  This option will also 
protect the residents to the designed level of protection and will not require 
extensive modeling and permitting.  

We have spoken with a specialty contractor who performs this work. The 
frequency of boreholes required to create the jet-grout panel wall cutoff. For the 
purposes of determining an approximate cost they have estimates a borehole 
frequency of every 6 ft. At this frequency the approximate cost would be 
between $5 and $6 million for the entire length of the levee. However, he has 
indicated that additional borings on either side of the levee would be helpful to 
determine the gradient of the potential piping. In the event that the potential 
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piping proves to be closer to the surface the grouting may not need to extend to 
the underlying bedrock. In addition the frequency of the boreholes may be less 
depending on the diameter of each column, however this would be determined 
during the design stage. 

E. Settlement 

The results of our soil boring investigation also indicate that no highly compressible 
soils were encountered.  Because the levee was built so many years ago, the 
majority of the consolidation settlements of embankment fill and foundation soils 
have already taken place.  However, the addition of newly compacted embankment 
fill during a levee rehabilitation project, especially anything greater than 12 in. in 
depth, will likely cause additional settlements due to the added load from the fill and 
required compaction efforts. Once the depth of the fill is determined further 
settlement calculations will be needed to determine the settlement due to added fill 
and compaction.  

3.2 Levee System Operations Recommendations  

We recommend adding the following flood preparedness elements to the existing Operations Plan: 

A. Plans 

 A formal plan of operation including specific actions and assignments of 
responsibility by individual name or title. 

 Documentation of the flood warning system that will be used to trigger 
emergency operation activities and demonstration that sufficient flood 
warning time to permit activation of mechanized portions of the drainage 
system. 

 Evacuation Plan 

B. Flood Fighting Equipment and Supplies (specific quantities and storage location) 

 Sandbags 

 Plastic Sheeting 

 Shovels/ Sandbag Filling Machines 

 Emergency Lighting 

 Communications System 

 Riprap for Erosion 
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 Floatation Vests 

 Additional Sump Pumps 

 Sources of Borrow Material 

C. Training and Exercises 

 Routine drills  

 Continuing education/training for staff members 

D. Public Awareness Materials/Activities 
 

3.3 Levee System Maintenance Recommendations  

It is recommended that the Village develop an officially adopted maintenance plan, 
which documents a formal procedure that ensures that the stability, height, and 
overall integrity of the levee and its associated structures and systems are maintained. 
We recommend adopting the US Army Corps of Engineers Flood Damage Reduction 
Segment/System Inspection Report as the standard inspection form for monitoring all 
maintenance needs (see Appendix 5.6). This form may be revised to be site specific for 
the River Dumoulin Levee System.  Additionally, the results of our field inspection 
indicated the need for remedial maintenance activities to be conducted. 

A. Vegetation-Free Zone 

A “Vegetation-Free Zone” is recommended to allow for easy routine inspection, 
maintenance access, and also to provide access for flood fighting activities.  

The US Army Corps of Engineers document ETL 1110-2-571 addresses vegetation on 
levees, and provides guidance for determining appropriate dimensions of the 
Vegetation-Free Zone.  The Vegetation-Free Zone extends horizontally across the 
entire cross-section of the levee, and typically extends 15 ft from either side of the 
toe of the embankment, as depicted in Figures 2 below.  The Vegetation-Free Zone 
also extends 8 ft vertically. DRAFT
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Figure 2.  Vegetation-Free Zone along levee embankment. 

It is important to note that the term “Vegetation-Free Zone” only applies to woody 
vegetation.  Herbaceous vegetation, such as grass, is acceptable as it provides 
protection from erosion, without interfering with the above stated objectives for the 
Vegetation-Free Zone.  Chapter 4 of ETL 1110-2-571 describes appropriate 
vegetation: 

The only acceptable vegetative ground cover in the vegetation-free zone shall be 
perennial grasses. Their primary function shall be to reliably protect against erosion. 
They shall be maintained as necessary to ensure the health and vigor of the primary 
species providing erosion protection. The species selected for each project shall be 
appropriate to the local climate, conditions, and surrounding or adjacent land uses. 
Preference should be given to the use of native species. Invasive or weed species shall 
not be acceptable. The species selected must be able to tolerate mowing to heights 
as low as 3 inches, as follows: at least once each year for inspection; and in 
anticipation of flood conditions and associated monitoring and flood-fighting 
activities. 

The following items are reasons why woody vegetation is not suitable on levees: 

 Uprooted trees that produce large voids and reduced freeboard; and/or 
reduced x-section for maintaining stability 

 Decaying roots that create seepage paths and internal erosion problems.  

 Interfering with effective dam safety monitoring, inspection and 
maintenance for seepage, cracking, sinkholes, slumping, settlement, 
deflection, and other signs of stress  

 Hindering desirable vegetative cover and causing embankment erosion  

 Obstructing emergency spillway capacity  
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 Falling trees causing possible damage to spillways and outlet facilities  

 Clogging embankment underdrain systems  

 Cracking, uplifting or displacing concrete structures and other facilities  

 Inducing local turbulence and scouring around trees in emergency spillways 
and during overtopping  

 Providing cover for burrowing animals  

 Loosening compacted soil  

 Allowing roots to wedge into open joints and cracks in foundation rock along 
abutment groins and toe of embankment, thus increasing piping and leakage 
potential.  

 Root penetration of conduit joints and joints in concrete structures  

 Also interferes with effective safety inspections.  

The two photos below in Figure 3 were taken during a field visit on January 30, 2012, 
and they are good examples of the unacceptable woody vegetation that is typical of 
several sections of the River Dumoulin Levee System.  The photo on the left was 
taken on the east side of the river, south of Lacey Avenue, facing south.  The photo 
on the right was taken on the east side of the river, south of Middleton Avenue, 
facing north. 

   

Figure 3.  Undesirable woody vegetation along levee embankment. 

B. Animal Burrow Remediation 

Animal burrows can compromise the structural integrity of an earthen embankment 
levee, and therefore the animals must be removed and their burrows filled in. Field 
inspection of the levee revealed several animal burrows, which have been surveyed 
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and shown on the attached plan and profile sheets.  We recommend that the Village 
coordinate with a licensed trapper for proper animal capture and relocation. 

C. Miscellaneous Structures 

During our field visit, misc items such as power poles, fence lines, staircases, piers, 
and gardens were observed in the levee as shown below in Figure 4.  These 
structures can potentially undermine the flood-proofing integrity of the levee, and 
therefore should be removed throughout.   

   

   

Figure 4.  Miscellaneous structures located along levee embankment. 

3.4 Levee System Easement Recommendations  

The 1961 proposed channel and levee design plans indicated a 170 ft Right-of-Way 
over the East Branch DuPage River (85 ft from centerline on each side of channel). This 
easement is necessary to provide the Village with access for levee inspection, 
maintenance, and flood fighting (operation plan). Currently, the Village has yet to 
acquire all necessary easements.  As such, there are several sections of the levee 
where proposed maintenance activities cannot be completed.  Furthermore, in the 
event of a flood fighting scenario, the Village will be limited in access by these areas.  
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While obtaining the full 170 ft easement may not be possible for the Village, 
easements must at a minimum cover the levee from toe to toe. 
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4.0 PERMITS 

The following permits are required permits for work in Special Management Areas (i.e. 
Floodplain, floodway, Waters of the U.S., wetlands, buffers, etc.): DuPage County 
Stormwater Management Permit, Illinois Department of Natural Resources 
(IDNR)/Department of Water Resources (DWR) Floodway Permit, FEMA, U.S. Army 
Corps of Engineers, Kane/DuPage Soil and Water Conservation District, Village of Lisle, 
Illinois Environmental Protection Agency (IEPA) Notice of Intent (NOI), IDNR 
Threatened and Endangered Species & Illinois Historical Preservation Agency. 

DuPage County 

The DuPage County Countywide Stormwater and Flood Plain Ordinance does not 
require a permit for maintenance of the levee to its designed and constructed 
height/width. In the event that the levee is elevated higher than what was originally 
design/constructed a stormwater permit would be required. This would likely be the 
case if freeboard is added to the levee to increase the level of protection. It may not 
be feasible to increase the elevation beyond that to which it was 
designed/constructed as the compensatory storage required for filling in the 
floodplain would be significant. If the Village desires the levee to be elevated we 
would recommend that a watershed study be performed on the East Branch to 
determine the feasibility to provide compensatory storage and to show there are no 
up or downstream impacts. 

IDNR/DWR  

The Illinois Department of Natural Resources Department of Water Resources has 
delegated floodway reviews to DuPage County. 

FEMA 

If the levee is restored as designed FEMA will not be involved.  If the levee is raised to 
increase protection FEMA will require a hydraulic analysis using the regulatory 
floodplain study.  The likely results of the model will require a Conditional Letter of 
Map Revision (CLOMR) before construction and a Letter of Map Revision (LOMR) 
afterwards.  FEMA will require compensatory storage for the area removed from the 
floodplain.  DuPage County’s compensatory storage requirement will govern however.   

If the Village desires the levee to be certified we would recommend that a watershed 
study be performed on the East Branch to determine the feasibility to provide 
compensatory storage. 

U.S. Army Corps of Engineers 
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The Corps has issued DuPage County Department of Development and Economic 
Planning a Programmatic General Permit (RP-25), which designates the County as the 
lead agency to review permits involving wetlands. However, impacts to Waters of the 
U.S. (i.e. within the Ordinary High Water Mark) require a permit from the U.S. Army 
Corps of Engineers. It is not likely that changes to the elevation of the levee would 
impact Waters of the U.S. However, a letter of no objection would likely be needed. In 
the event that streambank stabilization is included in any improvements a permit 
under Regional Permit 7 would be needed. 

Kane/DuPage Soil and Water Conservation District (SWCD) 

In the event that a permit from the U.S. Army Corps of Engineers is needed the review 
of sediment erosion control measures of the project are completed by the SWCD. 

Village of Lisle 

The Village of Lisle is a partial waiver community. The village would require an 
excavation/fill permit for improvements to the levees. 

Illinois Environmental Protection Agency Notice of Intent 

A Notice of Intent (NOI) is required for disturbances greater than 1 acre. 

IDNR Threatened and Endangered Species  

An Ecological Report Catalog consultation is required for applications for an NOI, 
DuPage County Stormwater Management Permit, and U.S. Army Corps of Engineers. 

Illinois Historical Preservation Agency 

A consultation is required for applications for an NOI and U.S. Army Corps of Engineers 
permit. DRAFT
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Jason Elias 
Village of Lisle 
925 Burlington Avenue 
Lisle, IL 60532 
 

SUBJECT: RIVER DUMOULIN LEVEE STUDY - GEOTECHNICAL ENGINEERING ANALYSIS 

Dear Mr. Elias: 

Engineering Resource Associates, Inc. has completed the geotechnical engineering analysis for the 
River Dumoulin Levee Study, between Maple Avenue and Middleton Avenue along the East Branch 
DuPage River, in Lisle, Illinois.  This report describes the subsurface exploration procedures, laboratory 
testing, and geotechnical recommendations for project construction.  A Location Map (Appendix 1), 
Approximate Boring Location Map (Appendix 2), Boring Logs (Appendix 3), Slope Stability Analysis 
(Appendix 4), Settlement Analysis (Appendix 5), and the Seepage Analysis (Appendix 6) are included 
as Appendices in this report. 

We appreciate this opportunity to be of service to the Village of Lisle during the planning phase of this 
project.  If you have any questions with regard to the information and recommendations presented in 
this report, or if we can be of further assistance to you in any way during the design or construction of 
this project, please do not hesitate to contact us.   

Respectfully,  

Frauenhoffer and Associates 
A Division of Engineering Resource Associates, Inc. 

 

 

Jake Wolf, P.E. 
Project Manager / Design Engineer 
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EXECUTIVE SUMMARY 

 

The subsurface conditions encountered during our exploration and ERA’s conclusions and 
recommendations are summarized below.  Details of our conclusions and recommendations are 
discussed in the following sections and in the Appendix of this report. 

Subsurface Exploration 

A total of eleven (11) soil borings (B-1 through B-7, B-11, B-14 through B-16), extending to depths of 
approximately 20 to 30 feet below existing grade, were located along the River Dumoulin Levee.  All but 
two of the borings (B-2 and B-15) were performed along the centerline of the levee crest, with the 
aforementioned two borings being performed near the toe of the levee due to inaccessibility of truck 
mounted rig along the crest.   

All borings were found to have a similar soil stratigraphy and generally exhibited two distinct soil types.  
The top 8’ to 12’ of each boring generally consisted of Silty or Sandy Clay material with Pebbles.  Below 
this material, the second layer generally consisted of Sand and/or Broken Rock, which continued to the 
bottom depth of boring (between 20’ and 30’).  Water levels were generally encountered within the 
transition area between the two layers at 8’ to 12’, corresponding to the adjacent river water elevation.  
Two borings (B-4, B-6) had a buried Clay layer several feet thick at 20’ to 25’ depth. 

Groundwater levels were generally encountered at depths between 8’ and 12’, corresponding to the 
adjacent river water surface elevation. Three borings (B-3, B-6, and B-16) encountered no groundwater 
during or after completion of drilling.   

Unconfined compressive strength tests were performed in the field on cohesive soil samples with the 
use of a calibrated hand penetrometer.  Of the 99 samples collected, only 42 were cohesive enough to 
perform the field compression test using the penetrometer.  For the samples that were tested, the 
values ranged from 0.25 tsf to 4.0 tsf. 

Laboratory Testing 

Unconfined compression tests and moisture content tests were performed on the soil samples in the 
laboratory.  Of the 99 samples collected, only 16 were cohesive enough to perform the lab compression 
test.  For the samples that were tested, the values ranged from 0.6 tsf to 4.9 tsf.  Two samples 
exhibited a bulge failure; six samples exhibited a split failure; two samples exhibited a shear failure; and 
six samples exhibited a combination bulge/split failure.  Moisture content ranged from 4.4% to 56.3%.  

Performance Analyses 

Analyses relating to material performance during flood conditions were performed using selected 
representative samples. These analyses included a slope stability analysis, settlement analysis, and 
seepage analysis.   

Slope Stability Analysis: A factor of safety greater than 1.0 indicates slope stability, while a factor of 
safety less than 1.0 indicates instability.  Three trial failure surfaces were calculated at the approximate 
location of Boring B-7 near Station 153+00.  For comparison, the minimum factors of safety as 
recommended by the US Army Corps of Engineers for existing levees are also included.  
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       Calculated FS     Minimum FS 

CASE 1:  Normal Low Flow Conditions       2.416   1.0 (for stability) 

CASE 2:  Steady Seepage         2.296   1.4 

CASE 3:  Sudden Drawdown         1.941            1.0 - 1.2 

Settlement Analysis:  A settlement analysis for the foundations soils of the existing levee was 
performed near the location of Boring B-7 approximately at Station 153+00.  The results of our analysis 
indicate that the consolidation settlement of the silty clay material beneath the embankment can be 
expected to settle approximately 1” due to the load from additional embankment fill in the area of 
Station 153+00. 

Seepage Analysis:  A seepage analysis was performed on the levee using the calculations and 
equations found in the US Army Corps of Engineers Manual on Design and Construction of Levees.  
Typical soil permeability parameters were assigned to the generalized soil layers of the levee cross 
section at the approximate location of Boring B-7 near Station 153+00.  Seepage through the levee was 
calculated to be approximately 1.46x10-5 cubic feet per second per foot of levee, or 1.26 cubic feet per 
day, during high water conditions.   

Summary 

Based on the results of this Geotechnical Engineering Analysis, the River Dumoulin Levee is largely 
composed of unconsolidated materials that are conducive to seepage during high water and flood 
conditions, and therefore may promote destabilization of the levee embankment during flood events. 

The results of the soil boring investigation indicate that no highly compressible soils were encountered.  
Because the levee was built so many years ago, the majority of the consolidation settlements of 
embankment fill and foundation soils have already taken place.  However, the addition of newly 
compacted embankment fill during a levee rehabilitation project, especially anything greater than 12” in 
depth, will likely cause additional settlements due to the added load from the fill and required 
compaction efforts. 

Any soil placed as engineered fill should be an approved material, free of organic matter or debris, be a 
non-frost susceptible soil, and have a liquid limit and plasticity index less than 40 and 15, respectively. 
The project geotechnical engineer should be consulted to determine the suitability of off-site/on-site 
materials for use as engineered fill, prior to use or placement.   

The results of the seepage analysis indicated problematic seepage through the levee foundation 
materials.  The best recommendation for eliminating seepage problems and subsequent piping is a 
cutoff beneath the levee to block seepage through the pervious foundation strata.  This cutoff can 
consist of either steel sheetpiling driven down to bedrock, construction of a bentonite slurry wall down 
to bedrock or pressure injection grouting. 
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PROJECT OVERVIEW 

 

Introduction 

The project consists of an evaluation of existing levee embankment conditions for the River Dumoulin 
Levee Study.  This report presents the results of our subsurface exploration and engineering services. 
We understand that the levee was originally built in the 1960’s; however, Record Drawings of the 
constructed improvements are not available.   

The existing levee is located along the East Branch DuPage River between Maple Avenue and 
Middleton Avenue, in Lisle, Illinois (Appendix 1-Location Map).  The levee extends approximately 
7,700 feet along the east bank from Maple Avenue to Middleton Avenue, and approximately 3,700 feet 
along the west bank from the railroad tracks to Middleton Avenue.   

Scope of Work 

A total of eleven (11) soil borings (B-1 through B-7, B-11, B-14 through B-16), extending to depths of 
approximately 20 to 30 feet below existing grade, were located in accessible locations for the drilling rig 
along the River Dumoulin Levee  (Appendix 2 - Approximate Boring Locations).  The number of 
borings, depths of borings and boring locations were selected by ERA.  Field and laboratory testing 
were performed on all soil borings.  Additionally, analyses relating to material performance during flood 
conditions were performed using selected representative samples.  

Purpose of Exploration 

The purpose of this exploration was to explore the soil and groundwater conditions at the site and to 
develop engineering recommendations to guide design and construction of the project.  We 
accomplished this by: 

1. Drilling eleven (11) soil borings to depths of approximately 20 to 30 feet below the existing 
ground surface along the existing levee to explore the subsurface soil and groundwater 
conditions; 

2. Performing laboratory tests on selected representative soil samples from the borings to evaluate 
pertinent engineering properties; and  

3. Analyzing the field and laboratory data to evaluate appropriate engineering and stability 
properties of the levee. DRAFT



ERA Project No. 120102 Page 5 of 10 River Dumoulin Levee Study 
 

 
 

H:\Lisle\120102 River Dumoulin Levee Study\Eng\Reports\GEOTECH\3 - Geotechnical Engineering Analysis.docx 

FIELD AND LABORATORY PROCEDURES & RESULTS 

 

Site Conditions 

The soil borings were located in the field by an ERA Field Engineer based on the proposed boring site 
plan.  As required by the State of Illinois, the driller notified Illinois One-Call System, JULIE, to verify 
underground utilities in the vicinity of the project site prior to drilling operations.  Sixteen soil boring 
locations were planned (B-1 thru B-16) at approximately five hundred foot intervals along the crest of 
the levee between Maple Avenue and Middleton Avenue on the east side of the river and between the 
railroad tracks and Middleton Avenue on the west side of the river (Appendix 2 - Approximate Boring 
Locations).   

Five borings were abandoned (B-8 thru B-10, B-12, B-13) due to site and access constraints.  The 
levee segment from Ogden Avenue to Middleton Avenue on the east side of the river has power poles 
located along the levee crest.  Due to the low hanging lines on these poles, B-8 thru B-10 as well as B-
13 (power lines cross river at this location) would require ComEd to shutdown power during drilling 
operations. ComEd was consulted to determine how many homes would be affected during the 
shutdown.  This consultation revealed a mapping error in ComEd’s database at this location, which 
prevented them from accurately determining the number of affected homes with any degree of 
certainty.  Therefore, these borings were abandoned.  Additionally, B-12 was abandoned due to access 
constraints.  This boring is only accessible from Schwartz Avenue along the utility easement, which has 
been recently restored (Water Main).  It was concluded that the quality of data from this boring would 
not likely be worth the damages caused in obtaining it, particularly because the boring represents the 
terminal end of the levee where it ties into natural ground.   

Subsurface Exploration Procedures 

All borings were performed with a rubber tired All Terrain drill rig, which utilized continuous hollow stem 
augers to advance the boreholes.  Representative soil samples were obtained at 2.5’ intervals for the 
first 20’, and at 5’ intervals thereafter by means of conventional split-barrel sampling procedures.  In this 
procedure, a 2-inch O.D., split-barrel sampler is driven into the soil a distance of 18 inches by a 140-
pound hammer falling 30 inches.  The number of blows required to drive the sampler through a 12-inch 
interval, after initial setting of 6 inches, is termed the Standard Penetration Test (SPT) or N-value and is 
indicated for each sample on the boring logs.  The SPT value can be used as a qualitative indication of 
the in-place relative density of cohesionless soils.  In a less reliable way, it also indicates the 
consistency of cohesive soils.  This indication is qualitative, since many factors can significantly affect 
the standard penetration resistance value and prevent a direct correlation between drill crews, drill rigs, 
drilling procedures, and hammer-rod-sampler assemblies.  The drill rig utilized an automatic trip 
hammer to drive the sampler.  Consideration of the effect of the automatic hammer’s efficiency was 
included in the interpretation of subsurface information for the analyses prepared for this report. 

The drill crew maintained a field log of the soils encountered in the borings.  After recovery, each 
geotechnical soil sample was removed from the sampler and visually classified.  Representative 
portions of each soil sample were then sealed in jars and brought to our laboratory in Champaign, 
Illinois for further visual examination and laboratory testing.  After completion of the drilling operations, 
the boreholes were backfilled with auger cuttings to the existing ground surface. 

Observations for groundwater were made during sampling and upon completion of the drilling 
operations at the boring locations.  In auger drilling operations, water is not introduced into the 
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boreholes, and the groundwater position can often be obtained by observing water flowing into or out of 
the boreholes.  Furthermore, visual observation of the soil samples retrieved during the auger drilling 
exploration can often be used in evaluating the groundwater conditions. 

Unconfined compressive strength tests were performed on cohesive soil samples with the use of a 
calibrated hand penetrometer.  In the hand penetrometer test, the unconfined compressive strength of 
a soil sample is estimated to a maximum of 4.5 tons per square foot (tsf) by measuring the resistance 
of a soil sample to penetration of a small, calibrated spring-loaded cylinder. 

Subsurface Exploration Results 

A total of eleven (11) soil borings (B-1 through B-7, B-11, B-14 through B-16), extending to depths of 
approximately 20 to 30 feet below existing grade, were located along the River Dumoulin Levee.  All but 
two of the borings (B-2 and B-15) were performed along the centerline of the levee crest, with the 
aforementioned two borings being performed near the toe of the levee due to inaccessibility of truck 
mounted rig along the crest.  The subsurface conditions encountered at the borings can be summarized 
as follows (Appendix 3 - Boring Log).   

Borings along Centerline of Levee Crest (B-1, B-3, B-4, B-5, B-6, B-7, B-11, B-14, and B-16): All 
borings performed along the centerline of the levee crest were found to have a similar soil stratigraphy 
and generally exhibited two distinct soil types.  The top 9’ to 12’ of each boring generally consisted of 
Silty or Sandy Clay material with Pebbles.  Below this material, the second layer generally consisted of 
Sand and/or Broken Rock, which continued to the bottom depth of boring (between 20’ and 30’). Two 
borings (B-4, B-6) had a buried Clay layer several feet thick at 20’ to 25’ depth.   

Borings near Toe of Levee (B-2 and B-15): These two borings performed near the toe of the levee were 
found to have a similar soil stratigraphy and generally exhibited two distinct soil types.  The top 11.5’ of 
each boring generally consisted of Silty or Sandy Clay material with Pebbles or Broken Rock.  Below 
this material, the second layer generally consisted of Sand and/or Broken Rock, which continued to the 
bottom depth of boring (between 20’ and 30’).  

Groundwater levels were generally encountered at depths between 8’ and 12’, corresponding to the 
adjacent river water surface elevation. Three borings (B-3, B-6, and B-16) encountered no groundwater 
during or after completion of drilling.  Glacial till soils in the Midwest frequently oxidize from gray to 
brown above the level at which the soil remains saturated.  The long-term groundwater level is often 
interpreted to be near this zone of color change. Based on the results of this exploration, the long-term 
groundwater level may be located at a depth of approximately 10’ to 12’ below grade. 

Unconfined compressive strength tests were performed in the field on cohesive soil samples with the 
use of a calibrated hand penetrometer.  Of the 99 samples collected, only 42 were cohesive enough to 
perform the field compression test using the penetrometer.  For the samples that were tested, the 
values ranged from 0.25 tsf to 4.0 tsf. 

Laboratory Testing Procedures 

An experienced geotechnical engineer classified each soil sample in our laboratory to check field 
classifications and to determine pertinent engineering properties.  The geotechnical engineer grouped 
the various soil types into the major zones noted on the boring logs.  The stratification lines designating 
the interfaces between earth materials on the boring logs and profiles are approximate; in situ, the 
transitions may be gradual.  Unconfined compression tests and moisture content tests were performed 
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on the soil samples in the laboratory.  The unconfined compressive strength tests were performed in 
accordance with ASTM D2166. 

Laboratory Testing Results 

Of the 99 samples collected, only 16 were cohesive enough to perform the lab compression test 
(Appendix 3 - Boring Log).  For the samples that were tested, the values ranged from 0.6 tsf to 4.9 
tsf.  Two samples exhibited a bulge failure; six samples exhibited a split failure; two samples exhibited a 
shear failure; and six samples exhibited a combination bulge/split failure.  Moisture content ranged from 
4.4% to 56.3%.  
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ANALYSES AND SUMMARY 

 

Analyses relating to material performance during flood conditions were performed using selected 
representative samples.  

Slope Stability Analysis 

The principal method used to analyze levee embankments for stability against shear failure assumes a 
sliding surface having the shape of a circular arc within the foundation and/or the embankment.  Our 
analysis was completed using the Modified Bishop’s Method of slices and circular failure surfaces, and 
the results are presented in terms of factor of safety against slope instability (Appendix 4 – Slope 
Stability Calculations).  Factor of safety is defined as the ratio of the sum of the forces causing failure 
along a specified failure surface.  A factor of safety greater than 1.0 indicates slope stability, while a 
factor of safety less than 1.0 indicates instability.  As recommended by the US Army Corps of 
Engineers, the effective stress conditions were used in the calculations.  

The various loading conditions to which the levee and its foundation may be subjected, and which were 
considered in our analysis, include the following: 

 Case 1 - Normal Low Flow Conditions: This case represents normal, non-flooding conditions. 

 Case 2 - Steady Seepage from 50 Year Flood Stage:  This case represents the condition that 
occurs when the water remains at or near the 50 year flood stage long enough so that the 
embankment becomes fully saturated with a fully developed phreatic surface and a condition of 
steady seepage occurs. 

 Case 3 - Sudden Drawdown from 50 Year Flood Stage:  This case represents the condition 
whereby a prolonged flood stage, in this case 50 year flood, saturates at least the major part of 
the upstream embankment portion and then falls faster than the soil can drain. 

Three trial failure surfaces were calculated at the approximate location of Boring B-7 near Station 
153+00.  The average results are included in the table below.  For comparison, the minimum factors of 
safety as recommended by the US Army Corps of Engineers for existing levees are also included.  

       Calculated FS     Minimum FS 

CASE 1:  Normal Low Flow Conditions       2.416   1.0 (for stability) 

CASE 2:  Steady Seepage         2.296   1.4 

CASE 3:  Sudden Drawdown         1.941            1.0 - 1.2 

Settlement Analysis 

A settlement analysis for the foundations soils of the existing levee was performed near the location of 
Boring B-7 approximately at Station 153+00.  The height of the embankment fill in this area is 
approximately 4’.  The results of our analysis indicate that the consolidation settlement of the silty clay 
material beneath the embankment can be expected to settle approximately 1” due to the load from 
additional embankment fill in the area of Station 153+00 (Appendix 5 – Settlement Calculations). 
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Generally, compacted embankment fill will settle about ½ to 1 percent of its height if compacted to at 
least 95% of the Modified Procter value.  There has been evidence of previous settlement areas at 
locations along the length of the levee, indicating that the levels of compaction during levee 
construction did not meet the 95% value.  Levee embankment fill will settle up to 5 percent of its height 
in areas of minimal compaction, which is likely where previous settlement has occurred.  Given a levee 
height of 4’, this amounts to nearly 2 ½” of settlement.   

Seepage Analysis 

A seepage analysis was performed on the levee using the calculations and equations found in the US 
Army Corps of Engineers Manual on Design and Construction of Levees.  Typical soil permeability 
parameters were assigned to the generalized soil layers of the levee cross section at the approximate 
location of Boring B-7 near Station 153+00.  A pressure head on the river side of the levee was used to 
address ponded water behind the levee during high water conditions. 

For a levee underlain by a pervious foundation consisting of coarse sand and broken rock, the natural 
seepage per unit length of levee, Qs, can be expressed by the general equation, 

Qs = $ (kf) (H), 

where $ = shape factor and is dependent on the dimensions of the generalized cross section of the 
levee and foundation, the characteristics of the top stratum both the river side and land side of the 
levee, and the pervious substratum. 

Seepage through the levee was calculated to be approximately 1.46x10-5 cubic feet per second per foot 
of levee, or 1.26 cubic feet per day, during high water conditions (Appendix 6 – Seepage 
Calculations).  There is no recommended minimum value for levee seepage.  However, by 
comparison, if this levee were underlain by a practically impervious foundation consisting of well 
compacted silty clay, the calculated seepage through the levee would be approximately 7x10-9 cubic 
feet per second per foot of levee, or .0006 cubic feet per day. 

Summary 

Based on the results of this Geotechnical Engineering Analysis, the River Dumoulin Levee is largely 
composed of unconsolidated materials that are conducive to seepage during high water and flood 
conditions, and therefore may promote destabilization of the levee embankment during flood events. 

The results of the soil boring investigation indicate that no highly compressible soils were encountered.  
Because the levee was built so many years ago, the majority of the consolidation settlements of 
embankment fill and foundation soils have already taken place.  However, the addition of newly 
compacted embankment fill during a levee rehabilitation project, especially anything greater than 12” in 
depth, will likely cause additional settlements due to the added load from the fill and required 
compaction efforts. 

Any soil placed as engineered fill should be an approved material, free of organic matter or debris, be a 
non-frost susceptible soil, and have a liquid limit and plasticity index less than 40 and 15, respectively. 
The project geotechnical engineer should be consulted to determine the suitability of off-site/on-site 
materials for use as engineered fill, prior to use or placement.  We do not recommend the use of 
granular material as engineered fill in levee embankment, due to high permeability properties of the 
granular material.   
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Fill should be placed in lifts not exceeding 8 inches in loose thickness, moisture conditioned to within 
2% of the optimum moisture content and compacted to at least 90% of the maximum dry density 
obtained in accordance with ASTM Specification D 1557, Modified Proctor Method. Moisture control 
during earthwork operations, including the use of disking or appropriate drying equipment and 
techniques, should be expected.  In-place density tests should be performed with a minimum of 1 test 
per 2,000 square feet of fill area for each lift of fill placed. Moisture contents shall be controlled by 
disking or other approved chemical or mechanical means to achieve the desired moisture content and 
density specifications. Laboratory Proctor tests should be performed on fill materials to determine the 
maximum dry density and optimum moisture content. 

We recommend suitable silty clays used to raise the grade or backfill undercuts should be compacted 
with sheepsfoot roller.  Moisture control during earthwork operations, including the use of disking or 
appropriate drying equipment and techniques, should be expected. We recommend that the placement 
of engineered fill be monitored full-time by geotechnical engineer and in-place density tests should be 
performed to verify the adequacy of the compaction for each lift of fill placed.  We also recommend that 
prior to placing new fill in the vicinity of existing embankment the area should be scarified and benched 
into levee to provide a proper bond between new fill and existing embankment. 

The results of the seepage analysis indicated problematic seepage through the levee foundation 
materials.  Seepage through pervious levee foundations is relatively common and requires control.  
Without control, this underseepage may result in excessive hydrostatic pressures beneath a less 
pervious top stratum, sand boils, and piping beneath the levee itself.  Underseepage problems are most 
acute where a pervious foundation underlies a levee and extends both landward and riverward of the 
levee, as is the case with the River Dumoulin Levee. 

There are several options for eliminating seepage problems and subsequent piping beneath through 
the pervious foundation strata.  These options can consist of either steel sheetpiling driven down to 
bedrock; construction of a bentonite/cement slurry seam down to bedrock; or pressure injection 
grouting. 

This report has been prepared in order to aid in the evaluation of this levee. This report does not reflect 
any variations, which may occur between the borings.  In the performance of the subsurface 
exploration, specific information is obtained at specific locations at specific times.  However, it is a well 
known fact that variations in soil conditions exist on most sites between boring locations and also such 
situations as groundwater levels vary from time to time. The nature and extent of variations may not 
become evident until the course of construction. If variations then appear evident, after performing on-
site observations during the construction period and noting characteristics and variations, a 
reevaluation of the recommendations for this report will be necessary. DRAFT
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River Dumoulin Levee Study Modified Bishop's Method Failure Surface #1-Case 1
g1 = 0.115  kcf g2 = 0  kcf

Coordinates of x = 18.07  ft c'1 = 0  ksf c'2 = 0  ksf ∆x circle= 16.2
Center of Circle y = 677.27  ft ø'1 = 29 ° ø'2 = 0 ° ∆y circle= 3.97

Radius of failure surface (r) = 15 ft F.S. = 2.172  assumed

Lt Side Rt side Lt Side Rt Side Lt Side Rt Side Vol. Slice Vol. Slice
Slice x coord x coord y coord y coord y coord y coord (g1) (g2) Yb Zb Yc Zc

bottom bottom top top cf/ft cf/ft ft ft ft ft
2 7 9 667.15 665.40 667.15 667.00 1.600 0.00 0.000 0.000 0.000 0.000
3 9 15 665.40 662.60 667.00 665.50 13.500 0.00 0.000 0.000 0.000 0.000
4 15 20 662.60 662.50 665.50 663.40 9.500 0.00 0.000 0.000 0.000 0.000
5 20 23.2 662.50 663.18 663.40 663.18 1.440 0.00 0.000 0.000 0.000 0.000

(1) (2) (3) (4) [(1)-(2)]tanø'+(3)
a a Ws Ww W C'a (4)

Slice ft degrees kips kips total kips kips
2 2 41.186 0.184 0.000 0.184 0.121 0.000 0.000 0.000 0.921 0.111
3 6 25.017 1.553 0.000 1.553 0.657 0.000 0.000 0.000 1.014 0.849
4 5 1.146 1.092 0.000 1.092 0.022 0.000 0.000 0.000 1.005 0.603
5 3.2 -11.997 0.166 0.000 0.166 -0.034 0.000 0.000 0.000 0.925 0.099

∑ 0.765 ∑ 1.661
FS = 1.661 = 2.17122

0.765 FS = 2.171

Ubase 

cos a( )
W 

sin(a)

Ubase ma
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River Dumoulin Levee Study Modified Bishop's Method Failure Surface #1-Case 2
g1 = 0.115  kcf g2 = 0  kcf

Coordinates of x = 18.07  ft c'1 = 0  ksf c'2 = 0  ksf ∆x circle= 16.2
Center of Circle y = 677.27  ft ø'1 = 29 ° ø'2 = 0 ° ∆y circle= 3.97

Radius of failure surface (r) = 15 ft F.S. = 2.244  assumed

Lt Side Rt side Lt Side Rt Side Lt Side Rt Side Vol. Slice Vol. Slice
Slice x coord x coord y coord y coord y coord y coord (g1) (g2) Yb Zb Yc Zc

bottom bottom top top cf/ft cf/ft ft ft ft ft
2 7 9 667.15 665.40 667.15 667.00 1.600 0.00 0.000 0.000 0.000 0.000
3 9 15 665.40 662.60 667.00 665.50 13.500 0.00 0.000 0.000 1.300 0.000
4 15 20 662.60 662.50 665.50 663.40 9.500 0.00 1.300 1.261 0.300 0.000
5 20 23.2 662.50 663.18 663.40 663.18 1.440 0.00 0.300 0.291 0.000 1.261

(1) (2) (3) (4) [(1)-(2)]tanø'+(3)
a a Ws Ww W C'a (4)

Slice ft degrees kips kips total kips kips
2 2 41.186 0.184 -0.150 0.034 0.023 0.000 0.000 0.000 0.915 0.021
3 6 25.017 1.553 0.206 1.758 0.744 0.000 0.000 0.000 1.011 0.964
4 5 1.146 1.092 0.250 1.342 0.027 0.197 0.197 0.000 1.005 0.632
5 3.2 -11.997 0.166 0.007 0.173 -0.036 0.037 0.036 0.000 0.927 0.082

∑ 0.757 ∑ 1.699
FS = 1.699 = 2.2436

0.757 FS = 2.244

Ubase 

cos a( )
W 

sin(a)

Ubase ma
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River Dumoulin Levee Study Modified Bishop's Method Failure Surface #1-Case 3
g1 = 0.115  kcf g2 = 0  kcf

Coordinates of x = 18.07  ft c'1 = 0  ksf c'2 = 0  ksf ∆x circle= 16.2
Center of Circle y = 677.27  ft ø'1 = 29 ° ø'2 = 0 ° ∆y circle= 3.97

Radius of failure surface (r) = 15 ft F.S. = 1.692  assumed

Lt Side Rt side Lt Side Rt Side Lt Side Rt Side Vol. Slice Vol. Slice
Slice x coord x coord y coord y coord y coord y coord (g1) (g2) Yb Zb Yc Zc

bottom bottom top top cf/ft cf/ft ft ft ft ft
2 7 9 667.15 665.40 667.15 667.00 1.600 0.00 0.000 0.000 0.000 0.000
3 9 15 665.40 662.60 667.00 665.50 13.500 0.00 0.000 0.000 2.900 0.000
4 15 20 662.60 662.50 665.50 663.40 9.500 0.00 2.900 2.813 0.900 0.000
5 20 23.2 662.50 663.18 663.40 663.18 1.440 0.00 0.900 0.873 0.000 2.813

(1) (2) (3) (4) [(1)-(2)]tanø'+(3)
a a Ws Ww W C'a (4)

Slice ft degrees kips kips total kips kips
2 2 41.186 0.184 0.200 0.384 0.253 0.000 0.000 0.000 0.968 0.220
3 6 25.017 1.553 0.842 2.395 1.013 0.000 0.000 0.000 1.045 1.271
4 5 1.146 1.092 0.593 1.685 0.034 0.439 0.439 0.000 1.006 0.687
5 3.2 -11.997 0.166 0.090 0.255 -0.053 0.376 0.368 0.000 0.910 -0.069

∑ 1.246 ∑ 2.108
FS = 2.108 = 1.69213

1.246 FS = 1.692

Ubase 

cos a( )
W 

sin(a)

Ubase ma
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River Dumoulin Levee Study Modified Bishop's Method Failure Surface #2-Case 1
g1 = 0.115  kcf g2 = 0  kcf

Coordinates of x = 17.08  ft c'1 = 0  ksf c'2 = 0  ksf ∆x circle= 21.4
Center of Circle y = 679.87  ft ø'1 = 29 ° ø'2 = 0 ° ∆y circle= 4.05

Radius of failure surface (r) = 18.5 ft F.S. = 2.674  assumed

Lt Side Rt side Lt Side Rt Side Lt Side Rt Side Vol. Slice Vol. Slice
Slice x coord x coord y coord y coord y coord y coord (g1) (g2) Yb Zb Yc Zc

bottom bottom top top cf/ft cf/ft ft ft ft ft
1 3.6 5 667.20 665.90 667.20 667.31 0.987 0.00 0.000 0.000 0.000 0.000
2 5 9 665.90 663.30 667.31 667.00 10.220 0.00 0.000 0.000 0.000 0.000
3 9 15 663.30 661.60 667.00 665.50 22.800 0.00 0.000 0.000 0.000 0.000
4 15 20 661.60 661.70 665.50 663.40 14.000 0.00 0.000 0.000 0.000 0.000
5 20 25 661.70 663.15 663.40 663.15 4.250 0.00 0.000 0.000 0.000 0.000

(1) (2) (3) (4) [(1)-(2)]tanø'+(3)
a a Ws Ww W C'a (4)

Slice ft degrees kips kips total kips kips
1 1.4 42.879 0.114 0.000 0.114 0.077 0.000 0.000 0.000 0.874 0.072
2 4 33.024 1.175 0.000 1.175 0.641 0.000 0.000 0.000 0.951 0.685
3 6 15.819 2.622 0.000 2.622 0.715 0.000 0.000 0.000 1.019 1.427
4 5 -1.146 1.610 0.000 1.610 -0.032 0.000 0.000 0.000 0.996 0.896
5 5 -16.172 0.489 0.000 0.489 -0.136 0.000 0.000 0.000 0.903 0.300

∑ 1.264 ∑ 3.380
FS = 3.380 = 2.67362

1.264 FS = 2.674

Ubase 

cos a( )
W 

sin(a)

Ubase ma
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River Dumoulin Levee Study Modified Bishop's Method Failure Surface #2-Case 2
g1 = 0.115  kcf g2 = 0  kcf

Coordinates of x = 17.08  ft c'1 = 0  ksf c'2 = 0  ksf ∆x circle= 21.4
Center of Circle y = 679.87  ft ø'1 = 29 ° ø'2 = 0 ° ∆y circle= 4.05

Radius of failure surface (r) = 18.5 ft F.S. = 2.081  assumed

Lt Side Rt side Lt Side Rt Side Lt Side Rt Side Vol. Slice Vol. Slice
Slice x coord x coord y coord y coord y coord y coord (g1) (g2) Yb Zb Yc Zc

bottom bottom top top cf/ft cf/ft ft ft ft ft
1 3.6 5 667.20 665.90 667.20 667.31 0.987 0.00 0.000 0.000 0.250 0.000
2 5 9 665.90 663.30 667.31 667.00 10.220 0.00 0.250 0.242 1.900 0.000
3 9 15 663.30 661.60 667.00 665.50 22.800 0.00 1.900 1.843 2.300 0.242
4 15 20 661.60 661.70 665.50 663.40 14.000 0.00 2.300 2.231 1.100 1.843
5 20 25 661.70 663.15 663.40 663.15 4.250 0.00 1.100 1.067 0.000 2.231

(1) (2) (3) (4) [(1)-(2)]tanø'+(3)
a a Ws Ww W C'a (4)

Slice ft degrees kips kips total kips kips
1 1.4 42.879 0.114 -0.008 0.105 0.072 0.000 0.000 0.000 0.914 0.064
2 4 33.024 1.175 0.268 1.444 0.787 0.036 0.030 0.000 0.984 0.796
3 6 15.819 2.622 0.885 3.507 0.956 0.456 0.439 0.000 1.035 1.643
4 5 -1.146 1.610 0.359 1.969 -0.039 0.636 0.635 0.000 0.994 0.743
5 5 -16.172 0.489 0.042 0.531 -0.148 0.321 0.309 0.000 0.886 0.139

∑ 1.627 ∑ 3.386
FS = 3.386 = 2.08083

1.627 FS = 2.081

Ubase 

cos a( )
W 

sin(a)

Ubase ma
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River Dumoulin Levee Study Modified Bishop's Method Failure Surface #2-Case 3
g1 = 0.115  kcf g2 = 0  kcf

Coordinates of x = 17.08  ft c'1 = 0  ksf c'2 = 0  ksf ∆x circle= 21.4
Center of Circle y = 679.87  ft ø'1 = 29 ° ø'2 = 0 ° ∆y circle= 4.05

Radius of failure surface (r) = 18.5 ft F.S. = 1.587  assumed

Lt Side Rt side Lt Side Rt Side Lt Side Rt Side Vol. Slice Vol. Slice
Slice x coord x coord y coord y coord y coord y coord (g1) (g2) Yb Zb Yc Zc

bottom bottom top top cf/ft cf/ft ft ft ft ft
1 3.6 5 667.20 665.90 667.20 667.31 0.987 0.00 0.000 0.000 1.410 0.000
2 5 9 665.90 663.30 667.31 667.00 10.220 0.00 1.410 1.367 3.700 0.000
3 9 15 663.30 661.60 667.00 665.50 22.800 0.00 3.700 3.588 3.900 1.367
4 15 20 661.60 661.70 665.50 663.40 14.000 0.00 3.900 3.782 1.700 3.588
5 20 25 661.70 663.15 663.40 663.15 4.250 0.00 1.700 1.649 0.000 3.782

(1) (2) (3) (4) [(1)-(2)]tanø'+(3)
a a Ws Ww W C'a (4)

Slice ft degrees kips kips total kips kips
1 1.4 42.879 0.114 0.062 0.175 0.119 0.000 0.000 0.000 0.971 0.100
2 4 33.024 1.175 0.638 1.813 0.988 0.204 0.171 0.000 1.029 0.885
3 6 15.819 2.622 1.601 4.223 1.151 1.085 1.044 0.000 1.057 1.666
4 5 -1.146 1.610 0.608 2.218 -0.044 1.150 1.150 0.000 0.993 0.597
5 5 -16.172 0.489 0.257 0.746 -0.208 0.882 0.847 0.000 0.863 -0.065

∑ 2.006 ∑ 3.183
FS = 3.183 = 1.58665

2.006 FS = 1.587

Ubase 

cos a( )
W 

sin(a)

Ubase ma
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River Dumoulin Levee Study Modified Bishop's Method Failure Surface #3-Case 1
g1 = 0.12  kcf g2 = 0  kcf

Coordinates of x = 16.13  ft c'1 = 0  ksf c'2 = 0  ksf ∆x circle= 16
Center of Circle y = 677.95  ft ø'1 = 29 ° ø'2 = 0 ° ∆y circle= 3.97

Radius of failure surface (r) = 15.4 ft F.S. = 2.403  assumed

Lt Side Rt side Lt Side Rt Side Lt Side Rt Side Vol. Slice Vol. Slice
Slice x coord x coord y coord y coord y coord y coord (g1) (g2) Yb Zb Yc Zc

bottom bottom top top cf/ft cf/ft ft ft ft ft
2 5 9 667.31 664.30 667.31 667.00 5.400 0.00 0.000 0.000 0.000 0.000
3 9 15 664.30 662.50 667.00 665.50 17.100 0.00 0.000 0.000 0.000 0.000
4 15 20 662.50 663.00 665.50 663.40 8.500 0.00 0.000 0.000 0.000 0.000
5 20 21 663.00 663.34 663.40 663.34 0.200 0.00 0.000 0.000 0.000 0.000

(1) (2) (3) (4) [(1)-(2)]tanø'+(3)
a a Ws Ww W C'a (4)

Slice ft degrees kips kips total kips kips
2 4 36.961 0.648 0.000 0.648 0.390 0.000 0.000 0.000 0.938 0.383
3 6 16.699 2.052 0.000 2.052 0.590 0.000 0.000 0.000 1.024 1.111
4 5 -5.711 1.020 0.000 1.020 -0.101 0.000 0.000 0.000 0.972 0.582
5 1 -18.778 0.024 0.000 0.024 -0.008 0.000 0.000 0.000 0.873 0.015

∑ 0.870 ∑ 2.091
FS = 2.091 = 2.40284

0.870 FS = 2.403

Ubase 

cos a( )
W 

sin(a)

Ubase ma
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River Dumoulin Levee Study Modified Bishop's Method Failure Surface #3-Case 2
g1 = 0.115  kcf g2 = 0  kcf

Coordinates of x = 16.13  ft c'1 = 0  ksf c'2 = 0  ksf ∆x circle= 16
Center of Circle y = 677.95  ft ø'1 = 29 ° ø'2 = 0 ° ∆y circle= 3.97

Radius of failure surface (r) = 15.4 ft F.S. = 2.562  assumed

Lt Side Rt side Lt Side Rt Side Lt Side Rt Side Vol. Slice Vol. Slice
Slice x coord x coord y coord y coord y coord y coord (g1) (g2) Yb Zb Yc Zc

bottom bottom top top cf/ft cf/ft ft ft ft ft
2 5 9 667.31 664.30 667.31 667.00 5.400 0.00 0.000 0.000 0.000 0.000
3 9 15 664.30 662.50 667.00 665.50 17.100 0.00 0.000 0.000 0.000 0.000
4 15 20 662.50 663.00 665.50 663.40 8.500 0.00 0.000 0.000 0.000 0.000
5 20 21 663.00 663.34 663.40 663.34 0.200 0.00 0.000 0.000 0.000 0.000

(1) (2) (3) (4) [(1)-(2)]tanø'+(3)
a a Ws Ww W C'a (4)

Slice ft degrees kips kips total kips kips
2 4 36.961 0.621 -0.053 0.568 0.341 0.000 0.000 0.000 0.929 0.339
3 6 16.699 1.967 0.431 2.397 0.689 0.000 0.000 0.000 1.020 1.303
4 5 -5.711 0.977 0.192 1.170 -0.116 0.000 0.000 0.000 0.974 0.666
5 1 -18.778 0.023 0.000 0.023 -0.007 0.000 0.000 0.000 0.877 0.015

∑ 0.906 ∑ 2.322
FS = 2.322 = 2.56167

0.906 FS = 2.562

Ubase 

cos a( )
W 

sin(a)

Ubase ma
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River Dumoulin Levee Study Modified Bishop's Method Failure Surface #3-Case 3
g1 = 0.115  kcf g2 = 0  kcf

Coordinates of x = 16.13  ft c'1 = 0  ksf c'2 = 0  ksf ∆x circle= 16
Center of Circle y = 677.95  ft ø'1 = 29 ° ø'2 = 0 ° ∆y circle= 3.97

Radius of failure surface (r) = 15.4 ft F.S. = 2.362  assumed

Lt Side Rt side Lt Side Rt Side Lt Side Rt Side Vol. Slice Vol. Slice
Slice x coord x coord y coord y coord y coord y coord (g1) (g2) Yb Zb Yc Zc

bottom bottom top top cf/ft cf/ft ft ft ft ft
2 5 9 667.31 664.30 667.31 667.00 5.400 0.00 0.000 0.000 0.000 0.000
3 9 15 664.30 662.50 667.00 665.50 17.100 0.00 0.000 0.000 0.000 0.000
4 15 20 662.50 663.00 665.50 663.40 8.500 0.00 0.000 0.000 0.000 0.000
5 20 21 663.00 663.34 663.40 663.34 0.200 0.00 0.000 0.000 0.000 0.000

(1) (2) (3) (4) [(1)-(2)]tanø'+(3)
a a Ws Ww W C'a (4)

Slice ft degrees kips kips total kips kips
2 4 36.961 0.621 0.337 0.958 0.576 0.000 0.000 0.000 0.940 0.565
3 6 16.699 1.967 1.067 3.034 0.872 0.000 0.000 0.000 1.025 1.640
4 5 -5.711 0.977 0.468 1.445 -0.144 0.000 0.000 0.000 0.972 0.825
5 1 -18.778 0.023 0.012 0.035 -0.011 0.000 0.000 0.000 0.871 0.023

∑ 1.292 ∑ 3.052
FS = 3.052 = 2.36151

1.292 FS = 2.362

Ubase 

cos a( )
W 

sin(a)

Ubase ma
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Photo 1 
 
Site:  River Dumoulin Levee Study, 
Incorporated Lisle, DuPage County, 
IL 
 
Date:  January 30, 2012 
 
Description:  Land side of east levee, 
facing south, between Maple Ave 
and Short St. 
 
Investigator: Engineering Resource 
Associates, Inc. (D.Matter) 

Photo 2 
 
Site:  River Dumoulin Levee Study, 
Incorporated Lisle, DuPage County, 
IL 
 
Date:  January 30, 2012 
 
Description:  Crest of east levee, 
facing south, between Maple Ave 
and Short St. 
 
Investigator: Engineering Resource 
Associates, Inc. (D.Matter) 

Photo 3 
 
Site:  River Dumoulin Levee Study, 
Incorporated Lisle, DuPage County, 
IL 
 
Date:  January 30, 2012 
 
Description:  Crest of east levee, 
facing north, between Maple Ave 
and Short St at pedestrian bridge, 
near soil boring B-2. 
 
Investigator: Engineering Resource 
Associates, Inc. (D.Matter) 
 

Photos 
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Photo 4 
 
Site:  River Dumoulin Levee Study, 
Incorporated Lisle, DuPage County, 
IL 
 
Date:  January 30, 2012 
 
Description:  River side of east 
levee, facing northwest, between 
Maple Ave and Short St at pedes-
trian bridge, near soil boring B-2. 
 
Investigator: Engineering Resource 
Associates, Inc. (D.Matter) 

Photo 5 
 
Site:  River Dumoulin Levee Study, 
Incorporated Lisle, DuPage County, 
IL 
 
Date:  January 30, 2012 
 
Description:  Crest of east levee, 
facing south, between Maple Ave 
and Short St, near soil boring B-1. 
 
Investigator: Engineering Resource 
Associates, Inc. (D.Matter) 

Photo 6 
 
Site:  River Dumoulin Levee Study, 
Incorporated Lisle, DuPage County, 
IL 
 
Date:  January 30, 2012 
 
Description:  River side of east 
levee, facing north, between Maple 
Ave and Short St, near soil boring B-
1. 
 
Investigator: Engineering Resource 
Associates, Inc. (D.Matter) 

DRAFT



 

 

Photo 7 
 
Site:  River Dumoulin Levee Study, 
Incorporated Lisle, DuPage County, 
IL 
 
Date:  January 30, 2012 
 
Description:  Crest of east levee, 
facing north, between Maple Ave 
and Short St, at soil boring B-1. 
 
Investigator: Engineering Resource 
Associates, Inc. (D.Matter) 

Photo 8 
 
Site:  River Dumoulin Levee Study, 
Incorporated Lisle, DuPage County, 
IL 
 
Date:  January 30, 2012 
 
Description:  Land side of east levee, 
facing northeast, between Maple Ave 
and Short St across from pedestrian 
bridge, near soil boring B-2. 
 
Investigator: Engineering Resource 
Associates, Inc. (D.Matter) 

Photo 9 
 
Site:  River Dumoulin Levee Study, 
Incorporated Lisle, DuPage County, 
IL 
 
Date:  January 30, 2012 
 
Description:  Land side of east levee, 
facing northeast, between Maple Ave 
and Short St across from pedestrian 
bridge, near soil boring B-2. 
 
Investigator: Engineering Resource 
Associates, Inc. (D.Matter) 

DRAFT



 

 

Photo 10 
 
Site:  River Dumoulin Levee Study, 
Incorporated Lisle, DuPage County, 
IL 
 
Date:  January 30, 2012 
 
Description:  River side of east 
levee, facing east, between Maple 
Ave and Short St, north of pedestrian 
bridge, showing Village sewer loca-
tion. 
 
Investigator: Engineering Resource 
Associates, Inc. (D.Matter) 

Photo 11 
 
Site:  River Dumoulin Levee Study, 
Incorporated Lisle, DuPage County, 
IL 
 
Date:  January 30, 2012 
 
Description:  Crest of east levee, 
facing north, just south of Short St, 
near boring B-3. 
 
Investigator: Engineering Resource 
Associates, Inc. (D.Matter) 

Photo 12 
 
Site:  River Dumoulin Levee Study, 
Incorporated Lisle, DuPage County, 
IL 
 
Date:  January 30, 2012 
 
Description:  Crest of east levee, 
facing north, just south of Short St, 
near boring B-3, showing multiple 
utilities. 
 
Investigator: Engineering Resource 
Associates, Inc. (D.Matter) 

DRAFT



 

 

Photo 13 
 
Site:  River Dumoulin Levee Study, 
Incorporated Lisle, DuPage County, 
IL 
 
Date:  January 30, 2012 
 
Description:  Crest of east levee, 
facing north, just south of Short St, 
near boring B-3, showing multiple 
utilities. 
 
Investigator: Engineering Resource 
Associates, Inc. (D.Matter) 

Photo 14 
 
Site:  River Dumoulin Levee Study, 
Incorporated Lisle, DuPage County, 
IL 
 
Date:  January 30, 2012 
 
Description:  River side of east 
levee, facing west, just north of Short 
St, showing Village sewer location. 
 
Investigator: Engineering Resource 
Associates, Inc. (D.Matter) 

Photo 15 
 
Site:  River Dumoulin Levee Study, 
Incorporated Lisle, DuPage County, 
IL 
 
Date:  January 30, 2012 
 
Description:  Crest of east levee, 
facing north, just north of Short St. 
 
Investigator: Engineering Resource 
Associates, Inc. (D.Matter) 

DRAFT



 

 

Photo 16 
 
Site:  River Dumoulin Levee Study, 
Incorporated Lisle, DuPage County, 
IL 
 
Date:  January 30, 2012 
 
Description:  Crest of east levee, 
facing north, between Short St and 
the railroad tracks, showing Village 
sewer location. 
 
Investigator: Engineering Resource 
Associates, Inc. (D.Matter) 

Photo 17 
 
Site:  River Dumoulin Levee Study, 
Incorporated Lisle, DuPage County, 
IL 
 
Date:  January 30, 2012 
 
Description:  Crest of east levee, 
facing north, between Short St and 
the railroad tracks, near boring B-4. 
 
Investigator: Engineering Resource 
Associates, Inc. (D.Matter) 

Photo 18 
 
Site:  River Dumoulin Levee Study, 
Incorporated Lisle, DuPage County, 
IL 
 
Date:  January 30, 2012 
 
Description:  Crest of east levee, 
facing north, between Short St and 
the railroad tracks, showing woody 
vegetation established on levee. 
 
Investigator: Engineering Resource 
Associates, Inc. (D.Matter) 

DRAFT



 

 

Photo 19 
 
Site:  River Dumoulin Levee Study, 
Incorporated Lisle, DuPage County, 
IL 
 
Date:  January 30, 2012 
 
Description:  Crest of east levee, 
facing north, between Short St and 
the railroad tracks, near boring B-5. 
 
Investigator: Engineering Resource 
Associates, Inc. (D.Matter) 

Photo 20 
 
Site:  River Dumoulin Levee Study, 
Incorporated Lisle, DuPage County, 
IL 
 
Date:  January 30, 2012 
 
Description:  Crest of east levee, 
facing north, between Short St and 
the railroad tracks, at boring B-5.  
Note woody vegetation established 
on levee. 
 
Investigator: Engineering Resource 
Associates, Inc. (D.Matter) 

Photo 21 
 
Site:  River Dumoulin Levee Study, 
Incorporated Lisle, DuPage County, 
IL 
 
Date:  January 30, 2012 
 
Description:  River side of east 
levee, facing north, just north of the 
railroad tracks, showing woody vege-
tation established on levee. 
 
Investigator: Engineering Resource 
Associates, Inc. (D.Matter) 

DRAFT



 

 

Photo 22 
 
Site:  River Dumoulin Levee Study, 
Incorporated Lisle, DuPage County, 
IL 
 
Date:  January 30, 2012 
 
Description:  Crest of east levee, 
facing north, between railroad tracks 
and Burlington Ave, showing woody 
vegetation, power poles, and fence 
on levee. 
 
Investigator: Engineering Resource 
Associates, Inc. (D.Matter) 

Photo 23 
 
Site:  River Dumoulin Levee Study, 
Incorporated Lisle, DuPage County, 
IL 
 
Date:  January 30, 2012 
 
Description:  Crest of east levee, 
facing south, just north of the railroad 
tracks, showing woody vegetation 
and bridge abutments. 
 
Investigator: Engineering Resource 
Associates, Inc. (D.Matter) 

Photo 24 
 
Site:  River Dumoulin Levee Study, 
Incorporated Lisle, DuPage County, 
IL 
 
Date:  January 30, 2012 
 
Description:  Corner of River 
Dumoulin Levee (east side) and St 
Joseph Creek Levee, between 
Ogden Ave and Lacey Ave, facing 
east, showing woody vegetation and 
fence on levee. 
 
Investigator: Engineering Resource 
Associates, Inc. (D.Matter) 

DRAFT



 

 

Photo 25 
 
Site:  River Dumoulin Levee Study, 
Incorporated Lisle, DuPage County, 
IL 
 
Date:  January 30, 2012 
 
Description:  Corner of River 
Dumoulin Levee (east side) and St 
Joseph Creek Levee, between 
Ogden Ave and Lacey Ave, facing 
southeast, showing woody vegeta-
tion, power poles and fence on 
levee. 
 
Investigator: Engineering Resource 
Associates, Inc. (D.Matter) 

Photo 26 
 
Site:  River Dumoulin Levee Study, 
Incorporated Lisle, DuPage County, 
IL 
 
Date:  January 30, 2012 
 
Description:  River side of  east 
levee, between Ogden Ave and 
Lacey Ave, facing south, showing 
woody vegetation, power poles and 
fence on levee. 
 
Investigator: Engineering Resource 
Associates, Inc. (D.Matter) 

Photo 27 
 
Site:  River Dumoulin Levee Study, 
Incorporated Lisle, DuPage County, 
IL 
 
Date:  January 30, 2012 
 
Description:  Crest of east levee, 
facing south, at terminal end of 
Lacey Ave, showing woody vegeta-
tion, power poles, and utilities on 
levee. 
 
Investigator: Engineering Resource 
Associates, Inc. (D.Matter) 

DRAFT



 

 

Photo 28 
 
Site:  River Dumoulin Levee Study, 
Incorporated Lisle, DuPage County, 
IL 
 
Date:  January 30, 2012 
 
Description:  View of west levee 
(from east bank), facing west, at ter-
minal end of Lacey Ave, showing 
pump station and power poles on 
levee. 
 
Investigator: Engineering Resource 
Associates, Inc. (D.Matter) 

Photo 29 
 
Site:  River Dumoulin Levee Study, 
Incorporated Lisle, DuPage County, 
IL 
 
Date:  January 30, 2012 
 
Description:  Crest of east levee, 
facing north, at terminal end of Lacey 
Ave, showing pump station and 
power poles on levee. 
 
 
Investigator: Engineering Resource 
Associates, Inc. (D.Matter) 

Photo 30 
 
Site:  River Dumoulin Levee Study, 
Incorporated Lisle, DuPage County, 
IL 
 
Date:  January 30, 2012 
 
Description:  Crest of east levee, 
facing south, just south of Lacey 
Ave, showing power poles, woody 
vegetation, and garden on levee. 
 
Investigator: Engineering Resource 
Associates, Inc. (D.Matter) 

DRAFT



 

 

Photo 31 
 
Site:  River Dumoulin Levee Study, 
Incorporated Lisle, DuPage County, 
IL 
 
Date:  January 30, 2012 
 
Description:  Crest of east levee, 
facing east, between Lacey Ave and 
St Joseph Creek, showing power 
poles, woody vegetation, and fence 
on levee. 
 
Investigator: Engineering Resource 
Associates, Inc. (D.Matter) 

Photo 32 
 
Site:  River Dumoulin Levee Study, 
Incorporated Lisle, DuPage County, 
IL 
 
Date:  January 30, 2012 
 
Description:  River side of east 
levee, facing south, between Lacey 
Ave and St Joseph Creek, showing  
woody vegetation on levee. 
 
Investigator: Engineering Resource 
Associates, Inc. (D.Matter) 

Photo 33 
 
Site:  River Dumoulin Levee Study, 
Incorporated Lisle, DuPage County, 
IL 
 
Date:  January 30, 2012 
 
Description:  River side of east 
levee, facing north, just north of 
Lacey Ave, showing power poles, 
woody vegetation, and fence on 
levee. 
 
Investigator: Engineering Resource 
Associates, Inc. (D.Matter) 

DRAFT



 

 

Photo 34 
 
Site:  River Dumoulin Levee Study, 
Incorporated Lisle, DuPage County, 
IL 
 
Date:  January 30, 2012 
 
Description:  Crest of east levee, 
facing north, between Lacey Ave and 
Middleton Ave, showing power poles 
and woody vegetation on levee. 
 
Investigator: Engineering Resource 
Associates, Inc. (D.Matter) 

Photo 35 
 
Site:  River Dumoulin Levee Study, 
Incorporated Lisle, DuPage County, 
IL 
 
Date:  January 30, 2012 
 
Description:  Crest of east levee, 
facing north, just south of Middleton 
Ave, showing power poles and 
woody vegetation on levee. 
 
Investigator: Engineering Resource 
Associates, Inc. (D.Matter) 

Photo 36 
 
Site:  River Dumoulin Levee Study, 
Incorporated Lisle, DuPage County, 
IL 
 
Date:  January 30, 2012 
 
Description:  Corner where east 
levee bends east along Middleton 
Ave, at Middleton Ave (where water 
main was installed), facing east, 
showing woody vegetation on levee. 
 
Investigator: Engineering Resource 
Associates, Inc. (D.Matter) 

DRAFT



 

 

Photo 37 
 
Site:  River Dumoulin Levee Study, 
Incorporated Lisle, DuPage County, 
IL 
 
Date:  January 30, 2012 
 
Description:  Land side of east levee, 
at terminal end of Lacey Ave, facing 
east, showing pump station at toe of 
levee. 
 
Investigator: Engineering Resource 
Associates, Inc. (D.Matter) 

Photo 38 
 
Site:  River Dumoulin Levee Study, 
Incorporated Lisle, DuPage County, 
IL 
 
Date:  January 30, 2012 
 
Description:  River side of west 
levee, between Lacey Ave and Mid-
dleton Ave, facing north, showing 
woody vegetation and fence on 
levee. 
 
Investigator: Engineering Resource 
Associates, Inc. (D.Matter) 

Photo 39 
 
Site:  River Dumoulin Levee Study, 
Incorporated Lisle, DuPage County, 
IL 
 
Date:  January 30, 2012 
 
Description:  River side of west 
levee, between Lacey Ave and Mid-
dleton Ave, facing north, showing 
woody vegetation and power poles 
on levee. Note pier on shoreline. 
 
Investigator: Engineering Resource 
Associates, Inc. (D.Matter) 

DRAFT



 

 

Photo 40 
 
Site:  River Dumoulin Levee Study, 
Incorporated Lisle, DuPage County, 
IL 
 
Date:  January 30, 2012 
 
Description:  River side of west 
levee, just south of Lacey Ave, fac-
ing south, showing woody vegetation 
and a fence on levee.  
 
Investigator: Engineering Resource 
Associates, Inc. (D.Matter) 

Photo 41 
 
Site:  River Dumoulin Levee Study, 
Incorporated Lisle, DuPage County, 
IL 
 
Date:  January 30, 2012 
 
Description:  Crest of west levee, just 
north of Ogden Ave, facing south, 
showing woody vegetation along 
streambank and house on levee.  
 
Investigator: Engineering Resource 
Associates, Inc. (D.Matter) 

Site:  River Dumoulin Levee Study, 
Incorporated Lisle, DuPage County, 
IL 
 
Date:  January 30, 2012 
 
Description:  Crest of west levee, 
between Ogden Ave and Lacey Ave, 
facing north, near boring B-14.  
 
Investigator: Engineering Resource 
Associates, Inc. (D.Matter) 

DRAFT



 

 

Photo 43 
 
Site:  River Dumoulin Levee Study, 
Incorporated Lisle, DuPage County, 
IL 
 
Date:  January 30, 2012 
 
Description:  View of corner of east 
levee and St Joseph Creek Levee, at 
mouth of St Joseph Creek, facing 
northeast, showing woody vegetation 
on levee.  
 
Investigator: Engineering Resource 
Associates, Inc. (D.Matter) 

Photo 44 
 
Site:  River Dumoulin Levee Study, 
Incorporated Lisle, DuPage County, 
IL 
 
Date:  January 30, 2012 
 
Description:  View of east levee 
(south of St Joseph Creek) and river 
side of west levee, facing southeast 
(from west side), showing woody 
vegetation and power poles on 
levee.  
 
Investigator: Engineering Resource 
Associates, Inc. (D.Matter) 

Photo 45 
 
Site:  River Dumoulin Levee Study, 
Incorporated Lisle, DuPage County, 
IL 
 
Date:  January 30, 2012 
 
Description:  View of corner of east 
levee and St Joseph Creek Levee, at 
mouth of St Joseph Creek, facing 
northeast, showing woody vegetation 
and power poles on levee.  
 
Investigator: Engineering Resource 
Associates, Inc. (D.Matter) 
 

DRAFT



 

 

Photo 46 
 
Site:  River Dumoulin Levee Study, 
Incorporated Lisle, DuPage County, 
IL 
 
Date:  January 30, 2012 
 
Description:  Crest of east levee, 
facing south, just south of Ogden 
Ave, near boring B-7, showing  
woody vegetation on levee and bill-
board at toe of levee. 
 
Investigator: Engineering Resource 
Associates, Inc. (D.Matter) 

Photo 47 
 
Site:  River Dumoulin Levee Study, 
Incorporated Lisle, DuPage County, 
IL 
 
Date:  January 30, 2012 
 
Description:  View of west levee, fac-
ing west, just south of Ogden Ave, 
showing  woody vegetation on levee. 
 
Investigator: Engineering Resource 
Associates, Inc. (D.Matter) 

Photo 48 
 
Site:  River Dumoulin Levee Study, 
Incorporated Lisle, DuPage County, 
IL 
 
Date:  January 30, 2012 
 
Description:  View of west levee, fac-
ing southwest, just south of Ogden 
Ave, showing  woody vegetation on 
levee. 
 
Investigator: Engineering Resource 
Associates, Inc. (D.Matter) 

DRAFT



 

 

Photo 49 
 
Site:  River Dumoulin Levee Study, 
Incorporated Lisle, DuPage County, 
IL 
 
Date:  January 30, 2012 
 
Description:  River side of east 
levee, facing north, between Ogden 
Ave and Burlington Ave, showing  
woody vegetation and staircase on 
levee. 
 
Investigator: Engineering Resource 
Associates, Inc. (D.Matter) 

Photo 50 
 
Site:  River Dumoulin Levee Study, 
Incorporated Lisle, DuPage County, 
IL 
 
Date:  January 30, 2012 
 
Description:  River side of east 
levee, facing south, between Ogden 
Ave and Burlington Ave, showing  
woody vegetation and pump station 
on levee. 
 
Investigator: Engineering Resource 
Associates, Inc. (D.Matter) 

Photo 51 
 
Site:  River Dumoulin Levee Study, 
Incorporated Lisle, DuPage County, 
IL 
 
Date:  January 30, 2012 
 
Description:  River side of east 
levee, facing north, between Ogden 
Ave and Burlington Ave, showing  
woody vegetation on levee. 
 
Investigator: Engineering Resource 
Associates, Inc. (D.Matter) 

DRAFT



 

 

Photo 52 
 
Site:  River Dumoulin Levee Study, 
Incorporated Lisle, DuPage County, 
IL 
 
Date:  January 30, 2012 
 
Description:  View of west levee, fac-
ing northwest, between Ogden Ave 
and Burlington Ave, showing  woody 
vegetation and power poles on 
levee. 
 
Investigator: Engineering Resource 
Associates, Inc. (D.Matter) 

Photo 53 
 
Site:  River Dumoulin Levee Study, 
Incorporated Lisle, DuPage County, 
IL 
 
Date:  January 30, 2012 
 
Description:  View of west levee, fac-
ing southwest, between Ogden Ave 
and Burlington Ave, showing  woody 
vegetation, pump station, and power 
poles on levee. 
 
Investigator: Engineering Resource 
Associates, Inc. (D.Matter) 

Photo 54 
 
Site:  River Dumoulin Levee Study, 
Incorporated Lisle, DuPage County, 
IL 
 
Date:  January 30, 2012 
 
Description:  Crest of east levee, 
facing north, just north of Burlington 
Ave, near boring B-16, showing  gas 
utility location. 
 
Investigator: Engineering Resource 
Associates, Inc. (D.Matter) 

DRAFT



 

 

Photo 55 
 
Site:  River Dumoulin Levee Study, 
Incorporated Lisle, DuPage County, 
IL 
 
Date:  January 30, 2012 
 
Description:  River side of east 
levee, facing south, just south of Bur-
lington Ave, showing  woody vegeta-
tion on levee. 
 
Investigator: Engineering Resource 
Associates, Inc. (D.Matter) 
 

Photo 56 
 
Site:  River Dumoulin Levee Study, 
Incorporated Lisle, DuPage County, 
IL 
 
Date:  January 30, 2012 
 
Description:  Crest of west levee, 
facing south, just south of Burlington 
Ave, showing  woody vegetation and 
guard rail on levee. 
 
Investigator: Engineering Resource 
Associates, Inc. (D.Matter) 

Photo 57 
 
Site:  River Dumoulin Levee Study, 
Incorporated Lisle, DuPage County, 
IL 
 
Date:  January 30, 2012 
 
Description:  Crest of west levee, 
facing north, just north of Burlington 
Ave, near boring B-16, showing  gas 
utility location. 
 
Investigator: Engineering Resource 
Associates, Inc. (D.Matter) 

DRAFT




