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APPENDIX F: GEOTECHNICAL ANALYSIS 
FOREST VIEW, IL 

SECTION 205 FLOOD RISK MANAGEMENT 

 

INTRODUCTION 

1.   For the Forest View, IL Section 205 project, this Geotechnical Appendix was developed 
to investigate the subsurface factors that would influence the project construction, cost, and 
feasibility.  The existing Lyons Levee is discussed based on the existing condition 
compared to USACE levee standards.   

 

GEOLOGY 

2.  The geology of the Chicago area is largely a consequence of a series of continental 
glacial advances and retreats.  During the most recent glaciations, the Wisconsinan, the 
area was covered by several thousand feet of ice of the Lake Michigan lobe.  The area had 
been covered with surficial deposits up to 300 feet thick that were deposited by glaciers 
and higher level stages of Lake Michigan.  Bedrock typically consists of sedimentary 
dolomitic limestone, dolomite shale, and sandstone.   

3.  Based on the Illinois State Geological Survey, Surficial Geology of the Chicago Region 
Map (1970), the majority of the project is within the Glacial Sluiceway (sl) and Lake Plain 
(lp), with the Cahokia Alluvium (c) and exposed bedrock (S) regions nearby.  Descriptions 
of each of these regions are included below.    
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Figure 1.  Soil Type Map of Project Area (1970) 

 Glacial Sluiceway – Erosional channels; mostly outlets of glacial lakes where cut 
into till; where cut into bedrock, as along Illinois, Des Plaines, and Kankakee 
Valleys, the bedrock formation is mapped instead; contains local deposits (mostly 
bars) of sand and gravel of the Henry Formation. 

 Cahokia Alluvium – Deposits in floodplains and channels of modern rivers and 
streams; mostly poorly sorted silt and sand containing local deposits of sandy 
gravel; in many places overlies relatively well sorted glacial outwash of the Henry 
Formation.  

 Lake Plain – Floors of glacial lakes flattened by wave erosion and by minor 
deposition in low areas; largely underlain by glacial till; thin deposits of silt, clay, 
and sand of the Equality Formation present locally. 

 Racine (top), Waukesha, Joliet, Kankakee, and Edgewood Formations – Largely 
dolomite, slightly to moderately argillaceous with scattered chert nodules; Racine 
Formation contains large reefs of massive to well bedded pure dolomite; minor beds 
of shale and shaly dolomite in lower part and locally bordering reefs in upper part; 
partly limestone in places near Kankakee Valley; fills pre-Silurian valleys as much 
as 100 feet deep in Maquoketa Shale in some areas.   

Project Area 
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4.  The Natural Resources Conservation Service website 
(http://websoilsurvey.sc.egov.usda.gov/App/HomePage.htm) was also used to develop a 
soil survey map below.  This source provides general data of the predominant soil 
classification in an area.   

 
Figure 2.  NRCS Soils Map 

Table 1.  NRCS soils identified 
Map Unit 
Symbol 

Map Unit Name Acres within 
Area of Interest 

Percent of Area 
of Interest 

69A* Milford silty clay loam, 0 to 2 percent slopes 4.5 1.7% 
125A* Selma loam, 0 to 2 percent slopes 10.3 3.9% 
172A Hoopeston fine sandy loam, 0 to 2 percent slopes 78.0 29.4% 
442A Mundelein silt loan 0 to 2 percent slopes 9.7 3.7% 
533 Urban land 55.2 20.8% 
741B Oakville fine sand, 1 to 6 percent slopes 13.7 5.2% 
805D Orthents, clayey, rolling 1.3 0.5% 
1107A* Sawmill silty clay loam, undrained, 0 to 2 percent 

slopes, frequently flooded 
67.7 25.5% 

3451A Lawson silt loam 0 to 2 percent slopes, frequently 
flooded 

3.2 1.2% 

W Water 21.9 8.2% 
*Identified as likely hydric soil 
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5.  As shown on Figure 2 above, the majority of the soils beneath the existing Lyons Levee 
is considered Sawmill silty clay loam, which is defined as nearly level, poorly drained soil 
on flood plains along rivers and streams and generally consists of firm silty clay loam.  The 
northern end of the existing Lyons Levee sits upon Lawson silt loam, which is defined as 
somewhat poorly drained soils in silty alluvium on flood plains and upland drainageways 
that consists of firm silt loam.   

6.  The majority of the remaining park area is considered Hoopeston fine sandy loam, which 
is defined as nearly level, somewhat poorly drained on broad plains on uplands and on 
benches along streams; mostly fine sandy loam and loam.  There is a swath of Oakville 
fine sand that runs through the northern portion of the site, which is well drained and very 
rapidly permeable soils on sand ridges.  The southeast portion of the site consists of 
Mundelein silt loam (nearly level, somewhat poorly drained on very low ridges or knolls 
and in shallow depressions on outwash plains and on benches along streams; firm silty 
clay), as well as Selma loam and Milford silty clay loam.  Selma and Milford types are 
described as level, poorly drained on uplands on smooth flat glacial lake plains and in 
shallow depressions and drainageways; mostly firm clays with varying amounts of silt and 
sand).  The rest of the soils identified are all along Harlem Ave and across the MWRD 
drying bed site.  These soils are identified as urban land and orthents; which means these 
areas have been disturbed by filling, excavating, etc.   

7.  The NRCS map was also checked to determine the extent of hydric soils onsite.  Hydric 
soils are soils that formed under conditions of saturation, flooding, or ponding long enough 
during the growing season to develop anaerobic conditions in the upper part.  Of the soil 
types identified in Table 1; Milford silty clay loam, Selma loam, and Sawmill silty clay 
loam were identified as having geomorphic conditions that would classify them as hydric 
such as being on a flood plain, outwash plain, or lake plain.  These three soil types generally 
comprise the southwestern half of the site shown in Figure 2.   

8.  The main takeaways from the geology maps presented above include the Oakville fine 
sand and Hoopeston fine sandy loam soils present on the site.  If a new levee is constructed 
over either of these areas, there is an increased risk of underseepage without onsite 
verification.  Local variations can be present, and subsurface investigations can identify 
them.  Several soil borings were completed along the existing Lyons Levee to better 
identify areas which are discussed below.   

 

LOCAL GEOLOGY 

9.  For the levee assessment report completed in 2012, AECOM was contracted by USACE 
in 2011 to perform eleven soil borings along the crest and landside toe of the existing Lyons 
Levee (Reference 2).  Then in 2014, AECOM subcontracted Strata to perform eleven 
additional borings on the crest and landside toe, as well (Reference 1).  Borings at the toe 
encountered about 6 to 12 inches of topsoil.  Beneath the topsoil or at the surface of the 
trail, each boring encountered varying amounts of fill which was used to construct the 
levee. The fill consists of mostly stiff to hard silty clay with trace amounts of sand, gravel, 
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roots, organics, topsoil, and bricks.   Some layers of the fill encountered were primarily 
organic clay, silty sand, clayey sand, and sand.  Only LL-11-03 which was completed at 
the toe did not encounter any fill material.  Fill extended between 5 and 18 ft thick where 
it was encountered.  

10.  Beneath the fill materials, most borings encountered very stiff to hard native clay with 
intermittent layers of coarser grained materials.  There are several layers of gravel (GP) 
with the thickest layer at about 7-½ feet.  In addition to gravel, clayey sand, silty sand, and 
clayey gravel are present in the native subsurface.  In the borings to the north, auger refusal 
was encountered due to apparent bedrock between about elevations 589 and 592 NAVD88.  
The remaining borings were terminated in soil between elevations 550.5 to 579 NAVD88.  

11.  A map showing the locations of the soil borings, as well as, a profile drawing of the 
subsurface conditions are included in Attachment 1.   

12.  The levee was likely constructed with fills excavated from near the site due to 
similarities in composition to the native soils.  The fill soil was typically composed of silty 
clay with trace amounts of sand, gravel, roots, organics, topsoil, wood, and bricks.  The 
levee stratum also included interspersed layers of silty sand, organic silty clay, sand, and 
clayey sand.  The AECOM report (Reference 1) states the fill was likely placed in an 
engineered manner based on the results of calibrated Penetrometer readings and visual 
observations.   
 
 
Groundwater 

13.  Soil borings completed along the existing Lyons Levee recorded the groundwater 
elevation as it was encountered during drilling.  The results are shown in Table 2 below.   
 
Table 2.  Groundwater Elevations 

Boring Number, 
moving North to 
South along 
alignment 

Water Depth from 
Surface while 
Sampling (ft) 

Water Level 
Elevation while 
Sampling (NAVD88) 

P-1 Dry  Below 591.0+ 
LL-11-01 Dry Below 589.0+ 
P-2 13.5 588.1 
P-3 Dry  Below 591.1+ 
LL-11-02 Dry Below 592.3+ 
P-4 13 589.0 
LL-11-03 Dry Below 589.3+ 
P-5 15 586.5 
ACM-1 Dry Below 587.4+ 
P-8 Dry  Below 586.0+ 
LL-11-04 Dry Below 589.7+ 
P-9 15 587.0 
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LL-11-05 16 587.4 
P-10 15 580.5 
LL-11-06 10 587.0 
LL-11-07 15 587.2 
ACM-2 18 582.5 
LL-11-08 15 586.0 
LL-11-09 19 583.4 
ACM-3 n/a Below 589.0* 
LL-11-10A n/a Below 588.7* 
LL-11-11 19 584.7 
Average -- 585.8 

+These borings encountered refusal on apparent bedrock prior to encountering groundwater 
*These borings introduced water for drilling prior to encountering groundwater 
 
14.  Most of the borings were completed on the levee crest, so the measured ground surface 
is higher than the natural ground.  The natural ground surface ranges from about 600 to 
590 ft NAVD88, generally sloping down north to south. Water level can fluctuate over 
time and may be different than what was measured in Table 2.  Additionally, the Des 
Plaines River normal stage elevation around 596 ft NAVD88, which is about 10 ft above 
the apparent groundwater measured in the borings.  There are also several areas of standing 
water that are shown on the Figure 2.   
 
 

EXISTING LEVEE 

15.  The existing Lyons Levee was constructed roughly 100 years ago and has had minimal 
maintenance since then.  It is about 4,000 foot long and ranges in height from 0 to 12 feet, 
with an average around 10 feet.  The crest ranges from about 10 to 25 feet wide, with most 
cross sections around 20 feet.  The side slopes have a minimum slope ratio of about 2.5H: 
1V and are generally above 3H: 1V.  Although it appears that the levee has not failed during 
past flood events, trees, animal burrows, unmaintained concrete structures, and general 
lack of maintenance have created a significant risk of future failure. 
 
16.  The levee was inspected via the USACE process for certifying non-USACE 
constructed levees on March 16, 2012.  This inspection is included in the Levee 
Assessment Report in Reference 3.  Based on this inspection, several deficiencies were 
noted that would prevent the existing levee from meeting USACE standards; Public 
Sponsor, Vegetation, Encroachments, Hydraulic Modeling, and Seepage.  To achieve ‘Plan 
1 – Levee Repair and Improvement’, the following corrections would have to be made.   
 
 
Public Sponsor 

17.  When USACE inspected the existing levee in 2012, there was no public sponsor 
performing maintenance and the levee was in disrepair such as fallen trees across the crest.  
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Based on the tree growth in the slopes, there probably hasn’t been any maintenance in 
decades.  In addition to neglect of maintenance, lack of a public sponsor means there is 
nobody to perform inspections, repairs, or emergency action during a high water event.  
Documents such as an Emergency Action Plan and O&M Manual that would be prepared 
for/by a public sponsor are absent, as well.   
 
18.  After the USACE inspection, a major flood event occurred in April 2013 where the 
existing levee overtopped.  It did not fail, but the landside slopes did experience some 
erosion.  This event spurred interest in the project and MWRD performed some repairs to 
the levee which included clearing debris and building up the crest to elevation 602 ft 
NAVD88.  MWRD is also working on a design to repair the existing levee to meet USACE 
standards, and is expected to become the local sponsor.   
 
19.  As the local sponsor, MWRD should work with the USACE to have the rehabilitated 
levee initiated into the PL 84-99 levee inspection program.  The levee is automatically 
entered in the program if it is USACE constructed.  Annual inspections would be completed 
to make sure it is being maintained, as well as, 5 year Periodic Inspections to review project 
history, updated guidance, etc.  If MWRD chooses to build the levee themselves, an Initial 
Eligibility Inspection would then be completed after completion.  This checks that the 
design and construction were up to Corps standards.  After all the Initial Eligibility 
Inspection standards are met, USACE would complete inspections every other year.  
Advantages to the PL 84-99 program include funding assistance if an active levee is 
damaged during an event.   
 
 
Vegetation 

20.  Throughout the entire stretch of the levee, mature trees, some as big as 6 feet in 
diameter are growing at the toe, slope and crest.  The unwanted vegetation inhibits the 
inspection, maintenance, and emergency operations.  The root systems may encourage 
piping through the levee system and impair the stability.  Additionally, trees that fall over 
can rip out significant chunks of the levee in their root balls.   
 
21.  To correct this, the plans being developed should follow the recommendations in ETL 
1110-2-583.  This includes having a vegetation-free zone that consists of perennial grasses 
cover the levee and at least 15 ft from each toe.  The grass cover allows for easy access 
during inspection and emergency events.  The existing trees would be removed, as well as 
their stump, rootball, and roots greater than ½ inch diameter on and within 15 ft of the 
levee toe.  This reduces the risk of root penetrations into and under the levee.  Backfill 
should consist of similar materials compacted so that they are similar to the surrounding 
area.   
 
22.  The current MWRD plan drawing includes the 15 ft vegetation-free zone, which 
specifies root balls within the levee and 15-ft vegetation free zone are removed, including 
organic debris and roots thicker than ½” diameter.  The voids would be backfilled with 
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compacted fill per levee requirements.  The levee and 15-ft zones would be covered in 
topsoil and seeded.  This plan would be acceptable to USACE standards.    
 
23.  The MWRD plan also includes adding a 10 ft wide gravel access road to the crest of 
the levee.  This is recommended, as the current levee has an uneven, bare path due to 
pedestrians walking along it.  With the gravel path, erosion risk is reduced.  It also allows 
for vehicular traffic as needed during inspection, maintenance, and flood fighting activities.   
 
 
Encroachments 

24.  The USACE inspection identified several encroachments along the levee that would 
inhibit flood fighting efforts and may increase the risk of failure.  These encroachments 
include the stone embankment that extends approximately 2 ft above the levee crest, 
vehicle barriers along 47th Street, railroad tracks, and fallen trees. 
 
25.  Since the inspection, the some, but not all the fallen trees have been removed, and the 
stone embankment has been modified as shown in Figure 3 below to allow traffic.   
 

March 2012 

 
November 2015 

Figure 3.  Stone structure modified for access 
 
26.  Additional modifications are included in MWRD’s plans such as a fence and gate at 
47th Street and a concrete structure across the railroad tracks.  Additional detail should be 
provided, but they appear to be acceptable.  It is imperative that any modification to the 
railroad tracks be coordinated early with the railroad.   
 
 
Hydraulic Modeling 

27.  According to the USACE inspection report, the levee at the time of the 2012 inspection 
had portions below the 50-year flood event.  However, MWRD performed maintenance to 
raise the entire levee to at least 602 ft NAVD88 which is greater than the 50-year event.  
For more information, refer to Appendix E on Hydrology & Hydraulics.   
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Seepage 

28.  During the 2012 USACE investigation, two cross sections were developed and checked 
to see if seepage or excess exit gradients would be caused by water up to the levee crest.  
The amount of water expected to seep through/under the levee was not significant, but the 
uplift pressures developed on the landside did not meet what is recommended in ETL 1110-
2-569.  ETL 1110-2-569 states 0.5 is the maximum allowed exit gradient by USACE.  
Additional, independent analyses were completed for MWRD by AECOM in 2015 which 
found an additional location of uplift concern.  The AECOM analysis also did analyses at 
similar locations as USACE and did not produce the same, unacceptable results as the 
USACE analysis.  A summary of all the cross sections are included in Table 3, with exit 
gradients greater than 0.5 highlighted in red.   
 
Table 3.  Calculated uplift Factor of Safeties 

Station Comment Calculated 
By 

Calculated 
Exit 
Gradient 

9+00 - AECOM 0.2 
15+00 Granular soils underlying 

foundation 
AECOM <0.1 

Cohesive soils underlying 
foundation – no sheetpile cutoff 

AECOM 0.8 

Cohesive soils underlying 
foundation – with sheetpile cutoff 

AECOM 0.4 

22+00 
(AECOM) /  
22+22 
(USACE) 

SM foundation soils AECOM <0.1 
GP foundation soils AECOM <0.1 

USACE 2.23 

34+00 
(AECOM) / 
35+00 
(USACE) 

- AECOM <0.1 
- USACE 2.06 

 
29. Table 3 above included three instances where the exit gradient did not meet the 
recommended 0.5.  The first instance is at Station 15+00 calculated by AECOM.  A cross 
section was not developed by USACE at this location.  AECOM’s analysis indicates that 
adding sheetpile to terminate at top of bedrock (approx. 15 ft from top of levee to top of 
rock) would decrease the exit gradient to an acceptable level, which is included in 
MWRD’s plans.   
 
30. The second two instances where the exit gradient did not meet the recommended value 
were completed by USACE at Stations 22+00 and 35+00; both of which have comparable 
cross sections completed by AECOM.  However, AECOM’s analysis did not indicate 
excessive exit gradients.  To determine the source of the differences, the cross sections for 
both assessments are shown in Figure 4 and Figure 5 and discussed below.   
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Figure 4.  Cross section comparison of Station 22+00/22+22 
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Figure 5.  Cross section comparison of Station 35+00/34+00 
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31. The differences in analyses are compiled below:  
 

a) AECOM assumed horizontal stratigraphy to simplify the cross sections, whereas 
USACE included diagonal soil stratigraphy.  This makes AECOM’s cross section at 
34/35+00 much more resistant to uplift with a thicker cohesive layer at the riverside 
and landside levee toes.   

b) USACE assumes the cohesionless soils are closer to the surface beyond the levee 
toes.  This shortens the distance water has to travel through cohesive material, which 
in turn increases the exit gradient. 

c) USACE assumes the levee is not homogenous cohesive material.  This changes the 
steady-state seepage phreatic surface line.  The USACE analysis includes a more 
permeable layer as part of the levee and therefore shows almost no head loss between 
the river and land sides of the levee.  Meanwhile, the AECOM analysis assumes the 
levee is all cohesive, low permeability material so the phreatic surface line drops 
throughout the levee cross section.     

d) AECOM adds on a cohesive clay blanket on the 34+00 cross section.  This would 
cut off the cohesionless layer present in the USACE cross section.    

e) Values used in each analysis for the permeability of the CL-fill, GP native, 
cohesionless native, and cohesive native are either the same or on the same order of 
magnitude.  However, USACE used a higher permeability for the cohesionless fill 
soils than AECOM.  This creates a larger discrepancy between the cohesive and 
cohesionless soils, so that greater head loss occurs in the cohesionless soils to 
increase the exit gradient.   

 
32. Of the differences listed above, the more permeable layer included in the levee (point 
c), as well as, the difference in cohesionless fill permeability (point e) are the two items 
that affect the exit gradient the most.  It is likely that both of these factors are overstated in 
the USACE analysis.  The soil borings on the levee indicate that any granular material is 
localized, and not consistent throughout.  Therefore, it is likely that granular material does 
not extend through the entire profile and the actual permeability is lower than what was 
assumed in the analysis above.  To ensure this is the case, the sampling plan should include 
gradation tests on the granular material in the levee.  Borings should also be completed on 
both toes of the levee to rectify the difference in clay thickness assumptions made in the 
respective reports.   
 
33. Additional investigations such as soil borings along both toes and rock coring where 
the bedrock is shallow will also help to finalize the design and ensure the proposed work 
is adequate.  Information to focus on is natural permeability rates, thickness of clay at the 
toes, and bedrock characteristics.   Once the investigations are completed, a final analysis 
will be performed to establish the design basis and boundary conditions.   
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Additional Analysis 

Stability Analysis 

34. As part of the 2012 assessment (Reference 3), USACE completed stability and seepage 
analyses on the existing levee to determine the suitability in these regards.  Independently 
in 2015, AECOM completed another assessment of the levee (Reference 1).  The results 
are summarized in Table 4 below.  Any locations in which the calculated safety factor is 
less than the USACE minimum set forth by EM 1110-2-1902, Table 3-1 is colored red.   
 
Table 4.  Calculated stability Factor of Safeties  

Station Comment Loading* Calculated 
By 

Calculated 
FS 

9+00 - Steady State Seepage (LS) AECOM 2.55 
- Rapid Drawdown (RS) AECOM 1.76 

15+00 Granular soils 
underlying 
foundation 

EOC – RS AECOM 2.94 
EOC – LS AECOM 2.97 
Steady State Seepage (LS) AECOM 1.73 
Rapid Drawdown (RS) AECOM 2.10 

Cohesive soils 
underlying 
foundation – no 
sheetpile cutoff 

EOC – RS AECOM 4.10 
EOC – LS AECOM 3.30 
Steady State Seepage (LS) AECOM 1.36 

Cohesive soils 
underlying 
foundation – 
with sheetpile 
cutoff 

Steady State Seepage (LS) AECOM 1.61 

Cohesive soils 
underlying 
foundation 

Rapid Drawdown (RS) AECOM 2.89 

22+00 
(AECOM) /  
22+22 
(USACE) 

SM foundation 
soils 

Steady state seepage (LS) AECOM 2.95 
Rapid Drawdown (RS) AECOM 2.95 

GP foundation 
soils 

Steady state seepage (LS) AECOM 2.96 
USACE 3.10 

Steady state seepage (RS) USACE 3.19 
Rapid Drawdown (RS) AECOM 2.95 

USACE 1.553 
Rapid drawdown (LS) USACE 1.95 

34+00 
(AECOM) / 
35+00 
(USACE) 

- EOC – LS AECOM 5.52 
- EOC – RS AECOM 5.79 
- Steady state seepage (LS) AECOM 2.56 
- USACE 3.40 
- Steady state seepage (RS) USACE 2.12 
- Rapid drawdown (RS) AECOM 2.49 
- USACE 1.09 
- Rapid drawdown (LS) USACE 1.84 

*RS = riverside, LS = landside 
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35.   As shown in Table 4, all of the stability analyses exceeded the minimum factors of 
safety put forth by EM 1110-2-1902 with the exception of Station 15+00 without a 
sheetpile cutoff wall.  With the cutoff wall, the FS is increased to an acceptable level.  This 
cutoff wall is the same one that’s included in the seepage analysis and on the MWRD plans.   
 
36.  Per the seepage analysis, additional investigations will be completed.  If conditions are 
different than what is assumed in the previous stability analyses, additional/modified cross 
sections should be developed and checked for proper factor of safeties.  
 

Settlement Analysis 

37.  The USACE assessment assumes that since the levee is 100 years old, any foundation 
settlement has already occurred.  It does mention that if tree roots are left in the levee, they 
could rot and cause some localized settlement.  The MWRD plans include removing tree 
roots from the levee.   
 
38.  The AECOM analysis includes a settlement analysis near Sta 15+00, as the MWRD 
plan includes adding significant fill in this location.  A total of 4 inches of settlement is 
estimated.  It is unclear if the MWRD plans include overbuild to account for this settlement, 
but it should.   
 

Alternative to Sheetpile 

39. The AECOM analysis includes adding sheetpile to decrease the risk of uplift and 
instability on the landside.  The levee at the sheetpile section was assumed to have a crest 
width of about 25 ft so that the sheetpile could be driven without hitting the buried 
concrete spillway within the existing levee.  This seepage mitigation method assumes an 
adequate cutoff can be completed between the sheetpile and shallow bedrock present 
within the area of the old spillway.  Several items should be confirmed with additional 
site investigations to ensure sheetpile would be the most effective method.  If the top of 
rock is highly irregular or the bedrock is relatively permeable, sheetpile may not be the 
best option.  However, to develop the feasibility costs for this project, the sheetpile 
method is assumed as it is the greater cost option.  Other options to consider during the 
design phase are discussed below. 

40. One option instead of sheetpile is to control the seepage through a horizontal gravel 
drain.  These are constructed via specifically graded gravels layered underneath the berm.  
Water seeping through the levee and old spillway would be drawn down to the gravel 
drain with a controlled outlet at the landside toe.   

41. The AECOM analysis was recreated and then a gravel drain was added to show the 
increase in stability, per Figure 6 below.   
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Figure 6.  Station 15+00 Recreation and added Gravel Drain instead of Sheetpile 
 
42.  As shown above, the recreated cross section at Station 15+00 results in a factor of 
safety at 1.393, which is similar to the original analysis at 1.36.  Adding a gravel drain 
instead of sheetpile increases the factor of safety to 1.837.  This method also effectively 
eliminates the risk of uplift, as the pressure is relieved by the permeable gravel layer 
beneath the levee rather than at the toe.  This method would increase the overall seepage, 
but since it is controlled, the risk is low.   
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43.  Another alternative to sheetpile is to excavate down to bedrock and backfill with clay 
to cut off underseepage, since preliminary data suggests bedrock is only about 5 ft deep.  
This option would be more appropriate if the additional site investigation notes variations 
in the bedrock surface, as variable bedrock surface is difficult to key into with sheetpile.  
Results from the additional site investigation will better identify which seepage 
mitigation is appropriate for the spillway area, but the current sheetpile design is 
conservative and acceptable based on existing information.     

     

High Ground Tie-Ins 

44. The existing levee plans were checked to ensure they tie into high ground at both 
ends so that end around inundation is not possible.  The north end is straightforward, as it 
ties into high ground as show on Figure 7 below. 

 
Figure 7.  North end of levee high ground tie-in 

45. The south end of the levee also ties into high ground, but it appears this is isolated.  
Just south of this apparent high ground there is MWRD’s sludge drying bed; a concrete-
lined, bowl-shaped area with a railroad encircling the site.  The drying bed has a raised 
gravel road between the site and the Des Plaines River, which if it was not there, would 
allow end-around inundation for the Lyons Levee project.  A topographic map of the area 
is shown below in Figure 8.   

 
Figure 8.  South end tie-in topographic map 

N 
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46.  To better understand this embankment, a site visit was completed on 26 February 
2016 to determine if it could act as a levee during high water.  There is an existing gravel 
road on the crest and a railroad with a concrete landside slope landside of the berm.  In 
between the gravel road and railroad, there is a small ditch with inlets to a drainage pipe.   
This pipe runs parallel with the embankment and drains to a larger pipe, which goes east 
eventually to the Stickney Water Treatment Plant.  It did not appear that there were any 
pipes that extended through this embankment.  Additionally, the MWRD representative 
onsite did not note any issues with this embankment during the April 2013 event.  A 
representative photo is shown in Figure 13.   

 
Figure 9.  Looking southwest on berm running along drying bed 

47.  To determine the difference between the existing embankment and a typical levee, a 
levee template is superimposed as shown in Figure 10 below.  The existing embankment 
cross section was developed with LiDAR data and the levee template is based on EM 
1110-2-1913, 6-2(c).  The EM states a levee should have a minimum 10 ft wide crest and 
2:1 slopes.  The same elevation used for the rest of the levee was applied to this section 
crest; at elevation 602 ft NAVD88.   

 

 
Figure 10.  Representative Cross Section with Levee Template 

Railroad on landside Gravel road on crest 

Ditch with drains Concrete-lined 
Bed and slope 

To River 
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48.  The cross section shows that the difference between the drying bed elevation and the 
necessary top of levee is only about 2 feet, which is about 2 feet below the top of the 
existing berm.  Therefore, the levee template inside the existing berm is relatively small 
and extends 18 feet toe to toe (10 ft berm and 4 ft on either side due to the 2:1 slopes).     

49.  Cross sections can be reviewed in the Civil Appendix.  It should be noted that the 
survey LiDAR source appears to include some inaccuracies.  The ditch shown in Figure 9 
is not captured, and the crest was measured to be a minimum of 22 ft wide in the field, 
whereas the LiDAR indicates the berm is only 10 ft wide.  To capture this, the blue lines 
shown in Figure 10 were added using the field measurement of 22 ft.   

50.  Another cross section was developed using Google Earth to measure from the 
outside edge of the railroad to the outside edge of the gravel road at Station 11+00.  This 
is the location of the lowest spot on the landside, where the drying bed drains to a culvert.  
The measured crest width was at least 50 ft, not counting the crest riverside of the edge of 
the gravel road.  Even with the much lower landside elevation, the levee template fits 
comfortably within the cross section as shown in Figure 11 below.   

 
Figure 11.  Estimated Cross Section at Sta. 11+00 (lowest landside point) 

 

 

 

  



Forest View, IL Section 205 
Appendix F: Geotechnical Analysis 

17 
S:\LRC-Project\PRJ-205 Forest View FRM\TS-DG Geotechnical\Geotech Appendix\Geotechappendix071316.Docx 

Overtopping Protection 

51.  There are four methods where the landside of a levee would be inundated, as shown 
in the Figure 12 below.  The risk of breach prior to overtopping and malfunction of levee 
system components are mitigated with recommendations made in the rest of this 
appendix.  Overtopping without breach is an accepted risk, as no levee is constructed to 
handle all floods.  Overtopping with breach, however, should be addressed.   

 
Figure 12.  Landside inundation methods for a levee 

52.  Based on hydraulic modeling, the likely overtopping locations would occur along 
several 100 feet or more of levee located both upstream and downstream of 47th Street. It 
can be beneficial in some cases to consider lining of the levee crest at the lowest portion 
of the levee that is subjected to the greatest risk of overtopping. However, in this case, the 
levee crest is uniformly low for a significant distance; therefore, there is no one relatively 
short levee portion where overtopping flows are concentrated and can be controlled 
without significantly increasing the construction cost for a liner system. Furthermore, the 
proper design of such a liner system would have to consider the fact that such a system 
can introduce additional risk with respect to seepage pathways under the liner system, as 
well as overtopping flow accelerations on liner surfaces that can promote added stresses 
to the levee on the downstream slope and toe. These design considerations would require 
design countermeasures that would add significantly to the cost of the levee restoration. 
In addition, the levee armor feature would be intended to reduce the time of breach 
formation and the associated risks of the development of a flood wave through a breach. 
The life safety risk associated with a faster developing breach is low at this site due to the 
long distance that a flood wave would have to travel through the forest preserve, from the 
levee to Harlem Avenue. A levee crest lining was therefore not considered for the levee 
improvements design.    
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SURVEY DATA 

53.  In August of 2011, a topographic survey was performed on the Lyons Levee, located 
in Lyons, IL, by the U.S. Army Corps of Engineers. The levee is located on the east side 
of the Des Plaines River in Ottawa Trail Woods – North. The survey of the levee 
extended from Joliet Road, to roughly 250 feet south of the existing railroad tracks on the 
south side of 47th Street.   

54.  Points were located along the existing levee crest at 100 foot intervals to establish the 
“Line of Protection”. Cross sections were completed at 200-500 foot intervals and 
perpendicular to the levee. The cross sections extend beyond the levee toe a minimum of 
50 feet or to the river.  

55.  The survey was performed using conventional survey methods due to existing 
vegetation and canopy being dense and at a maximum throughout the levee. Control 
points were initially set with RTK GPS and data was collected by traversing along the 
levee crest using a Leica Robotic Total Station. The data was collected in 
NAD83/NAVD88 datum.  Since this survey, MWRD added additional fill on portions of 
the levee in 2014.   

56.  MWRD provided additional sources of topographic and hydrographic data that was 
also used for the feasibility study of Lyons Levee.  EDI and MWRD surveys (including 
some hydrographic surveys) were done in 2014 after the levee modification to 
supplement LiDAR and other available data, as well as, to fill in data gaps. The MWRD 
April 2015 Feasibility Report (primarily under Article 3.0, and possibly in other articles 
when appropriate) and the associated drawings that were provided to the Corps with the 
report, can also be referenced to identify the sources of information used for the study. 

 

SUMMARY OF PLANS 

57.  There are several plans to reduce the effects of flooding on Forest View within this 
USACE study.  Plan 1 was discussed above, as it involves rehabilitating the existing levee.  
Other options are listed below. 
 
Plan 0 – No Action 

58.  If no action is completed, then the existing levee is at risk of failing.  There is no 
evidence that the levee has failed since it was constructed, but the condition will only get 
worse without intervention.  The risk of failure when water is at the top of the levee was 
developed based on the Performance Indicator ratings from Reference 3, shown in Table 5 
below. 
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Table 5.  Performance Indicator ratings from 2012 inspection 

Performance Mode Performance Indicator Rating1 

Seepage 

Vegetation M 
Encroachments M 
Settlement A 
Cracking A 
Animal Control A 
Culverts NA 
Relief Wells NA 
Overall Seepage M 

Stability 

Vegetation M 
Encroachments A 
Overall Stability A 
Settlement A 
Depressions M 
Cracking A 
Relief Wells NA 

Erosion 

Sod Cover M2 
Overall Erosion M2 
Riprap NA 
Revetments other than 
riprap 

NA 
1 A = acceptable, M = marginal, U = unacceptable, NA = not applicable 
2 Downgraded from A to M based on observations after April 2013 flood  

59.  To assign a probability to these qualitative ratings, the USACE Levee Screening Tool 
(LST) methodology was used.  The LST takes the above performance indicators and 
assigns a risk of failure value using a multiplier system.  For ‘A’ ratings, the base value is 
multiplied by 0.76 to reduce the risk, ‘M’ multiplies by 1.1 to slightly increase the risk, and 
‘U’ multiplies by 1.32 to greatly increase the risk (NA = 1 for no change).  Since the LST 
only calculates a number and not a percentage, a rough correlation was developed.  It was 
assumed that a levee loaded to the crest would fail 100% of the time if all ratings were ‘U’, 
50% of the time if all ratings were ‘M’, and 1% of the time if all ratings were ‘A’.  Each of 
these risk of failure values were calculated in Table 6 below.   
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Table 6.  Sample Calculation for Risk of Failure Value (Seepage) 

Rated 
Item 

Base 
(B) 

Seepage Performance Indicators (PI)   
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Risk of 
Failure 
Value 
(B*PI) 

All U's  0.001 1.32  1.32 1.32 1.32 1.32  1.32 1.32  1.32  0.009217 

All M's  0.001 1.1  1.1 1.1 1.1 1.1  1.1 1.1  1.1  0.002144 

All A's  0.001 0.76  0.76 0.76 0.76 0.76  0.76 0.76  0.76  0.000111 

           
Ratings from     

Table 5  M  M A A A  NA NA  M   

Lyons  0.001 1.1  1.1 0.76 0.76 0.76  1 1  1.1  0.000584 

 
60.  The A, M, and U risk of failure values were plotted on a graph with a polynomial 
connecting the points.  The Lyons Levee risk of failure value calculated in Table 6 was 
then added to the graph to determine where it fell on the A-M-U line.  Refer to Figure 13 
for the resulting graph, which shows the probability of seepage failure.   
 

 
Figure 13.  Failure probability determination for seepage 
 
61.  The seepage risk of failure crosses the A-M-U line at 27%.  This process was repeated 
for stability and erosion, resulting in percentages of 19% and 28%, respectively.   
 
62.  The LST assumes that seepage failure is 10x more likely based on past levee failures.  
Therefore, the stability and erosion factors were divided by 10 and then the failure 
percentages were added together.   
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10

0.27
0.19 0.28

10
0.32 

 
63.  As shown in the equation above, the overall probability of failure for Lyons Levee in 
the current state is 32% when loaded to the crest.   While the methodology for determining 
this number is not a USACE standard, the resulting number correlates with field 
observations.  The levee did not fail when it overtopped in 2013, but did sustain damage.  
According to Reference 3, the levee may have experienced near full loading 3 other times; 
in 1987, 2008, and 1969 and there is no record of failure at these times, either.   
 
64.  The USACE standard for determining a failure rate of “…existing and new levees not 
maintained or constructed to federal levee standards” is to use a failure rate of 85%, 
according to EM 1110-2-1619, Section 7-3.  This value does not correlate with existing 
field observations because the probability of Lyons Levee not failing after being loaded 4 
times when it has a failure rate of 85% would be 0.05%.   
 
65.  Therefore, the calculated percentage of 32% is used in the economics analysis included 
in Appendix D for the failure rate at the levee crest (elevation 602 ft).  To construct a range 
of values at different water levels, it was assumed that the most likely failure location would 
be at the buried spillway.  The rate of failure at the spillway elevation would be 1%, and 
by studying old plans, this corresponds to an elevation of 596 ft.   
 
 
Plan 1 – Levee Repair and Improvement 

66.  This plan is discussed with regard to the MWRD plans and design above. 
 

Plan 2 – Set-Back Levee 

67.  A set-back levee would be constructed along the north side of 47th Street between the 
river and Harlem Ave.  Then it would extend north to high ground along Harlem Ave.  This 
option would also require some tie-back south of 47th St.  There is a greater amount of 
uncertainty in this area than the existing alignment, as there are 0 soil borings in this area.  
The soils map in Figure 2 and Table 1 identify the soils along Harlem Ave to be Hoopeston 
fine sandy loam, while 47th Street have both Hoopeston fine sandy loam and Sawmill silty 
clay loam.  These may have coarser grained materials present, which could increase the 
risk of underseepage.  Additionally, the Sawmill silty clay loam is likely hydric, meaning 
a greater chance of wetland present which require mitigation.  If Plan 2 is to be considered, 
subsurface investigations should be completed to determine the extents and possible 
improvements.   
 
68.  The aerial image in Figure 14 below shows existing standing water that intersects the 
proposed layout and 47th Street.  There is an increased likelihood that softer soils will be 
present around this feature, and the levee would likely need a gravity drain with backflow 
prevention at this location to allow for drainage during non-flood stages.  The backflow 
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prevention should include a passive gate like a flap gate or check valve, as well as, a sluice 
gate in a gatewell that can be closed should the passive gate fail.   
 

 
Figure 14.  Approximate alignment of Plan 2 – Set-Back Levee 
 
69.  Similar slope stability, seepage, and settlement analyses would need to be completed 
for this alignment once more information is known about the subsurface.   
  

Plan 3 – Levee Repair and Improvement and Diversion Channel  

70.  This plan builds upon Plan 1.  The existing levee would still be upgraded per the 
discussion above but there would be an additional diversion channel feature.  This feature 
would add a fuse plug south of the alignment and railroad tracks that would erode at high 
river stages.  Once it erodes, the river would be diverted to the Chicago Sanitary Ship Canal 
and reduce the water height along the Des Plaines River.   
 
71.  Since this plan involves direct water flow from the Des Plaines River to the Chicago 
Sanitary Ship Canal (CSSC), it is unlikely to go forward.  The concern is the direct flow 
would allow invasive species to bypass an electric dispersal barrier downstream on the 
CSSC and migrate to the Great Lakes from the Mississippi River Basin.  Therefore, no 
further analysis is warranted.  

Likely soft soils 
 at water 
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Plan 4 – Non-Structural 

72.  Non-structural remedies include floodproofing, relocation, and buyouts.  Since these 
do not involve new construction, there are no geotechnical considerations for this Plan.   
 
 

SUMMARY 

73.  The existing Lyons Levee does not meet USACE standards, and based on calculations 
in this appendix, has a 32% chance of failure when loaded to the crest.  However, the 
proposed work outlined in the plans provided by MWRD would likely improve the levee 
to acceptable status.  These improvements include removing the trees on the slopes, as well 
as, within 15 ft of the toes.  Root wads and organic materials would be removed from the 
levee, as well as within 15 ft of the toes and backfilled.  MWRD would assume local 
sponsor duties and perform operation and maintenance duties.  Encroachments would be 
removed per the plans.   
 
74.  There are some discrepancies in the seepage analyses that would be resolved with 
additional subsurface information.  It is recommended that these include borings along both 
toes to determine clay thickness and in situ permeability tests to verify laboratory data and 
assumed values.  The current design includes a sheetpile cutoff wall at the old spillway.  
This appendix includes a few less cost alternatives that can be investigated during design.  
Additional field investigations would help determine the most appropriate seepage 
mitigation technique.   
 
 
 


