
LANSING/CALUMET CITY, ILLINOIS 

SECTION 205 FLOOD RISK MANAGEMENT 

APPENDIX B - STRUCTURAL ENGINEERING 

U.S. Army Corps of Engineers, Chicago District 
Technical Design Section – Structural 

June 2021 



LANSING, IL SECTION 205 

STRUCTURAL APPENDIX 

TABLE OF CONTENTS 

1.0 INTRODUCTION ........................................................................................................................... 3 

Lansing ...................................................................................................................................................... 3 

Calumet City Levee .................................................................................................................................. 4 

2.0 SOIL CONDITIONS ...................................................................................................................... 4 

3.0 ALTERNATIVES CONSIDERED ............................................................................................... 5 

4.0 PLAN 1 FLOODWALLS ............................................................................................................... 5 

Lansing Floodwalls (T-Wall and I-Wall) .................................................................................................. 5 

Calumet City Sheet pile ............................................................................................................................ 7 

5.0 CWALSHT RESULTS ................................................................................................................... 7 

6.0 PUMP STATIONS SUMMARY .................................................................................................... 8 

Lansing Pump Stations ............................................................................................................................. 8 

Calumet City Pump Stations ..................................................................................................................... 9 

7.0 REFERENCES ...................................................................................................................................... 9 

8.0 APPENDIX…………………………………………………………………………………………….9 

LIST OF FIGURES 
Figure 1: Lansing Levee Project Area ........................................................................................................... 4 
Figure 2: Calumet City Levee Project Area .................................................................................................. 4 
Figure 3. Minimum factors of safety for Sheetpile Wall (ETL 1110-2-575) .......................................... 5 

Figure 4. Structural Design Criteria Review ............................................................................................ 6 



STRUCTURAL APPENDIX 

LANSING/ CALUMET CITY, IL 

SECTION 205 FLOOD RISK MANAGEMENT 

 

1.0 INTRODUCTION 

For the Lansing, IL Section 205 project, this Structural Appendix develops the structural features for the 
various alternatives to a level only necessary to develop a feasibility level cost estimate. The Lansing 
Levee is located within the Village of Lansing, and the Calumet City Levee is located within the City of 
Calumet City. Both levee systems are located on the Little Calumet River.  

Lansing 
The 1 ¼ mile long system is located between Lansing on the south bank (left bank as the river flows) and 
the Little Calumet River. The project extends from the Illinois-Indiana State line at Bernice Avenue and 
runs generally northwest to Burnham Ave. Levee features include approximately 4,500 feet of levee, 2,150 
feet of floodwall, 2 pump stations, 10 gatewells, and a reservoir with a capacity of 50 acre-feet. There are 
pump stations on both sides of Burnham Ave (Figure 1). 

The project area is almost entirely residential. Lansing Levee is a locally built, operated, and maintained 
urban flood protection project. It was designed and constructed in the early 1980s with flood protection as 
the primary purpose. While there has not been a major failure of the project, flooding behind the levee is 
an issue which may have been a result of poor project performance. 

 



Figure 1: Lansing Levee Project Area 

Calumet City Levee 
The system is located between Calumet City on the north bank (right bank as the river flows) and the Little 
Calumet River. The 2 mile system extends from the Illinois-Indiana State line at State Line Road and runs 
generally northwest just past Balmoral Avenue to the Burnham Greenway bicycle path. The project 
features includes about 10,000 feet of levee and 200 feet of floodwall, 16 gate structures (3 flexible check 
valves, 9 sluice gates, and 15 flap gates) that control drainage from the landside to the riverside of the 
levee and provide isolation during flood events. The system also includes a reservoir with approximate 
capacity of 50 acre-feet. There are also three pump stations, Greenbay, Lincoln, and Stateline Reservoir, 
which discharge interior drainage during high water events (Figure 2). The levee system consists of two 
distinct segments, split by high ground along Burnham Ave. In this report, these segments are referred to 
as Calumet City East Levee and Calumet City West Levee. 

 

Figure 2: Calumet City Levee Project Area 

2.0 SOIL CONDITIONS 

Soil conditions and the existing soil profile are shown in the Attachments. Long term soil 
conditions will govern the sheet pile design and have been used in the sheet pile design. All soil 
properties are taken from the geotechnical report of the boring data. The grade height and slope 
came from the cross sections of the Lansing side of the levee. These cross sections will be included 



in the appendix. The cross section used for the design was CS14 which appeared to show the 
location of the tallest wall relative to the soil. 

3.0 ALTERNATIVES CONSIDERED 

There are several alternatives that have yet to be explored, but all of them are assumed to be 
more expensive than a sheet pile flood wall. A concrete flood wall for example will require far 
more labor in the formwork and placement of rebar than is necessary for driving sheet pile. For 
this reason, as well as time constraints, no alternatives have been explored at this time. 

 

4.0 PLAN 1 FLOODWALLS 
EM 1110-2-2002 describes methods for repairs to concrete structures. With the damage noted 
particularly on the concrete T-Wall, this manual was used to provide the recommendations. The 
Sheet pile Wall was investigated with EM 1110-2-2504 and ETL 1110-2-575. The Engineering 
Manual provides guidance for design of the floodwall. The ETL is an update to the EM in response 
to failure modes discovered after Hurricane Katrina in New Orleans. The annual chance of 
floodwaters overtopping the wall was determined in the hydraulic analysis to be between a 100 
and 500-year flood, or between 1% and 0.2% chance exceedance. This equates a minimum 
recommended factor of safety between 1.7 and 1.3 for rotational. According to EM 1110-2-2104, 
concrete structures should meet the minimum reinforced concrete design specified. Lansing 
Levee’s T-Wall was designed prior to this EM being released and therefore does not meet the 
criteria. However, since the concrete portion of the wall appears to be sound, remediation is not 
recommended to meet this criterion. If the public sponsor wishes to rebuild the wall, they should 
follow this EM. 
 

Lansing Floodwalls (T-Wall and I-Wall) 
SHEETPILE WALL: The Design Criteria Review found the existing Sheet pile Wall portion of 
the floodwall is under-designed. Therefore, this 400-ft stretch should be replaced with a new sheet 
pile wall. The minimum depth according to USACE standards is 2.5 times the stick-up height, and 
could be greater depending on the final design. A preliminary drawing is shown in Appendix J. 
This proposed wall is depicted on the land side of the existing floodwall. This would require an 
easement as it would encroach into residents’ back yards. The design is robust enough to be moved 
to the riverside of the existing floodwall as is, but further analysis should be done if this decision 
is made to confirm. The section chosen for the new sheet pile wall is PS 32 of the United States 
Steel standard sheet pile sections. The total wall shall be 14 ft in length with a 10 ft embedment. 
A table showing the properties of this sheet pile section will be included in the appendix. 

T-WALL EROSION: If the decision is made to rehabilitate the existing floodwalls, several steps 
must be taken. There are several locations where the river has eroded the ground to expose the 
wall’s foundation. In one particular area, the entire toe of the foundation is exposed and partially 
undermined. It is critical to repair this area, as well as the entire riverside slope to cover the toe. 
The undermined toe should be grouted to prevent settlement. Care should be exercised so that too 
much grout is not added which would cause the structure to heave. The rest of the stretch should 
have a minimum of 3 ft-6 inches layer of riprap placed as shown on drawings. Even though this 



recommendation includes filling in part of the floodway, compensatory storage would likely not 
be necessary. This is due to the original plans indicating a minimum 3’6” cover over the T-Wall 
toe, so this process is restoring the banks to a previous condition. 

When borings were completed prior to construction in 1984, an area of the T-Wall with soft soils 
was encountered. In areas where soft soils were encountered, the design was changed appropriately 
by switching from T-Walls to I-Walls. In areas where sandy soils were encountered, there does 
not appear to be any indications of seepage. 

In the design materials provided, the Sheet pile Wall was designed with a factor of safety at 15.6, 
far above the recommended safety factor. Additionally, this guidance specifies a minimum 
embedment depth of 2.5 times the wall height. The designed wall height is 4 ft with an embedment 
of 8 ft. In order to meet this criterion, the actual embedment depth should be at least 10 ft. The 
new sheet pile wall should be constructed where the existing wall is located, about 400 feet. Other 
types of walls could be considered, but due to the weaker soils and limited space, but sheet pile is 
recommended. 
 

 
Figure 3. Minimum factors of safety for Sheet pile Wall (ETL 1110-2-575) 

 



 

Figure 4. Structural Design Criteria Review 

 

Calumet City Sheet pile 
The floodwalls on the Calumet City side of the river were not redesigned up to the current date due to 
time constraints involving COVID-19. For cost purposes, the new sheet pile wall can be assumed to be 
the same as the Lansing side. 

5.0 CWALSHT RESULTS 
Only long term soil conditions are evaluated for this preliminary design. The long term condition should 
govern due to them producing a more conservative design. Stability analyses is performed using factors 
of safety applied to the passive pressures in accordance with EM 1110-2-2504 to determine the 
penetration.  



The table below shows the important results from the CWALSHT analysis. The full output file is attached 
in the Appendix. 

Property: Value: 
Max Moment (lb-ft) 2955.9 lb-ft 
Depth of embedment (ft) 8.37 ft 

 

6.0 PUMP STATIONS SUMMARY 
Lansing Pump Stations 
• Two pump stations, one on either side of Burnham Avenue 

o East pump station: some structural and flap gate concerns 
o West pump station: pumps recently replaced (we did not go into this station) 

• BUILDING REPAIRS: Both the east and west pump stations have various damages to the 
building. The East Pump Station has deep spalling in the concrete foundation wall. This 
should be repaired by clearing the spalled area of broken concrete and placing new concrete 
doweled into the existing structure. The West Pump Station has extensive rusting on the 
overhead beams above the pumps. This should be repaired by wire-brushing the corrosion 
and repainting to prevent further rust. 

• FENCING: Corrosion was noted on both fences around each pump station. These should be 
scrubbed clean and repainted to prevent further damage. 

• PUMP: The West Pump Station Stormwater Pump #2 is out of service due to damaged 
bearings. Reportedly, this pump is no longer necessary due to the reduced flow into the pump 
station and the Deep Tunnel System. However, written documentation of this statement is 
required. Without official word that this pump is no longer necessary, the recommendation is 
to replace the pump. It is assumed to be a 250 hp, vertical axial flow propeller type storm 
water pump as manufactured by Cascade Pumps, capable of pumping 52,000 gpm @ 15.1 
TDH at 79% pump efficiency. Cleaning lubricant off base plates is also recommended. 

• PUMP OPERATION: The East Pump Station is operated by the back-up float system and 
manually monitored. The primary operation system should be repaired. The West Pump 
Station has some corrosion on the condenser and pump motors. The corrosion should be 
scrubbed clean and repainted. One of the East Pump Station generator lines is leaking oil 
which should be cleaned and sealed. 

• TRASH RACK: The West Pump Station trash rack is corroded. It should be wire brushed 
and painted to reduce further corrosion. 

• The West pump station has aerial power transmission lines nearby. Because of this, it is 
recommended that the fence below be grounded. The West Pump Station generator should 
also be grounded according to NEC and NESC requirements. 

• SIGNAGE: At both pump stations, “Arc Flash” warning signs should be installed on each 
circuit breaker in the MCC to conform to NFPA 70E. 

• MEGGER TESTS: Megger testing was not completed on the pump motors and critical power 
cables for either pump station. This should be done at least once every two years. Despite this 
deficiency, this is unlikely to prevent the facility from functioning during a flood event as the 
pump station is regularly monitored. 



• CONCRETE INTAKE: The West Pump Station has some debris and concrete spalling at the 
trash rack intake. The debris should be cleared while the spalling should be repaired by 
removing loose concrete and then placing new concrete doweled into the existing concrete. 

• MISSING INFORMATION: Both pump stations are missing a fair amount of design data 
that the Corps should review. 

 

Calumet City Pump Stations 
• Three pump stations 
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  PROGRAM CWALSHT-DESIGN/ANALYSIS OF ANCHORED OR CANTILEVER SHEET PILE WALLS 

                            BY CLASSICAL METHODS 

  DATE: 18-JUNE-2020                                          TIME: 12:43:27 

 

                              **************** 

                              *  INPUT DATA  * 

                              **************** 

 

        I.--HEADING 

       'Lansing 

 

       II.--CONTROL 

          CANTILEVER WALL DESIGN 



          FACTOR OF SAFETY FOR ACTIVE PRESSURES  = 1.00 

          FACTOR OF SAFETY FOR PASSIVE PRESSURES = 1.50 

 

      III.--WALL DATA 

          ELEVATION AT TOP OF WALL    = 598.00 FT. 

 

       IV.--SURFACE POINT DATA 

 

            IV.A.--RIGHTSIDE 

               DIST. FROM     ELEVATION 

               WALL (FT)         (FT) 

                    1.00        594.00 

                   40.00        584.00 

 

            IV.B.--LEFTSIDE 

               DIST. FROM     ELEVATION 

               WALL (FT)         (FT) 

                    1.00        594.00 

                   40.00        596.00 

 

        V.--SOIL LAYER DATA 

 

           V.A.--RIGHTSIDE 

               LEVEL 2 FACTOR OF SAFETY FOR ACTIVE PRESSURE  = 1.00 

               LEVEL 2 FACTOR OF SAFETY FOR PASSIVE PRESSURE = 1.50 

 

                 ANGLE OF         ANGLE OF                        <-SAFETY-> 

   SAT.   MOIST  INTERNAL  COH-     WALL    ADH-    <--BOTTOM-->  <-FACTOR-> 

  WGHT.   WGHT.  FRICTION  ESION  FRICTION  ESION   ELEV.  SLOPE  ACT. PASS. 



  (PCF)   (PCF)    (DEG)   (PSF)    (DEG)   (PSF)   (FT)  (FT/FT) 

 168.20  110.00    29.00    0.00     0.00    0.00                 1.00 1.50 

 

           V.B.--LEFTSIDE 

               LEVEL 2 FACTOR OF SAFETY FOR ACTIVE PRESSURE  = 1.00 

               LEVEL 2 FACTOR OF SAFETY FOR PASSIVE PRESSURE = 1.50 

 

                 ANGLE OF         ANGLE OF                        <-SAFETY-> 

   SAT.   MOIST  INTERNAL  COH-     WALL    ADH-    <--BOTTOM-->  <-FACTOR-> 

  WGHT.   WGHT.  FRICTION  ESION  FRICTION  ESION   ELEV.  SLOPE  ACT. PASS. 

  (PCF)   (PCF)    (DEG)   (PSF)    (DEG)   (PSF)   (FT)  (FT/FT) 

 168.20  110.00    29.00    0.00     0.00    0.00                 1.00 1.50 

 

       VI.--WATER DATA 

          UNIT WEIGHT         = 62.40 (PCF) 

          RIGHTSIDE ELEVATION = 598.00 (FT) 

          LEFTSIDE ELEVATION  = 593.00 (FT) 

          NO SEEPAGE 

 

      VII.--VERTICAL SURCHARGE LOADS 

          NONE 

 

     VIII.--HORIZONTAL LOADS 

          NONE 

 

 

 

 

 



 

 

 

 

 

  PROGRAM CWALSHT-DESIGN/ANALYSIS OF ANCHORED OR CANTILEVER SHEET PILE WALLS 

                            BY CLASSICAL METHODS 

  DATE: 18-JUNE-2020                                          TIME: 12:43:39 

 

                            ************************** 

                            *   SOIL PRESSURES FOR   * 

                            * CANTILEVER WALL DESIGN * 

                            ************************** 

 

      I.--HEADING 

       'Lansing 

 

     II.--SOIL PRESSURES 

 

          RIGHTSIDE SOIL PRESSURES DETERMINED BY SWEEP SEARCH WEDGE METHOD. 

 

          LEFTSIDE SOIL PRESSURES DETERMINED BY SWEEP SEARCH WEDGE METHOD. 

 

                                     <------NET------> 

           NET    <---LEFTSIDE--->     (SOIL + WATER)     <--RIGHTSIDE---> 

  ELEV.   WATER   PASSIVE   ACTIVE    ACTIVE   PASSIVE    ACTIVE   PASSIVE 

  (FT)    (PSF)     (PSF)    (PSF)     (PSF)     (PSF)     (PSF)     (PSF) 

  598.0     0.0       0.0      0.0       0.0       0.0       0.0       0.0 

  597.0    62.4       0.0      0.0      62.4      62.4       0.0       0.0 



  596.0   124.8       0.0      0.0     124.8     124.8       0.0       0.0 

  595.0   187.2       0.0      0.0     187.2     187.2       0.0       0.0 

  594.0   249.6       0.0      0.0     249.6     249.6       0.0       0.0 

  593.0   312.0     231.5     37.8     117.1     451.1      36.6     176.9 

  592.4   312.0     369.1     59.8       0.0     514.1      57.1     262.0 

  592.0   312.0     466.4     75.4     -82.8     558.7      71.6     322.1 

  591.0   312.0     701.6    113.2    -285.1     663.0     104.5     464.2 

  590.0   312.0     936.7    151.1    -488.0     767.5     136.7     606.6 

  589.0   312.0    1171.8    189.0    -690.8     872.1     169.0     749.2 

  588.0   312.0    1407.0    226.9    -893.8     976.7     201.2     891.7 

  587.0   312.0    1642.1    264.8   -1096.7    1081.4     233.4    1034.2 

  586.0   312.0    1877.2    302.8   -1299.7    1186.0     265.5    1176.7 

  585.0   312.0    2112.4    340.7   -1502.7    1290.6     297.7    1319.2 

  584.0   312.0    2347.5    378.6   -1705.7    1395.2     329.8    1461.8 

  583.0   312.0    2582.6    416.5   -1908.6    1499.8     362.0    1604.3 

  582.0   312.0    2817.8    454.4   -2111.6    1604.4     394.2    1746.8 

  581.0   312.0    3052.9    492.3   -2314.6    1709.0     426.3    1889.3 

  580.0   312.0    3288.0    530.3   -2517.5    1813.6     458.5    2031.9 

  579.0   312.0    3523.2    568.2   -2720.5    1918.2     490.6    2174.4 

  578.0   312.0    3758.3    606.1   -2923.5    2022.8     522.8    2316.9 

  577.0   312.0    3993.4    644.0   -3126.5    2127.4     555.0    2459.4 

  576.0   312.0    4228.6    681.9   -3329.4    2232.0     587.1    2601.9 

  575.0   312.0    4463.7    719.8   -3532.4    2359.8     619.3    2767.6 

  574.0   312.0    4698.8    757.8   -3735.4    2470.7     651.4    2916.4 

  573.0   312.0    4934.0    795.7   -3938.4    2608.1     683.6    3091.8 

  572.0   312.0    5169.1    833.6   -4141.3    2740.5     715.8    3262.1 

  571.0   312.0    5404.2    871.5   -4344.3    2874.5     747.9    3434.0 

  570.0   312.0    5639.3    909.4   -4547.3    3023.6     780.1    3621.0 

  569.0   312.0    5874.5    947.3   -4750.2    3155.2     812.2    3790.6 



  568.0   312.0    6109.6    985.3   -4953.2    3323.1     844.4    3996.4 

  567.0   312.0    6344.7   1023.2   -5156.2    3454.7     876.6    4165.9 

  566.0   312.0    6576.8   1061.1   -5356.1    3606.5     908.7    4355.6 

  565.0   312.0    6800.7   1099.0   -5547.8    3777.3     940.9    4564.3 

  564.0   312.0    7019.3   1136.9   -5734.3    3907.1     973.0    4732.0 

  563.0   312.0    7237.9   1174.8   -5920.7    4066.4    1005.2    4929.3 

 

 

 

 

 

 

 

 

 

 

  PROGRAM CWALSHT-DESIGN/ANALYSIS OF ANCHORED OR CANTILEVER SHEET PILE WALLS 

                            BY CLASSICAL METHODS 

  DATE: 18-JUNE-2020                                          TIME: 12:43:40 

 

                         **************************** 

                         *  SUMMARY OF RESULTS FOR  * 

                         *  CANTILEVER WALL DESIGN  * 

                         **************************** 

 

      I.--HEADING 

       'Lansing 

 

     II.--SUMMARY 



 

          RIGHTSIDE SOIL PRESSURES DETERMINED BY SWEEP SEARCH WEDGE METHOD. 

 

          LEFTSIDE SOIL PRESSURES DETERMINED BY SWEEP SEARCH WEDGE METHOD. 

 

     WALL BOTTOM ELEV. (FT)     :      585.63 

           PENETRATION (FT)     :        8.37 

 

     MAX. BEND. MOMENT (LB-FT)  :  2.9559E+03 

           AT ELEVATION (FT)    :      589.75 

 

     MAX. SCALED DEFL. (LB-IN^3):  2.0608E+08 

           AT ELEVATION (FT)    :      598.00 

 

               NOTE:  DIVIDE SCALED DEFLECTION MODULUS OF 

                      ELLASTICITY IN PSI TIMES PILE MOMENT 

                      OF INERTIA IN IN^4 TO OBTAIN DEFLECTION 

                      IN INCHES. 

 

 

 

 

 

  PROGRAM CWALSHT-DESIGN/ANALYSIS OF ANCHOREDOR CANTILEVER SHEET PILE WALLS 

                            BY CLASSICAL METHODS 

  DATE: 18-JUNE-2020                                          TIME: 12:43:40 

 

                         **************************** 

                         * COMPLETE OF RESULTS FOR  * 



                         *  CANTILEVER WALL DESIGN  * 

                         **************************** 

 

       I.--HEADING 

       'Lansing 

 

      II.--RESULTS 

 

                     BENDING                        SCALED         NET 

      ELEVATION      MOMENT          SHEAR        DEFLECTION     PRESSURE 

         (FT)        (LB-FT)          (LB)         (LB-IN^3)       (PSF) 

        598.00    0.0000E+00            0.        2.0608E+08         0.00 

        597.00    1.0400E+01           31.        1.7918E+08        62.40 

        596.00    8.3200E+01          125.        1.5232E+08       124.80 

        595.00    2.8080E+02          281.        1.2561E+08       187.20 

        594.00    6.6560E+02          499.        9.9417E+07       249.60 

        593.00    1.2675E+03          683.        7.4407E+07       117.11 

        592.41    1.6808E+03          717.        6.0704E+07         0.00 

        592.00    1.9753E+03          700.        5.1603E+07       -82.79 

        591.00    2.5999E+03          516.        3.2200E+07      -285.09 

        590.00    2.9393E+03          129.        1.7249E+07      -487.96 

        589.00    2.7908E+03         -460.        7.3067E+06      -690.79 

        588.66    2.5937E+03         -706.        5.0533E+06      -759.62 

        588.00    1.9927E+03        -1065.        2.0890E+06      -327.35 

        587.00    8.7282E+02        -1066.        2.6770E+05       326.74 

        586.00    7.9676E+01         -412.        1.6427E+03       980.82 

        585.63    0.0000E+00            0.        0.0000E+00      1225.01 

 

               NOTE:  DIVIDE SCALED DEFLECTION MODULUS OF 



                      ELLASTICITY IN PSI TIMES PILE MOMENT 

                      OF INERTIA IN IN^4 TO OBTAIN DEFLECTION 

                      IN INCHES. 

 

     III.--WATER AND SOIL PRESSURES 

 

                             <-------------SOIL PRESSURES--------------> 

                  WATER      <----LEFTSIDE----->      <---RIGHTSIDE----> 

   ELEVATION    PRESSURE     PASSIVE      ACTIVE      ACTIVE     PASSIVE 

      (FT)        (PSF)       (PSF)        (PSF)       (PSF)      (PSF) 

    598.00            0.          0.          0.          0.          0. 

    597.00           62.          0.          0.          0.          0. 

    596.00          125.          0.          0.          0.          0. 

    595.00          187.          0.          0.          0.          0. 

    594.00          250.          0.          0.          0.          0. 

    593.00          312.        231.         38.         37.        177. 

    592.41          312.        369.         60.         57.        262. 

    592.00          312.        466.         75.         72.        322. 

    591.00          312.        702.        113.        104.        464. 

    590.00          312.        937.        151.        137.        607. 

    589.00          312.       1172.        189.        169.        749. 

    588.66          312.       1252.        202.        180.        797. 

    588.00          312.       1407.        227.        201.        892. 

    587.00          312.       1642.        265.        233.       1034. 

    586.00          312.       1877.        303.        266.       1177. 

    585.63          312.       2112.        341.        298.       1319. 

    584.00          312.       2347.        379.        330.       1462. 
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CELRC-TS-DG        26 August 2013 
MEMORANDUM FOR RECORD 
SUBJECT:  Lansing Levee - Geotechnical Assessment 

 

INTRODUCTION 

1. Lansing Levee is located on the south side of the Little Calumet River in Lansing, 
Illinois.  It extends about 1-½ miles west from the Illinois-Indiana border to just west 
of Burnham Avenue and consists of clay levee, reservoir, concrete T-Wall, and 
sheetpile I-Wall.   

INVESTIGATIONS 

1. Soil: Eighteen soil borings were completed by Soil and Material Consultants, Inc. 
(SMC) prior to construction of Lansing Levee in 1984.  These extended to depths 
ranging from 3.5 to 25 feet, with the majority extending about 10 feet below grade.  
After construction began, it became apparent that an area of the T-Wall would bear 
on weaker soils.  Therefore, an additional four borings were completed by SMC in 
1985 near the west end of the proposed T-Wall to depths of 20 ft each.  It was 
determined that it would be more cost efficient to construct an I-Wall in this area, so 
the type of wall for about 400-ft of the westernmost portion switched to an I-wall.  
These soil borings are in the geotechnical reports following this memo.  
 

2. The soil borings consist of mostly silty and clayey materials ranging from stiff to 
hard.  Some soils with higher organic contents were also encountered, particularly in 
the area where the I-Wall was constructed.  Additionally, of the 22 borings, 7 
encountered coarser grained materials.  Of those 7, at least 3 had coarse grained 
materials within the top 2 ft of the borehole; likely indicating these were fill 
materials.  The other coarser grained soils encountered were located near the outside 
berm of the reservoir and in the area of the I-Wall.  These sands varied between very 
loose to medium dense.   

3. Survey: A survey was completed along the existing levee by American Surveying 
and Engineers in summer 2013.  This survey consisted of points along the centerline 
at least every 50 feet for the northing, easting, and elevation in NAD83 and 
NAVD88.  Twenty-one cross sections were also surveyed with points taken at the top 
of the crest, top of the slopes, toe of the slopes, and up to about 200 feet east and west 
of the centerline.  Elevations were taken at inlets, outlets, and a camera inspection 
was also included.  See the Plate drawings for the Survey Profile Cross Sections.  

PURPOSE 

4. This memo is intended to analyze the existing levee and floodwall using SLOPE/W 
and SEEP/W software to determine the associated risk with stability and seepage.  
The analyses use data from the survey and soil borings to create representative cross 
sections.   
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SOIL CHARACTERISTICS   

5. SMC performed several laboratory tests on various soils encountered.  Each sample 
was classified and tested for moisture content.  Most of the cohesive samples were 
tested for strength and dry density, as well.  The boring logs list all test results.   

6. In order to develop parameters for the soils, various sources were used and were 
compared with the available data collected from the site.  The table below lists 
parameters for seepage, long term strength, and unit weight of each soil type 
encountered in the cross sections analyzed.  The sources of each are listed below the 
table.   

Table 1.  Soil Parameters 
Soil Type Stiffness

/Density 
Hydraulic 
Conductivity 
(ft/sec) 

Unit 
Weight 
(pcf) 

Long Term Short Term 

Cohesion 
(psf) 

Friction 
Angle 
(φ) 

Cohesion 
(psf) 

Friction 
Angle 
(φ) 

CL Fill  3.28e-8* 115 0 29 2000 0 

CL 
Native 

Stiff to 
hard 

3.28e-8* 120+ 0 30 4000+ 0 

SP 
Native 

Loose 3.28e-3* 110 0 28^ 0 28^ 

ML 
Native 

Medium 
Dense 

3.28e-5* 105+ 0 28^ 3500+ 0 

Organic 
ML 

Loose 3.28e-5* 85 0 20 250 0 

SM 
Native 

Medium 
Dense 

3.28e-4* 105+ 0 27^ 0 27^ 

Concrete  1e-12 144 9000 0 9000 0 

No icon means parameter conservatively based on stiffness/density  
+From soil borings and test data 
*From Figure 2 
^ From Figure 1 
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Figure 1.  Internal Friction versus Dry Unit Weight (NAVFAC 7.01) 
 

 
Figure 2. Range of permeabilities in Soils and Rocks (EM 1110-2-1901) 
 

ASSUMPTIONS 

7. To model Lansing Levee during a flood event, a flood height of elevation equal to the 
top of levee/floodwall was assumed.   

8. The existing levee and floodwall have mature trees within the 15-ft exclusionary 
zone.  While these may increase the rate of seepage, they are ignored in the analysis 
as their presence is identified as a deficiency elsewhere in the report.  Encroachments 
such as concrete slabs, in-ground pool, etc are also ignored for the same reason.   

9. The erosion along the T-Wall was also ignored, as this would greatly affect the 
stability of the structure.  It was assumed that the concrete toe was covered by 3.5 feet 
of fill, as shown on the design drawings.   

ANALYSIS 

10. Several cross sections for Lansing Levee were chosen to be analyzed based on their 
higher risk due to topography, permeable layer, and/or soft soils.   If these cases meet 
the minimum factors of safety, then the rest of the levee and floodwall would be 
acceptable, as well.   
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11. Each of the below cross sections are analyzed for long term stability, short term and 
long term flooding stability, and short term rapid drawdown stability using 
Morgenstern-Price model in SLOPE/W.  Long term seepage was run with assuming 
steady-state seepage in SEEP/W.   

 

Levee 

12. The first cross section analyzed was Cross Section 6.  This location is in between 
Borings B-16 and B-17 and was selected because the land side is the lowest which 
would increase the seepage potential.  The subsurface of the levee section appears to 
be fairly homogenous clay with only a few silty clay layers in the westernmost boring 
B-13.  The top foot of the borings includes silts and sands, but it is assumed these 
surface materials were stripped during construction.  The cross section is shown 
below.   

 

Figure 3.  Levee cross section 

13. Seepage: The seepage analysis was completed using SEEP/W software with the 
parameters described above during a high water event.  The resulting cross section 
models the seepage in a steady state condition using total head contours, below.  The 
anticipated amount of seepage through the levee is 1.125e-7 cfs/ft, which equates to 
about 5.09e-5 gpm/ft.  This is not a significant amount of seepage.   

           
Figure 4.  Levee seepage with total head contour 
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14. Piping: A second concern for seepage is piping which results from excessive pressure 
on the protected side of the levee forcing a seepage path up through the ground.  The 
Critical Gradient (ic) is defined as (γsat – γw)/γw which is the weight ratio of the soil.  It 
is compared to the Exit Gradient (ie) which is the force upwards at the toe and is 
obtained using SEEP/W.   The Factor of Safety is defined as ic/ie. 

 
 
 
 
Table 2.  I-Wall piping results 

Material 

Unit 
Weight 
(pcf) 

Critical 
Gradient, ic 

Exit 
Gradient, ie    
(y-direction) 

Factor 
of 

Safety 

CL Fill 115 0.76 0.092 8.3 

 

15. According to EM 1110-2-1901, the Factor of Safety should be at least 1.5, which this 
case meets.   

16. Stability: The stability of the existing levee was analyzed using SLOPE/W software 
and the parameters in Table 1.  Both sides of the levee were analyzed using long term 
conditions.  The first case was with the water level at normal river level, at 584 
NAVD.  

 

 
Figure 5.  Levee river side stability under normal conditions 

17.  The figure above results in a factor of safety on the land side at 4.4, while the river 
side below results in a factor of safety at 3.6.  Both of these are acceptable, since long 
term stability is recommended to be at least 1.4, according to EM 1110-2-1913, Table 
6-1b.   
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Figure 6.  Levee land side stability under normal conditions 

18. In the second case, a flood event was assumed to fully saturate the cross section 
according to a piezometers line to the top of the levee.  This is assumed to be 
conservative as the period of high water is usually several days, at most.   Using short 
and long term conditions, this results in a factor of safety at 38.5 and 1.9, as shown 
below.   

 

 
Figure 7.  Levee land side stability under high water conditions, short term 

 

Figure 8.  Levee land side stability under high water conditions, long term 
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19. On the river side, a rapid drawdown case was assumed, which leaves the cross section 
saturated and the water level back to normal.  The resulting factors of safety for short 
and long term are shown below, at 50.2 and 1.1, respectively.  This is also at an 
acceptable level, since rapid drawdown stability is recommended to be at least 1.0-
1.2, according to EM 1110-2-1913, Table 6-1b.   

 

 
Figure 9.  Levee river side stability under rapid drawdown, short term 

 

Figure 10.  Levee river side stability under rapid drawdown, long term 

 

T-Wall 

20. The second cross section was analyzed at Cross Section 14 where the type of 
protection is floodwall constructed out of cast-in-place concrete T-wall.  The cross 
sections from the plans are shown in the figures below.  The first shows the general 
shape of the wall, and the second shows the elevations of the closest ‘chambers’ 
where the gates are located.  This cross section was used in the analysis, not the actual 
conditions with the washed out riverside toe.   
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Figure 11.  Typical retaining wall section 

 

Figure 12.  Cross section at Chamber #4 and #5 with elevations 

21. This location was selected because the subsurface in boring B-09 indicated shallow 
sand layers that could contribute to seepage.  The area above the T-wall was assumed 
to be replaced with compacted clay, as shown below.  The plans also show an 
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underdrain system constructed out of PVC pipe backfilled with gravel and wrapped 
with geotextile fabric.  This feature was ignored in this analysis, since underdrain 
systems constructed this way have a history of clogging due to unrecorded installation 
damage, unknown service life, etc.  

 

Figure 13.  Underdrain System along T-Wall 

 

 

Figure 14.  Backfill of T-Wall 
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Figure 15.  T-Wall cross section 

22. Seepage: The seepage analysis was completed using SEEP/W software with the 
parameters described above during a high water event.  The resulting cross section 
showing the total head contours is shown below.  The anticipated amount of seepage 
is 7.667e-8 cfs/ft, which equates to about 3.47e-5 gpm/ft.  This is shown below.   

 

Figure 16.  T-Wall seepage with total head contour 

23. Piping: A second concern for seepage is piping which results from excessive pressure 
on the protected side of the levee forcing a seepage path up through the ground.  The 
Critical Gradient (ic) is defined as (γsat – γw)/γw which is the weight ratio of the soil.  It 
is compared to the Exit Gradient (ie) which is the force upwards at the toe and is 
obtained using SEEP/W.   The Factor of Safety is defined as ic/ie. 

 
Table 3.  I-Wall piping results 

Material 

Unit 
Weight 
(pcf) 

Critical 
Gradient, ic 

Exit 
Gradient, ie    
(y-direction) 

Factor 
of 

Safety 
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CL Fill 115 0.76 0.10 7.6 

 

24. According to EM 1110-2-1901, the Factor of Safety should be at least 1.5, which this 
case meets.  It should be noted that this assumes steady state conditions and is 
therefore a conservative approximation.   

 

25. Stability: The stability of the existing levee at the T-Wall was analyzed using 
SLOPE/W software and the parameters in Table 1.  The long term conditions were 
used in analyzing the T-Wall.  The first case was with the water level assumed to be 
at the normal river level.  

 

 
Figure 17.  T-Wall long term stability under normal conditions 

26. The figure above results in a factor of safety on the land side at 2.2.  This is 
acceptable, since long term stability is recommended to be at least 1.4, according to 
EM 1110-2-1913, Table 6-1b.   

 
27. In the second case, a flood event was assumed to fully saturate the cross section 

according to the piezometric line to the top of the wall.  This is assumed to be 
conservative, as the length of high water is usually several days, at most.  The soils 
are assumed to be in a short term condition for the first and long term in the second 
cross section.  This results in a factor of safety at 227 and 5.3, as shown below.   
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Figure 18.  T-Wall stability under high water conditions, short term 

 

Figure 19.  T-Wall stability under high water conditions, long term 

28. On the river side, a rapid drawdown case was assumed, which leaves the cross section 
saturated and the water level back to normal.  The resulting factor of safety is shown 
below, at 12.0 for short term and 5.3 for long term.  These are at an acceptable level, 
since EM 1110-2-1913, Table 6-1b recommends a factor of safety of at least 1.0 to 
1.2.   
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Figure 20.  T-Wall stability under rapid drawdown conditions, short term 

 
Figure 21.  T-Wall stability under rapid drawdown conditions, long term 

 

 
I-Wall 

29. The I-Wall does not meet the embedment depth requirement of ETL 1110-2-575, 
which states the embedment depth shall be at least 2.5 times the stickup height.  
Therefore, no additional stability or seepage analyses were completed.    

 
  
SUMMARY 
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30. Stability: The analyses completed to determine the stability of the levee and T-Wall 
in both normal conditions, as well as, high water conditions determined that the 
existing Lansing Levee exceeds the recommended factors of safety.  Qualitatively, 
the levee was constructed at almost 30 years ago, and does not show any signs of 
failure.  The cumulative results are shown in the table below.  The I-Wall was not 
analyzed since it does not meet other design criteria. 

 
Table 4.  Stability Results 

Cross 
Section 

Water Condition Calculated 
Factor of 
Safety 

EM 1110-
2-1913 
recommend 

Levee 

Long Term Riverside 3.6 1.4 

Long Term Landside 4.4 1.4 

Short Term High Water 
Landside 

38.5 1.0-1.2 

Long Term High Water 
Landside 

1.9 1.0-1.2 

Short Term Rapid Drawdown 
Riverside 

50.2 1.0-1.2 

Long Term Rapid Drawdown 
Riverside 

1.1 1.0-1.2 

T-Wall 

Long Term 2.2 1.4 

High Water, Short Term 227 1.0-1.2 

High Water, Long Term 5.3 1.0-1.2 

Rapid Drawdown, Short 
Term 

20.0 1.0-1.2 

Rapid Drawdown, Long 
Term 

1.3 1.0-1.2 

I-Wall **NOT ANALYZED** 

 

31. Seepage: Of the cross sections analyzed, seepage was not significant.  The results of 
the analysis are presented in the table below.     
 
Table 5.  Seepage Results 

Cross 
Section 

Seepage 
(cfs/ft) 

Seepage 
(gpm/ft) 

Levee 1.13e-7 5.09e-5 
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T-Wall 7.67e-8 3.47e-5 

I-Wall **Not Analyzed** 

 
32. Piping: All three cross sections analyzed resulted in piping factors of safety below 

the recommended values presented in EM 1110-2-1901.  The results are shown in the 
table below.   
 
Table 6.  Piping Results 

Cross 
Section 

Calculated Piping 
Factor of Safety 

Recommended 
FS (EM 1110-
2-1901) 

Levee 8.3 

1.5 T-Wall 7.6 

I-Wall **Not Analyzed** 

 
 
 
CONCLUSION 
  
33. Based on the analyses presented above, Lansing Levee at the T-Wall and levee is 

stable and exceeds recommended factors of safety for both long term and rapid 
drawdown conditions.  However, the I-Wall was not constructed with the minimum 
sheetpile depth and therefore is a design deficiency.      

 
34. This analysis does not take into account the continuing erosion of the riverbanks, 

existing vegetation, or existing encroachments that would decrease the stability and 
increase the potential for seepage.   

 
35. Heave was not considered a concern at this site, as conditions where heave would 

occur have a thin layer of clay over permeable sands.  This site consists of relatively 
homogenous clay in the levee section and coarser grained materials over clay in the 
T-Wall section.   
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CELRC-TS-DG          10 April 2013 
 
MEMORANDUM FOR RECORD 
SUBJECT: Lansing Levee Existing Soil Borings 
 
Introduction 
 
1. Lansing Levee is located on the south side of the Little Calumet River in Lansing, Illinois.  

It extends about 1-½ miles west from the Illinois-Indiana border to just west of Burnham 
Avenue and consists of clay levee, reservoir, concrete T-Wall, and sheetpile I-Wall.  An 
analysis is being conducted to assess the condition of Lansing Levee and to determine what 
needs to be improved to meet Corps standards.  

Purpose 

2. This Memorandum specifically reviews the existing subsurface information to determine if 
additional subsurface investigations are required.   

USACE Requirements 
 
3. Based on EM 1110-2-1913, soil borings should generally be spaced at three per 1,000 feet 

and extend at least 10 ft below the surface for levees.  Borings should extend deeper in 
order to provide foundation recommendations for structures and walls, as well as, if softer 
materials are encountered.   

Existing Information 

4. Eighteen soil borings were completed by Soil and Material Consultants, Inc. (SMC) prior to 
construction of Lansing Levee in 1984.  These extended to depths ranging from 3.5 to 25 
feet, with the majority extending about 10 feet below grade.  After construction began, it 
became apparent that an area of the T-Wall would bear on weaker soils.  Therefore, an 
additional four borings were completed by SMC near the west end of the proposed T-Wall 
to depths of 20 ft, each.  It was determined that it would be more cost efficient to construct 
an I-Wall in this area, so about 450-ft of the westernmost portion switched.  These soil 
borings are in Attachment 1 and 2 as part of the reports.  
 

5. The soil borings consist of mostly silty and clayey materials ranging from tough to hard.  
Some soils with higher organic contents were also encountered, particularly in the area 
where the I-Wall was constructed.  Additionally, of the 22 borings, 7 encountered some 
extent of coarser grained materials.  Of those 7, at least 3 were within the top 2 ft only of 
the borehole; likely indicating these were man-placed.  The other coarser grained soils 
encountered were located near the outside berm of the reservoir and in the area of the I-
Wall.  These sands varied between very loose to medium dense.   
  



2 

6. Within the first SMC report (Attachment 1), the site geology is described the project site as 
consisting of lacustrine and fluvial clay sediments overlain by various depths of man-placed 
fills.   

 
7. A map indicating the geology of the site was developed by the Corps, which shows the 

project within Carmi Member, defined as “…very deep, well drained soils formed in loamy 
materials and in the underlying stratified sandy and gravelly outwash on stream terraces.”  
This map is Attachment 5.   

 
8. A second map was developed by the Corps using the NRCS soil types.  The soil types along 

Lansing Levee are Sawmill silty clay loam, Urban land, Urban land-Milford-Martinton 
complex, Martinton silt loam, and Bono silty clay.  All of these soil types are described as 
fine-grained materials with the exception of the Urban land.  This is man-placed fill and as 
indicated on the borings, this material consists of clays, silts, and sands.  This map is 
Attachment 6. 

Current Spacing 

9. As shown on the boring plan and profile maps in Attachment 3 & 4, the soil borings 
completed along the centerline meet the depth recommendation of 10 ft, but do not meet the 
spacing recommendation of three per 1,000 ft.  The particular areas spaced widely are the 
easternmost levee area and the easternmost floodwall area.   

Recommendation 

10. Based on the recommended spacing in EM 1110-2-1913, additional subsurface 
investigations are necessary.  However, the soils encountered in the existing soil borings is 
mostly tough clay and silts which would are unlikely to cause instability or seepage.  The 
NRCS map also identifies the area as clays and silts and there are a few borings in each soil 
type.  In areas where soft soils were encountered, the design was changed appropriately by 
switching from T-Walls to I-Walls.  In areas where sandy soils were encountered, there 
does not appear to be any indications of seepage.  The levee is almost 30 years old and has 
encountered high water events.  None of these reported seepage.   

11. Therefore, based on the existing subsurface conditions and past performance during high 
water, additional borings are not necessary.   
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