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CHAPTER  A-9 
GEOTECHNICAL ANALYSIS 

NORTH KANSAS CITY – LOWER 
(HARLEM AREA) 

 
 

A-9.1 INTRODUCTION 
This chapter presents the geotechnical evaluation results for the Harlem area of 

the North Kansas City - Lower Unit, which was determined to have a high enough 
probability of failure under the existing level of protection to warrant further study.  This 
determination relies on historical borings and soil test information combined with recent 
subsurface borings and soil test information. 

 
A-9.2 SOURCES OF EXISTING LEVEE DESIGN INFORMATION 

The primary sources of information for this geotechnical analysis include the 
references listed in the References section of this chapter. 

 
A-9.3 DESCRIPTION OF THE LEVEE UNIT 

Refer to Section A-4.3.9 for a detailed description of the North Kansas City – 
Lower Unit. 

 
A-9.4 LEVEE DESIGN FEATURES 

 
 A-9.4.1  Existing Levee and Floodwall Sections 

The North Kansas Unit is a Federal protection system.  It consists of the Airport 
Section and the Lower Section, as explained by the General chapter of this appendix.  
The unit was originally constructed as a non-Federal levee, but was removed and 
replaced using Federal standards in 1947.  The final contract for construction of the 
project was completed in 1955. 

Upper reach of the Lower Section - The section of the North Kansas City levee 
known as the Lower Section includes Stations 0+00 to 70+40 and Stations 210+40 to 
469+17.  The upper reach of the Lower Section consists of a levee section with one 
stoplog gap.  The levee was constructed with a 1V on 3H riverside slope and 1V on 4H 
landside slope.  No underseepage control measures were constructed in the upper reach 
due to the low height of the levee and thick blanket conditions. 

Lower reach of the Lower Section - The lower reach consists of a levee section 
with one sandbag gap and two stoplog gaps.  The levee was constructed with a 1V on 4H 
riverside slope and 1V on 3H landside slope.  The underseepage control measure consists 
of landside seepage berm in open areas.  Industry restricted the lateral extent of 
underseepage berm in the Harlem area (no berm constructed) and the National Starch 
area (partial berm constructed).  Very large berms in excess of 1,000 feet landward of the 
primary levee toe were constructed between Stations 280+00 to 400+00. 

A plan view of the North Kansas City Unit and typical sections are provided in 
the Supplemental Exhibits section as Exhibits A-9.1 through A-9.7. 
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 A-9.4.2  Future Flood Protection Concerns 
This levee unit is not recommended for a raise based on the hydraulic analysis of 

the Missouri and Kansas River flows.  During the 1993 flood, Station 210+40 to Station 
275+00 was reported to have serious flood fighting.  Property owners reported excessive 
water pressures below pavement and building slabs.  That pressure resulted in 
uncontrolled piping of silt foundation blanket materials.  Their flood fight efforts 
consisted of sandbag ring dikes with temporary sand fill placement inside the seepage 
areas.  In one building foundation near National Starch, a standpipe was constructed to 
offset the excessive head and reduce the piping potential.  In another location inside of 
the National Starch property, sewer piping collapsed resulting in multiple sinkholes 
inside the protected area. 

The 1993 flood did not reach the top of levee in these problem areas.  A full head 
to the top of the levee may have lead to catastrophic underseepage failure of this area and 
all contiguous area inside the North Kansas City protection unit. 

 
A-9.4.3  Area Site Characterization 
Boring information provided by Exhibits A-9.8 through A-9.35 supports 

characterization of the foundation between Station 210+00 (Broadway Bridge) and 
Station 275+00 (Paseo Bridge).  The borings were located in the as-built drawings listed 
in the references.  One new boring, AD-1008 (completed in 2001), supplemented the 
prior borings.  The foundation profile has been developed below stations 210+00 to 
240+00.   In subsequent studies, the foundation profile was developed below stations 
240+00 to 275+00.  That reach is discussed in Chapter 10 of this appendix.   

 
A-9.4.4  Underseepage Analyses 
Stations 210+00 to 240+00 are identified as having underseepage concerns under 

the interim feasibility portion of the study.   The reach from Stations 210+00 to 240+00 
experienced excessive uplift pressure during the 1993 flood below the existing access 
road and adjacent structural foundations.  The underseepage analysis was modeled after 
consideration of the types of soils landward of the levee, the consistency of the thickness 
of the soil blanket clays or silts, the thickness of the sand deposit below the levee blanket 
materials, the lateral extent of the blanket landside and riverward of the levee, the effects 
of the location of the Missouri River, and the height of the existing levee.  All of these 
variables were considered during the development of the model to characterize the 
representative reaches along the alignment of the levee.  

 These reaches were considered separately to determine the landside resistance to 
upward gradient pressures which could initiate piping of the blanket materials.  This 
could lead to subsequent piping of sand grains toward the river entrance, leading to 
ultimate collapse of the levee section due to the foundation voids caused by piping.  Soil 
begins moving in the blanket when the pressure change in a vertical column of material 
exceeds the weight of the material bearing on the location where the pressure change 
occurs.  Because pressure typically decreases from depth to the surface, a diagram of the 
change in pressure typically produces a sloping line or “gradient”.  The underseepage 
design aims to assure that the weight of the soil column at any depth exceeds the upward 
gradient by a safety factor. 
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The safety factor for checking the materials at the landside toe of the North 
Kansas City levee is 1.1.  An additional design requirement is to provide underseepage 
control when the safety factor with respect to critical gradient is less than 1.5 with the 
design water surface 3 feet below the top of levee.  Usually the 1.5 safety factor controls 
the required underseepage design.  If the 1.1 safety factor or secondary check of 1.5 is not 
satisfied, the underseepage control is designed to meet a safety factor of 1.5 for the berm 
design, the buried collector design, and the pressure relief well design. 

Berm design was considered only when the area landside of the levee was 
available for construction.  If area for a berm was not available, a buried collector system 
was considered.  In areas that exhibited a blanket thickness of less than 5 feet, relief wells 
were considered appropriate to provide the underseepage control.  The safety factor was 
set midway between wells to a minimum of 1.5.  The pressures at the base of the blanket 
at the midpoint between wells will reach a maximum, and initiation of soil grain 
movement will begin at these locations. 

Permeability parameters were assigned to the blanket materials based on the 
content of silt, clay or sand.  Only areas that contained a blanket thickness of at least ¼ 
the height of the levee were considered meaningful in the underseepage model.  For thin 
blanket areas, pressure relief wells are considered appropriate for underseepage control. 

The existing safety factor in the underseepage analysis was calculated using water 
at the top of levee.  The relative magnitude of the permeability ratios of the clean 
foundation sands to the blanket materials was set after observation of boil activity from 
the 1951 flood.  The Kansas City District method of estimating the underseepage gradient 
and the required safety factors deviates somewhat from the method presented in the EM-
1110-2-1913.  The Kansas City District’s traditional empirical approach has been used 
since the 1960’s and has proven effective in providing adequate underseepage control for 
most reaches within the North Kansas City Unit.  This method is based on conclusions of 
a Corps of Engineers conference, held in Omaha in November, 1962.  The excellent 
historical performance of the levees during the 1993 flood event on the Missouri River 
demonstrates the effectiveness of this procedure.  The traditionally assumed permeability 
ratios for blanket materials are shown in Table A-9.1. 

 
 

TABLE A-9.1 
Permeability Ratios for Blanket Materials 

 
 
 
 
 
 
 
 
 

 
 
 

Blanket Material Assigned 
Permeability Ratio 

SM : Silty Sand 100 
ML : Silt 200-400 
ML-CL : Silt/Clay 400 
CL: Lean Clay 400-600 
CH: Fat Clay 800-1000 
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The calculations of the underseepage factors of safety that were used in the 
underseepage analysis are as follows: 

 
The gradient piping factor of safety is defined as: 
 
FSi   =  іс / іo  
 

where іo  =  actual gradient and іс = critical gradient 
 
 іс  =  γb  /  γw     when soils particles movement can begin at the toe  
 
and  γb  =  γsat - γw  where γsat  =  saturated unit weight of the soil and  
 
γw  =  unit weight of water 
 
іo  =  upward gradient through the blanket = change in head from the base 
of the blanket to the top of the blanket.  The reference datum is set at the 
top of the blanket because the movement of the soil grain will begin at the 
top of the blanket. 
 
∆h  =  gradient head calculated at the base of the blanket measure from the 
reference datum, the top of the blanket. This gradient calculation 
procedure is provided in the Geotechnical Analysis – Existing Conditions 
chapter of this appendix with defined equations and illustrative 
nomenclature. 
 
zbl  =  the thickness of the blanket 
 
іo  =  ∆h / zbl  
 
then  FSi  =  іс / іo  =  ( γb  / γw  ) / ( ∆h / zbl )  =  ( γb ∗ zbl ) / ( ∆h ∗ γw ) 

 
The underseepage analysis is provided in Exhibits A-9.36 through A-9.52 in the 

Supplemental Exhibits section, showing the factor of safety with respect to gradient.  
Two distinct reaches were characterized, Stations 210+00 to 230+00 and Stations 230+00 
to 240+00. 
The original designers considered underseepage berms, buried collector, and relief wells 
for the area being considered.  No underseepage control measures were adopted due to 
marginal safety concerns.  The constructed levee section did include a riverside cutoff 
trench through any unknown upper sand lense layers and a landside sand blanket above 
the existing ground surface to control any underseepage infiltrating beyond the riverside 
cutoff trench.  The area was to be monitored closely during high water, and future 
consideration for underseepage control measures were to be based on the monitoring of 
these reaches.  The City of Kansas City, Missouri Water Services Department presented 
some improvement recommendations for the Harlem area in a 1998 Storm Drainage 
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Master Plan.  That report is included as Exhibit A-9.53 in the Supplemental Exhibits 
section.  

Kansas City District underseepage design history indicates that, in areas with very 
thin to no thickness in blanket materials present, relief wells were the system chosen to 
control underseepage.  The thinnest blanket used in the analysis was 5 feet.  It is expected 
that the blanket thickness will vary from 5 to 10 feet. 

Alternate underseepage control measures were considered for Stations 210+00 to 
240+00.  The underseepage controls considered were flood fighting, underseepage berms, 
buried collector system, and pressure relief wells.  The alternatives vary with respect to 
the methodology to remove the underseepage water.  The preliminary design does not 
require evacuation of the underseepage water in order to keep the levee from failing.  The 
interior will flood due to underseepage flow containment in the Harlem area.  As a 
minimum design consideration, the flows from the wells or buried collector system can 
be collected in manholes during high water.  The sponsors will be responsible for setting 
up portable pumps and discharges lines to dispose of the underseepage water back to the 
river source by carrying the flow up and over the levee through temporary piping systems 
(also provided by the sponsor).  The recommended pumping facilities requirements are 
discussed in the Civil Design chapter of this appendix. 

The present recommended plan for controlling underseepage and reducing the 
uplift at the toe of the levee, Stations 210+00 to 240+00 is a buried collector system. 
 

A-9.4.5  Reassessment of Existing Risk and Uncertainty 
The existing conditions analysis (refer to Geotechnical Anaylsis – Existing 

Conditions chapter) was provided as a limited initial evaluation of the North Kansas City 
Unit’s underseepage risk.  This chapter indicates that the Harlem area is an  area of 
concern based on recent discovery of the flood fighting efforts inside of levee Stations 
257+00 to 272+00.  An additional risk and uncertainty analysis is provided for the 
specified stations in the next chapter.  Additional characterization of the reach from 
Stations 210+00 to 240+00 has resulted in a revised risk and uncertainty for that reach.  
The results are provided for consideration in Table A-9.2. 
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TABLE A-9.2 
Existing Conditions Risk and Uncertainty Results 

 
Station 210+00 to 240+00 

Height of Water on 
Levee, feet 

Probability of Unsatisfactory 
Performance 

1.0 0.0000 

2.0 0.0000142 

4.0 0.00295 

6.0 0.0278 

8.0 0.0935 

10.0 0.1954 
14.5 

(1993) 0.4643 

16.0 0.5453 
18.0 

(top of levee) 0.6400 

 
 
The assessment of the existing conditions includes observations that led to the 

selection of a satisfactory performance with respect to underseepage using a factor of 
safety of 0.7.  Historical observations concluded that a factor of safety of 0.55 represents 
impending failure of the toe of the levee.  The observations in 1993 did not lead to total 
failure of the levee toe for the level of water on the levee.  The levee from Stations 
210+00 to 240+00 experienced large uplift forces, while the levee from Stations 257+00 
to 273+00 included flood fighting to save the foundation of an existing processing 
building (landside of the toe in excess of 500 feet).  ETL 1110-2-556 indicates the use of 
a factor of 1.0 in the underseepage analysis.  The North Kansas City levee experienced a 
factor of safety lower than 1.0 and did not fail for that water level during the flood of 
1993.  The observations and calculations indicate a factor of safety near 0.7 may be 
representative.  A higher river level most likely would result in an even lower factor of 
safety.  For a factor of safety of 0.7, the probability of a catastrophic underseepage failure 
was calculated to be greater than 60% for Stations 210+00 to 240+00.  A buried collector 
system is recommended for Stations 210+00 to 240+00.  The system is to be designed in 
accordance with Corps of Engineers’ manuals in order to strengthen the weak sections of 
the levee and eliminate the serious risk of underseepage failure. 
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EXHIBIT A-9.35 
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Geotechnical Calculations 
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EXHIBIT A-9.36 
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Underseepage Berm Design for  
the Harlem Section 
North Kansas City Levee Unit 
Station 210+00 to 240+00 
 
Written By:  Stefanie Voss 
Date:  October 24, 2003 
 
The Kansas City District underseepage design practice is based on a developed 

criteria somewhat varying from the USACE EM.  The KCD model uses permeability 
ratios of foundation to blanket thickness based on less conservative assumptions than the 
USACE model in the EM.  This judgment was based service records form the 1951 and 
1993 flood experience on existing Kansas City levees. 

Before using the spreadsheet established for berm design, hand calculations were 
performed for the designer to become familiar with the design formulas for underseepage 
berm requirements.  For the Harlem area, stations 210+00 to 240+00, the blanket was 
assigned a thickness of 10 feet and permeability ratio of 300.  Once the underseepage 
design was calculated by hand, the same numbers were entered into the Excel 
spreadsheet.  The spreadsheet results were compared to the hand calculations, which 
mostly matched.  Any differences were attributed to rounding of the results in the 
spreadsheet or formulas. 

 
The next calculations considered a thinner blanket based on the review of existing 

cross-sections.  Stations 230+00 to 240+00 were considered to have blanket material 
thinner than 10 feet.  This reach was modeled using a thickness of 5 feet.  This reflected 
the only change in the numbers for calculation.  Factors of Safety were lower than the 
required 1.1 and 1.5 for full and reduced head respectively.  To compensate, a berm of 
greater thickness and width was assigned.  The width was extended to 350 feet to achieve 
a Berm Toe Factor of Safety to 1.1.  A berm thickness of 4.2 feet was required to meet 
the factor of safety of 1.5 at the primary levee toe.  A required minimum 5 feet thick 
berm was assigned.   This is required in EM 1110-2-1913, design and Construction of 
Levees, dated 20 April 2000. 

 
The spreadsheet results were compared to land use maps and aerial photographs 

to determine the berm alternative cost.  While the thickness of the blanket is modeled as 
uniform in the existing as built records of the cross section through the levee, the 
thickness appears to decrease, as it gets closer to the Heart of America Bridge.  One of 
the borings, DH-216, was shown as 150 feet landside away from the crown of the levee.  
Additional subsurface information should be obtained during PED to further refine the 
underseepage berm limits.  At this time conservative lengths of berms will be used for the 
development of quantities for the berm alternative. 

EXHIBIT A-9.37 
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EXHIBIT A-9.38 
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EXHIBIT A-9.39 



 9-51

EXHIBIT A-9.40 
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EXHIBIT A-9.41 
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EXHIBIT A-9.42 
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EXHIBIT A-9.43 
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Existing Conditions

EXHIBIT A-9.44 



 9-56

EXHIBIT A-9.45 
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EXHIBIT A-9.46 
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EXHIBIT A-9.47 
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EXHIBIT A-9.48 
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EXHIBIT A-9.49 
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EXHIBIT A-9.50 
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EXHIBIT A-9.51 
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EXHIBIT A-9.52 
Missouri River Existing Conditions Water Surface 

Elevations 
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EXHIBIT A-9.53 
 

NOTE: THIS REPORT WAS DONE FOR THE KANSAS 
CITY, MO WATER SERVICES DEPARTMENT – IT 

WAS NOT DONE AS PART OF THE COE FEASIBILITY 
STUDY.  PHASE 1, PHASE 2, AND NORTHEAST 

INDUSTRIAL DISTRICT DESIGNATIONS AS 
PRESENTED IN THIS EXHIBIT ARE VALID FOR THIS 

EXHIBIT ONLY.  
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