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CHAPTER A-4b 
GEOTECHNICAL ANALYSIS 

 
A-4b.1 INTRODUCTION  

 
This Appendix presents the results of the geotechnical evaluation performed for the 

Central Industrial District Levee Unit - Missouri (CID-MO).  The evaluation started with a 
thorough review of existing project documentation, defining existing subsurface conditions along 
the entire unit based upon existing subsurface information, and estimation of soil parameters for 
the existing levees, the natural blanket and the aquifer materials.  Additional subsurface 
investigations were performed to better define foundation materials for underseepage and 
foundation analyses.  The estimated soil parameters are based on geotechnical laboratory testing 
data from adjacent projects since data was not readily available for the CID-MO unit.  Data was 
obtained from the North Kansas City Levee (across MO River), CID-KS Levee (upstream on KS 
River), East Bottoms Levee (downstream on MO River), and the Fairfax Jersey Creek Levee 
(upstream on MO River).  All elevations used in the geotechnical portion of the feasibility 
study are NGVD 29 unless otherwise stated. 

 
Geotechnical analysis of the unit consisted mainly of underseepage and foundation 

capacity calculations to support Structural Analysis of the shallow footing and pile founded 
floodwall for the existing level of flood protection (approximately 500+3). 
 

Underseepage factors of safety were calculated along the entire CID-MO unit.  Since all 
areas met underseepage criteria, no reliability analysis was performed.  Shallow footing and pile 
capacities were provided for Structural Analysis. 

 
A-4b.2 LEVEE BACKGROUND INFORMATION 
 
 A-4b.2.1 Levee Description  

 
The CID-MO Unit is located in Jackson County, Missouri and extends along the right 

bank of the Missouri River from RM 365.7, at the Kansas-Missouri state line and termination of 
the CID-KS levee unit (Station 83+01.29), downstream to RM 367.2, near the Grand St. viaduct 
(Station 0+00), where the floodwall terminates into high ground upstream of the East Bottoms 
levee unit.  The CID-MO and CID-KS units are directly connected and there is no hydraulic 
separation.   

 
The unit consists of a system of mostly floodwall with some levee segments, stoplog 

gaps, pumping plants, drainage structures, riprap and levee toe protection, and surfaced levee 
crown and ramps.  The greater portion of the area is highly industrialized.  These areas are 
occupied largely by railroads, wholesale houses, water treatment plants, and manufacturing 
plants.  The total length of the unit is 8,301 feet or 1.6 miles.   

 
There are many bridges, structures, and utilities within the critical area of the line of 

protection.  For the purposes of the Geotechnical Analysis, it was assumed that all bridge 
foundation elements, structures, and utilities within the levee embankment and critical area of the 
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foundation blanket material meet all pertinent Corps of Engineers criteria.  Henceforth, no 
analysis was completed regarding their integrity.     
 

A-4b.2.2  History 
 

The Kansas Citys Flood Control Project, of which the Central Industrial Unit (Missouri 
Section) is a part, was authorized by Section 9 of the Flood Control Act approved 22 June 1936, 
Public Law 738, 74th Congress, 2d Session, as modified and extended by Section 10 of the 
Flood Control Act approved 22 December 1944, Public Law 634, 78th Congress, 2d Session. 

 
Early flood protection works prior to Federal participation consisted of levees and 

retaining walls. Federal participation started with the Flood Control Act of 1936, and on 6 March 
1946, a contract was awarded for the construction of levees, floodwalls, and appurtenances for 
the Central Industrial Unit (Missouri Section).  Construction began on 21 March 1946 and was 
completed on 9 September 1947. Since that time, improvements have been made to the unit 
under other Corps of Engineers' contracts to construct the Broadway and Santa Fe Pumping 
Plants, restore the flood protection after the 1951 flood (CID-KS overtopping led to an exit 
overtopping and large scour hole near station 80+00 by the stoplog gap), restore riverside slope 
protection after the 1951 food, construction of emergency gates and appurtenances, and minor 
scour repairs after the 1993 flood.  The following discussion describes the existing unit in 
additional detail by major features in a downstream direction. 
 
Station 83+01.29 to 80+54.12.  This is a floodwall section that is a continuation of the CID-KS 
floodwall.  This section was constructed on a large pervious fill.  There is a buried collector 
system that extends from station 78+00 and terminates at Station 5+00 CID-KS to collect 
underseepage through the fill. 

 
Station 80+54.12 to 78+00.  This section is a levee section with a stoplog gap at station 80+19. 

  
Station 78+00 to 0+00.  This section is floodwall section with a landward toe drain.  The 
floodwall is supported by driven concrete piles with a concrete riverside cut off wall from station 
78+00 to the Hannibal Bridge near station 25+25.  The floodwall is supported by a shallow 
footing bearing on bedrock between station 25+75 and 10+00.  The floodwall is supported by a 
shallow footing on soil between station 10+00 and 0+00.  There are gap structures at stations 
70+71, 68+90, 63+15, 14+80, 8+68, 5+24, and 1+53.  
 
Based upon the record drawings, the existing levee sections are homogeneous embankments 
constructed of impervious fill.  
 

A-4b.2.3 General Geology of the Region (Missouri River) 
 
The units are near the southern edge of the Dissected Till Plains section of the Central Lowlands 
Physiographic Province. The southern limit of glaciation in Missouri is generally considered to 
be just south of the Missouri River. During the Pleistocene, both the Nebraskan and Kansas 
glaciation crossed Platte County. The topography consists mainly of flat-lying alluvial sediments 
of the Missouri River floodplain, bounded by rolling hills comprising the valley walls. Maximum 
relief in the area is about 170 feet.  The Missouri River alluvium generally ranges from 
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approximately 110 to 130 feet in thickness, with the exception of buried stream channels that 
may extend into the Marmaton Group. All of the Missouri alluvium lies on shales and siltstones 
in the Pleasanton Group of the late Pennsylvanian System. The valley walls are composed of 
alternating layer of shales and limestone of the Kansas City Group. Drainage is by means of a 
maturely developed dendritic pattern except where it has been altered by human activity. 
 
 A-4b.2.4 Subsurface Conditions for CID-MO 
 

Assessments of the subsurface conditions for the project were derived from the Record 
Drawings, Design Memorandums and borings made at selected sites during Phase I and Phase II 
of the feasibility study.  Typical subsurface conditions for the CID-MO unit consist of a “two 
blanket” system.  There is an upper blanket with typical thickness of 3-6 feet, underlain by an 
upper pervious layer with typical thickness of 8-20 feet, underlain by a lower blanket with 
typical thickness of 14-20 feet, underlain by the aquifer with typical thickness of 45-55 feet, 
underlain by bedrock.  The upper and lower blankets appear to be connected riverward of the 
floodwall.  Cross sections are located with the underseepage calculations.  It is hypothesized 
that lower blanket is the natural blanket, and the upper pervious layer and upper blanket were fill 
placed to raise the area during commercial development prior to construction of the floodwall.  
The floodwall does bear directly on bedrock between approximate stations 10+00 and 25+75. 
Groundwater levels are dependent on seasonal changes and are generally equal to the Missouri 
River elevation. 
 
A-4b.3   UNDERSEEPAGE ANALYSIS 
 

The Kansas City District method of estimating the hydraulic gradients due to 
underseepage is slightly different than the method described in the EM 1110-2-1913.  It is based 
on the findings made at the Missouri River Division Conference held by the Corps of Engineers 
in 1962 in Omaha.  The underseepage analysis was based on experience during the flood event in 
1952 along the Missouri River.  The main differences in the Kansas City District method are: 

 
1. The Kansas City District Method uses permeability ratios (See Table A-4b.1.) related 

to differing material types of the blanket material instead of using actual horizontal 
and vertical permeabilities.  

 
2. The Kansas City District Method assumes an infinite landside blanket in the analysis.  
 
3. The Kansas City District Method does not use a transformed thickness for the soil 

stratum considered as EM 1110-2-1913 allows, instead, a representative permeability 
ratio is applied to the overall blanket thickness.    

 
For the underseepage analysis, the entire CID-MO Unit was divided into reaches of 

similar protection height, blanket thickness, blanket composition, aquifier thickness, and seepage 
entrance conditions.  The factor of safety with respect to hydraulic gradient through the natural 
blanket was calculated for each of these reaches at the landside toe of the levee section or 
floodwall for a series of alternatives.  Five alternative analysis methods were used to analyze the 
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unique foundation conditions at the CID-MO area due to the upper and lower blankets and 
buried collector system.  The floodwall toe drain was ignored in all analyses.   

 
TABLE A-4b.1 

Permeability Ratios for Blanket Material Based on Material Type 
 

SM 100
ML 200-400

ML-CL 400

CL 400-600

CH 800-1000

Blanket Material
Assumed 
Permibility 

Ratio

 
Analysis Alternative 1 assumes the blanket that is resistant to underseepage forces is 

equal to the thickness of the upper and lower blanket thicknesses added together.  This analysis, 
while the least conservative of all alternatives, is conservative in that it ignores the thickness of 
the upper pervious layer in between the two blankets.  This analysis is thought to be the most 
realistic of alternatives 1-4.    

 
Analysis Alternative 2 assumes the blanket thickness that is resistant to underseepage 

forces is equal to only the upper blanket thickness.  This analysis is the most conservative 
analysis and ignores the existence of the lower blanket completely.   

 
Analysis Alternative 3 assumes the blanket thickness that is resistant to underseepage 

forces is equal to only the upper blanket thickness and used the upper pervious layer as the 
aquifer.  However, the analysis assumed that the upper and lower blankets are connected by the 
seepage cut off wall and/or the riverside tie in, and the hydraulic pressure head was reduced by 
25%.  This analysis is a conceptual check on the gradient through the upper blanket. 

 
Analysis Alternative 4 assumes the blanket thickness that is resistant to underseepage 

forces is equal to only the lower blanket thickness.  The upper pervious layer is assumed to have 
hydrostatic conditions, and the aquifer is assumed to be surcharged by the river.  This analysis is 
a conceptual check on the gradient through the lower blanket. 

 
Analysis Alternative 5 is an analysis that was used where the buried collector system 

exists where the levee and floodwall was constructed on the large pervious fill.  The analysis 
assumes that the buried collector system maintains hydrostatic conditions in the upper pervious 
layer, and the lower blanket is the resistance to underseepage forces.  This analysis is a check on 
the gradient through the lower blanket where the buried collector system exists. 

 
 Exhibit 1 (Underseepage folder) shows the calculated factor of safety with respect to 

hydraulic gradient for the entire CID-MO Levee Unit for all analysis alternative methods with 
water at the top of protection.  The analysis shows all input parameters used to calculate the 
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factor of safety.  Supporting documentation consisting of riverside and centerline subsurface 
profiles and foundation cross sections are also included.  For all alternative analysis methods 
except for Alternative 2 indicate the levee will perform well for a top of wall loading.  Calculated 
factors of safety are generally in excess of 1.6.  This is in agreement with observations during the 
1993 flood which reported no adverse seepage conditions with water 2-3 feet from the top of 
protection.  Kansas City District Underseepage Criteria is discussed in the NWK Levee 
Underseepage Guidance attachement. 
 
A-4b.4 SOIL STRENGTH PARAMETERS 
 

The required parameters for soils in the CID-MO unit were estimated mainly from the 
significant amount of geotechnical laboratory testing data performed for adjacent levee units.  
Little information regarding strength parameter development for the CID-MO unit could be 
located for this study.  Soil information from CID-KS, East Bottoms, Fairfax Jersey Creek, and 
North Kansas City levees were used.  This information is located in the attached exhibits.  A 
summary of the soil parameters is provided in Table A-4b.2 below and discussed in the 
following paragraphs. 
 

Table A-4b.2 - Geotechnical Design Parameters 
 

Recommended Parameters for Phase 2 Feasibility Study - CID-MO 
  

  Unit Weight (pcf) 
Drained Shear 

Strength Undrained Shear Strength* 

Material  Moist Saturated φ' (degrees) 
c' 

(psf) φ (degrees) c (psf) 
Embankment 115 120 29 0 0 1000 
              
Fill/Debris+ 110 115 20 0 N/A 600 
              
Foundation Blanket* 110 115 22 0 0 600 
              
Foundation Sand 115 120 30 0 N/A N/A 
+Assumed parameters based on weakest perceived material likely to be present 

 *CH material not included 
       

The blanket materials consist mostly of ML and CL materials, with some discontinuous 
layers of CH, SM, and unclassified fill material.  The shear strength for the foundation sands was 
estimated from standard penetration test data performed in October 2001.  The information used 
is considered adequate, if not conservative, for this study.  These strength parameters were used 
in the Structural Analysis for floodwall stability. 
 
A-4b.5 FOUNDATION CAPACITY 
 
A-4b.4.1 Shallow Foundation Capacity 

 
Shallow foundation bearing capacity was calculated using Vesic’s bearing capacity factors for 
floodwall founded on soil and provided for structural analysis.  Bearing capacity for floodwall 
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founded on limestone was estimated using AASHTO HB-17, Table 4.11.4.1.4-1.  Shallow 
foundation bearing capacity is shown in the attached exhibits.  Generally bearing capacity does 
not control floodwall stability, as sliding stability is usually more critical.  Additional discussion 
is located in the Structural Analysis.   
 
A-4b.4.1 Deep Foundation Capacity 

 
Deep foundation capacity was calculated in general accordance with EM 1110-2-2906 Design of 
Pile Foundations.  Capacity was calculated for drained and undrained conditions, however 
drained conditions usually controlled the analysis.  Skin friction resistance and tip resistance 
were calculated separately and added together to determine total pile axial compression capacity.  
Tensile capacity was taken as 70% of the compression skin friction resistance as recommended 
in Table 4-5 of EM 1110-2-2906.  Earth pressure coefficients for skin resistance of 1.25 for clay 
and 2.0 for sand were also obtained from Table 4-5 for a high displacement driven pile.  There 
was no reduction in soil-pile interaction friction angle.  Additionally, the concept of a “critical 
depth” for drained analysis was not used even though it is specified in EM 1110-2-2906.  This is 
because published work and other governmental agencies (FHWA) have determined that the 
concept of “critical depth” as stated in EM 1110-2-2906 is overly conservative.  There is 
evidence that a limiting value of side and tip resistance is appropriate in some cases, but 
generally at pile depths greater than what are present at CID-MO.   
 
All the bearing piles at CID-MO are square precast concrete driven piles.  However, different 
lengths and sizes were used.  Lengths varied between 21 and 34 feet and sizes varied between 16 
and 18 inches.  Additionally, the concrete cut off pile was considered for capacity.  The concrete 
cut off pile is typically 16 feet long and 10 inches wide. 
 
A summary of calculated pile capacities is shown below in Table A-4b.3.  The calculated 
capacities are in general agreement with capacity estimates from driving formulas during original 
floodwall construction.  For further information on pile founded floodwall stability, see the 
Structural Analysis.  
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 Table A-4b.3 – Ultimate Pile Capacity summary 

     

Station 
Start 

Station 
Stop 

Pile 
Size 

(inch) 
Pile 

Shape 

Pile 
Length 
(feet) 

Axial 
Compressive 
Capacity (lb) 

Axial 
Tensile 

Capacity 
(lb) 

Axial 
Compressive 

Capacity 
(ton) 

Driving 
Formula 
Estimate, 

Construction 
(ton) 

Monolith 
Range 

22+81.46 24+54.76 18 tapered 21 63,184 34,428 32 35 50-53 

24+54.76 25+38.76 16 straight 25 94,544 47,066 47 40 54-55 

25+38.76 26+22.76 16 straight 29 117,871 60,583 59 35+ 56-57 

26+22.76 27+90.76 16 straight 30 110,124 56,280 55 35+ 58-61 

22+81.46 27+90.76 10 
cut off 
pile* 16 22,839 9,174 11 - - 

27+90.76 30+42.75 16 straight 34 165,730 93,113 83 50 62-67 

30+42.75 32+52.76 16 straight 21 87,472 44,990 44 50+ 68-72 

27+90.76  30+42.75 10 
cut off 
pile* 16 34,658 7,421 17 - - 

32+52.76 48+06.76 16 straight 21 118,051 67,168 59 35-50 73-109 

32+52.76 48+06.76 10 
cut off 
pile* 16 46,675 15,817 23 - - 

48+06.76 60+24.76 18 tapered 21 76,858 45,490 38 35-50 110-138 

48+06.76 60+24.76 10 
cut off 
pile* 16 28,969 14,351 14 - - 

60+24.76 73+20.14 18 straight 34 137,963 73,264 69 40-50+ 139-167 

73+20.14 78+12.22 16 straight 21 67,405 34,166 34 30 168-179 

60+24.76 78+12.22 10 
cut off 
pile* 16 20,730 9,401 10 - - 

*cut off pile capacities are in lb/ft 
        

 
 
 
 
A-4b.10 REFERENCES 
 

1. Operations and Maintenance Manual, Kansas City Flood Control Project, Missouri and 
Kansas River, Central Industrial Unit - Missouri Section, Volume I, 1981. 

 
2. Operations and Maintenance Manual, Record Drawings, Kansas City Flood Control 

Project, Missouri and Kansas River, Central Industrial Unit Missouri Section, Volume I, 
Appendix I, Dated 1944 - 1957. 

 
3.  Corps of Engineers Engineering Manuals, Technical Letters, Etc as referenced within. 
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A-4b.11 ATTACHMENTS AND EXHIBITS 
 
NWK Levee Underseepage Guidance 
 
Underseepage Exhibits 

1. Centerline Subsurface profile 
2. Riverside Subsurface profile 
3. Underseepage Cross Sections 
4. Overall Underseepage 

 
Floodwall Foundation Exhibits 

1. Ultimate Pile Capacity Summary 
2. Ultimate Pile Capacity Calculations 
3. Parameters for Pile Capacity Reliability 
4. Strength Parameters Determination 
5. Limestone Friction Angle Determination 
6. Floodwall Shallow Footing Capacity Calculations 
7. Bearing Capacity – Floodwall 

a. Bearing Capacity Coefficient Chart 
b. Bearing Capacity Coefficient Data 
c. Bearing Capacity Floodwall 
d. Blanket Bearing 
e. Sand Bearing 
f. Fill Bearing 

8. Shear Strength 2001 SPT Blowcounts 
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Assumptions used for underseepage calculations:

1.  Semi-pervious blanket both on the river side and landward side
2.  Landward side blanket of infinite extent
3.  If an underseepage blanket exists, 1/2 of the width is included in the levee width L2

Factors used in underseepage calculations:

kf = horizontal permeability of the pervious foundation
kbr = vertical permeability of the blanket, river side
kbl = vertical permeability of the blanket, landward side
zbr = thickness of the blanket, river side
zbo = thickness of the blanket under the levee
zbl = thickness of the blanket, landward side
d = thickness of pervious foundation
H = Net head on levee
L1 = distance to river from riverside levee toe
L2 = base width of levee and berms 
L3 = length of blanket beyond landside levee toe
cr = factor used in calculations for river side
cl = factor used in calculations for landward side
x1 = distance from effective seepage entry to riverside levee toe
x3 = distance from landside levee toe to effective seepage exit
ho = head at base of blanket, landward levee toe, measured above the ground surface, feet
io = computed hydraulic gradient at landside levee toe
ic = critical hydraulic gradient
b = bouyant unit weight of blanket soils
w = unit weight of water
hx = pressure head at base of blanket measured above the ground surface
x = distance from levee toe, positive indicates landward

Equations: for calculations with bluff as seepage block:

cr = (kbr/kfzbrd)1/2 io = ho/zbl

x3 = 1/ (cl tanh (cl L3)
cl = (kbl/kfzbld)1/2 ic = b/w

x1 = tanh(crL1)/cr ho = H((x3/(x1+L2+x3)) for calculations with a seepage block at entrance

x3 = 1/cl hx = hoe
-cx cr = (kbr/kfzbrd)1/2 zbr = block thickness

d = upper aquifer thickness

x1 = 1/(cr tanh (cL1))

L1= distance to seepage block



CID-MO Levee Kansas City Phase 2 Feasibility
Saturday, August 08, 2009 Revised:
Levee Foundation Information - EXISTING CONDITIONS, Water to Top of Levee

DRAFT
Blanket Unit Weight = 115.0 pcf (saturated)
Rubble Fill Unit Weight = 115.0 pcf (saturated)

Top of River Side Land Side River Blanket Land Blanket Top of Top of Pervious Computed Critical Factor of
Levee Ground Ground Bottom Bottom Blanket Bedrock Driving Blanket Head at Hydraulic Hydraulic Safety for

Elevation Elevation Elevation Elevation Elevation Elevation Elevation Head (ft) River Side Land Side River Side Levee Land Side Thickness (ft) River Side Levee Land Side River Side Land Side Toe (ft) Gradient Gradient Piping
Station (msl) (msl) (msl) (msl) (msl) (msl) H kf/kbr kf/kbl zbr zbo zbl d L1 L2 L3 cr cl x1 x3 ho io ic (ic/io) Remarks

0+00 to 10+00 758.0 750 752 711 725 749 710 6.0 300 300 39 31.5 24 15 100 15 1000 0.002387 0.003043 98 329 4.46 0.19 0.84 4.53

10+00 to 22+50 758.5 750 750 715

floodwall 
sitting on 
bedrock 750 735 8.5 300 300 35 #VALUE! #VALUE! #VALUE! 100 15 1000 #VALUE! #VALUE! #VALUE! #VALUE! #VALUE! #VALUE! 0.84 #VALUE!

floodwall is bearing directly on bedrock and there is a toe drain at the landward 
edge of the floodwall.  A line of creep analysis, or similar, will have to be performed 
if the uplift along the floodwall is needed.

22+50 to 27+50 759.0 750 752 716 710 742 700 7.0 300 300 34 33 32 10 100 15 1000 0.003131 0.003227 97 310 5.14 0.16 0.84 5.24

27+50 to 32+50 - Assumption 1 759.3 750 752 716 710 735 690 7.3 300 300 34 29.5 25 20 100 15 1000 0.002214 0.002582 98 387 5.61 0.22 0.84 3.76

Lower and upper blanket thickness added together to compute Zbl and FSi.  This 
assumes that the riverside has an impervious layer over the middle sand and/or the 
concrete sheetpile cutoff wall provides a satisfactory cut off between the river and 
the middle sand.  This is the LEAST conservative approach

27+50 to 32+50 - Assumption 2 759.3 750 752 716 740 748 690 7.3 300 300 5 6.5 8 50 50 15 1000 0.003651 0.002887 49 346 6.11 0.76 0.84 1.10

Only the upper blanket thickness was used to compute Zbl and FSi.  This assumes 
that the riverside does not have an impervious layer over the middle sand and/or the 
concrete sheetpile cutoff wall does not provide a cut off between the river and the 
middle sand.  This is the MOST conservative approach

27+50 to 32+50 - Assumption 3 759.3 750 752 716 740 748 690 5.4 300 300 5 6.5 8 14 50 15 1000 0.006901 0.005455 437 183 1.57 0.20 0.84 4.30

Only the upper blanket thickness was used to compute Zbl and FSi.  It was 
assumed that the riverside does have an impervious layer over the middle sand that 
is used to calculate x1.  the concrete sheetpile cutoff wall reduces the head by 25% 
in the upper sand.  This calculation checks the gradient through the upper blanket.

27+50 to 32+50 - Assumption 4 759.3 750 752 716 710 722 690 7.3 300 300 34 23 12 20 100 15 1000 0.002214 0.003727 98 268 5.10 0.42 0.84 1.98

Only the lower blanket thickness was used to compute Zbl and FSi.  It was assumed 
that the riverside does have an impervious layer over the middle sand and/or the 
concrete sheetpile cutoff wall provides a satisfactory cut off between the river and 
the middle sand.  This calculation checks the gradient through the lower blanket.  
Assumes hydrostatic conditions in the upper sand.

32+50 to 37+50 - Assumption 1 759.4 750 752 720 710 730 665 7.4 300 300 30 25 20 45 100 15 1000 0.001571 0.001925 99 520 6.07 0.30 0.84 2.78

Lower and upper blanket thickness added together to compute Zbl and FSi.  This 
assumes that the riverside has an impervious layer over the middle sand and/or the 
concrete sheetpile cutoff wall provides a satisfactory cut off between the river and 
the middle sand.  This is the LEAST conservative approach

32+50 to 37+50 - Assumption 2 759.4 750 752 720 745 752 665 7.4 300 300 30 18.5 7 80 50 15 1000 0.001179 0.002440 50 410 6.39 0.91 0.84 0.92

Only the upper blanket thickness was used to compute Zbl and FSi.  This assumes 
that the riverside does not have an impervious layer over the middle sand and/or the 
concrete sheetpile cutoff wall does not provide a cut off between the river and the 
middle sand.  This is the MOST conservative approach

32+50 to 37+50 - Assumption 3 759.4 750 752 720 745 752 665 5.5 300 300 5 6 7 22 50 15 1000 0.005505 0.004652 677 215 1.32 0.19 0.84 4.48

Only the upper blanket thickness was used to compute Zbl and FSi.  It was 
assumed that the riverside does have an impervious layer over the middle sand that 
is used to calculate x1.  the concrete sheetpile cutoff wall reduces the head by 25% 
in the upper sand.  This calculation checks the gradient through the upper blanket.

32+50 to 37+50 - Assumption 4 759.4 750 752 720 710 724 665 7.4 300 300 30 22 14 45 100 15 1000 0.001571 0.002300 99 435 5.86 0.42 0.84 2.01

Only the lower blanket thickness was used to compute Zbl and FSi.  It was assumed 
that the riverside does have an impervious layer over the middle sand and/or the 
concrete sheetpile cutoff wall provides a satisfactory cut off between the river and 
the middle sand.  This calculation checks the gradient through the lower blanket.  
Assumes hydrostatic conditions in the upper sand.

37+50 to 41+00 - Assumption 1 759.4 750 752 721 709 733 665 7.4 300 300 29 26.5 24 44 100 15 1000 0.001616 0.001777 99 563 6.19 0.26 0.84 3.27

Lower and upper blanket thickness added together to compute Zbl and FSi.  This 
assumes that the riverside has an impervious layer over the middle sand and/or the 
concrete sheetpile cutoff wall provides a satisfactory cut off between the river and 
the middle sand.  This is the LEAST conservative approach

37+50 to 41+00 - Assumption 2 759.4 750 752 721 746 752 665 7.4 300 300 29 17.5 6 81 50 15 1000 0.001191 0.002619 50 382 6.36 1.06 0.84 0.80

Only the upper blanket thickness was used to compute Zbl and FSi.  This assumes 
that the riverside does not have an impervious layer over the middle sand and/or the 
concrete sheetpile cutoff wall does not provide a cut off between the river and the 
middle sand.  This is the MOST conservative approach

37+50 to 41+00 - Assumption 3 759.4 750 752 721 746 752 665 5.6 300 300 3 4.5 6 20 50 15 1000 0.007454 0.005270 377 190 1.82 0.30 0.84 2.78

Only the upper blanket thickness was used to compute Zbl and FSi.  It was 
assumed that the riverside does have an impervious layer over the middle sand that 
is used to calculate x1.  the concrete sheetpile cutoff wall reduces the head by 25% 
in the upper sand.  This calculation checks the gradient through the upper blanket.

37+50 to 41+00 - Assumption 4 759.4 750 752 721 709 727 665 7.4 300 300 29 23.5 18 44 100 15 1000 0.001616 0.002052 99 487 6.03 0.33 0.84 2.52

Only the lower blanket thickness was used to compute Zbl and FSi.  It was assumed 
that the riverside does have an impervious layer over the middle sand and/or the 
concrete sheetpile cutoff wall provides a satisfactory cut off between the river and 
the middle sand.  This calculation checks the gradient through the lower blanket.  
Assumes hydrostatic conditions in the upper sand.

Effective Seepage Length (ft)
Factor

Permeability Ratio Impervious Blanket Thickness (ft) Seepage Length (ft)



Top of River Side Land Side River Blanket Land Blanket Top of Top of Pervious Computed Critical Factor of
Levee Ground Ground Bottom Bottom Blanket Bedrock Driving Blanket Head at Hydraulic Hydraulic Safety for

Elevation Elevation Elevation Elevation Elevation Elevation Elevation Head (ft) River Side Land Side River Side Levee Land Side Thickness (ft) River Side Levee Land Side River Side Land Side Toe (ft) Gradient Gradient Piping
Station (msl) (msl) (msl) (msl) (msl) (msl) H kf/kbr kf/kbl zbr zbo zbl d L1 L2 L3 cr cl x1 x3 ho io ic (ic/io) Remarks

41+00 to 46+00 - Assumption 1 759.5 750 752 722 712 734 665 7.5 300 300 28 25 22 47 100 15 1000 0.001592 0.001795 99 557 6.22 0.28 0.84 2.98

Lower and upper blanket thickness added together to compute Zbl and FSi.  This 
assumes that the riverside has an impervious layer over the middle sand and/or the 
concrete sheetpile cutoff wall provides a satisfactory cut off between the river and 
the middle sand.  This is the LEAST conservative approach

41+00 to 46+00 - Assumption 2 759.5 750 752 722 746 752 665 7.5 300 300 28 17 6 81 50 15 1000 0.001212 0.002619 50 382 6.41 1.07 0.84 0.79

Only the upper blanket thickness was used to compute Zbl and FSi.  This assumes 
that the riverside does not have an impervious layer over the middle sand and/or the 
concrete sheetpile cutoff wall does not provide a cut off between the river and the 
middle sand.  This is the MOST conservative approach

41+00 to 46+00 - Assumption 3 759.5 750 752 722 746 752 665 5.6 300 300 5 5.5 6 16 50 15 1000 0.006455 0.005893 497 170 1.40 0.23 0.84 3.61

Only the upper blanket thickness was used to compute Zbl and FSi.  It was 
assumed that the riverside does have an impervious layer over the middle sand that 
is used to calculate x1.  the concrete sheetpile cutoff wall reduces the head by 25% 
in the upper sand.  This calculation checks the gradient through the upper blanket.

41+00 to 46+00 - Assumption 4 759.5 750 752 722 709 725 665 7.5 300 300 28 22 16 44 100 15 1000 0.001645 0.002176 99 460 6.01 0.38 0.84 2.24

Only the lower blanket thickness was used to compute Zbl and FSi.  It was assumed 
that the riverside does have an impervious layer over the middle sand and/or the 
concrete sheetpile cutoff wall provides a satisfactory cut off between the river and 
the middle sand.  This calculation checks the gradient through the lower blanket.  
Assumes hydrostatic conditions in the upper sand.

46+00 to 50+00 - Assumption 1 759.6 750 752 718 713 733 665 7.6 300 300 32 26 20 48 100 15 1000 0.001473 0.001863 99 537 6.27 0.31 0.84 2.69

Lower and upper blanket thickness added together to compute Zbl and FSi.  This 
assumes that the riverside has an impervious layer over the middle sand and/or the 
concrete sheetpile cutoff wall provides a satisfactory cut off between the river and 
the middle sand.  This is the LEAST conservative approach

46+00 to 50+00 - Assumption 2 759.6 750 752 718 746 752 665 7.6 300 300 32 19 6 81 50 15 1000 0.001134 0.002619 50 382 6.50 1.08 0.84 0.78

Only the upper blanket thickness was used to compute Zbl and FSi.  This assumes 
that the riverside does not have an impervious layer over the middle sand and/or the 
concrete sheetpile cutoff wall does not provide a cut off between the river and the 
middle sand.  This is the MOST conservative approach

46+00 to 50+00 - Assumption 3 759.6 750 752 718 746 752 665 5.7 300 300 5 5.5 6 18 50 15 1000 0.006086 0.005556 557 180 1.37 0.23 0.84 3.70

Only the upper blanket thickness was used to compute Zbl and FSi.  It was 
assumed that the riverside does have an impervious layer over the middle sand that 
is used to calculate x1.  the concrete sheetpile cutoff wall reduces the head by 25% 
in the upper sand.  This calculation checks the gradient through the upper blanket.

46+00 to 50+00 - Assumption 4 759.6 750 752 718 713 729 665 7.6 300 300 32 24 16 48 100 15 1000 0.001473 0.002083 99 480 6.14 0.38 0.84 2.20

Only the lower blanket thickness was used to compute Zbl and FSi.  It was assumed 
that the riverside does have an impervious layer over the middle sand and/or the 
concrete sheetpile cutoff wall provides a satisfactory cut off between the river and 
the middle sand.  This calculation checks the gradient through the lower blanket.  
Assumes hydrostatic conditions in the upper sand.

50+00 to 52+50 - Assumption 1 759.7 750 750 715 712 736 665 9.6 300 300 35 29.5 24 47 100 15 1000 0.001423 0.001719 99 582 8.06 0.34 0.84 2.51

Lower and upper blanket thickness added together to compute Zbl and FSi.  This 
assumes that the riverside has an impervious layer over the middle sand and/or the 
concrete sheetpile cutoff wall provides a satisfactory cut off between the river and 
the middle sand.  This is the LEAST conservative approach

50+00 to 52+50 - Assumption 2 759.7 750 750 715 745 750 665 9.6 300 300 35 20 5 80 50 15 1000 0.001091 0.002887 50 346 8.13 1.63 0.84 0.52

Only the upper blanket thickness was used to compute Zbl and FSi.  This assumes 
that the riverside does not have an impervious layer over the middle sand and/or the 
concrete sheetpile cutoff wall does not provide a cut off between the river and the 
middle sand.  This is the MOST conservative approach

50+00 to 52+50 - Assumption 3 759.7 750 750 715 745 750 665 4.8 300 300 5 5 5 14 50 15 1000 0.006901 0.006901 437 145 1.17 0.23 0.84 3.60

Only the upper blanket thickness was used to compute Zbl and FSi.  It was 
assumed that the riverside does have an impervious layer over the middle sand that 
is used to calculate x1.  the concrete sheetpile cutoff wall reduces the head by 50% 
in the upper sand since it is a full cut off.  This calculation checks the gradient 
through the upper blanket.

50+00 to 52+50 - Assumption 4 759.7 750 750 715 712 731 665 9.6 300 300 35 27 19 47 100 15 1000 0.001423 0.001932 99 518 7.90 0.42 0.84 2.03

Only the lower blanket thickness was used to compute Zbl and FSi.  It was assumed 
that the riverside does have an impervious layer over the middle sand and/or the 
concrete sheetpile cutoff wall provides a satisfactory cut off between the river and 
the middle sand.  This calculation checks the gradient through the lower blanket.  
Assumes hydrostatic conditions in the upper sand.

52+50 to 55+00 - Assumption 1 759.7 750 750 715 711.5 738.5 665 9.7 300 300 35 31 27 46.5 100 15 1000 0.001431 0.001629 99 614 8.18 0.30 0.84 2.78

Lower and upper blanket thickness added together to compute Zbl and FSi.  This 
assumes that the riverside has an impervious layer over the middle sand and/or the 
concrete sheetpile cutoff wall provides a satisfactory cut off between the river and 
the middle sand.  This is the LEAST conservative approach

52+50 to 55+00 - Assumption 2 759.7 750 750 715 744 750 665 9.7 300 300 35 20.5 6 79 50 15 1000 0.001098 0.002652 50 377 8.27 1.38 0.84 0.61

Only the upper blanket thickness was used to compute Zbl and FSi.  This assumes 
that the riverside does not have an impervious layer over the middle sand and/or the 
concrete sheetpile cutoff wall does not provide a cut off between the river and the 
middle sand.  This is the MOST conservative approach

52+50 to 55+00 - Assumption 3 759.7 750 750 715 744 750 665 4.9 300 300 5 5.5 6 10 50 15 1000 0.008165 0.007454 316 134 1.40 0.23 0.84 3.62

Only the upper blanket thickness was used to compute Zbl and FSi.  It was 
assumed that the riverside does have an impervious layer over the middle sand that 
is used to calculate x1.  the concrete sheetpile cutoff wall reduces the head by 50% 
in the upper sand since it is a full cut off.  This calculation checks the gradient 
through the upper blanket.

52+50 to 55+00 - Assumption 4 759.7 750 750 715 711.5 732.5 665 9.7 300 300 35 28 21 46.5 100 15 1000 0.001431 0.001848 99 541 8.01 0.38 0.84 2.21

Only the lower blanket thickness was used to compute Zbl and FSi.  It was assumed 
that the riverside does have an impervious layer over the middle sand and/or the 
concrete sheetpile cutoff wall provides a satisfactory cut off between the river and 
the middle sand.  This calculation checks the gradient through the lower blanket.  
Assumes hydrostatic conditions in the upper sand.

Permeability Ratio Impervious Blanket Thickness (ft) Seepage Length (ft) Effective Seepage Length (ft)
Factor



Top of River Side Land Side River Blanket Land Blanket Top of Top of Pervious Computed Critical Factor of
Levee Ground Ground Bottom Bottom Blanket Bedrock Driving Blanket Head at Hydraulic Hydraulic Safety for

Elevation Elevation Elevation Elevation Elevation Elevation Elevation Head (ft) River Side Land Side River Side Levee Land Side Thickness (ft) River Side Levee Land Side River Side Land Side Toe (ft) Gradient Gradient Piping
Station (msl) (msl) (msl) (msl) (msl) (msl) H kf/kbr kf/kbl zbr zbo zbl d L1 L2 L3 cr cl x1 x3 ho io ic (ic/io) Remarks

55+00 to 57+50 - Assumption 1 759.8 750 750 714.5 711 737.5 665 9.8 300 300 35.5 31 26.5 46 100 15 1000 0.001429 0.001654 99 605 8.24 0.31 0.84 2.71

Lower and upper blanket thickness added together to compute Zbl and FSi.  This 
assumes that the riverside has an impervious layer over the middle sand and/or the 
concrete sheetpile cutoff wall provides a satisfactory cut off between the river and 
the middle sand.  This is the LEAST conservative approach

55+00 to 57+50 - Assumption 2 759.8 750 750 714.5 745 750 665 9.8 300 300 35.5 20.25 5 80 50 15 1000 0.001083 0.002887 50 346 8.25 1.65 0.84 0.51

Only the upper blanket thickness was used to compute Zbl and FSi.  This assumes 
that the riverside does not have an impervious layer over the middle sand and/or the 
concrete sheetpile cutoff wall does not provide a cut off between the river and the 
middle sand.  This is the MOST conservative approach

55+00 to 57+50 - Assumption 3 759.8 750 750 714.5 745 750 665 4.9 300 300 5 5 5 12 50 15 1000 0.007454 0.007454 377 134 1.25 0.25 0.84 3.37

Only the upper blanket thickness was used to compute Zbl and FSi.  It was 
assumed that the riverside does have an impervious layer over the middle sand that 
is used to calculate x1.  the concrete sheetpile cutoff wall reduces the head by 50% 
in the upper sand since it is a full cut off.  This calculation checks the gradient 
through the upper blanket.

55+00 to 57+50 - Assumption 4 759.8 750 750 714.5 711 732.5 665 9.8 300 300 35.5 28.5 21.5 46 100 15 1000 0.001429 0.001836 99 545 8.10 0.38 0.84 2.24

Only the lower blanket thickness was used to compute Zbl and FSi.  It was assumed 
that the riverside does have an impervious layer over the middle sand and/or the 
concrete sheetpile cutoff wall provides a satisfactory cut off between the river and 
the middle sand.  This calculation checks the gradient through the lower blanket.  
Assumes hydrostatic conditions in the upper sand.

57+50 to 62+50 - Assumption 1 760.0 750 748 715 714 736 665 12.0 300 300 35 28.5 22 49 100 15 1000 0.001394 0.001758 99 569 9.99 0.45 0.84 1.86

Lower and upper blanket thickness added together to compute Zbl and FSi.  This 
assumes that the riverside has an impervious layer over the middle sand and/or the 
concrete sheetpile cutoff wall provides a satisfactory cut off between the river and 
the middle sand.  This is the LEAST conservative approach

57+50 to 62+50 - Assumption 2 760.0 750 748 715 745 748 665 12.0 300 300 35 19 3 80 50 15 1000 0.001091 0.003727 50 268 9.66 3.22 0.84 0.26

Only the upper blanket thickness was used to compute Zbl and FSi.  This assumes 
that the riverside does not have an impervious layer over the middle sand and/or the 
concrete sheetpile cutoff wall does not provide a cut off between the river and the 
middle sand.  This is the MOST conservative approach

57+50 to 62+50 - Assumption 3 760.0 750 748 715 745 748 665 6.0 300 300 5 4 3 12 50 15 1000 0.007454 0.009623 377 104 1.26 0.42 0.84 2.01

Only the upper blanket thickness was used to compute Zbl and FSi.  It was 
assumed that the riverside does have an impervious layer over the middle sand that 
is used to calculate x1.  the concrete sheetpile cutoff wall reduces the head by 50% 
in the upper sand since it is a full cut off.  This calculation checks the gradient 
through the upper blanket.

57+50 to 62+50 - Assumption 4 760.0 750 748 715 714 733 665 12.0 300 300 35 27 19 49 100 15 1000 0.001394 0.001892 99 528 9.87 0.52 0.84 1.62

Only the lower blanket thickness was used to compute Zbl and FSi.  It was assumed 
that the riverside does have an impervious layer over the middle sand and/or the 
concrete sheetpile cutoff wall provides a satisfactory cut off between the river and 
the middle sand.  This calculation checks the gradient through the lower blanket.  
Assumes hydrostatic conditions in the upper sand.

62+50 to 65+00 - Assumption 1 760.0 750 748 717 712 738 665 12.0 300 300 33 29.5 26 47 100 15 1000 0.001466 0.001652 99 605 10.09 0.39 0.84 2.17

Lower and upper blanket thickness added together to compute Zbl and FSi.  This 
assumes that the riverside has an impervious layer over the middle sand and/or the 
concrete sheetpile cutoff wall provides a satisfactory cut off between the river and 
the middle sand.  This is the LEAST conservative approach

62+50 to 65+00 - Assumption 2 760.0 750 748 717 744 748 665 12.0 300 300 33 18.5 4 79 50 15 1000 0.001131 0.003248 50 308 9.91 2.48 0.84 0.34

Only the upper blanket thickness was used to compute Zbl and FSi.  This assumes 
that the riverside does not have an impervious layer over the middle sand and/or the 
concrete sheetpile cutoff wall does not provide a cut off between the river and the 
middle sand.  This is the MOST conservative approach

62+50 to 65+00 - Assumption 3 760.0 750 748 717 744 748 665 6.0 300 300 5 4.5 4 8 50 15 1000 0.009129 0.010206 256 98 1.59 0.40 0.84 2.12

Only the upper blanket thickness was used to compute Zbl and FSi.  It was 
assumed that the riverside does have an impervious layer over the middle sand that 
is used to calculate x1.  the concrete sheetpile cutoff wall reduces the head by 50% 
in the upper sand since it is a full cut off.  This calculation checks the gradient 
through the upper blanket.

62+50 to 65+00 - Assumption 4 760.0 750 748 717 712 734 665 12.0 300 300 33 27.5 22 47 100 15 1000 0.001466 0.001795 99 557 9.96 0.45 0.84 1.86

Only the lower blanket thickness was used to compute Zbl and FSi.  It was assumed 
that the riverside does have an impervious layer over the middle sand and/or the 
concrete sheetpile cutoff wall provides a satisfactory cut off between the river and 
the middle sand.  This calculation checks the gradient through the lower blanket.  
Assumes hydrostatic conditions in the upper sand.

65+00 to 67+50 - Assumption 1 760.0 750 750 715 709 742 665 10.0 300 300 35 34 33 44 140 15 1000 0.001471 0.001515 138 660 8.12 0.25 0.84 3.43

Lower and upper blanket thickness added together to compute Zbl and FSi.  This 
assumes that the riverside has an impervious layer over the middle sand and/or the 
concrete sheetpile cutoff wall provides a satisfactory cut off between the river and 
the middle sand.  This is the LEAST conservative approach

65+00 to 67+50 - Assumption 2 760.0 750 750 715 744 750 665 10.0 300 300 35 20.5 6 79 100 15 1000 0.001098 0.002652 100 377 7.67 1.28 0.84 0.66

Only the upper blanket thickness was used to compute Zbl and FSi.  This assumes 
that the riverside does not have an impervious layer over the middle sand and/or the 
concrete sheetpile cutoff wall does not provide a cut off between the river and the 
middle sand.  This is the MOST conservative approach

65+00 to 67+50 - Assumption 3 760.0 750 750 715 744 750 665 5.0 300 300 5 5.5 6 7 100 15 1000 0.009759 0.008909 136 112 2.13 0.35 0.84 2.38

Only the upper blanket thickness was used to compute Zbl and FSi.  It was 
assumed that the riverside does have an impervious layer over the middle sand that 
is used to calculate x1.  the concrete sheetpile cutoff wall reduces the head by 50% 
in the upper sand since it is a full cut off.  This calculation checks the gradient 
through the upper blanket.

65+00 to 67+50 - Assumption 4 760.0 750 750 715 709 736 665 10.0 300 300 35 31 27 44 140 15 1000 0.001471 0.001675 138 597 7.96 0.29 0.84 2.86

Only the lower blanket thickness was used to compute Zbl and FSi.  It was assumed 
that the riverside does have an impervious layer over the middle sand and/or the 
concrete sheetpile cutoff wall provides a satisfactory cut off between the river and 
the middle sand.  This calculation checks the gradient through the lower blanket.  
Assumes hydrostatic conditions in the upper sand.

Permeability Ratio Impervious Blanket Thickness (ft) Seepage Length (ft) Effective Seepage Length (ft)
Factor



Top of River Side Land Side River Blanket Land Blanket Top of Top of Pervious Computed Critical Factor of
Levee Ground Ground Bottom Bottom Blanket Bedrock Driving Blanket Head at Hydraulic Hydraulic Safety for

Elevation Elevation Elevation Elevation Elevation Elevation Elevation Head (ft) River Side Land Side River Side Levee Land Side Thickness (ft) River Side Levee Land Side River Side Land Side Toe (ft) Gradient Gradient Piping
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67+50 to 71+00 - Assumption 1 760.0 750 750 719 706 743 665 10.0 300 300 31 34 37 41 140 15 1000 0.001619 0.001482 138 675 8.15 0.22 0.84 3.82

Lower and upper blanket thickness added together to compute Zbl and FSi.  This 
assumes that the riverside has an impervious layer over the middle sand and/or the 
concrete sheetpile cutoff wall provides a satisfactory cut off between the river and 
the middle sand.  This is the LEAST conservative approach

67+50 to 71+00 - Assumption 2 760.0 750 750 719 744 750 665 10.0 300 300 31 18.5 6 79 100 15 1000 0.001167 0.002652 100 377 7.67 1.28 0.84 0.66

Only the upper blanket thickness was used to compute Zbl and FSi.  This assumes 
that the riverside does not have an impervious layer over the middle sand and/or the 
concrete sheetpile cutoff wall does not provide a cut off between the river and the 
middle sand.  This is the MOST conservative approach

67+50 to 71+00 - Assumption 3 760.0 750 750 719 744 750 665 5.0 300 300 5 5.5 6 10 100 15 1000 0.008165 0.007454 182 134 2.03 0.34 0.84 2.50

Only the upper blanket thickness was used to compute Zbl and FSi.  It was 
assumed that the riverside does have an impervious layer over the middle sand that 
is used to calculate x1.  the concrete sheetpile cutoff wall reduces the head by 50% 
in the upper sand since it is a full cut off.  This calculation checks the gradient 
through the upper blanket.

67+50 to 71+00 - Assumption 4 760.0 750 750 719 706 737 665 10.0 300 300 31 31 31 41 140 15 1000 0.001619 0.001619 138 617 8.02 0.26 0.84 3.26

Only the lower blanket thickness was used to compute Zbl and FSi.  It was assumed 
that the riverside does have an impervious layer over the middle sand and/or the 
concrete sheetpile cutoff wall provides a satisfactory cut off between the river and 
the middle sand.  This calculation checks the gradient through the lower blanket.  
Assumes hydrostatic conditions in the upper sand.

71+00 to 75+00 - Assumption 1 760.0 750 750 738 704 729 665 10.0 300 300 12 18.5 25 39 140 15 1000 0.002669 0.001849 134 541 7.84 0.31 0.84 2.69

Lower and upper blanket thickness added together to compute Zbl and FSi.  This 
assumes that the riverside has an impervious layer over the middle sand and/or the 
concrete sheetpile cutoff wall provides a satisfactory cut off between the river and 
the middle sand.  This is the LEAST conservative approach

71+00 to 75+00 - Assumption 2 760.0 750 750 738 740 750 665 10.0 300 300 12 11 10 75 100 15 1000 0.001925 0.002108 99 474 8.07 0.81 0.84 1.05

Only the upper blanket thickness was used to compute Zbl and FSi.  This assumes 
that the riverside does not have an impervious layer over the middle sand and/or the 
concrete sheetpile cutoff wall does not provide a cut off between the river and the 
middle sand.  This is the MOST conservative approach

71+00 to 75+00 - Assumption 3 760.0 750 750 738 740 750 665 7.5 300 300 5 7.5 10 20 100 15 1000 0.005774 0.004082 333 245 3.10 0.31 0.84 2.72

Only the upper blanket thickness was used to compute Zbl and FSi.  It was 
assumed that the riverside does have an impervious layer over the middle sand that 
is used to calculate x1.  the concrete sheetpile cutoff wall reduces the head by 50% 
in the upper sand since it is a full cut off.  This calculation checks the gradient 
through the upper blanket.

71+00 to 75+00 - Assumption 4 760.0 750 750 719 704 718 665 10.0 300 300 31 22.5 14 39 140 15 1000 0.001660 0.002471 138 405 7.26 0.52 0.84 1.62

Only the lower blanket thickness was used to compute Zbl and FSi.  It was assumed 
that the riverside does have an impervious layer over the middle sand and/or the 
concrete sheetpile cutoff wall provides a satisfactory cut off between the river and 
the middle sand.  This calculation checks the gradient through the lower blanket.  
Assumes hydrostatic conditions in the upper sand.

75+00 to 78+00 - Assumption 5 760.0 750 750 749 704 720 665 10.0 300 300 1 8.5 16 39 0 75 1000 0.009245 0.002311 0 433 8.52 0.53 0.84 1.58

Only the lower blanket thickness was used to compute Zbl and FSi.  It was assumed 
that the riverside does have an impervious layer over the middle sand and/or the 
concrete sheetpile cutoff wall provides a satisfactory cut off between the river and 
the middle sand to make pressures in the upper sand hydrostatic.  This calculation 
checks the gradient through the lower blanket.  Assumes hydrostatic conditions in 
the upper sand.

78+00 to 80+00 - Assumption 5 760.0 750 750 749 701 726 665 10.0 300 300 1 13 25 36 0 75 1000 0.009623 0.001925 0 520 8.74 0.35 0.84 2.41

Only the lower blanket thickness was used to compute Zbl and FSi. A large 
impervious section cuts off the middle sand.  Also, the buried collector system 
maintains the pressure in the sand landward at hydrostatic.  This is the likely 
scenario for this section.

80+00 to 82+50 - Assumption 5 760.0 750 750 749 703 726 665 10.0 300 300 1 12 23 38 0 75 1000 0.009366 0.001953 0 512 8.72 0.38 0.84 2.22

Only the lower blanket thickness was used to compute Zbl and FSi. A large 
impervious section cuts off the middle sand.  Also, the buried collector system 
maintains the pressure in the sand landward at hydrostatic.  This is the likely 
scenario for this section.

82+50 to 85+00 - Assumption 5 761.0 750 750 749 711 728 665 11.0 300 300 1 9 17 46 0 75 1000 0.008513 0.002065 0 484 9.53 0.56 0.84 1.50

Only the lower blanket thickness was used to compute Zbl and FSi.  It was assumed 
that the riverside does not have an impervious layer over the middle sand but the 
buried collector system maintains the pressure in the sand landward at hydrostatic.  
This is the likely scenario for this section.

85+00 to 87+50 - Assumption 5 761.0 750 753 749 717 730 665 8.0 300 300 1 7 13 52 0 75 1000 0.008006 0.002221 0 450 6.86 0.53 0.84 1.60

Only the lower blanket thickness was used to compute Zbl and FSi.  It was assumed 
that the riverside does not have an impervious layer over the middle sand but the 
buried collector system maintains the pressure in the sand landward at hydrostatic.  
This is the likely scenario for this section.

87+50 to 89+00 - Assumption 5 761.0 750 754 749 725 733 665 7.0 300 300 1 4.5 8 60 0 75 1000 0.007454 0.002635 0 379 5.84 0.73 0.84 1.15

Only the lower blanket thickness was used to compute Zbl and FSi.  It was assumed 
that the riverside does not have an impervious layer over the middle sand but the 
buried collector system maintains the pressure in the sand landward at hydrostatic.  
This is the likely scenario for this section.

Permeability Ratio Impervious Blanket Thickness (ft) Seepage Length (ft) Effective Seepage Length (ft)
Factor



Summary of Calculated Drained Ultimate Design Pile Capacities, CID-MO Unit

Station Start Station Stop Pile Size, inches Pile Shape Pile Length, feet Axial Compressive Capacity, lbs Axial Tensile Capacity, lbs
22+81.46 24+54.76 18 tapered 21 63,184 34,428
24+54.76 25+38.76 16 straight 25 94,544 47,066
25+38.76 26+22.76 16 straight 29 117,871 60,583
26+22.76 27+90.76 16 straight 30 110,124 56,280
22+81.46 27+90.76 10 cut off pile* 16 22,839 9,174
27+90.76 30+42.75 16 straight 34 165,730 93,113
30+42.75 32+52.76 16 straight 21 87,472 44,990
27+90.76 30+42.75 10 cut off pile* 16 34,658 7,421
32+52.76 48+06.76 16 straight 21 118,051 67,168
32+52.76 48+06.76 10 cut off pile* 16 46,675 15,817
48+06.76 60+24.76 18 tapered 21 76,858 45,490
48+06.76 60+24.76 10 cut off pile* 16 28,969 14,351
60+24.76 73+20.14 18 straight 34 137,963 73,264
73+20.14 78+12.22 16 straight 21 67,405 34,166
60+24.76 78+12.22 10 cut off pile* 16 20,730 9,401

*cut off pile capacities are in lb/ft

CALCULATED BY GLEN BELLEW
PEER REVIEWED BY SCOTT LOEHR ON AUGUST 25, 2009 and SEPTEMBER 01, 2011



CAPACITIES BEFORE 09/01/11 REVISIONS WHERE "K" AND FRICTION FACTORS INCREASED TO REMOVE EXCESS CONSER
Axial Compressive Capacity, lbs Axial Tensile Capacity, lbs

49,062 24,543 29% 40%
75,328 33,552 26% 40%
93,021 43,188 27% 40%
87,040 40,121 27% 40%
19,076 6,540 20% 40%

111,013 54,811 49% 70%
59,247 25,233 48% 78%
29,896 5,291 16% 40%
64,439 29,639 83% 127%
32,322 6,973 44% 127%
46,000 24,080 67% 89%
18,316 6,894 58% 108%

101,867 47,997 35% 53%
48,018 20,609 40% 66%
14,860 5,292 40% 78%

41% 69%
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CID-MO Levee Kansas City Phase 2 Feasibility
Saturday, August 08, 2009 Revised:
Levee Foundation Information - EXISTING CONDITIONS, Water to Top of Levee

DRAFT
Blanket Unit Weight = 115.0 pcf (saturated)
Rubble Fill Unit Weight = 115.0 pcf (saturated)

Top of River Side Land Side River Blanket Land Blanket Top of Top of Pervious Computed Critical Factor of
Levee Ground Ground Bottom Bottom Blanket Bedrock Driving Blanket Head at Hydraulic Hydraulic Safety for

Elevation Elevation Elevation Elevation Elevation Elevation Elevation Head (ft) River Side Land Side River Side Levee Land Side Thickness (ft) River Side Levee Land Side River Side Land Side Toe (ft) Gradient Gradient Piping
Station (msl) (msl) (msl) (msl) (msl) (msl) H kf/kbr kf/kbl zbr zbo zbl d L1 L2 L3 cr cl x1 x3 ho io ic (ic/io) Remarks

0+00 to 10+00 758.0 750 752 711 725 749 710 6.0 300 300 39 31.5 24 15 100 15 1000 0.002387 0.003043 98 329 4.46 0.19 0.84 4.53

10+00 to 22+50 758.5 750 750 715

floodwall 
sitting on 
bedrock 750 735 8.5 300 300 35 #VALUE! #VALUE! #VALUE! 100 15 1000 #VALUE! #VALUE! #VALUE! #VALUE! #VALUE! #VALUE! 0.84 #VALUE!

floodwall is bearing directly on bedrock and there is a toe drain at the landward 
edge of the floodwall.  A line of creep analysis, or similar, will have to be 
performed if the uplift along the floodwall is needed.

22+50 to 27+50 759.0 750 752 716 710 742 700 7.0 300 300 34 33 32 10 100 15 1000 0.003131 0.003227 97 310 5.14 0.16 0.84 5.24

27+50 to 32+50 - Assumption 1 759.3 750 752 716 710 735 690 7.3 300 300 34 29.5 25 20 100 15 1000 0.002214 0.002582 98 387 5.61 0.22 0.84 3.76

Lower and upper blanket thickness added together to compute Zbl and FSi.  This 
assumes that the riverside has an impervious layer over the middle sand and/or 
the concrete sheetpile cutoff wall provides a satisfactory cut off between the river 
and the middle sand.  This is the LEAST conservative approach

27+50 to 32+50 - Assumption 2 759.3 750 752 716 740 748 690 7.3 300 300 5 6.5 8 50 50 15 1000 0.003651 0.002887 49 346 6.11 0.76 0.84 1.10

Only the upper blanket thickness was used to compute Zbl and FSi.  This 
assumes that the riverside does not have an impervious layer over the middle 
sand and/or the concrete sheetpile cutoff wall does not provide a cut off between 
the river and the middle sand.  This is the MOST conservative approach

27+50 to 32+50 - Assumption 3 759.3 750 752 716 740 748 690 5.4 300 300 5 6.5 8 14 50 15 1000 0.006901 0.005455 437 183 1.57 0.20 0.84 4.30

Only the upper blanket thickness was used to compute Zbl and FSi.  It was 
assumed that the riverside does have an impervious layer over the middle sand 
that is used to calculate x1.  the concrete sheetpile cutoff wall reduces the head 
by 25% in the upper sand.  This calculation checks the gradient through the upper 
blanket.

27+50 to 32+50 - Assumption 4 759.3 750 752 716 710 722 690 7.3 300 300 34 23 12 20 100 15 1000 0.002214 0.003727 98 268 5.10 0.42 0.84 1.98

Only the lower blanket thickness was used to compute Zbl and FSi.  It was 
assumed that the riverside does have an impervious layer over the middle sand 
and/or the concrete sheetpile cutoff wall provides a satisfactory cut off between 
the river and the middle sand.  This calculation checks the gradient through the 
lower blanket.  Assumes hydrostatic conditions in the upper sand.

32+50 to 37+50 - Assumption 1 759.4 750 752 720 710 730 665 7.4 300 300 30 25 20 45 100 15 1000 0.001571 0.001925 99 520 6.07 0.30 0.84 2.78

Lower and upper blanket thickness added together to compute Zbl and FSi.  This 
assumes that the riverside has an impervious layer over the middle sand and/or 
the concrete sheetpile cutoff wall provides a satisfactory cut off between the river 
and the middle sand.  This is the LEAST conservative approach

32+50 to 37+50 - Assumption 2 759.4 750 752 720 745 752 665 7.4 300 300 30 18.5 7 80 50 15 1000 0.001179 0.002440 50 410 6.39 0.91 0.84 0.92

Only the upper blanket thickness was used to compute Zbl and FSi.  This 
assumes that the riverside does not have an impervious layer over the middle 
sand and/or the concrete sheetpile cutoff wall does not provide a cut off between 
the river and the middle sand.  This is the MOST conservative approach

32+50 to 37+50 - Assumption 3 759.4 750 752 720 745 752 665 5.5 300 300 5 6 7 22 50 15 1000 0.005505 0.004652 677 215 1.32 0.19 0.84 4.48

Only the upper blanket thickness was used to compute Zbl and FSi.  It was 
assumed that the riverside does have an impervious layer over the middle sand 
that is used to calculate x1.  the concrete sheetpile cutoff wall reduces the head 
by 25% in the upper sand.  This calculation checks the gradient through the upper 
blanket.

32+50 to 37+50 - Assumption 4 759.4 750 752 720 710 724 665 7.4 300 300 30 22 14 45 100 15 1000 0.001571 0.002300 99 435 5.86 0.42 0.84 2.01

Only the lower blanket thickness was used to compute Zbl and FSi.  It was 
assumed that the riverside does have an impervious layer over the middle sand 
and/or the concrete sheetpile cutoff wall provides a satisfactory cut off between 
the river and the middle sand.  This calculation checks the gradient through the 
lower blanket.  Assumes hydrostatic conditions in the upper sand.

37+50 to 41+00 - Assumption 1 759.4 750 752 721 709 733 665 7.4 300 300 29 26.5 24 44 100 15 1000 0.001616 0.001777 99 563 6.19 0.26 0.84 3.27

Lower and upper blanket thickness added together to compute Zbl and FSi.  This 
assumes that the riverside has an impervious layer over the middle sand and/or 
the concrete sheetpile cutoff wall provides a satisfactory cut off between the river 
and the middle sand.  This is the LEAST conservative approach

37+50 to 41+00 - Assumption 2 759.4 750 752 721 746 752 665 7.4 300 300 29 17.5 6 81 50 15 1000 0.001191 0.002619 50 382 6.36 1.06 0.84 0.80

Only the upper blanket thickness was used to compute Zbl and FSi.  This 
assumes that the riverside does not have an impervious layer over the middle 
sand and/or the concrete sheetpile cutoff wall does not provide a cut off between 
the river and the middle sand.  This is the MOST conservative approach

37+50 to 41+00 - Assumption 3 759.4 750 752 721 746 752 665 5.6 300 300 3 4.5 6 20 50 15 1000 0.007454 0.005270 377 190 1.82 0.30 0.84 2.78

Only the upper blanket thickness was used to compute Zbl and FSi.  It was 
assumed that the riverside does have an impervious layer over the middle sand 
that is used to calculate x1.  the concrete sheetpile cutoff wall reduces the head 
by 25% in the upper sand.  This calculation checks the gradient through the upper 
blanket.

37+50 to 41+00 - Assumption 4 759.4 750 752 721 709 727 665 7.4 300 300 29 23.5 18 44 100 15 1000 0.001616 0.002052 99 487 6.03 0.33 0.84 2.52

Only the lower blanket thickness was used to compute Zbl and FSi.  It was 
assumed that the riverside does have an impervious layer over the middle sand 
and/or the concrete sheetpile cutoff wall provides a satisfactory cut off between 
the river and the middle sand.  This calculation checks the gradient through the 
lower blanket.  Assumes hydrostatic conditions in the upper sand.

41+00 to 46+00 - Assumption 1 759.5 750 752 722 712 734 665 7.5 300 300 28 25 22 47 100 15 1000 0.001592 0.001795 99 557 6.22 0.28 0.84 2.98

Lower and upper blanket thickness added together to compute Zbl and FSi.  This 
assumes that the riverside has an impervious layer over the middle sand and/or 
the concrete sheetpile cutoff wall provides a satisfactory cut off between the river 
and the middle sand.  This is the LEAST conservative approach

Effective Seepage Length (ft)
Factor

Permeability Ratio Impervious Blanket Thickness (ft) Seepage Length (ft)



41+00 to 46+00 - Assumption 2 759.5 750 752 722 746 752 665 7.5 300 300 28 17 6 81 50 15 1000 0.001212 0.002619 50 382 6.41 1.07 0.84 0.79

Only the upper blanket thickness was used to compute Zbl and FSi.  This 
assumes that the riverside does not have an impervious layer over the middle 
sand and/or the concrete sheetpile cutoff wall does not provide a cut off between 
the river and the middle sand.  This is the MOST conservative approach

41+00 to 46+00 - Assumption 3 759.5 750 752 722 746 752 665 5.6 300 300 5 5.5 6 16 50 15 1000 0.006455 0.005893 497 170 1.40 0.23 0.84 3.61

Only the upper blanket thickness was used to compute Zbl and FSi.  It was 
assumed that the riverside does have an impervious layer over the middle sand 
that is used to calculate x1.  the concrete sheetpile cutoff wall reduces the head 
by 25% in the upper sand.  This calculation checks the gradient through the upper 
blanket.

41+00 to 46+00 - Assumption 4 759.5 750 752 722 709 725 665 7.5 300 300 28 22 16 44 100 15 1000 0.001645 0.002176 99 460 6.01 0.38 0.84 2.24

Only the lower blanket thickness was used to compute Zbl and FSi.  It was 
assumed that the riverside does have an impervious layer over the middle sand 
and/or the concrete sheetpile cutoff wall provides a satisfactory cut off between 
the river and the middle sand.  This calculation checks the gradient through the 
lower blanket.  Assumes hydrostatic conditions in the upper sand.

46+00 to 50+00 - Assumption 1 759.6 750 752 718 713 733 665 7.6 300 300 32 26 20 48 100 15 1000 0.001473 0.001863 99 537 6.27 0.31 0.84 2.69

Lower and upper blanket thickness added together to compute Zbl and FSi.  This 
assumes that the riverside has an impervious layer over the middle sand and/or 
the concrete sheetpile cutoff wall provides a satisfactory cut off between the river 
and the middle sand.  This is the LEAST conservative approach

46+00 to 50+00 - Assumption 2 759.6 750 752 718 746 752 665 7.6 300 300 32 19 6 81 50 15 1000 0.001134 0.002619 50 382 6.50 1.08 0.84 0.78

Only the upper blanket thickness was used to compute Zbl and FSi.  This 
assumes that the riverside does not have an impervious layer over the middle 
sand and/or the concrete sheetpile cutoff wall does not provide a cut off between 
the river and the middle sand.  This is the MOST conservative approach

46+00 to 50+00 - Assumption 3 759.6 750 752 718 746 752 665 5.7 300 300 5 5.5 6 18 50 15 1000 0.006086 0.005556 557 180 1.37 0.23 0.84 3.70

Only the upper blanket thickness was used to compute Zbl and FSi.  It was 
assumed that the riverside does have an impervious layer over the middle sand 
that is used to calculate x1.  the concrete sheetpile cutoff wall reduces the head 
by 25% in the upper sand.  This calculation checks the gradient through the upper 
blanket.

46+00 to 50+00 - Assumption 4 759.6 750 752 718 713 729 665 7.6 300 300 32 24 16 48 100 15 1000 0.001473 0.002083 99 480 6.14 0.38 0.84 2.20

Only the lower blanket thickness was used to compute Zbl and FSi.  It was 
assumed that the riverside does have an impervious layer over the middle sand 
and/or the concrete sheetpile cutoff wall provides a satisfactory cut off between 
the river and the middle sand.  This calculation checks the gradient through the 
lower blanket.  Assumes hydrostatic conditions in the upper sand.

50+00 to 52+50 - Assumption 1 759.7 750 750 715 712 736 665 9.6 300 300 35 29.5 24 47 100 15 1000 0.001423 0.001719 99 582 8.06 0.34 0.84 2.51

Lower and upper blanket thickness added together to compute Zbl and FSi.  This 
assumes that the riverside has an impervious layer over the middle sand and/or 
the concrete sheetpile cutoff wall provides a satisfactory cut off between the river 
and the middle sand.  This is the LEAST conservative approach

50+00 to 52+50 - Assumption 2 759.7 750 750 715 745 750 665 9.6 300 300 35 20 5 80 50 15 1000 0.001091 0.002887 50 346 8.13 1.63 0.84 0.52

Only the upper blanket thickness was used to compute Zbl and FSi.  This 
assumes that the riverside does not have an impervious layer over the middle 
sand and/or the concrete sheetpile cutoff wall does not provide a cut off between 
the river and the middle sand.  This is the MOST conservative approach

50+00 to 52+50 - Assumption 3 759.7 750 750 715 745 750 665 4.8 300 300 5 5 5 14 50 15 1000 0.006901 0.006901 437 145 1.17 0.23 0.84 3.60

Only the upper blanket thickness was used to compute Zbl and FSi.  It was 
assumed that the riverside does have an impervious layer over the middle sand 
that is used to calculate x1.  the concrete sheetpile cutoff wall reduces the head 
by 50% in the upper sand since it is a full cut off.  This calculation checks the 
gradient through the upper blanket.

50+00 to 52+50 - Assumption 4 759.7 750 750 715 712 731 665 9.6 300 300 35 27 19 47 100 15 1000 0.001423 0.001932 99 518 7.90 0.42 0.84 2.03

Only the lower blanket thickness was used to compute Zbl and FSi.  It was 
assumed that the riverside does have an impervious layer over the middle sand 
and/or the concrete sheetpile cutoff wall provides a satisfactory cut off between 
the river and the middle sand.  This calculation checks the gradient through the 
lower blanket.  Assumes hydrostatic conditions in the upper sand.

52+50 to 55+00 - Assumption 1 759.7 750 750 715 711.5 738.5 665 9.7 300 300 35 31 27 46.5 100 15 1000 0.001431 0.001629 99 614 8.18 0.30 0.84 2.78

Lower and upper blanket thickness added together to compute Zbl and FSi.  This 
assumes that the riverside has an impervious layer over the middle sand and/or 
the concrete sheetpile cutoff wall provides a satisfactory cut off between the river 
and the middle sand.  This is the LEAST conservative approach

52+50 to 55+00 - Assumption 2 759.7 750 750 715 744 750 665 9.7 300 300 35 20.5 6 79 50 15 1000 0.001098 0.002652 50 377 8.27 1.38 0.84 0.61

Only the upper blanket thickness was used to compute Zbl and FSi.  This 
assumes that the riverside does not have an impervious layer over the middle 
sand and/or the concrete sheetpile cutoff wall does not provide a cut off between 
the river and the middle sand.  This is the MOST conservative approach

52+50 to 55+00 - Assumption 3 759.7 750 750 715 744 750 665 4.9 300 300 5 5.5 6 10 50 15 1000 0.008165 0.007454 316 134 1.40 0.23 0.84 3.62

Only the upper blanket thickness was used to compute Zbl and FSi.  It was 
assumed that the riverside does have an impervious layer over the middle sand 
that is used to calculate x1.  the concrete sheetpile cutoff wall reduces the head 
by 50% in the upper sand since it is a full cut off.  This calculation checks the 
gradient through the upper blanket.

52+50 to 55+00 - Assumption 4 759.7 750 750 715 711.5 732.5 665 9.7 300 300 35 28 21 46.5 100 15 1000 0.001431 0.001848 99 541 8.01 0.38 0.84 2.21

Only the lower blanket thickness was used to compute Zbl and FSi.  It was 
assumed that the riverside does have an impervious layer over the middle sand 
and/or the concrete sheetpile cutoff wall provides a satisfactory cut off between 
the river and the middle sand.  This calculation checks the gradient through the 
lower blanket.  Assumes hydrostatic conditions in the upper sand.

55+00 to 57+50 - Assumption 1 759.8 750 750 714.5 711 737.5 665 9.8 300 300 35.5 31 26.5 46 100 15 1000 0.001429 0.001654 99 605 8.24 0.31 0.84 2.71

Lower and upper blanket thickness added together to compute Zbl and FSi.  This 
assumes that the riverside has an impervious layer over the middle sand and/or 
the concrete sheetpile cutoff wall provides a satisfactory cut off between the river 
and the middle sand.  This is the LEAST conservative approach



55+00 to 57+50 - Assumption 2 759.8 750 750 714.5 745 750 665 9.8 300 300 35.5 20.25 5 80 50 15 1000 0.001083 0.002887 50 346 8.25 1.65 0.84 0.51

Only the upper blanket thickness was used to compute Zbl and FSi.  This 
assumes that the riverside does not have an impervious layer over the middle 
sand and/or the concrete sheetpile cutoff wall does not provide a cut off between 
the river and the middle sand.  This is the MOST conservative approach

55+00 to 57+50 - Assumption 3 759.8 750 750 714.5 745 750 665 4.9 300 300 5 5 5 12 50 15 1000 0.007454 0.007454 377 134 1.25 0.25 0.84 3.37

Only the upper blanket thickness was used to compute Zbl and FSi.  It was 
assumed that the riverside does have an impervious layer over the middle sand 
that is used to calculate x1.  the concrete sheetpile cutoff wall reduces the head 
by 50% in the upper sand since it is a full cut off.  This calculation checks the 
gradient through the upper blanket.

55+00 to 57+50 - Assumption 4 759.8 750 750 714.5 711 732.5 665 9.8 300 300 35.5 28.5 21.5 46 100 15 1000 0.001429 0.001836 99 545 8.10 0.38 0.84 2.24

Only the lower blanket thickness was used to compute Zbl and FSi.  It was 
assumed that the riverside does have an impervious layer over the middle sand 
and/or the concrete sheetpile cutoff wall provides a satisfactory cut off between 
the river and the middle sand.  This calculation checks the gradient through the 
lower blanket.  Assumes hydrostatic conditions in the upper sand.

57+50 to 62+50 - Assumption 1 760.0 750 748 715 714 736 665 12.0 300 300 35 28.5 22 49 100 15 1000 0.001394 0.001758 99 569 9.99 0.45 0.84 1.86

Lower and upper blanket thickness added together to compute Zbl and FSi.  This 
assumes that the riverside has an impervious layer over the middle sand and/or 
the concrete sheetpile cutoff wall provides a satisfactory cut off between the river 
and the middle sand.  This is the LEAST conservative approach

57+50 to 62+50 - Assumption 2 760.0 750 748 715 745 748 665 12.0 300 300 35 19 3 80 50 15 1000 0.001091 0.003727 50 268 9.66 3.22 0.84 0.26

Only the upper blanket thickness was used to compute Zbl and FSi.  This 
assumes that the riverside does not have an impervious layer over the middle 
sand and/or the concrete sheetpile cutoff wall does not provide a cut off between 
the river and the middle sand.  This is the MOST conservative approach

57+50 to 62+50 - Assumption 3 760.0 750 748 715 745 748 665 6.0 300 300 5 4 3 12 50 15 1000 0.007454 0.009623 377 104 1.26 0.42 0.84 2.01

Only the upper blanket thickness was used to compute Zbl and FSi.  It was 
assumed that the riverside does have an impervious layer over the middle sand 
that is used to calculate x1.  the concrete sheetpile cutoff wall reduces the head 
by 50% in the upper sand since it is a full cut off.  This calculation checks the 
gradient through the upper blanket.

57+50 to 62+50 - Assumption 4 760.0 750 748 715 714 733 665 12.0 300 300 35 27 19 49 100 15 1000 0.001394 0.001892 99 528 9.87 0.52 0.84 1.62

Only the lower blanket thickness was used to compute Zbl and FSi.  It was 
assumed that the riverside does have an impervious layer over the middle sand 
and/or the concrete sheetpile cutoff wall provides a satisfactory cut off between 
the river and the middle sand.  This calculation checks the gradient through the 
lower blanket.  Assumes hydrostatic conditions in the upper sand.

62+50 to 65+00 - Assumption 1 760.0 750 748 717 712 738 665 12.0 300 300 33 29.5 26 47 100 15 1000 0.001466 0.001652 99 605 10.09 0.39 0.84 2.17

Lower and upper blanket thickness added together to compute Zbl and FSi.  This 
assumes that the riverside has an impervious layer over the middle sand and/or 
the concrete sheetpile cutoff wall provides a satisfactory cut off between the river 
and the middle sand.  This is the LEAST conservative approach

62+50 to 65+00 - Assumption 2 760.0 750 748 717 744 748 665 12.0 300 300 33 18.5 4 79 50 15 1000 0.001131 0.003248 50 308 9.91 2.48 0.84 0.34

Only the upper blanket thickness was used to compute Zbl and FSi.  This 
assumes that the riverside does not have an impervious layer over the middle 
sand and/or the concrete sheetpile cutoff wall does not provide a cut off between 
the river and the middle sand.  This is the MOST conservative approach

62+50 to 65+00 - Assumption 3 760.0 750 748 717 744 748 665 6.0 300 300 5 4.5 4 8 50 15 1000 0.009129 0.010206 256 98 1.59 0.40 0.84 2.12

Only the upper blanket thickness was used to compute Zbl and FSi.  It was 
assumed that the riverside does have an impervious layer over the middle sand 
that is used to calculate x1.  the concrete sheetpile cutoff wall reduces the head 
by 50% in the upper sand since it is a full cut off.  This calculation checks the 
gradient through the upper blanket.

62+50 to 65+00 - Assumption 4 760.0 750 748 717 712 734 665 12.0 300 300 33 27.5 22 47 100 15 1000 0.001466 0.001795 99 557 9.96 0.45 0.84 1.86

Only the lower blanket thickness was used to compute Zbl and FSi.  It was 
assumed that the riverside does have an impervious layer over the middle sand 
and/or the concrete sheetpile cutoff wall provides a satisfactory cut off between 
the river and the middle sand.  This calculation checks the gradient through the 
lower blanket.  Assumes hydrostatic conditions in the upper sand.

65+00 to 67+50 - Assumption 1 760.0 750 750 715 709 742 665 10.0 300 300 35 34 33 44 140 15 1000 0.001471 0.001515 138 660 8.12 0.25 0.84 3.43

Lower and upper blanket thickness added together to compute Zbl and FSi.  This 
assumes that the riverside has an impervious layer over the middle sand and/or 
the concrete sheetpile cutoff wall provides a satisfactory cut off between the river 
and the middle sand.  This is the LEAST conservative approach

65+00 to 67+50 - Assumption 2 760.0 750 750 715 744 750 665 10.0 300 300 35 20.5 6 79 100 15 1000 0.001098 0.002652 100 377 7.67 1.28 0.84 0.66

Only the upper blanket thickness was used to compute Zbl and FSi.  This 
assumes that the riverside does not have an impervious layer over the middle 
sand and/or the concrete sheetpile cutoff wall does not provide a cut off between 
the river and the middle sand.  This is the MOST conservative approach

65+00 to 67+50 - Assumption 3 760.0 750 750 715 744 750 665 5.0 300 300 5 5.5 6 7 100 15 1000 0.009759 0.008909 136 112 2.13 0.35 0.84 2.38

Only the upper blanket thickness was used to compute Zbl and FSi.  It was 
assumed that the riverside does have an impervious layer over the middle sand 
that is used to calculate x1.  the concrete sheetpile cutoff wall reduces the head 
by 50% in the upper sand since it is a full cut off.  This calculation checks the 
gradient through the upper blanket.

65+00 to 67+50 - Assumption 4 760.0 750 750 715 709 736 665 10.0 300 300 35 31 27 44 140 15 1000 0.001471 0.001675 138 597 7.96 0.29 0.84 2.86

Only the lower blanket thickness was used to compute Zbl and FSi.  It was 
assumed that the riverside does have an impervious layer over the middle sand 
and/or the concrete sheetpile cutoff wall provides a satisfactory cut off between 
the river and the middle sand.  This calculation checks the gradient through the 
lower blanket.  Assumes hydrostatic conditions in the upper sand.

67+50 to 71+00 - Assumption 1 760.0 750 750 719 706 743 665 10.0 300 300 31 34 37 41 140 15 1000 0.001619 0.001482 138 675 8.15 0.22 0.84 3.82

Lower and upper blanket thickness added together to compute Zbl and FSi.  This 
assumes that the riverside has an impervious layer over the middle sand and/or 
the concrete sheetpile cutoff wall provides a satisfactory cut off between the river 
and the middle sand.  This is the LEAST conservative approach



67+50 to 71+00 - Assumption 2 760.0 750 750 719 744 750 665 10.0 300 300 31 18.5 6 79 100 15 1000 0.001167 0.002652 100 377 7.67 1.28 0.84 0.66

Only the upper blanket thickness was used to compute Zbl and FSi.  This 
assumes that the riverside does not have an impervious layer over the middle 
sand and/or the concrete sheetpile cutoff wall does not provide a cut off between 
the river and the middle sand.  This is the MOST conservative approach

67+50 to 71+00 - Assumption 3 760.0 750 750 719 744 750 665 5.0 300 300 5 5.5 6 10 100 15 1000 0.008165 0.007454 182 134 2.03 0.34 0.84 2.50

Only the upper blanket thickness was used to compute Zbl and FSi.  It was 
assumed that the riverside does have an impervious layer over the middle sand 
that is used to calculate x1.  the concrete sheetpile cutoff wall reduces the head 
by 50% in the upper sand since it is a full cut off.  This calculation checks the 
gradient through the upper blanket.

67+50 to 71+00 - Assumption 4 760.0 750 750 719 706 737 665 10.0 300 300 31 31 31 41 140 15 1000 0.001619 0.001619 138 617 8.02 0.26 0.84 3.26

Only the lower blanket thickness was used to compute Zbl and FSi.  It was 
assumed that the riverside does have an impervious layer over the middle sand 
and/or the concrete sheetpile cutoff wall provides a satisfactory cut off between 
the river and the middle sand.  This calculation checks the gradient through the 
lower blanket.  Assumes hydrostatic conditions in the upper sand.

71+00 to 75+00 - Assumption 1 760.0 750 750 738 704 729 665 10.0 300 300 12 18.5 25 39 140 15 1000 0.002669 0.001849 134 541 7.84 0.31 0.84 2.69

Lower and upper blanket thickness added together to compute Zbl and FSi.  This 
assumes that the riverside has an impervious layer over the middle sand and/or 
the concrete sheetpile cutoff wall provides a satisfactory cut off between the river 
and the middle sand.  This is the LEAST conservative approach

71+00 to 75+00 - Assumption 2 760.0 750 750 738 740 750 665 10.0 300 300 12 11 10 75 100 15 1000 0.001925 0.002108 99 474 8.07 0.81 0.84 1.05

Only the upper blanket thickness was used to compute Zbl and FSi.  This 
assumes that the riverside does not have an impervious layer over the middle 
sand and/or the concrete sheetpile cutoff wall does not provide a cut off between 
the river and the middle sand.  This is the MOST conservative approach

71+00 to 75+00 - Assumption 3 760.0 750 750 738 740 750 665 7.5 300 300 5 7.5 10 20 100 15 1000 0.005774 0.004082 333 245 3.10 0.31 0.84 2.72

Only the upper blanket thickness was used to compute Zbl and FSi.  It was 
assumed that the riverside does have an impervious layer over the middle sand 
that is used to calculate x1.  the concrete sheetpile cutoff wall reduces the head 
by 50% in the upper sand since it is a full cut off.  This calculation checks the 
gradient through the upper blanket.

71+00 to 75+00 - Assumption 4 760.0 750 750 719 704 718 665 10.0 300 300 31 22.5 14 39 140 15 1000 0.001660 0.002471 138 405 7.26 0.52 0.84 1.62

Only the lower blanket thickness was used to compute Zbl and FSi.  It was 
assumed that the riverside does have an impervious layer over the middle sand 
and/or the concrete sheetpile cutoff wall provides a satisfactory cut off between 
the river and the middle sand.  This calculation checks the gradient through the 
lower blanket.  Assumes hydrostatic conditions in the upper sand.

75+00 to 78+00 - Assumption 5 760.0 750 750 749 704 720 665 10.0 300 300 1 8.5 16 39 0 75 1000 0.009245 0.002311 0 433 8.52 0.53 0.84 1.58

Only the lower blanket thickness was used to compute Zbl and FSi.  It was 
assumed that the riverside does have an impervious layer over the middle sand 
and/or the concrete sheetpile cutoff wall provides a satisfactory cut off between 
the river and the middle sand to make pressures in the upper sand hydrostatic.  
This calculation checks the gradient through the lower blanket.  Assumes 
hydrostatic conditions in the upper sand.

78+00 to 80+00 - Assumption 5 760.0 750 750 749 701 726 665 10.0 300 300 1 13 25 36 0 75 1000 0.009623 0.001925 0 520 8.74 0.35 0.84 2.41

Only the lower blanket thickness was used to compute Zbl and FSi. A large 
impervious section cuts off the middle sand.  Also, the buried collector system 
maintains the pressure in the sand landward at hydrostatic.  This is the likely 
scenario for this section.

80+00 to 82+50 - Assumption 5 760.0 750 750 749 703 726 665 10.0 300 300 1 12 23 38 0 75 1000 0.009366 0.001953 0 512 8.72 0.38 0.84 2.22

Only the lower blanket thickness was used to compute Zbl and FSi. A large 
impervious section cuts off the middle sand.  Also, the buried collector system 
maintains the pressure in the sand landward at hydrostatic.  This is the likely 
scenario for this section.

82+50 to 85+00 - Assumption 5 761.0 750 750 749 711 728 665 11.0 300 300 1 9 17 46 0 75 1000 0.008513 0.002065 0 484 9.53 0.56 0.84 1.50

Only the lower blanket thickness was used to compute Zbl and FSi.  It was 
assumed that the riverside does not have an impervious layer over the middle 
sand but the buried collector system maintains the pressure in the sand landward 
at hydrostatic.  This is the likely scenario for this section.

85+00 to 87+50 - Assumption 5 761.0 750 753 749 717 730 665 8.0 300 300 1 7 13 52 0 75 1000 0.008006 0.002221 0 450 6.86 0.53 0.84 1.60

Only the lower blanket thickness was used to compute Zbl and FSi.  It was 
assumed that the riverside does not have an impervious layer over the middle 
sand but the buried collector system maintains the pressure in the sand landward 
at hydrostatic.  This is the likely scenario for this section.

87+50 to 89+00 - Assumption 5 761.0 750 754 749 725 733 665 7.0 300 300 1 4.5 8 60 0 75 1000 0.007454 0.002635 0 379 5.84 0.73 0.84 1.15

Only the lower blanket thickness was used to compute Zbl and FSi.  It was 
assumed that the riverside does not have an impervious layer over the middle 
sand but the buried collector system maintains the pressure in the sand landward 
at hydrostatic.  This is the likely scenario for this section.
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Chart Bearing Cap Coeff
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Data Bearing Cap Coeff

Phi (degrees) Phi (rads) Nc Nγ Nq
0 0 5.14 0.0 1.0
1 0.017453293 5.4 0.1 1.1
2 0.034906585 5.6 0.2 1.2
3 0.052359878 5.9 0.2 1.3
4 0.06981317 6.2 0.3 1.4
5 0.087266463 6.5 0.4 1.6
6 0.104719755 6.8 0.6 1.7
7 0.122173048 7.2 0.7 1.9
8 0.13962634 7.5 0.9 2.1
9 0.157079633 7.9 1.0 2.3

10 0.174532925 8.3 1.2 2.5
11 0.191986218 8.8 1.4 2.7
12 0.20943951 9.3 1.7 3.0
13 0.226892803 9.8 2.0 3.3
14 0.244346095 10.4 2.3 3.6
15 0.261799388 11.0 2.6 3.9
16 0.27925268 11.6 3.1 4.3
17 0.296705973 12.3 3.5 4.8
18 0.314159265 13.1 4.1 5.3
19 0.331612558 13.9 4.7 5.8
20 0.34906585 14.8 5.4 6.4
21 0.366519143 15.8 6.2 7.1
22 0.383972435 16.9 7.1 7.8
23 0.401425728 18.0 8.2 8.7
24 0.41887902 19.3 9.4 9.6
25 0.436332313 20.7 10.9 10.7
26 0.453785606 22.3 12.5 11.9
27 0.471238898 23.9 14.5 13.2
28 0.488692191 25.8 16.7 14.7
29 0.506145483 27.9 19.3 16.4
30 0.523598776 30.1 22.4 18.4
31 0.541052068 32.7 26.0 20.6
32 0.558505361 35.5 30.2 23.2
33 0.575958653 38.6 35.2 26.1
34 0.593411946 42.2 41.1 29.4
35 0.610865238 46.1 48.0 33.3
36 0.628318531 50.6 56.3 37.8
37 0.645771823 55.6 66.2 42.9
38 0.663225116 61.4 78.0 48.9
39 0.680678408 67.9 92.2 56.0
40 0.698131701 75.3 109.4 64.2
41 0.715584993 83.9 130.2 73.9
42 0.733038286 93.7 155.5 85.4
43 0.750491578 105.1 186.5 99.0
44 0.767944871 118.4 224.6 115.3
45 0.785398163 133.9 271.7 134.9



Bearing Cap FW

Bearing Capacity Floodwalls
Material qult = c*Nc+.5*B*g'*Nγ+γt*Df+Nq
Cohesion psf 600
Phi Angle 0 qult = 3659.00
Strip Foundation Footing 
Width B (ft) 10 qall = 3659
Depth of Footing Df (ft) 5
Factor of Safety 1
Total Unit Weight pcf 115
Boyant Unit Weight pcf 52.6

Nc 5.1
Nγ 0.0
Nq 1.0



Blanket Bearing

Bearing Capacity CID-MO Floodwalls
Material Blanket qult = c*Nc+.5*B*g'*Nγ+γt*Df+Nq

Cohesion psf 600
Phi Angle 0
Total Unit Weight pcf 115
Boyant Unit Weight pcf 52.6

Nc 5.1
Nγ 0.0
Nq 1.0

Footing Width (ft) Bearing Depth (ft) Ultimate Bearing Capacity (psf) Footing Width (ft) Bearing Depth (ft) Ultimate Bearing Capacity (psf)
10 0 3084 12 0 3084
10 2 3189 12 2 3189
10 3 3242 12 3 3242
10 4 3294 12 4 3294
10 5 3347 12 5 3347
10 6 3400 12 6 3400
10 7 3452 12 7 3452
10 8 3505 12 8 3505
10 9 3557 12 9 3557
10 10 3610 12 10 3610
10 11 3663 12 11 3663
10 12 3715 12 12 3715
10 13 3768 12 13 3768
10 14 3820 12 14 3820
10 15 3873 12 15 3873
10 16 3926 12 16 3926
10 17 3978 12 17 3978
10 18 4031 12 18 4031
10 19 4083 12 19 4083
10 20 4136 12 20 4136

Footing Width (ft) Bearing Depth (ft) Ultimate Bearing Capacity (psf) Footing Width (ft) Bearing Depth (ft) Ultimate Bearing Capacity (psf)
14 0 3084 16 0 3084
14 2 3189 16 2 3189
14 3 3242 16 3 3242
14 4 3294 16 4 3294
14 5 3347 16 5 3347
14 6 3400 16 6 3400
14 7 3452 16 7 3452
14 8 3505 16 8 3505
14 9 3557 16 9 3557
14 10 3610 16 10 3610
14 11 3663 16 11 3663
14 12 3715 16 12 3715
14 13 3768 16 13 3768
14 14 3820 16 14 3820
14 15 3873 16 15 3873
14 16 3926 16 16 3926
14 17 3978 16 17 3978
14 18 4031 16 18 4031
14 19 4083 16 19 4083
14 20 4136 16 20 4136

Footing Width (ft) Bearing Depth (ft) Ultimate Bearing Capacity (psf) Footing Width (ft) Bearing Depth (ft) Ultimate Bearing Capacity (psf)
18 0 3084 20 0 3084
18 2 3189 20 2 3189
18 3 3242 20 3 3242
18 4 3294 20 4 3294
18 5 3347 20 5 3347
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Blanket Bearing

18 6 3400 20 6 3400
18 7 3452 20 7 3452
18 8 3505 20 8 3505
18 9 3557 20 9 3557
18 10 3610 20 10 3610
18 11 3663 20 11 3663
18 12 3715 20 12 3715
18 13 3768 20 13 3768
18 14 3820 20 14 3820
18 15 3873 20 15 3873
18 16 3926 20 16 3926
18 17 3978 20 17 3978
18 18 4031 20 18 4031
18 19 4083 20 19 4083
18 20 4136 20 20 4136

Footing Width (ft) Bearing Depth (ft) Ultimate Bearing Capacity (psf) Footing Width (ft) Bearing Depth (ft) Ultimate Bearing Capacity (psf)
22 0 3084 24 0 3084
22 2 3189 24 2 3189
22 3 3242 24 3 3242
22 4 3294 24 4 3294
22 5 3347 24 5 3347
22 6 3400 24 6 3400
22 7 3452 24 7 3452
22 8 3505 24 8 3505
22 9 3557 24 9 3557
22 10 3610 24 10 3610
22 11 3663 24 11 3663
22 12 3715 24 12 3715
22 13 3768 24 13 3768
22 14 3820 24 14 3820
22 15 3873 24 15 3873
22 16 3926 24 16 3926
22 17 3978 24 17 3978
22 18 4031 24 18 4031
22 19 4083 24 19 4083
22 20 4136 24 20 4136

Footing Width (ft) Bearing Depth (ft) Ultimate Bearing Capacity (psf)
26 0 3084
26 2 3189
26 3 3242
26 4 3294
26 5 3347
26 6 3400
26 7 3452
26 8 3505
26 9 3557
26 10 3610
26 11 3663
26 12 3715
26 13 3768
26 14 3820
26 15 3873
26 16 3926
26 17 3978
26 18 4031
26 19 4083
26 20 4136



Sand Bearing 

Bearing Capacity CID-MO Floodwalls
Material Sand qult = c*Nc+.5*B*g'*Nγ+γt*Df+Nq

Cohesion psf 0
Phi Angle 30
Total Unit Weight pcf 125
Boyant Unit Weight pcf 62.6

Nc 30.1
Nγ 22.4
Nq 18.4

Footing Width (ft) Bearing Depth (ft) Ultimate Bearing Capacity (psf) Footing Width (ft) Bearing Depth (ft) Ultimate Bearing Capacity (psf)
10 0 7012 12 0 8414
10 2 9316 12 2 10718
10 3 10468 12 3 11870
10 4 11620 12 4 13022
10 5 12772 12 5 14174
10 6 13923 12 6 15326
10 7 15075 12 7 16478
10 8 16227 12 8 17630
10 9 17379 12 9 18782
10 10 18531 12 10 19933
10 11 19683 12 11 21085
10 12 20835 12 12 22237
10 13 21987 12 13 23389
10 14 23139 12 14 24541
10 15 24291 12 15 25693
10 16 25443 12 16 26845
10 17 26594 12 17 27997
10 18 27746 12 18 29149
10 19 28898 12 19 30301
10 20 30050 12 20 31453

Footing Width (ft) Bearing Depth (ft) Ultimate Bearing Capacity (psf) Footing Width (ft) Bearing Depth (ft) Ultimate Bearing Capacity (psf)
14 0 9817 16 0 11219
14 2 12121 16 2 13523
14 3 13273 16 3 14675
14 4 14424 16 4 15827
14 5 15576 16 5 16979
14 6 16728 16 6 18131
14 7 17880 16 7 19283
14 8 19032 16 8 20434
14 9 20184 16 9 21586
14 10 21336 16 10 22738
14 11 22488 16 11 23890
14 12 23640 16 12 25042
14 13 24792 16 13 26194
14 14 25944 16 14 27346
14 15 27095 16 15 28498
14 16 28247 16 16 29650
14 17 29399 16 17 30802
14 18 30551 16 18 31954
14 19 31703 16 19 33105
14 20 32855 16 20 34257

Footing Width (ft) Bearing Depth (ft) Ultimate Bearing Capacity (psf) Footing Width (ft) Bearing Depth (ft) Ultimate Bearing Capacity (psf)
18 0 12622 20 0 14024
18 2 14925 20 2 16328
18 3 16077 20 3 17480
18 4 17229 20 4 18632
18 5 18381 20 5 19784
18 6 19533 20 6 20935
18 7 20685 20 7 22087
18 8 21837 20 8 23239
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Sand Bearing 

18 9 22989 20 9 24391
18 10 24141 20 10 25543
18 11 25293 20 11 26695
18 12 26444 20 12 27847
18 13 27596 20 13 28999
18 14 28748 20 14 30151
18 15 29900 20 15 31303
18 16 31052 20 16 32455
18 17 32204 20 17 33606
18 18 33356 20 18 34758
18 19 34508 20 19 35910
18 20 35660 20 20 37062

Footing Width (ft) Bearing Depth (ft) Ultimate Bearing Capacity (psf) Footing Width (ft) Bearing Depth (ft) Ultimate Bearing Capacity (psf)
22 0 15426 24 0 16829
22 2 17730 24 2 19133
22 3 18882 24 3 20284
22 4 20034 24 4 21436
22 5 21186 24 5 22588
22 6 22338 24 6 23740
22 7 23490 24 7 24892
22 8 24642 24 8 26044
22 9 25794 24 9 27196
22 10 26945 24 10 28348
22 11 28097 24 11 29500
22 12 29249 24 12 30652
22 13 30401 24 13 31804
22 14 31553 24 14 32955
22 15 32705 24 15 34107
22 16 33857 24 16 35259
22 17 35009 24 17 36411
22 18 36161 24 18 37563
22 19 37313 24 19 38715
22 20 38465 24 20 39867

Footing Width (ft) Bearing Depth (ft) Ultimate Bearing Capacity (psf)
26 0 18231
26 2 20535
26 3 21687
26 4 22839
26 5 23991
26 6 25143
26 7 26295
26 8 27446
26 9 28598
26 10 29750
26 11 30902
26 12 32054
26 13 33206
26 14 34358
26 15 35510
26 16 36662
26 17 37814
26 18 38966
26 19 40117
26 20 41269



Fill Bearing

Bearing Capacity CID-MO Floodwalls
Material Fill qult = c*Nc+.5*B*g'*Nγ+γt*Df+Nq

Cohesion psf 0
Phi Angle 20
Total Unit Weight pcf 125
Boyant Unit Weight pcf 62.6

Nc 14.8
Nγ 5.4
Nq 6.4

Footing Width (ft) Bearing Depth (ft) Ultimate Bearing Capacity (psf) Footing Width (ft) Bearing Depth (ft) Ultimate Bearing Capacity (psf)
10 0 1686 12 0 2023
10 2 2487 12 2 2824
10 3 2888 12 3 3225
10 4 3288 12 4 3626
10 5 3689 12 5 4026
10 6 4090 12 6 4427
10 7 4490 12 7 4827
10 8 4891 12 8 5228
10 9 5291 12 9 5629
10 10 5692 12 10 6029
10 11 6093 12 11 6430
10 12 6493 12 12 6830
10 13 6894 12 13 7231
10 14 7294 12 14 7632
10 15 7695 12 15 8032
10 16 8096 12 16 8433
10 17 8496 12 17 8833
10 18 8897 12 18 9234
10 19 9297 12 19 9635
10 20 9698 12 20 10035

Footing Width (ft) Bearing Depth (ft) Ultimate Bearing Capacity (psf) Footing Width (ft) Bearing Depth (ft) Ultimate Bearing Capacity (psf)
14 0 2360 16 0 2697
14 2 3161 16 2 3499
14 3 3562 16 3 3899
14 4 3963 16 4 4300
14 5 4363 16 5 4700
14 6 4764 16 6 5101
14 7 5164 16 7 5502
14 8 5565 16 8 5902
14 9 5966 16 9 6303
14 10 6366 16 10 6703
14 11 6767 16 11 7104
14 12 7168 16 12 7505
14 13 7568 16 13 7905
14 14 7969 16 14 8306
14 15 8369 16 15 8706
14 16 8770 16 16 9107
14 17 9171 16 17 9508
14 18 9571 16 18 9908
14 19 9972 16 19 10309
14 20 10372 16 20 10710

Footing Width (ft) Bearing Depth (ft) Ultimate Bearing Capacity (psf) Footing Width (ft) Bearing Depth (ft) Ultimate Bearing Capacity (psf)
18 0 3035 20 0 3372
18 2 3836 20 2 4173
18 3 4236 20 3 4574
18 4 4637 20 4 4974
18 5 5038 20 5 5375
18 6 5438 20 6 5775
18 7 5839 20 7 6176
18 8 6239 20 8 6577
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Fill Bearing

18 9 6640 20 9 6977
18 10 7041 20 10 7378
18 11 7441 20 11 7778
18 12 7842 20 12 8179
18 13 8242 20 13 8580
18 14 8643 20 14 8980
18 15 9044 20 15 9381
18 16 9444 20 16 9781
18 17 9845 20 17 10182
18 18 10245 20 18 10583
18 19 10646 20 19 10983
18 20 11047 20 20 11384

Footing Width (ft) Bearing Depth (ft) Ultimate Bearing Capacity (psf) Footing Width (ft) Bearing Depth (ft) Ultimate Bearing Capacity (psf)
22 0 3709 24 0 4046
22 2 4510 24 2 4847
22 3 4911 24 3 5248
22 4 5311 24 4 5649
22 5 5712 24 5 6049
22 6 6113 24 6 6450
22 7 6513 24 7 6850
22 8 6914 24 8 7251
22 9 7314 24 9 7652
22 10 7715 24 10 8052
22 11 8116 24 11 8453
22 12 8516 24 12 8853
22 13 8917 24 13 9254
22 14 9317 24 14 9655
22 15 9718 24 15 10055
22 16 10119 24 16 10456
22 17 10519 24 17 10856
22 18 10920 24 18 11257
22 19 11320 24 19 11658
22 20 11721 24 20 12058

Footing Width (ft) Bearing Depth (ft) Ultimate Bearing Capacity (psf)
26 0 4383
26 2 5185
26 3 5585
26 4 5986
26 5 6386
26 6 6787
26 7 7188
26 8 7588
26 9 7989
26 10 8389
26 11 8790
26 12 9191
26 13 9591
26 14 9992
26 15 10392
26 16 10793
26 17 11194
26 18 11594
26 19 11995
26 20 12395



Kansas City Levees - CID MO
SPT Blowcounts in the aquifer - Drilling performed in October 2001
Data used to estimate shear strength of the foundation materials 2428.5 1214.25

Moist Unit Weight = 115 pcf
Saturated Unit Weight = 120 pcf

Material Location of Overburden Overburden Friction Undrained
Depth (FC) Water Table Pressure Correction Uncorrected Corrected Angle Shear 

Boring Station Location (ft) (interpreted) (ft) (tsf) Cn Blowcount Blowcount φ' (degrees) Strength, Cu (psf)

D-454 29+75 12' RS 2.0 Fill (cinders, gravel) 11 0.12 1.79 22 39
D-454 29+75 12' RS 4.5 Clayey Sand 11 0.26 1.59 14 22
D-454 29+75 12' RS 7.0 CH 11 0.40 1.43 12 17 2200
D-454 29+75 12' RS 9.5 CH 11 0.55 1.29 6 8 1000
D-454 29+75 12' RS 12.0 CH 11 0.66 1.20 7 8 1000
D-454 29+75 12' RS 14.5 CH 11 0.73 1.15 6 7 850
D-454 29+75 12' RS 19.5 CH 11 0.88 1.07 4 4 500
D-454 29+75 12' RS 24.5 CH 11 1.02 0.99 5 5 550
D-454 29+75 12' RS 29.5 CH 11 1.17 0.92 5 5 550
D-454 29+75 12' RS 34.5 ML 11 1.31 0.87 28 24 3000
D-454 29+75 12' RS 39.5 ML 11 1.45 0.82 25 20 3000
D-454 29+75 12' RS 44.5 ML 11 1.60 0.77 3 2 350
D-454 29+75 12' RS 49.5 Sand 11 1.74 0.73 70 51 41

51.5 Rock

AD-453 4+65 10' LS 2.0 Clayey Gravel w/sand 100 0.12 1.79 12 22
AD-453 4+65 10' LS 4.5 CL w/sand 100 0.26 1.59 4 6 700
AD-453 4+65 10' LS 7.0 CL w/sand 100 0.40 1.43 9 13 1250
AD-453 4+65 10' LS 9.5 CH w/sand 100 0.55 1.29 12 16 2050
AD-453 4+65 10' LS 12.0 CH 100 0.69 1.18 8 9 1100
AD-453 4+65 10' LS 14.5 CH w/silt,sand 100 0.83 1.09 5 5 550
AD-453 4+65 10' LS 19.5 CH w/silt,sand 100 1.12 0.94 6 6 700
AD-453 4+65 10' LS 24.5 CH w/silt 100 1.41 0.83 4 3 300
AD-453 4+65 10' LS 29.5 Clayey Sand 100 1.70 0.74 8 6 29
AD-453 4+65 10' LS 34.5 Clayey Sand 100 1.98 0.67 11 7 30
AD-453 4+65 10' LS 39.5 Clayey Sand 100 2.27 0.61 4 2 28

43.7 Rock

AD-455 63+00 15' RS 2.0 CL (sand, fill?) 24 0.12 1.79 12 22
AD-455 63+00 15' RS 4.5 Sand w/silt 24 0.26 1.59 14 22
AD-455 63+00 15' RS 7.0 Sand w/silt 24 0.40 1.43 11 16
AD-455 63+00 15' RS 9.5 CH 24 0.55 1.29 4 5 550
AD-455 63+00 15' RS 12.0 OL? (CH/CL) 24 0.69 1.18 7 8 1000
AD-455 63+00 15' RS 14.5 CH w/ sand 24 0.83 1.09 6 7 850
AD-455 63+00 15' RS 19.5 Sandy CH 24 1.12 0.94 7 7 850
AD-455 63+00 15' RS 24.5 Sandy CH 24 1.39 0.84 9 8 1000
AD-455 63+00 15' RS 29.5 Sand 24 1.54 0.79 8 6 29
AD-455 63+00 15' RS 34.5 Sand 24 1.68 0.75 8 6 29
AD-455 63+00 15' RS 39.5 Sand 24 1.83 0.71 25 18 34
AD-455 63+00 15' RS 44.5 Sand 24 1.97 0.67 34 23 36
AD-455 63+00 15' RS 49.5 Sand 24 2.11 0.64 17 11 33
AD-455 63+00 15' RS 54.5 Sand 24 2.26 0.61 30 18 34
AD-455 63+00 15' RS 59.5 Sand 24 2.40 0.59 29 17 34
AD-455 63+00 15' RS 64.5 Sand 24 2.55 0.56 34 19 34
AD-455 63+00 15' RS 69.5 Sand 24 2.69 0.54 41 22 36
AD-455 63+00 15' RS 74.5 Sand 24 2.83 0.52 70 37 40

D-456 68+65 12' RS 4.5 Sandy Clay 34 0.26 1.59 18 29
D-456 68+65 12' RS 7.0 Ashpalt/Gravel (fill) 34 0.40 1.43 10 14
D-456 68+65 12' RS 9.5 Cement/Brick (fill) 34 0.55 1.29 7 9
D-456 68+65 12' RS 12.0 Clay w/ cind, brick 34 0.69 1.18 6 7
D-456 68+65 12' RS 14.5 Sandy Silt 34 0.83 1.09 11 12 1200
D-456 68+65 12' RS 19.5 Clayey Silt 34 1.12 0.94 6 6 700
D-456 68+65 12' RS 24.5 Clayey Silt 34 1.41 0.83 12 10 1200
D-456 68+65 12' RS 29.5 Clayey Silt 34 1.70 0.74 6 4 500
D-456 68+65 12' RS 34.5 Clayey Silt 34 1.97 0.67 12 8 1000
D-456 68+65 12' RS 39.5 Silty Clay 34 2.11 0.64 9 6 700
D-456 68+65 12' RS 44.5 Sandy Silt 34 2.26 0.61 12 7 850
D-456 68+65 12' RS 49.5 Silty Sand 34 2.40 0.59 36 21 35
D-456 68+65 12' RS 54.5 Sand 34 2.55 0.56 28 16 33
D-456 68+65 12' RS 59.5 Sand 34 2.69 0.54 12 7 30
D-456 68+65 12' RS 64.5 Sand 34 2.83 0.52 100 52 40
D-456 68+65 12' RS 69.5 Sand 34 2.98 0.50 37 19 34
D-456 68+65 12' RS 74.5 Sand 34 3.12 0.49 28 14 34
D-456 68+65 12' RS 79.5 Sand 34 3.27 0.47 23 11 33

82.5 Rock

D-457 70+60 12' RS 2.0 CL 13.5 0.12 1.79 9 16 2050
D-457 70+60 12' RS 4.5 CH 13.5 0.26 1.59 4 6 700
D-457 70+60 12' RS 7.0 Sandy CH 13.5 0.40 1.43 4 6 700
D-457 70+60 12' RS 9.5 Sand 13.5 0.55 1.29 12 16 33
D-457 70+60 12' RS 12.0 Sand 13.5 0.69 1.18 11 13 33
D-457 70+60 12' RS 14.5 CH 13.5 0.81 1.11 6 7 850
D-457 70+60 12' RS 19.5 Clayey Silt 13.5 0.95 1.03 6 6 750
D-457 70+60 12' RS 24.5 Sand 13.5 1.09 0.96 10 10 1200
D-457 70+60 12' RS 29.5 CH 13.5 1.24 0.89 3 3 300
D-457 70+60 12' RS 34.5 Silt 13.5 1.38 0.84 0 0 250
D-457 70+60 12' RS 39.5 Silt 13.5 1.53 0.79 1 1 250
D-457 70+60 12' RS 44.5 Sand 13.5 1.67 0.75 24 18 34
D-457 70+60 12' RS 49.5 Sand 13.5 1.81 0.71 20 14 32
D-457 70+60 12' RS 54.5 Sand 13.5 1.96 0.68 14 9 31
D-457 70+60 12' RS 59.5 Sand 13.5 2.10 0.64 9 6 29
D-457 70+60 12' RS 64.5 Sand 13.5 2.25 0.62 66 41 40
D-457 70+60 12' RS 69.5 Sand 13.5 2.39 0.59 58 34 39
D-457 70+60 12' RS 74.5 Gravel/Sand 13.5 2.53 0.57 11 6 29
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Clay Cohesion AT CID-MO FROM 2001 SPT 
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"Blanket" Cohesion with Depth, 2001 SPT Results, CID-MO 

Drained analysis controlled the preliminary 
analysis in blanket material, although the 
drained calculated capacity was not 
significantly lower than the undrained 
capacity.  The bottom of the piles are ~25 to 
30 ft below grade. 

Likely sandy-silt 
material but FC'ed as 
silt resulting in a high 
calculated "cohesion". 
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Sand Friction Angle with Depth, 2001 SPT Results, CID-MO 

No real correlation 
with depth??? 



D-457 70+60 12' RS 79.5 Gravel/Sand 13.5 2.68 0.54 23 13 33
D-457 70+60 12' RS 85.5 Gravel/Sand 13.5 2.85 0.52 27 14 33

87.0 Rock

D-458 80+30 10' LS 2.0 Sand 11 0.12 1.79 12 22 32
D-458 80+30 10' LS 4.5 Sand 11 0.26 1.59 7 11 33
D-458 80+30 10' LS 7.0 Gravel 11 0.40 1.43 9 13 30
D-458 80+30 10' LS 9.5 Sand 11 0.55 1.29 17 22 36
D-458 80+30 10' LS 12.0 Sand 11 0.66 1.20 13 16 33
D-458 80+30 10' LS 14.5 Sand 11 0.73 1.15 10 12 33
D-458 80+30 10' LS 19.5 Sand 11 0.88 1.07 15 16 33
D-458 80+30 10' LS 24.5 Sandy CH 11 1.02 0.99 2 2 250
D-458 80+30 10' LS 29.5 CH 11 1.17 0.92 4 4 500
D-458 80+30 10' LS 34.5 CH 11 1.31 0.87 0 0 250
D-458 80+30 10' LS 39.5 CH 11 1.45 0.82 4 3 300
D-458 80+30 10' LS 44.5 CH 11 1.60 0.77 3 2 400
D-458 80+30 10' LS 49.5 Clayey Sand 11 1.74 0.73 15 11 33
D-458 80+30 10' LS 54.5 Sand 11 1.89 0.69 31 21 36
D-458 80+30 10' LS 59.5 Sand 11 2.03 0.66 18 12 33
D-458 80+30 10' LS 64.5 Sand 11 2.17 0.63 12 8 29
D-458 80+30 10' LS 69.5 Sandy CH 11 2.32 0.60 19 11 33

Notes: φ' (degrees) Cu (psf)
1.  Overburden correction to blowcount:  Cn = 2/(1 + σ'), with σ' in tsf AVG STDEV AVG STDEV
2.  Corrected blowcount = N(uncorrected)*Cn, safety hammer on cat head rig, so no other correction per EM Sand 33.3 3
3.  Cu from EM 1110-1-1804 Table G-1 and EM 1110-2-2504 Table 3-4 CL 983 472
4.  φ from EM 1110-1-1905 Table 3-1 and EM 1110-2-2504 Table 3-1 CH 763.4615385 478

Silt 1283 1348
blanket 902 658

Material Source
Cu blanket = 600 psf SPT
φ blanket = N/A degrees SPT

φ sand = 30 degrees SPT
φ fill = N/A degrees SPT

Strength
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