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CHAPTER A-8 
GEOTECHNICAL ANALYSIS 

FAIRFAX-JERSEY CREEK 
(JERSEY CREEK SHEET PILE WALL) 

 
 
A-8.1 INTRODUCTION 

This chapter presents the results of the geotechnical evaluation in the area near 
Station 27+50 of the existing Fairfax-Jersey Creek Unit of protection (refer to Exhibit A-
8.6 in the Supplemental Exhibits section).  The levee district provided an independent 
evaluation of the section of retaining sheet pile wall from Station 23+30.6 to Station 
29+98.9.  The report identified the failure of the tieback connections and extensive 
rusting of the existing retaining wall structure.  The retaining wall structure provides 
stability of the foreshore bank for the existing levee with I-wall flood protection. 
 
A-8.2 SOURCES OF EXISTING LEVEE DESIGN INFORMATION 

The primary sources of information for this chapter include the references listed 
in the References section of this chapter.  As-built record drawings, as well as the 
independent wall evaluation with recent subsurface investigations, were used for the 
geotechnical assessments. 
 
A-8.3 DESCRIPTION OF THE LEVEE UNIT 

Refer to Section A-4.3.7 for a detailed description of the Fairfax-Jersey Creek 
Unit. 

 
A-8.4 LEVEE DESIGN FEATURES 
 

A-8.4.1 Basic Existing Levee and Floodwall Sections 
The Fairfax-Jersey Creek levee unit consists of levees, floodwalls, stoplog and 

sandbag gaps, riprap and levee toe protection, surfaced levee crown and ramps, drainage 
systems, the Jersey Creek sewer structure and shutter gates, and pumping plants.  It was 
originally constructed as a local levee, but was removed and replaced using Federal 
standards in 1940.  The final contract for construction of the project was completed in 
1955. 

A plan view of the Fairfax-Jersey Creek Unit and typical sections are provided in 
Exhibits A-8.6 through A-8.16 of the Supplemental Exhibits section. 

 
A-8.4.2 Future Flood Protection Concerns    
A general raise of the existing level of protection has not been recommended for 

this unit.  However, recent surveys of this unit indicate a top of levee lower than original 
design near Station 0+00.  No geotechnical evaluation is provided for these low areas. 

An existing sheet pile wall supports the riverside foreshore.  The as-built 
drawings for the reach from Station 23+30.6 to Station 29+98.9 indicate an original cross 
section with the top of the levee near elevation 755 feet (see Exhibit A-8.6).  The 
riverside slope is shown as 1.0 vertical to 3.5 horizontal.  This slope extended down to 
elevation 724 feet.  The 1.0 vertical on 3.5 horizontal slope was originally supported by a 



 8-2

steel sheet pile wall with tie back anchors to treated posts.  This section is shown as 
Exhibit A-8.8 in the Supplemental Exhibits section of this chapter.  The date of the as-
built drawing is January 1945.  The plan and elevation of the sheet pile tieback wall 
anchor is shown on Exhibits A-8.9 through A-8.11.  A modification to the levee was 
completed in 1955 which added a concrete wall supported on sheet piling (I-wall) to the 
crest of the levee.  An access road was added to the riverside 1.0 vertical on 3.5 
horizontal slope.  Exhibits A-8.12 through A-8.15 provide details of the modification.  
The latest 2003 survey of the area was obtained from a review of the sponsor provided 
drawings that included repair to the Jersey Creek outlet structure.  The plan of the survey 
elevations is provided on Exhibit A-8.16 in the Supplemental Exhibits section.  The cross 
section for Station 27+50 (see Exhibit A-8.17) was selected to model the existing 
condition from this survey.  Station 27+50 was chosen to represent the condition of the 
levee from Station 23+30.6 to Station 29+89.9.  Below Station 23+30.6, the cross section 
of the foreshore bank and height of the sheet pile retaining wall change due to an existing 
wharf area.  Deficiencies associated with the wharf area are recognized and are being 
addressed through a local project.  It is the reliability of the Station 27+50 cross section, 
as surveyed in 2003, which is being considered in this discussion. 

The failure of the Station 27+50 section could occur if a consecutive sequence of 
failure events occurs.  This sequence of failure events would consist of 1) loss of the 
retaining wall due to loss of soils riverside caused by degradation of the channel and 
velocity scour, 2) loss of the riverside foreshore bank due to velocity scour leading to 
global instability, and 3) subsequent loss of levee and I-wall flood protection due to 
continued velocity scour causing additional global instability.  The overall reliability is 
modeled using 3 failure mechanisms combined in parallel to evaluate the damages 
incurred for various high water stages, sheet pile wall failure, foreshore instability, and 
levee with I-wall bank instability.  The failure is triggered by velocity scour and channel 
degradation.  A schematic of the model with reliability analysis results is provided on 
Exhibit A-8.18.          

 
A-8.4.3 Area Site Characterization 
Subsurface investigations conducted under direction of the sponsor were utilized 

to assess the stability of the retaining wall and the cross section of the flood protection 
near the reach from Station 23+30.6 to 29+98.9.  The report titled, “Sheet Pile Wall and 
Levee Evaluation Jersey Creek Outfall to Wharf Structure”, dated 2004, provides 
foundation sampling and testing results.  Foundation clay and sand strength values were 
developed and recommendations were provided.  Samples of the sheet pile retaining wall 
were collected and damages were identified.  The overall conclusion stated that the wall 
has lost its tieback support.  It was reported that the wall, although tieback support had 
failed, was stable under current conditions.  However, it was also recommended that the 
sheet pile be replaced within 10 years and quarterly observations be made before 
replacement is accomplished.  Excessive deterioration of the sheet pile’s walls above the 
riverbed precluded recommendations to restore the existing tieback connections.  
Recommended soil design strengths that were provided in the report are shown in the 
tables that follow. 
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TABLE A-8.1 
Soil Profile Immediately Behind the Wall 

 

Layer Elevation, 
Feet 

Design 
N1(60) 

Dry Unit 
Weight, pcf 

Saturated 
Unit Weight, 

pcf 

Design 
Φ’ 

Loose sand 716-706 7 95.5 121.9 32o 
Medium – 

Dense Sand 706-698 16 105.7 128.2 37o 

Dense Sand 698-685 23 110.1 131.0 39o 
 
N1(60) refers to the standard penetration blow count where N1(60) is equal to NfieldCECN.  
CE equals ER/60 with ER equal to the hammer system energy ratio expressed as a 
percentage of the theoretical energy of a 140 lb hammer falling 30 inches.  CN is a 
correction to the blow count based on effective overburden pressure. 

 
TABLE A-8.2 

Soil Profile Under Slope and Levee 
 

Layer Elevation, 
Feet 

Design 
N1(60) 

Dry Unit 
Weight, pcf 

Saturated 
Unit Weight, 

pcf 

Design 
Φ’ 

Dredged 
sand fill 750-733 10 101.9 117.1 33o 

Clay Blanket 733-720 N/A 81 123 28o to 30o 

Loose-
medium 

sand 
720-706 11 102.5 126.2 32o 

Medium-
dense sand 706-698 18 106.9 129.0 35o 

Dense sand 698-685 23 110.1 131.0 36o 
Medium-

dense Sand 685-665 15 105.0 127.8 30o 

 
N1(60) refers to the adjusted blow count equivalent to a drill rig delivering 60% of the 
available theoretical energy for a 140 lb weight falling frictionless for 30 inches.  The 
design parameter internal friction angle correlations have been based on this energy load 
and effective overburden pressures near 1 psf.  Field blow counts were converted to 
N1(60) and plotted verses depth. 
 

The soil parameters in the above table are considered to be design parameters.  
For the existing condition analysis, mean soil parameters were determined using the data 
provided in the aforementioned report.  The following soil strengths were used for 
analysis of the Station 27+50 cross section. 
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TABLE A-8.3 
Soil Parameters Selected for Analysis 

 

Layer Elevation, 
Feet 

Moist Unit 
Weight, 

pcf 

Saturated  
Unit Weight, 

pcf 

Average 
Strengths 
Assigned  

Dredge Sand Fill* 750-733 110 115 30o 

Clay Blanket 733-720 120 125  29o  

Loose- 
Medium Sands   720-706 125 125 34o 

Remaining Deeper 
Sands 706 and Below 125 125 37.5o 

Riverside Sands 712 and Below 110 15 37o 

 
* This value is not consistent with the sponsor provided report.  A value lower than 
shown in the report is recommended based on the type of placement.  The impact of the 
variance of the dredge sand fill ranges from 6 to 11 percent.   
 
A-8.5 ANALYSIS MODEL FOR RISK AND UNCERTAINTY 

The model used to determine the reliability of this reach considered the 
sequence of events that could lead to failure of the levee with the I-wall.  The failure 
event tree consists of 1) scour of the riverbed proportionally to the flood event river 
level; 2) failure of the sheet pile wall; 3) global failure of the foreshore bank and then; 
4) the global failure of the foreshore bank with levee and I-wall flood protection.  This 
sequence of failures must occur in order to sustain interior flood damages.   
 

A-8.5.1 River Bed Scour Determination  
The scour potential of the Missouri River was realized during and after the Great 

Flood of 1993.  The scour potential along the existing sheet pile wall on the right 
descending bank of the Missouri River in the vicinity of RM 367 was considered in the 
analysis model.  The results of the USGS stream measurements at the gage on the 
Hannibal Bridge before and after the 1993 flood were reviewed.  It was characterized that 
the gage will probably exhibit similar outside-of-the-bend scour characteristics as have 
been observed at the site in question.  All of the USGS gage measurements were 
downloaded and processed.  There were 17 measurements made prior to the July flood, 6 
measurements made during the flood event, and 18 measurements made after the flood.  
From these records, the mean hydraulic depth (defined as the measured stream area 
divided by the observed top width) was calculated.  The mean bed elevation for each 
observation was computed by subtracting the computed hydraulic depth from water 
surface elevation at the time of measurement.  See Exhibit A-8.37 for further detail. 
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The mean bed elevations prior to the flood were fairly consistent at elevation 706 
feet.  The post-flood bed elevations varied from about 699 feet to 703 feet, with a mean 
value of about 701 feet.  The post-flood measurements made in September and October 
were lower than the measurements made in November and December, suggesting that the 
bed may have been rebuilding.  The 706 feet to 701 feet elevation range suggests that a 
general temporary scour depth of 5 feet can reasonably be expected to occur during 
severe flood events.  A few of the early post-flood measurements suggest that the scour 
could be one or more feet lower. 

The 6 measurements made during the flood of July, 1993 all have mean bed 
elevations, computed as discussed above, in the 714 feet range.  An examination of the 
measurement data shows the observed top widths are about 1400 feet, whereas the top 
widths for the other measurements are all in the 900-990 feet range.  Obviously the bed 
elevations calculated for the flood measurements were the mean elevations of the channel 
and its overbanks, whereas the pre-flood and post-flood measurements were for the 
channel only.  The Kansas City District does have a copy of the filed data for USGS 
measurement No. 4360, which was made within a few hours of the peak of the flood.  
Using this field record, it is possible to compute the mean hydraulic depth for the channel 
portion only.  The hydraulic data used for this computation, as well as a cross section 
comparison of before and after the 1993 flood event, is shown in Exhibits A-8.43 and A-
8.44.  The mean bed elevation of the channel was shown to be in the 703-704 feet range.  
This suggests that the mean bed was transiting from 706 to 701 feet during the flood. 

The scour relationship developed for this study used no scour for the 2-year river 
stage.  A value of 5 feet was used for river stage representing a major flood event.  For 
this reach of the river, the relationship is shown on Exhibits A-8.1 and A-8.19. 
 

EXHIBIT A-8.1 
River Scour Relationship 
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TABLE A-8.4 
River Scour Relationship 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

A-8.5.2 Loss of Sheet Pile Wall  
 The sheet pile wall was reported to have lost tieback support.  This condition 
creates a cantilever wall condition.  A cantilever wall remains stable only as long as 
passive resistance exceeds the driving forces on the wall.  The horizontal force and 
moment equilibrium was considered to determine the stability of the wall for the 
existing conditions. The analysis was also done for incremental increases in the scour 
riverside of the retaining wall.  An excel spreadsheet was designed to model the wall 
stability analysis.  The spreadsheet was developed using a simple cantilever support 
analysis. 

The soils and geometry of the slopes and water level in the bank landward of the 
retaining wall were used to develop the expected active earth forces on the retaining 
wall.  The water level, soil materials and riverbed location riverward of the sheet pile 
retaining wall were used to determine the passive resistance below the embedment of 
the sheet pile retaining wall.  The horizontal forces were determined and compared to 
model the reliability of the riverside soil to resist the horizontal movement of the wall.  
The driving and resisting horizontal force locations were used to determine the moment 
about the bottom of the wall to model the reliability of the overturning resistance.  Net 
pressures were calculated along the wall and used in the model.  A model using 
Taylor’s series was added to develop the reliability of the wall using mean values of the 
soil strength parameter and unit weight parameters.  The resulting reliability of the wall 
system was developed for scour values ranging from 0 feet at the 2-year river level 
stage to a scour of 5 feet representing the rare flood occurrence.  The results of these 
spreadsheet analyses are presented in Exhibits A-8.20 through A-8.22, A-8.29 through 
A-8.30, and A-8.37 through A-8.38 of the Supplemental Exhibits section.  The 
reliability of the wall appears to be questionable above the 100-year river level.  The 
probability of a sheet pile wall failure was determined for this condition and defined as 
prf1.     

 
 

 
Scour 
Feet 

River 
Level 
Feet 

 
Flood 

Frequency 

0 710 Below 2 year event 
0 732.88 2 year event 

3.6 751.9 100-year event 

5 757.6 500 year event 

5 760.5 Top of Flood Protection
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EXHIBIT A-8.2 
Probability of Wall Failure, Prf1 

 Versus River Bed Scour 
 

Sheet Pile Wall, Prf1 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 1 2 3 4 5 6 7

Scour Depth

Pr
ob

ab
ili

ty
 o

f E
xc

es
si

ve
 M

om
en

t C
au

si
ng

 W
al

l F
ai

lu
re

 
pr

f1
, C

oe
ffi

ci
en

t

 
 

A-8.5.3 First Loss of Foreshore Bank 
In the event that the channel sheet pile wall fails, the channel velocities will 

rapidly remove the foundation sands behind the wall.  The rapid removal and 
undermining of sand bank materials was observed during the high water event on the 
Kansas River in 1998 in the Argentine Ruby Street outlet works.  If the river had 
continued to rise, the floodwall on the Argentine levee may have been undermined.  The 
foreshore access of the Argentine levee allowed for rapid response emergency rock 
placement on the sloped riverside banks and grouting below the foundation outlet 
structure.  The Fairfax sheet pile wall forms a vertical bank line. 

The bank line is 100 feet from the centerline of the levee.  By the time failure of 
the wall is detected, erosion of the foreshore is highly probable and access to repair the 
erosion is not achievable. 

A cross section was developed to model the existing condition and illustrate the 
modeling of the loss of the sheet pile wall and scouring behind the wall.  This cross 
section represents a failed wall with initial loss of foreshore materials due to velocity 
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scour.  The soils would develop a slope dependent on the angle of repose of the sands 
and clays in the bank.  An additional amount of toe scour was assigned to account for 
scour at the toe of the slope. The section is defined on Exhibit A-8.17.  It is felt that 
more severe erosion losses will occur than shown but those modeled are reasonable and 
raise enough concern for the reliability of the section.  The reliability of the riverside 
channel bank was determined using the UTEXAS4 slope stability program.  Spencer’s 
procedure was used.  The Taylor’s Series expansion was used with one standard 
deviation about the mean and using the natural logarithm of the Factor of Safety in 
accordance with guidance provided in ETL 1110-2-556, “Risk-Based Analysis in 
Geotechnical Engineering for Support of Planning Studies”.  Soil parameter deviations 
were developed using recommended values for the drained strength of sands from Table 
1: Coefficients of Variation for Geotechnical Parameters of ETL 1110-2-556.  Table A-
8.5 provides the random variable considered in the analysis.  The standard deviation 
was developed using the expected mean multiplied by the coefficient of variance.  Mean 
values for the phi angle were developed using standard penetration blow count and 
published values for a normalized blow count to effective overburden pressures of 1 psf. 

 
TABLE A-8.5 

Random Variables for Fairfax-Jersey Creek 
 

Parameter Expected 
Value 

Standard 
Deviation 

Coefficient of Variation, 
% 

 Dredge Fill Φ, o  30 3.60 12.00  
Blanket Clays  Φ, 

o
    29 3.48 12.00  

Foundation Loose-Medium 
Sands Φ, o 34 4.08 12.00 

Remaining Deeper Sands Φ, o 37.5 4.50 12.00 

 
Global slope stability calculations were performed and a summary of the results 

is provided in Exhibits A-8.23 through A-8.25, A-8.31 through A-8.33 in the 
Supplemental Exhibits section.  The analysis provides a probability of failure of the first 
loss of foreshore bank after failure of the sheet pile retaining wall. The probability of 
the foreshore failure was determined for this condition and defined as prf2.  The 
following graph displays the results of the probability of failure of the foreshore once 
the sheet pile wall fails for rising river levels. 
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EXHIBIT A-8.3 
Probability of Foreshore Failure, Prf2 

 Versus River Elevation 
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A-8.5.4 Secondary Loss of Foreshore Bank Including Levee with I-Wall 

Flood Protection 
If the foreshore bank is lost during a flood event, the remaining bank with levee 

and I-wall is weakened and exposed to additional velocity scour.  A revision in the 
geometry of the foreshore was modeled to reflect only the loss of the foreshore.  
Additional scour of the foundation was not modeled although it is felt additional scour 
will occur.  The previous foreshore slide was removed from the input file for 
UTEXAS4.  The river elevation and foundation pressures were revised to model the 
loss of the foreshore.    A new search was made for the most critical reasonable slide 
that would cause loss of the levee with I-wall section.  The critical section was modeled 
for reliability using Taylor’s series with mean values and standard deviations as shown 
in Table A-8.5.  The results of the reliability of this section and summary of these 
results are presented in Exhibits A-8.26 through A-8.28 and A-8.34 through A-8.36 in 
the Supplemental Exhibits section.  The probability of the levee with I-wall bank failure 
was determined for this condition and defined as prf3.  The following graph displays the 
results of the probability of failure of the foreshore once the sheet pile wall fails for 
rising river levels.     
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EXHIBIT A-8.4 
Probability of Levee with I-Wall Failure  

Prf3 Versus River Elevation 
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The drop in the probability of failure beyond river elevation can be attributed to 

the increase in river level providing a lateral surcharge on the section and that no 
additional scour of the section has been modeled for the elevations above 755 feet.  
 

A-8.5.5 Resulting Reliability of the Existing Cross Section Station 27+50 
The reliability of the section along this reach was determined by considering the 

individual probability of unsatisfactory performance and applying these probabilities in 
a parallel system.  The parallel system considers that all failures occur for the resulting 
failure to cause interior damages.  The reliability, R, is determined by the following 
equation: 

 
R = 1 – prft = 1 - ( prf1 * prf2 * prf3 ) 
 
 
prf1 is the assigned probability that the wall will collapse.  prf2 is the calculated 

probability that the foreshore will collapse.  prf3 is the calculated probability that the levee 
and I-Wall will collapse.  prft is the total section probability of failure. 

The relationship of the reliability was developed for incremental increases in the 
river level.  This information was provided to the economist on the project team for use in 
the HEC-FDA model.  A schematic summary is provided in Exhibit A-8.18 in the 
Supplemental Exhibits section.  The following graph displays the results of the 
probability of failure of the section 27+50 for rising river levels.  The analysis indicates 
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a geotechnical reliability of only 60% once the river stage reached the top of the flood 
protection. 

 
 

EXHIBIT A-8.5 
Probability of Failure for Levee  

Section 27+50 Prft Versus River Elevation 
 

Fairfax - Jersey Creek Sta 27+50

0

20

40

60

80

100

700 710 720 730 740 750 760 770

River Stage, Feet

Pr
ob

ab
ili

ty
 o

f 
Fa

ilu
re

, P
rf

t%

 
 

It should be noted that if the foundation soils riverside of the sheet pile foundations 
that support the flood wall on top of the levee are removed by scour, the individual 
probability of failure of the floodwall is increased.  This has not been considered in the 
analysis.   

 
A-8.6 RECOMMENDED COURSE OF ACTION 

There exists a sufficient risk of levee and I-wall failure to consider design 
solutions for the existing condition that would strengthen this portion of the Fairfax-
Jersey Creek levee unit.  The solutions considered include flood fighting, closed cell 
sheet piling protection, tied back auger cast pile retaining wall and an open cell 
cofferdam sheet pile system. 

 All solution alternatives would be constructed landside of the existing sheet pile 
wall using a barge on the Missouri river.  The construction efforts should not be allowed 
to overload the existing wall by surcharging the foreshore bank landside of the wall.  
The existing dead man support would be left in place and not utilized. 

The sequence of construction should be staged such that the existing sheet pile 
wall and tieback is not weakened further until a new system has been installed. 

The flood fight alternative is not considered a practical solution because the 
reaction time to failure is considered not achievable.  The reliability analysis shows that 
the sheet pile wall failure will occur after significant scour develops for river stages well 
above the top of the wall.  These river levels will submerge the bank.  This will not 
allow observation of the failure of the sheet pile wall and subsequent scouring of the 
foreshore.  Catastrophic failure of the levee will occur before any flood fight efforts 
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could be mobilized to provide foreshore protection of the levee with I-wall section. 
 Auger cast piles have been considered but the high construction cost estimated 

is driven by the extremely difficult construction procedures needed to assure that 
tiebacks rods are tensioned properly to the existing dead man supports. 

 The open cell and closed cell sheet pile solutions are each considered the most 
practical solution with the difference being cost and level of reliability.  The open cell 
protection is the most economical, but would not be as reliable as the closed cell 
construction.  The open cell solution poses a higher risk in that fewer sheet pile supports 
are constructed, lowering the overall resistance to movement. The open cell 
construction estimate could be considered as the most economical recommendation if it 
provides the minimum reliability required for flood protection. 

The closed cell solution would penetrate into the foreshore bank greater than the 
open cell by 4 feet.  The cost reflects the additional lengths of sheet piling required for 
closing the cells.  The extra lateral extent of the cell towards the levee increases the 
length of sheet pile needed due to the increase in bank elevation towards the levee.  The 
reach for placement of the final sheet piles is also increased in the construction of the 
closed cell solution. 

The recommended solution for strengthening this reach of the Fairfax-Jersey 
Creek flood protection unit is the use of a driven sheet pile system without reliance on 
tieback anchors.  The open cell appears as the most economical solution.  The solution is 
based on an estimate that includes a proprietary design cost.  The project design team 
considered the best solution as some type of driven sheet pile wall system with adequate 
penetration to prevent pull out with the use of tieback anchors.  Early efforts during 
preparation of plans and specifications will pursue a nonproprietary economical design 
solution.    
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A-8.8 SUPPLEMENTAL EXHIBITS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 8-15

 
 

 

E
X

H
IB

IT
 A

-8
.6

 
Pl

an
 a

nd
 P

ro
fil

e 
of

 S
he

et
 P

ile
 S

tu
dy

 R
ea

ch
 



 8-16

 

 

E
X

H
IB

IT
 A

-8
.7

 
Pl

an
 a

nd
 P

ro
fil

e 
of

 J
er

se
y 

C
re

ek
 S

ew
er

 
 



 8-17

E
X

H
IB

IT
 A

-8
.8

 
Fa

ir
fa

x 
L

ev
ee

 C
ro

ss
 S

ec
tio

n 
at

 S
ta

tio
n 

25
+1

4 
 



 8-18
 

 

E
X

H
IB

IT
 A

-8
.9

 
G

en
er

al
 P

la
n 

of
 S

he
et

 P
ile

 W
al

ls
 



 8-19
 

 

E
X

H
IB

IT
 A

-8
.1

0 
E

le
va

tio
ns

 o
f S

he
et

 P
ile

 W
al

ls
 

 



 8-20

 

E
X

H
IB

IT
 A

-8
.1

1 
T

yp
ic

al
 D

et
ai

ls
 o

f S
he

et
 P

ile
 W

al
ls

 
 



 8-21
 

E
X

H
IB

IT
 A

-8
.1

2 
M

od
ifi

ca
tio

n 
to

 E
xi

st
in

g 
Pr

ot
ec

tio
n 

Pl
an

 a
nd

 P
ro

fil
e 

 



 8-22
 

E
X

H
IB

IT
 A

-8
.1

3 
M

od
ifi

ca
tio

n 
to

 E
xi

st
in

g 
Pr

ot
ec

tio
n 

Pl
an

 S
ta

tio
n 

15
+7

5 
to

 S
ta

tio
n 

23
+1

0 

 



 8-23

 

E
X

H
IB

IT
 A

-8
.1

4 
M

od
ifi

ca
tio

n 
to

 E
xi

st
in

g 
Pr

ot
ec

tio
n 

Pl
an

 S
ta

tio
n 

23
+1

0 
to

 S
ta

tio
n 

29
+7

7 
 



 8-24
 

E
X

H
IB

IT
 A

-8
.1

5 
M

od
ifi

ca
tio

n 
to

 E
xi

st
in

g 
Pr

ot
ec

tio
n 

T
yp

ic
al

 L
ev

ee
 S

ec
tio

ns
 a

nd
 W

al
l D

et
ai

ls
 

 



 8-25
 

E
X

H
IB

IT
 A

-8
.1

6 
Su

rv
ey

 o
f S

ta
tio

n 
27

+5
0 

A
re

a 



 8-26

E
X

H
IB

IT
 A

-8
.1

7 
C

ro
ss

-S
ec

tio
n 

of
 M

od
el

ed
 A

re
a 

 



 8-27
 

EXHIBIT A-8.18 
Schematic of Failure Model 
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Rectangle



 8-28

 

EXHIBIT A-8.19 
Bed Scour Relationship Versus River Stage 
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EXHIBIT A-8.21 
Summary of Probability of Flood Protection Failure 

Station 25+00 for River Elevation 750 Feet 
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EXHIBIT A-8.23 
Summary of Probability of Foreshore Global Stability Failure 

Using River Elevation 750 Feet 
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EXHIBIT A-8.25 
Mean Value Analysis of Global Stability Foreshore 

UTEXAS4 Output File 
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EXHIBIT A-8.26 
Summary of Probability of Levee/I-Wall Global Stability 

Failure Using River Elevation 750 Feet 
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EXHIBIT A-8.28 
Mean Value Analysis of Global Stability Levee/I-Wall 

UTEXAS4 Output File 
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EXHIBIT A-8.29 
Summary of Probability of Flood Protection Failure for 

Station 25+00 for River Elevation 755 Feet 
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EXHIBIT A-8.31 
Summary of Probability of Foreshore Global Stability 

Failure Using River Elevation 755 Feet 
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EXHIBIT A-8.33 
Mean Value Analysis of Global Stability Foreshore 

UTEXAS4 Output File 
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EXHIBIT A-8.34 
Summary of Probability of Levee/I-Wall Global Stability 

Failure Using River Elevation 755 Feet 
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EXHIBIT A-8.36 
Mean Value Analysis of Global Stability Levee/I-Wall 

UTEXAS4 Output File 
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EXHIBIT A-8.37 
Summary of Probability of Flood Protection Failure for 

Station 25+00 for River Elevation 760.5 Feet 
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EXHIBIT A-8.39 
Summary of Probability of Foreshore Global Stability 

Failure Using River Elevation 760.5 Feet 
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EXHIBIT A-8.40 
Summary of Probability of Levee/I-Wall Global Stability 

Failure Using River Elevation 760.5 Feet 
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EXHIBIT A-8.42 
Mean Value Analysis of Global Stability Levee/I-Wall 

UTEXAS4 Output File 
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EXHIBIT A-8.44 
Missouri River Future Conditions Without Project 

Water Surface Elevations 

 

 


