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CHAPTER A-5 
GEOTECHNICAL ANALYSIS – ARGENTINE RAISE 

 
 
A-5.1 INTRODUCTION 

This chapter presents the results of the geotechnical evaluation performed as part 
of the future conditions alternatives study of the Kansas Citys, Missouri and Kansas, 
Flood Protection Projects.  The levee units within the future conditions study area were 
originally designed by the U.S. Army Corps of Engineers (USACE), Kansas City 
District, and were constructed under its supervision.  The levee raise alternatives are 
being considered for the Kansas River units.  They are designated as the Argentine Unit, 
the Armourdale Unit, and the Central Industrial District Unit (CID–Kansas).  The 
Argentine, Armourdale, and CID-Kansas Units are currently operated by the Kaw Valley 
Drainage District.  The Argentine Unit is presented in this interim appendix, while 
analysis on the other two Kansas River units will be included in a final appendix. 

The purpose of this portion of the study is to evaluate the Nominal 500-yr, 
Nominal 500-yr plus 3 feet, and the Nominal 500-yr plus 5 feet proposals.  These 
alternatives were based on levee raises and required that underseepage and slope stability 
analyses be completed on the landside of the levee.  The evaluations for slope stability 
were done in accordance with the EM-1110-2-1913, “Design and Construction of 
Levees”, and EM 1110-2-1902 “Slope Stability”.  Underseepage analysis utilized 
spreadsheets in accordance with KCD seepage criteria per the KCD Web site: 
http://www.nwk.usace.army.mil/local_protection/guidance.html.  The results of this 
phase of the study were used to determine the net-benefits attributed to levee raises. 
 
A-5.2 SOURCES OF INFORMATION 

The primary sources of information for this geotechnical analysis include the 
references listed in the References section of this chapter. 
 
A-5.3 DESCRIPTION OF THE LEVEE UNIT 

Refer to Section A-4.3.1 for a detailed description of the levee unit. 
 

A-5.4 SITE CONDITIONS 
 

A-5.4.1 General Geology of the Region (Kansas River) 
Refer to Section A-4.4.2 for geology of the Kansas River region. 

 
 A-5.4.2     Subsurface Conditions 

Assessments of the subsurface conditions along the various units were derived 
from a variety of sources consisting of Record Drawings, Design Memorandums and 
borings made at selected sites during the feasibility study.  Typical subsurface blanket 
conditions generally consist of silts, sandy clays and lean clays of variable thickness 
ranging from 15 to 30 feet.  The foundation contains isolated lenses of sand within the 
clay and silt blanket materials. 
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A-5.5 BASIC EXISTING LEVEE SECTIONS 
The Argentine Unit is an existing Federal levee.  It started as a local existing levee 

and was removed and replaced using Federal standards in 1936.  After the flood of 1951, 
the Corps designed the reconstruction of damages section and the raise of the entire unit 
called the 1962-Modification of the Argentine Unit. 

The basic existing levee sections were constructed with a 10- to 15-foot crown 
width, and side slopes ranging from 3:1 to 4:1 horizontal to vertical riverside and 
landside levee slopes.  Underseepage and stability berms were constructed in reaches 
where the height of the levee exceeded 15 to 18 feet, depending on the foundation 
strength and hydraulic gradient.  The levee embankment consists of compacted earthen 
material placed in random and impervious zones.  Rock slope protection was provided on 
the riverside slopes as needed and around inlets and outlets of drainage structures.  All 
other slope surfaces are protected by established grasses.  The levee crown, turnouts, and 
ramps are surfaced with 6 inches of aggregate surfacing. 

Soil parameters used in this study for the existing levee sections were taken from 
previous testing on projects in the Kansas City District.  Representative testing on the 
Missouri River alluvial deposits from L-385, L-142, and the Blue River Channel were 
used, but the majority of the data was from the 1962-Modification of the Argentine Unit.  
The soil properties considered in the future conditions analysis are shown in Table A-5.1.   
 

TABLE A-5.1 
Geotechnical Soil Parameters 

 
 Unit Weights Soil Parameters 

Soil Zones Saturated, 
PCF Moist, PCF Cohesion, 

PSF 
Phi Angle, 

Degrees 
Levee Strengths     

Undrained Impervious  120 110 1000 0 

Drained Impervious  120 110 50 26 
Random Fill (sand 
Parameters used) 120 110 0 32 

Foundation Drained 
Strengths     

Clays 115 110 50 26 

Silts 115 110 0 28 

Sands 115 110 0 32 

Foundation Undrained     

Sands 115 110 0 32 

Clays and Silts 115 110 600 0 
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A-5.6 UNDERSEEPAGE ANALYSES 
Three hundred and seventy five borings were used to characterize the foundation.  

These borings were located in the as-built drawings listed in the references.  Two borings 
were completed in 2001 in order to supplement the existing borings near closure 
structures and a floodwall reach.  An extensive laboratory testing program was 
accomplished during the development of the 1962-Modification Design Memorandum 
No. 2 to identify the soils and determine strength parameters.  Only two borings were 
assigned in 2001 to supplement the existing data for this study.  The borings D-526 and 
D-527 were needed to provide structural designers with foundation strength parameters 
for assessment of the existing and proposed raised closure structures and floodwall.  The 
borings obtained standard penetration test blow counts and adjacent soil samples for 
index soil parameters. 

The soils below the existing flood protection were characterized to obtain the 
profiles needed for assessment of underseepage and stability.  In general, a 25 feet to 30 
feet thick blanket deposit mixture includes silt, clay, silty sand and clayey sand.  These 
soils overlie a 60 to 70 feet thick clean sand deposit.  In some areas within the thick 
blanket, there exists clean sand lenses or deposits that will require underseepage control if 
continuous below the footprint of the levee. 

The thicker blanket materials were assigned permeability parameters based on the 
content of silt, clay or sand.  This information was used to evaluate the underseepage 
control needs for raising the flood protection to three different levels: a nominal 0.2% 
chance of exceedance (500-year) level, a level 3 feet above the nominal 0.2% chance 
(500-year), and a level 5 feet above the nominal 0.2% chance (500-year).  These potential 
raises will be referred to hereafter as the nominal 500-year, nominal 500-year + 3 feet, 
and the nominal 500-year + 5 feet. 

The relative magnitude of the permeability ratios of the clean foundation sands to 
the blanket materials was set after the District’s observation of boil activity from the1951 
flood.  Engineers back-calculated safety factors against piping - these values are shown in 
Table A-5.2.  The Kansas City District method of estimating the underseepage gradient 
and the required factors of safety deviate somewhat from the method presented in the 
EM-1110-2-1913.  The approach used by the Kansas City District since the 1960’s has 
proven effective in providing adequate underseepage control and has been accepted for 
use as the basis for determining the need for underseepage treatment on levee units within 
the District.  It is based on conclusions of a Corps of Engineers Conference held in 
Omaha in November, 1962.  The effectiveness of this procedure has been demonstrated 
by the excellent historical performance of the District’s levees in multiple flood events, 
including the 1993 flood event on the Missouri River. 
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TABLE A-5.2 
Permeability Ratios for Blanket Materials 

 
 
 
 
 
 
 
 
 
 
 
 

The underseepage analysis was performed with the following assumptions: 
The gradient piping factor of safety is defined as: 
 

FSi   =   іс / іo,     where іo = actual gradient and іс = critical gradient 
 
 іс =  γb  /  γw,    when soil particle movement begins at the toe  
 
and  γb = γsat - γw  where γsat = saturated unit weight of the soil and  
 
γw = unit weight of water 
 
іo =  ∆h / zbl  
 
іo = upward gradient through the blanket = change in head from the base of the 
blanket to the top of the blanket.  The reference datum is set at the top of the 
blanket. 
 
∆h = change in head calculated from the base of the blanket measured to the top 
of the blanket. This gradient calculation procedure is provided in the 
Supplemental Exhibits section, with defined equations and illustrative 
nomenclature.  
 
zbl = the thickness of the blanket 
 
then  FSi =  іс / іo  =  ( γb  /  γw  )  / ( ∆h / zbl  ) =  ( γb ∗ zbl ) / ( ∆һ ∗ γw )  

 
The criteria used to determine the required Safety Factors is the same used for the 

L-142 project in Jefferson City,  Mo.  The criteria for the L-142 levee design was 
approved by Portland Division and the Independent Technical Reviewers in the St. Paul 
District.  See the Supplemental Exhibits section for the proposed criteria.  This criteria is 
more conservative than the criteria used in 1969 to design the 1962-Modification 
Argentine Unit levee raise.  The underseepage criteria for the 1969 design allowed for a 

Blanket Material Assigned 
Permeability Ratio 

SM : Silty Sand 100 
ML : Silt 200-400 

ML-CL : Silt/Clay 400 
CL: Lean Clay 400-600 
CH: Fat Clay 800-1000 
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vertical hydraulic gradient in the blanket equal to the soils critical gradient.  This is 
equivalent to a factor of safety (with respect to gradient) of 1.1 with water at the top of 
levee.  The revised traditional NWK criteria requires underseepage control when the 
factor of safety (with respect to gradient) is less than 1.1 with the water at the top of 
levee.  An additional design requirement is to provide underseepage control when the 
factor of safety (with respect to critical gradient) is less than 1.5 with the design water 
surface 3 feet below the top of levee.  Usually the 1.5 safety factor controls the required 
underseepage design. 

The shallower deposits of sand within the thick blanket were considered as an 
underseepage control concern and evaluated separately.  If it could be proven that the 
sand lenses were isolated at the landside toe and finite in lateral extent, the lenses could 
be removed and an impervious material could replace the lenses.  Future subsurface 
investigation should be considered to justify this alternative for controlling seepage.  If it 
appears the shallow deposit could be extensive in lateral extent, a buried 
collector/interceptor could be used to control the seepage and relieve the toe pressures 
causing excessive uplift or uncontrolled piping.  The recommended control for the 
shallow lenses or deposits is listed in Tables A-5.3 through A-5.5. 

Underseepage analysis was completed using a spreadsheet for the nominal 500-
year, 500-year + 3 ft, and the 500-yr + 5 ft raises.  The seepage analysis showed that one 
area requires an underseepage berm for all three cases.  The location of the underseepage 
berm and dimensions are shown in Tables A-5.3 through A-5.5. 
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TABLE A-5.3 
Required Underseepage Control for Embankments and Foundation, 

Nominal 500-Year Level of Protection 
 

ARGENTINE UNIT 
Required Underseepage Control (Nominal 500-Yr. Profile) 

Beginning 
Station 

Ending 
Station 

Recommended 
Control with  t'  for  

Berms   

Recommended 
WT Yt Slope 

(Feet) (Feet) (Feet) (Feet) (Feet) 1 on  

0+00 34+00 None None N/A N/A 

34+00 40+00 Buried Collector N/A N/A N/A 

40+00 161+00 None None N/A N/A 

161+00 171+00 3.0 20 13 20 

171+00 179+50 None None N/A N/A 

179+50 183+00 Buried Collector N/A N/A N/A 

183+00 202+00 None None N/A N/A 

202+00 207+00 Filter Blanket None N/A N/A 

207+00 223+50 None None N/A N/A 

223+50 227+00 Area Fill None N/A N/A 

227+00 244+00 None None N/A N/A 

244+00 246+00 Remove/Replace/Imp None N/A N/A 

246+00 278+00 None None N/A N/A 

278+00 282+00 Buried Collector None N/A N/A 

282+00 284+00 None None N/A N/A 

284+00 289+00 Buried Collector None N/A N/A 

 
The variable t’ is the thickness of the berm above top of ground at the landside toe of the 
primary levee to the top of the berm.  Yt is defined as the distance from the top of the 
levee to the top of the berm at the point where to top of the berm intersects the levee 
slope.  The Slope is the grade of the top of the berm away (landside) from the primary 
levee slope. 
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TABLE A-5.4 
Required Underseepage Control for Embankments and Foundation, 

Nominal 500-Year + 3 Feet Level of Protection 
 

ARGENTINE UNIT 
Required Underseepage Control (Nominal 500-Yr + 3 Ft. Profile) 

Beginning 
Station Ending Station 

Recommended 
Control with  t'  for  

Berms   
Recommended WT Yt Slope 

(Feet) (Feet) (Feet) (Feet) (Feet) 1 on 

0+00 34+00 None  None N/A N/A  

34+00 40+00 Buried Collector N/A N/A N/A 

40+00 161+00 None None N/A N/A  

161+00 171+00 3.0 150 13 150 

171+00 179+50 None None N/A N/A 

179+50 183+00 Buried Collector N/A N/A N/A 

183+00 202+00 None None N/A N/A 

202+00 207+00 Filter Blanket None N/A N/A 

207+00 223+50 None  None N/A N/A 

223+50 227+00 Area Fill None N/A N/A 

227+00  244+00  None None N/A N/A 

244+00 246+00 None None N/A N/A 

246+00 278+00 None None N/A N/A 

278+00 282+00 Buried Collector None N/A N/A 

282+00 284+00 None None N/A N/A 

284+00 289+00 Buried Collector None N/A N/A 
 

The variable t’ is the thickness of the berm above top of ground at the landside toe of the 
primary levee to the top of the berm.  Yt is defined as the distance from the top of the 
levee to the top of the berm at the point where to top of the berm intersects the levee 
slope.  The Slope is the grade of the top of the berm away (landside) from the primary 
levee slope. 
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TABLE A-5.5 
Required Underseepage Control for Embankments and Foundation, 

Nominal 500-Year + 5 Feet Level of Protection 
 

ARGENTINE UNIT 
Required Underseepage Control (Nominal 500-Yr. + 5 Ft. Profile) 

Beginning 
Station Ending Station Recommended Control 

with  t'  for  Berms   Recommended WT Yt Slope

(Feet) (Feet) (Feet) (Feet) (Feet) 1 on 

0+00 34+00 None  None N/A N/A 

34+00 40+00 Buried Collector N/A N/A N/A 

40+00 161+00 None None N/A N/A 

161+00 171+00 3.0 200 13 150 

171+00 179+50 None None N/A N/A 

179+50 183+00 Buried Collector N/A N/A N/A 

183+00 202+00 None None N/A N/A 

202+00 207+00 Filter Blanket None N/A N/A 

207+00 223+50 None  None N/A N/A 

223+50 227+00 Area Fill None N/A N/A 

227+00  244+00  None None N/A N/A 

244+00 246+00 None None N/A N/A 

246+00 278+00 None None N/A N/A 

278+00 282+00 Buried Collector None N/A N/A 

282+00 284+00 None None N/A N/A 

284+00 289+00 Buried Collector None N/A N/A 
 

The variable t’ is the thickness of the berm above top of ground at the landside toe of the 
primary levee to the top of the berm.  Yt is defined as the distance from the top of the 
levee to the top of the berm at the point where to top of the berm intersects the levee 
slope.  The Slope is the grade of the top of the berm away (landside) from the primary 
levee slope. 
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A-5.7 STABILITY ANALYSIS 
After the section was developed for underseepage control, the slope stability was 

considered.  The slope stability evaluations were completed in accordance with the EM-
1110-2-1913, "Design and Construction of Levees” and EM 1110-2-1902, "Slope 
Stability”.  The soil parameters shown in Table A-5.1 were used along with the 
underseepage gradients developed to determine the global stability of the raised flood 
protection.  

The software used was the UTEXAS 4 SLOPE STABILITY PACKAGE for 
Steady Seepage case using a minimum safety factor equal to 1.4 with Spencer's 
procedure.  A phreatic water surface was assumed to be 3 feet below top of levee for 
all cases.  The reduced water surface was chosen because of the transient nature of the 
water surface.  The hydraulic gradient for the clean foundation sands was developed 
using a water surface elevation at the top of levee or I-wall for all water level cases.  
The hydraulic gradient pressures at the base of the blanket were developed from the 
seepage analysis and entered into the UTEXAS 4 program. 

The slope stability analyses showed that a stability berm was required for some 
areas in all levee raise alternatives considered.  A general summary is presented below.  
A more detailed summary is presented in Tables A-5.6 through A-5.8.  
 

A-5.7.1  Nominal 500-Year Raise 
The existing top of levee survey indicates a variance as shown in the Hydrology 

and Hydraulics chapter.  The variance appears to fluctuate through an absolute vertical 
change of one foot.  The profiles show a drop in average elevation with increase in levee 
stationing, but with decrease in the Kansas River miles, as was intended in the design.  
The selection of the proposed top of the levee for the nominal 500-year option was based 
on the difference in the elevation between the 500-year nominal water surface and the 
fluctuation of the top of the existing levee.  The top of the proposed levee was set such 
that at key control locations, the nominal 500-year proposed top of levee was at least one 
foot higher than the existing levee.  Since the existing levee fluctuates, the high point of 
the fluctuation was used for control.  Between control elevations, the new top of levee is 
assured to be higher than the 500-year elevation water surface. The one foot minimum 
allows for a more efficient construction along the top of the levee.  The top of proposed 
levee averages 1.5 feet above the average profiles of the existing top of levee near the 
middle reach of the levee.  At the extreme upstream end of the levee, the raise is 
approximately one-half foot.  Near the downstream end of the levee, the raise increases to 
3 feet.  A stability berm is required for Stations 48+00 to 61+00 and Stations 118+00 to 
183+00.  The minimal width needed is 25 feet.  The thickness of the berm is set using a 
spring point distance, yt, below the top of the levee.  The spring point distance represents 
the distance from the top of the levee raise to the top of the stability berm.  These 
recommended distances are given in Table A-5.6.  A rockfill cap was used for raising the 
levee section that resulted in a steepened landside slope.  The design prevents 
encroachment upon existing railroad right-of-way.  The rockfill section serves as a more 
economical alternative to a concrete wall on sheet piling (I-wall) section. 
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A-5.7.2  Nominal 500-Year Raise Plus 3 Feet 
The selection of the proposed top of the levee for the nominal 500-year + 3 feet 

was developed using the 500-year nominal water surface.  The top was simply set 3 feet 
above the 500-year nominal water surface.  This will result in a top of proposed levee 
being less than 3 feet above the average profiles of the existing top of levee for the 
upstream reach.  Near the middle reach of the levee, the distance above the existing levee 
varies from 3 to 4.5 feet.  At the downstream end of the levee, the increase in height 
varies from 5 to 6 feet.  The lower end remains the area at which initial overtopping will 
occur due to the decrease in elevation of the levee from the upstream reach to the 
downstream reach.  A stability berm is required for Stations 29+70 to 61+00, and for 
Stations 118+00 to 245+00.  The minimal width needed is 35 feet.  The spring point 
distances are recommended on Table A-5.7.  The raise for the levee reach from Station 
253+92 to Station 276+80 was designed using an I-wall, impervious fill, and a rockfill 
section at the landside toe.  The section was used to eliminate encroachment upon the 
railroad right-of-way.  In order to meet stability requirements, the landside existing levee 
section will require temporary removal of earth materials and replacement with rockfill 
materials.  An I-wall is needed to raise the crest to the required elevation.  

 
A-5.7.3  Nominal 500-Year Raise Plus 5 Feet 
The selection of the proposed top of the levee for the nominal 500-year + 5 feet 

was developed using the 500-year nominal water surface.  The top was simply set 5 feet 
above the 500-year nominal water surface.  This will result in a top of proposed levee 
being less than 5 feet above the average profiles of the existing top of levee for the 
upstream reach.  Near the middle reach of the levee, the distance above the existing levee 
varies from 5 to 6.5 feet.  At the downstream end of the levee, the increase in height 
varies from 7 to 8 feet.  The lower end remains the area at which initial overtopping will 
occur due to the decrease in elevation of the levee from the upstream reach to the 
downstream reach.  A stability berm is required for Stations 29+70 to 61+00, and for 
Stations 118+00 to 245+00.  The minimal width needed is 35 feet.  The spring point 
distances are recommended on Table A-5.8.   

Berms were designed to stabilize the levee based on the height of the levee, 
thickness of foundation blanket, levee and foundation soil parameters, foundation sand 
hydraulic gradient, and dissipation of the gradient through the blanket, through seepage 
phreatic water surface, and available right of way.  In some areas, berms were not 
assigned due to the encroachment onto existing structures including buildings and rail 
lines.  Relief wells or revised levee sections with rock sections were used as an alternate 
to stability berms.  The wells were placed to provide adequate pressure relief in the 
foundation sand and additional dissipation in the blanket materials.  A buried collector 
system consisting of perforated pipe with pervious drain materials was assigned to the 
area of the foundation blanket characterized as having shallow sand deposits above or 
within the foundation blanket.  The areas shown for recommended buried collector 
system have been reported to have seepage problems during 1993.  The buried collector 
system, well spacing, and discharge requirements are identified on Table A-5.8 and 
Section A-5.8.      
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TABLE A-5.6 
Recommended Flood Protection Raise Stability Berm Summary 

Nominal 500-Year Raise 

Beginning 
Station 

Ending 
Station 

Structure 
Type 

Berm 
Thickness 
(Feet) 

Levee 
Height 
Raise 
(Feet) 

wt 

(Feet) 
yt 

(Feet) Slope 

-1+10 27+50 Raise with  
Top Cap N/A 1.0 min N/A N/A N/A 

27+50 28+30 I-Wall N/A 1.0 N/A N/A N/A 

28+30 29+70 Stoplog 
Gap N/A 1.0 N/A N/A N/A 

29+70 40+00 Landside 
Raise N/A 1.0-1.5 N/A N/A N/A 

40+00 48+00 Raise with  
Top Cap N/A 1.0-1.5 N/A N/A N/A 

48+00 75+00 Raise with  
Berm 5 1.1-1.5 25 11 Flat 

75+00 96+00 Raise on 
Levee N/A 1.2-2.0 N/A N/A N/A 

96+00 118+00 Cap with 
Rockfill N/A 1.3-1.5 N/A N/A N/A 

118+00 183+00 Raise with 
Berm 5 1.2 – 2 25 13 Flat 

183+00 202+00 Raise on 
Levee N/A 1.2-2.0 N/A N/A N/A 

202+00 207+00 Raise with 
Berm 5 1.2-2.0 40 8 Flat 

207+00 251+65 Raise on 
Levee N/A 1.2-2.0 N/A N/A N/A 

251+65 253+92 Floodwall N/A 2 – 2.3 N/A N/A N/A 

 
253+92 

 
276+70 Cap with 

Rockfill 
Railroad Restrictions – No berm or Wells 

Needed – Levee Raise 2.2 to 3 Feet 

276+70  289+00 Floodwall 
and Gap 

Railroad Restrictions – No Berm or Wells 
but Buried Collector Needed Floodwall 

Raise 2 Feet (average) 

289+00 289+40 Levee 
Raise N/A 2 avg N/A N/A N/A 
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TABLE A-5.7 
Recommended Flood Protection Raise Stability Berm Summary 

Nominal 500-Year + 3 Feet Raise 

Beginning 
Station 

Ending 
Station 

Structure 
Type 

Berm 
Thickness 
(Feet) 

Levee 
Height 
Raise 
(Feet) 

wt 

(Feet) 
yt 

(Feet) Slope 

-2+00 28+30 I-Wall N/A 2 – 3.5 N/A N/A N/A 

28+30 29+70 Floodwall 
and Gap N/A 2 – 3.5 N/A N/A N/A 

29+70 61+00 Landside 
Raise 5 3 – 3.5 35 14 Flat 

61+00 118+00 I-Wall on 
Levee N/A 3.5 N/A N/A N/A 

118+00 245+00 Landside 
Raise 5 3.5 - 4 35 16 Flat 

245+00 251+65 I-Wall on 
Levee N/A 4 – 5 N/A N/A N/A 

251+65 253+92 Floodwall N/A 5 - 6 N/A N/A N/A 

 
253+92 

 
276+70 

I-wall on 
Modified 

Levee  

Railroad Restrictions – Levee landside 
section modified with rockfill toe  

5.5 – 6 feet Raise 

276+70  289+09 Floodwall 
and Gap 

Railroad Restrictions –  Buried Collector 
Needed – Floodwall Raise 5 Feet 

289+09 289+40 I-Wall on 
Levee Raise 6 Feet  
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TABLE A-5.8 
Recommended Flood Protection Raise Stability Berm Summary 

Nominal 500-Year + 5 Feet Raise 

Beginning 
Station 

Ending 
Station 

Structure 
Type 

Berm 
Thickness 
(Feet) 

Levee 
Height 
Raise 
(Feet) 

wt 

(Feet) 
yt 

(Feet) Slope 

-3+00 28+30 I-Wall N/A 4 – 5.5 N/A N/A N/A 

28+30 29+70 Floodwall 
and Gap N/A 5 N/A N/A N/A 

29+70 61+00 Landside 
Raise 5 5 - 6 45 17 Flat 

61+00 118+00 I-Wall on 
Levee N/A 5 - 6 N/A N/A N/A 

118+00 245+00 Landside 
Raise 5 6 - 7 45 19 Flat 

245+00 251+65 I-Wall on 
Levee N/A 7 N/A N/A N/A 

251+65 253+92 Floodwall N/A 7 - 8 N/A N/A N/A 

 
253+92 

 
276+70 I-wall on 

Levee  

Railroad Restrictions – Pumped Wells  
Spacing 150 Feet   
7 – 8 Feet Raise 

276+70  289+09 Floodwall 
and Gap 

Railroad Restrictions –  Buried Collector 
Needed – Floodwall Raise 7 - 9 Feet 

289+09 289+40 I-Wall on 
Levee Raise 9 Feet  
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A-5.8 RELIEF WELLS 
Fully penetrating 10-inch diameter pressure relief wells, that would be pumped to 

meet drawdown requirements, are proposed landward of the levee toe where railroad 
tracks or other alternative solutions for raising the levee are not feasible.   This alternate 
method is only considered for the Nominal 500 + 5 feet raise.  It is highly likely that 
environmental concerns will eliminate this alternative during future consideration of 
raising the levee.  Other solutions that could be considered consist of driven or augered 
piles at the landside toe of the levee or lowering the levee to reduce driving forces and 
replacing it with a higher I-wall or floodwall.  These alternatives were not considered in 
this report for the Nominal 500 + 5 feet raise.  A detailed analysis for determination of 
the required spacing of piles would be needed for this alternative.   
 
A-5.9 RECOMMENDED PLAN 

Raising the existing flood protection is constrained by the railroad tracks and 
existing structures in certain areas.  Therefore, multiple solutions in addition to the 
traditional landside levee raise with stability and underseepage berms have been 
investigated.  These solutions include a levee top cap, I-wall, removal and replacement of 
existing levee section with rockfill materials, and the use of relief wells (as discussed 
above).   It is recommended that additional subsurface investigations be accomplished in 
areas that appear to contain foundation sand lenses.  The investigation may result in the 
reduction of the recommended buried collector system for some areas. 
The recommended levee revision to raise the flood protection is identified in Tables A-
5.3 to A-5.5 for the Nominal 500-year, the Nominal 500-year + 3 feet and the Nominal 
500 year + 5 feet, respectively.  Representative cross-sections are provided on Exhibits 
A-5.5 to A-5.13, Exhibits A-5.16 to A-5.18, Exhibits A-5.22 to A-5.27, Exhibits A-5.29 
to A-5.32, and Exhibits A-5.42 to A-5.50.  
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EXHIBIT A-5.1 
Argentine Unit 500-Yr Nominal Water Surface with 

Existing TOL 
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Input Parameters 
 

Analysis of Without Berm Conditions 

Station Begin Station End Station (Kf/Kb)R (Kf/Kb)L DbL  Dbo Dbr Df  LR H Remarks  CR CL L1 L2 Le Lt ho io ic Check #1 Check #1 Remarks
  Feet Feet                    FeetFeetFeetFeetFeet Feet Feet Ft/FtFt/Ft Full Head  Reduced Head   
                            Toe FSi (need 1.1)Toe FSi (need 1.5)  

0+0 to 30+0 0+00 30+00 500  500  28.0 28.0 28.0 66.0 170  5.0  961 961 168 49 961 1178 4.08 0.15 0.85 5.84  14.59  
                                                 

30+0 to 46+0 30+00 46+00 200  200  35.0 35.0 35.0 60.0 150.0 13.0  648 648 147 75 648 870 9.68 0.28 0.85 3.07  4.00  
                                                 

46+0 to 50+0 46+00 50+00 250  250  25.0 25.0 25.0 67.0 100.0 12.5  647 647 99 85 647 831 9.73 0.39 0.85 2.18  2.87  
                                                 

50+0 to 59+0 50+00 59+00 300  300  20.0 20.0 20.0 62.5 100.0 16.5  612 612 99 110 612 821 12.30 0.61 0.85 1.38  1.69  
                                                 

59+0 to 70+0 59+00 70+00 300  300  23.0 23.0 23.0 58.0 150.0 16.0  633 633 147 120 633 900 11.25 0.49 0.85 1.74  2.14  
                                                 

70+0 to 74+0 70+00 74+00 200  200  16.0 16.0 16.0 70.0 350.0 16.0    473 473 298 85 473 856 8.85 0.55 0.85 1.54  1.89    
                                                 

74+0 to 86+0 74+00 86+00 200  200  16.0 16.0 16.0 70.0 350.0 11.0  473 473 298 85 473 856 6.08 0.38 0.85 2.24  3.07  
                                                 

86+0 to 96+0 86+00 96+00 250  250  28.0 28.0 28.0 62.0 650.0 10.0  659 659 498 81 659 1238 5.32 0.19 0.85 4.47  6.39  
                                                 

96+0 to 110+0 96+00 110+00 150  150  30.0 30.0 30.0 66.0 1050.0 15.0  545 545 522 102 545 1169 6.99 0.23 0.85 3.65  4.56  
                                                 

110+0 to 118+0 110+00 118+00 250  250  20.0 20.0 20.0 65.0 400.0 16.0  570 570 345 115 570 1030 8.85 0.44 0.85 1.92  2.36  
                                                 

118+0 to 128+0 118+00 128+00 250  250  20.0 20.0 20.0 67.0 380.0 18.0  579 579 333 128 579 1040 10.02 0.50 0.85 1.70  2.04  
                                                 

128+0 to 135+0 128+00 135+00 300  300  25.0 25.0 25.0 67.0 360.0 16.5  709 709 332 118 709 1159 10.09 0.40 0.85 2.11  2.57  
                                                 

135+0 to 141+0 135+00 141+00 300  300  25.0 25.0 25.0 55.0 474.0 17.5  642 642 403 84 642 1130 9.95 0.40 0.85 2.14  2.58  
                                                 

141+0 to 151+0 141+00 151+00 300  300  20.0 20.0 20.0 60.0 425.0 16.5  600 600 366 123 600 1089 9.09 0.45 0.85 1.87  2.29  
                                                 

151+0 to 161+0 151+00 161+00 300  300  25.0 25.0 25.0 56.0 400.0 16.0  648 648 356 105 648 1109 9.35 0.37 0.85 2.27  2.80  
                                                 

161+0 to 170+0 161+00 170+00 300  300  12.0 12.0 12.0 65.0 250.0 16.0  484 484 230 120 484 834 9.28 0.77 0.85 1.10  1.35  
                                                 

170+0 to 182+0 170+00 182+00 200  200  18.0 18.0 18.0 67.0 350.0 18.0  491 491 301 130 491 922 9.59 0.53 0.85 1.60  1.91  
                      Has Berm                          

182+0 to 193+0 182+00 193+00 250  250  23.0 23.0 23.0 60.0 175.0 16.0    587 587 170 100 587 857 10.96 0.48 0.85 1.78  2.20    

EXHIBIT A-5.2 
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Input Parameters 
 

Analysis of Without Berm Conditions 

Station Begin Station End Station 
(Kf/Kb)R (Kf/Kb)L DbL  Dbo Dbr Df  LR H Remarks  CR CL L1 L2 Le Lt ho io ic Check #1 Check #1 Remarks 

  Feet Feet                    FeetFeetFeetFeetFeetFeet Feet Ft/FtFt/Ft Full Head  Reduced Head   

                            Toe FSi (need 1.1)Toe FSi (need 1.5)  
193+0 to 203+0 193+00 203+00 300  300  25.0 25.0 25.0 66.9 93  18.0  708 708 92 88 708 889 14.35 0.57 0.85 1.48  1.78  

                      Has Berm                          

203+0 to 210+0 203+00 210+00 250  250  25.0 25.0 25.0 74.0 73.0 17.0  680 680 73 95 680 848 13.64 0.55 0.85 1.56  1.89  
                      Has Berm                          

210+0 to 218+0 210+00 218+00 250  250  30.0 30.0 30.0 62.5 150.0 9.0  685 685 148 103 685 935 6.59 0.22 0.85 3.87  5.81  
                                                 

218+0 to 226+0 218+00 226+00 200  200  25.0 25.0 25.0 63.0 150.0 15.0  561 561 147 125 561 833 10.11 0.40 0.85 2.10  2.63  
                                                 

226+0 to 234+0 226+00 234+00 300  300  28.0 28.0 28.0 55.0 170.0 17.5  680 680 167 123 680 969 12.27 0.44 0.85 1.94  2.34  
                      Has Berm                          

234+0 to 245+0 234+00 245+00 250  250  25.0 25.0 25.0 61.0 150.0 17.0  617 617 147 107 617 872 12.04 0.48 0.85 1.76  2.14  
                      Has Berm                          

245+0 to 260+0 245+00 260+00 300  300  28.0 28.0 28.0 62.0 160.0 15.5  722 722 157 107 722 986 11.34 0.41 0.85 2.10  2.60  
                                                 

260+0 to 270+0 260+00 270+00 250  250  28.0 28.0 28.0 55.0 125.0 16.5  620 620 123 95 620 839 12.21 0.44 0.85 1.95  2.38  
                                                 

270+0 to 275+0 270+00 275+00 300  300  28.0 28.0 28.0 66.9 94.0 13.5  750 750 94 86 750 929 10.89 0.39 0.85 2.19  2.81  
                                                 

275+0 to 280+0 275+00 280+00 275  275  40.0 40.0 40.0 68.8 62.0 13.0  870 870 62 0 870 932 12.14 0.30 0.85 2.80  3.64  
                      Floodwall                          

280+0 to 290+0 280+00 290+00 200  200  40.0 40.0 40.0 78.0 50.0 10.0  790 790 50 0 790 840 9.41 0.24 0.85 3.61  5.16  
                      Floodwall                          

                                             
                                                 

                                             
                                                 

                                             
                                                 

                                             
                                                 

                                             
                                                 

                                                 
                                                 

EXHIBIT A-5.2 (Continued) 
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Berm Design Information 
Berm Width Design Berm Thickness Design 

Mid Berm H(WT) Berm Toe Safety H'o               Levee Toe Station Excessive Head Control  (Feet) Trial Width Effective  
Length 

Head, ft Feet Gradient Factor at Levee Toe 

Trial Minimum Berm Thickness  

Gradient 

Safety Factor 
Check at Levee 

Toe 

  FSi = 1.1 FSi = 1.5 WT L't H(WT/2)   IBerm Berm Toe Feet t' I'o For 1.5 For 1.1
0+0 to 30+0    NA    NA 0     NA    NA    NA    NA    NA    NA      NA    NA   

30+0 to 46+0    NA    NA 0     NA    NA    NA    NA    NA    NA      NA    NA   
46+0 to 50+0    NA    NA 0     NA    NA    NA    NA    NA    NA      NA    NA   
50+0 to 59+0    NA    NA 0     NA    NA    NA    NA    NA    NA      NA    NA   
59+0 to 70+0    NA    NA 0     NA    NA    NA    NA    NA    NA      NA    NA   
70+0 to 74+0    NA    NA 0     NA    NA    NA    NA    NA    NA      NA    NA   
74+0 to 86+0    NA    NA 0     NA    NA    NA    NA    NA    NA      NA    NA   
86+0 to 96+0    NA    NA 0     NA    NA    NA    NA    NA    NA      NA    NA   

96+0 to 110+0    NA    NA 0     NA    NA    NA    NA    NA    NA      NA    NA   
110+0 to 118+0    NA    NA 0     NA    NA    NA    NA    NA    NA      NA    NA   
118+0 to 128+0    NA    NA 0     NA    NA    NA    NA    NA    NA      NA    NA   
128+0 to 135+0    NA    NA 0     NA    NA    NA    NA    NA    NA      NA    NA   
135+0 to 141+0    NA    NA 0     NA    NA    NA    NA    NA    NA      NA    NA   
141+0 to 151+0    NA    NA 0     NA    NA    NA    NA    NA    NA      NA    NA   
151+0 to 161+0    NA    NA 0     NA    NA    NA    NA    NA    NA      NA    NA   
161+0 to 170+0 0.01 0.74 5  909  8.5  8.5  0.71 1.20  6.96  2.5 0.31  2.77   
170+0 to 182+0    NA    NA 0     NA    NA    NA    NA    NA    NA      NA    NA   
182+0 to 193+0    NA    NA 0     NA    NA    NA    NA    NA    NA      NA    NA   

                Okay    NA      NA      NA
 

EXHIBIT A-5.3 
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Berm Design Information 

Berm Width Design Berm Thickness Design 

Mid BermH(WT)Berm Toe Safety H'o               Levee Toe Station Excessive Head Control  (Feet) Trial Width Effective  
Length 

Head, ft Feet Gradient Factor at Levee Toe 

Trial Minimum Berm 
Thickness  

Gradient

Safety Factor 
Check at Levee 

Toe 

  FSi = 1.1 FSi = 1.5 WT L't H(WT/2)   IBerm Berm Toe Feet t' I'o For 1.5For 1.1
193+0 to 203+0    NA    NA 0     NA    NA    NA    NA    NA    NA      NA    NA   

                Okay    NA      NA      NA
203+0 to 210+0    NA    NA 0     NA    NA    NA    NA    NA    NA      NA    NA   

                Okay    NA      NA      NA
210+0 to 218+0    NA    NA 0     NA    NA    NA    NA    NA    NA      NA    NA   

                Okay    NA      NA      NA
218+0 to 226+0    NA    NA 0     NA    NA    NA    NA    NA    NA      NA    NA   

                Okay    NA      NA      NA
226+0 to 234+0    NA    NA 0     NA    NA    NA    NA    NA    NA      NA    NA   

                Okay    NA      NA      NA
234+0 to 245+0    NA    NA 0     NA    NA    NA    NA    NA    NA      NA    NA   

                Okay    NA      NA      NA
245+0 to 260+0    NA    NA 0     NA    NA    NA    NA    NA    NA      NA    NA   

                Okay    NA      NA      NA
260+0 to 270+0    NA    NA 0     NA    NA    NA    NA    NA    NA      NA    NA   

                Okay    NA      NA      NA
270+0 to 275+0    NA    NA 0     NA    NA    NA    NA    NA    NA      NA    NA   

                Okay    NA      NA      NA
275+0 to 280+0    NA    NA 0     NA    NA    NA    NA    NA    NA      NA    NA   

                Okay    NA      NA      NA
280+0 to 290+0    NA    NA 0     NA    NA    NA    NA    NA    NA      NA    NA   

                Okay    NA      NA      NA
                            
                            
                            
                            
                            
                            
                            
                            
                            
                            
                            

EXHIBIT A-5.3 (Continued) 
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EXHIBIT A-5.4 
Argentine Unit 500-Yr With Survey Data Added 

Station Station 500 yr Elevation Existing TOL Levee Toe 500 - ETOL Notes TYP Cross Section New TOL 500 - NTOL NTOL - ETOL 
Levee Raise 

0+00 0 778.63 778.00   0.63 Hillside Ditch   779.00 -0.37 1.00 
1+00 100 778.63 778.15   0.48 Hillside Ditch   779.00 -0.37 0.85 
2+00 200 778.63 779.77   -1.14 Hillside Ditch   779.00 -0.37 -0.77 
3+00 300 778.63 779.75   -1.12 Hillside Ditch   779.00 -0.37 -0.75 
4+00 400 778.63 779.61   -0.98 Hillside Ditch   779.00 -0.37 -0.61 
5+00 500 778.63 779.42   -0.79 Hillside Ditch   779.00 -0.37 -0.42 
6+00 600 778.63 779.08   -0.45 Hillside Ditch   779.00 -0.37 -0.08 
7+00 700 778.63 779.19   -0.56 Hillside Ditch   779.00 -0.37 -0.19 
8+00 800 778.63 779.27   -0.64 Hillside Ditch   779.00 -0.37 -0.27 
9+00 900 778.63 779.23   -0.60 Hillside Ditch   779.00 -0.37 -0.23 

10+00 1000 778.63 779.12   -0.49 Hillside Ditch   779.00 -0.37 -0.12 
11+00 1100 778.63 778.82   -0.19 Hillside Ditch   779.00 -0.37 0.18 
12+00 1200 778.63 778.80   -0.17 Hillside Ditch   779.00 -0.37 0.20 
13+00 1300 778.63 778.83   -0.20 Key RD. 55th St  779.00 -0.37 0.17 
14+00 1400 778.63 778.89   -0.26 Hillside Ditch   779.00 -0.37 0.11 
15+00 1500 778.63 778.90   -0.27 Hillside Ditch   779.00 -0.37 0.10 
16+00 1600 778.63 778.97   -0.34 Hillside Ditch   779.00 -0.37 0.03 
17+00 1700 778.63 778.96   -0.33 Hillside Ditch   779.00 -0.37 0.04 
18+00 1800 778.63 778.94   -0.31 Hillside Ditch   779.00 -0.37 0.06 
19+00 1900 778.63 778.98   -0.35 Hillside Ditch   779.00 -0.37 0.02 
20+00 2000 778.63 778.87   -0.24 Hillside Ditch   779.00 -0.37 0.13 
21+00 2100 778.63 778.87   -0.24 Hillside Ditch   779.00 -0.37 0.13 
22+00 2200 778.63 778.88   -0.25 Hillside Ditch   779.00 -0.37 0.12 
23+00 2300 778.63 779.04   -0.41 Hillside Ditch   779.00 -0.37 -0.04 
24+00 2400 778.63 779.06   -0.43 Hillside Ditch   779.00 -0.37 -0.06 
25+00 2500 778.63 779.25   -0.62 Hillside Ditch   779.00 -0.37 -0.25 
26+00 2600 778.63 779.19   -0.56 Hillside Ditch   779.00 -0.37 -0.19 
27+00 2700 778.63 779.23   -0.60 Hillside Ditch   779.00 -0.37 -0.23 
28+00 2800 778.63 779.18   -0.55 Hillside Ditch   779.00 -0.37 -0.18 
28+60 2860             779.00     
29+00 2900 778.63 774.00   4.63 Barber Creek RR FG Closure Structure 779.00 -0.37 5.00 
30+00 3000 778.63 778.90   -0.27 Barber Creek   779.00 -0.37 0.10 
31+00 3100 778.63 778.90   -0.27 Barber Creek   778.98 -0.35 0.08 
32+00 3200 778.63 778.00   0.63 Barber Creek   778.97 -0.34 0.97 
33+00 3300 778.63 777.75   0.88 Barber Creek   778.95 -0.32 1.20 
34+00 3400 778.63 777.76   0.87 Barber Creek   778.94 -0.31 1.18 
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EXHIBIT A-5.4 
Argentine Unit 500-Yr With Survey Data Added 

Station Station 500 yr Elevation Existing TOL Levee Toe 500 - ETOL Notes TYP Cross Section New TOL 500 - NTOL NTOL - ETOL 
Levee Raise 

34+55 3455             778.93     
35+00 3500 778.63 778.67   -0.04 Barber Creek  778.92 -0.29 0.25 
35+95 3595             778.91     
36+00 3600 778.63 778.66   -0.03 Barber Creek  778.91 -0.28 0.25 
37+00 3700 778.63 777.84   0.79 Barber Creek  778.89 -0.26 1.05 
37+60 3760            778.88     
38+00 3800 778.63 777.75   0.88 LV KS  778.88 -0.25 1.13 
38+80 3880            778.87     
39+00 3900 778.63 777.94   0.69 LV KS  778.86 -0.23 0.92 
40+00 4000 778.61 778.13   0.48 LV KS  778.84 -0.23 0.71 
40+20 4020            778.84     
41+00 4100 778.59 777.89   0.70 LV KS  778.83 -0.24 0.94 
42+00 4200 778.54 777.74   0.80 LV KS  778.81 -0.27 1.07 
42+35 4235            778.81     
43+00 4300 778.50 777.79   0.71 LV KS  778.80 -0.30 1.01 
44+00 4400 778.47 777.68   0.79 LV KS  778.78 -0.31 1.10 
45+00 4500 778.44 777.53   0.91 LV KS  778.77 -0.33 1.24 
46+00 4600 778.40 777.41   0.99 LV KS  778.75 -0.35 1.34 
46+50 4650            778.74     
47+00 4700 778.37 777.57   0.80 LV KS  778.73 -0.36 1.16 
47+58 4758            778.73     
48+00 4800 778.34 777.62   0.72 LV KS  778.72 -0.38 1.10 
49+00 4900 778.30 777.46   0.84 LV KS  778.70 -0.40 1.24 
50+00 5000 778.27 777.29   0.98 LV KS  778.69 -0.42 1.40 
51+00 5100 778.24 777.16   1.08 LV KS  778.67 -0.43 1.51 
51+60 5160            778.66     
52+00 5200 778.20 777.22   0.98 LV KS  778.66 -0.46 1.44 
53+00 5300 778.17 777.30   0.87 LV KS  778.64 -0.47 1.34 
54+00 5400 778.13 778.00   0.13 LV KS  778.63 -0.50 0.63 
55+00 5500 778.10 777.42   0.68 LV KS  778.61 -0.51 1.19 
55+50 5550            778.60     
56+00 5600 778.07 777.22   0.85 LV KS  778.59 -0.52 1.37 
57+00 5700 778.05 777.54   0.51 LV KS  778.58 -0.53 1.04 
58+00 5800 778.01 777.96   0.05 LV KS  778.56 -0.55 0.60 
59+00 5900 778.00 786.00   -8.00 LV KS Turner Bridge 778.55 -0.55 -7.45 
59+43 5943             778.54     

EXHIBIT A-5.4 (Continued) 
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EXHIBIT A-5.4 
Argentine Unit 500-Yr With Survey Data Added 

Station Station 500 yr Elevation Existing TOL Levee Toe 500 - ETOL Notes TYP Cross Section New TOL 500 - NTOL NTOL - ETOL 
Levee Raise 

60+00 6000 777.97 778.00   -0.03 LV KS Turner Bridge 778.53 -0.56 0.53 
61+00 6100 777.93 777.13   0.80 LV KS  778.52 -0.59 1.39 
61+10 6110            778.51     
62+00 6200 777.91 777.33   0.58 LV KS  778.50 -0.59 1.17 
62+70 6270            778.49     
63+00 6300 777.88 777.37   0.51 LV KS  778.49 -0.61 1.12 
64+00 6400 777.85 777.15   0.70 LV KS  778.47 -0.62 1.32 
64+40 6440            778.46     
65+00 6500 777.82 777.17   0.65 LV KS  778.45 -0.63 1.28 
66+00 6600 777.79 777.07   0.72 LV KS  778.44 -0.65 1.37 
67+00 6700 777.76 777.07   0.69 LV KS  778.42 -0.66 1.35 
68+00 6800 777.73 777.18   0.55 LV KS  778.41 -0.68 1.23 
69+00 6900 777.70 777.30   0.40 LV KS  778.39 -0.69 1.09 
70+00 7000 777.67 777.33   0.34 LV KS  778.38 -0.71 1.05 
70+85 7085            778.36     
71+00 7100 777.64 777.36   0.28 LV KS  778.36 -0.72 1.00 
72+00 7200 777.61 777.15   0.46 LV KS  778.33 -0.72 1.18 
73+00 7300 777.57 776.90   0.67 LV KS  778.31 -0.74 1.41 
73+85 7385            778.28     
74+00 7400 777.54 776.92   0.62 LV KS  778.28 -0.74 1.36 
75+00 7500 777.51 776.92   0.59 LV KS  778.25 -0.74 1.33 
76+00 7600 777.47 776.90   0.57 LV KS  778.23 -0.76 1.33 
77+00 7700 777.44 776.87   0.57 LV KS  778.20 -0.76 1.33 
78+00 7800 777.41 776.82   0.59 LV KS  778.17 -0.76 1.35 
78+85 7885            778.15     
79+00 7900 777.37 776.75   0.62 LV KS  778.15 -0.78 1.40 
80+00 8000 777.33 776.69   0.64 LV KS  778.12 -0.79 1.43 
81+00 8100 777.30 776.69   0.61 LV KS  778.09 -0.79 1.40 
82+00 8200 777.27 776.74   0.53 LV KS  778.07 -0.80 1.33 
83+00 8300 777.24 776.83   0.41 LV KS  778.04 -0.80 1.21 
83+05 8305            778.04     
84+00 8400 777.22 776.76   0.46 LV KS  778.01 -0.79 1.25 
85+00 8500 777.19 776.73   0.46 LV KS  777.98 -0.79 1.25 
86+00 8600 777.17 776.85   0.32 LV KS  777.96 -0.79 1.11 
86+75 8675            777.94     
87+00 8700 777.14 776.75   0.39 LV KS  777.93 -0.79 1.18 
88+00 8800 777.11 776.63   0.48 LV KS  777.90 -0.79 1.27 
89+00 8900 777.08 776.57   0.51 LV KS  777.88 -0.80 1.31 
90+00 9000 777.06 776.68   0.38 LV KS  777.85 -0.79 1.17 
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Station Station 500 yr Elevation Existing TOL Levee Toe 500 - ETOL Notes TYP Cross Section New TOL 500 - NTOL NTOL - ETOL 
Levee Raise 

90+55 9055            777.84     
91+00 9100 777.03 776.68   0.35 LV KS  777.82 -0.79 1.14 
92+00 9200 777.00 776.63   0.37 LV KS  777.80 -0.80 1.17 
93+00 9300 776.97 776.67   0.30 LV KS  777.77 -0.80 1.10 
94+00 9400 776.95 776.55   0.40 LV KS  777.74 -0.79 1.19 
94+45 9445            777.73     
95+00 9500 776.92 776.42   0.50 LV KS  777.72 -0.80 1.30 
96+00 9600 776.89 776.46   0.43 LV KS  777.69 -0.80 1.23 
97+00 9700 776.86 776.61   0.25 LV KS  777.66 -0.80 1.05 
98+00 9800 776.83 776.53   0.30 LV KS  777.64 -0.81 1.11 
99+00 9900 776.80 776.61   0.19 LV KS  777.61 -0.81 1.00 

100+00 10000 776.77 776.25   0.52 LV KS  777.58 -0.81 1.33 
101+00 10100 776.74 776.13   0.61 LV KS  777.55 -0.81 1.42 
102+00 10200 776.71 776.30   0.41 LV KS  777.52 -0.81 1.22 
103+00 10300 776.68 776.24   0.44 LV KS  777.49 -0.81 1.25 
103+18 10318            777.48     
104+00 10400 776.65 776.16   0.49 LV KS  777.46 -0.81 1.30 
105+00 10500 776.61 775.93   0.68 LV KS  777.43 -0.82 1.50 
105+50 10550            777.41     
106+00 10600 776.58 775.81   0.77 LV KS  777.40 -0.82 1.59 
107+00 10700 776.55 775.73   0.82 LV KS  777.37 -0.82 1.64 
107+55 10755            777.35     
108+00 10800 776.52 775.69   0.83 LV KS  777.33 -0.81 1.64 
109+00 10900 776.49 775.65   0.84 LV KS  777.30 -0.81 1.65 
110+00 11000 776.46 775.61   0.85 LV KS  777.27 -0.81 1.66 
111+00 11100 776.43 775.58   0.85 LV KS  777.24 -0.81 1.66 
112+00 11200 776.40 775.68   0.72 LV KS  777.21 -0.81 1.53 
113+00 11300 776.36 775.78   0.58 LV KS  777.18 -0.82 1.40 
113+28 11328            777.17     
114+00 11400 776.33 775.74   0.59 LV KS  777.15 -0.82 1.41 
115+00 11500 776.30 775.62   0.68 LV KS  777.12 -0.82 1.50 
116+00 11600 776.27 775.51   0.76 LV KS  777.09 -0.82 1.58 
117+00 11700 776.24 775.40   0.84 LV KS  777.06 -0.82 1.66 
118+00 11800 776.21 775.29   0.92 LV KS  777.03 -0.82 1.74 
118+25 11825            777.02     
119+00 11900 776.18 775.17   1.01 LV KS  777.00 -0.82 1.83 
120+00 12000 776.14 775.01   1.13 LV KS  776.97 -0.83 1.96 
121+00 12100 776.11 774.99   1.12 LV KS  776.94 -0.83 1.95 
122+00 12200 776.08 775.08   1.00 LV KS  776.91 -0.83 1.83 
123+00 12300 776.05 775.22   0.83 LV KS  776.88 -0.83 1.66 
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Argentine Unit 500-Yr With Survey Data Added 

Station Station 500 yr Elevation Existing TOL Levee Toe 500 - ETOL Notes TYP Cross Section New TOL 500 - NTOL NTOL - ETOL 
Levee Raise 

124+00 12400 776.02 775.18   0.84 LV KS  776.84 -0.82 1.66 
124+95 12495            776.82     
125+00 12500 775.99 775.29   0.70 LV KS  776.81 -0.82 1.52 
126+00 12600 776.00 775.35   0.65 LV KS  776.78 -0.78 1.43 
127+00 12700 775.93 775.48   0.45 LV KS  776.75 -0.82 1.27 
128+00 12800 775.90 775.40   0.50 LV KS  776.72 -0.82 1.32 
129+00 12900 775.87 775.22   0.65 LV KS  776.69 -0.82 1.47 
130+00 13000 775.83 774.93   0.90 LV KS  776.66 -0.83 1.73 
131+00 13100 775.80 774.84   0.96 LV KS  776.63 -0.83 1.79 
132+00 13200 775.77 774.87   0.90 LV KS  776.60 -0.83 1.73 
132+15 13215            776.60     
133+00 13300 775.74 774.95   0.79 LV KS  776.57 -0.83 1.62 
134+00 13400 775.70 775.01   0.69 LV KS  776.54 -0.84 1.53 
134+15 13415            776.53     
135+00 13500 775.68 775.06   0.62 LV KS  776.51 -0.83 1.45 
136+00 13600 775.65 775.17   0.48 LV KS  776.48 -0.83 1.31 
137+00 13700 775.63 775.12   0.51 LV KS  776.45 -0.82 1.33 
138+00 13800 775.60 775.04   0.56 LV KS  776.42 -0.82 1.38 
139+00 13900 775.58 774.72   0.86 LV KS  776.39 -0.81 1.67 
140+00 14000 775.55 774.72   0.83 LV KS  776.36 -0.81 1.64 
141+00 14100 775.53 774.76   0.77 LV KS  776.32 -0.79 1.56 
141+55 14155            776.31     
142+00 14200 775.51 774.69   0.82 LV KS  776.29 -0.78 1.60 
143+00 14300 775.48 774.76   0.72 LV KS  776.26 -0.78 1.50 
144+00 14400 775.46 774.68   0.78 LV KS  776.23 -0.77 1.55 
144+20 14420            776.23     
145+00 14500 775.43 774.65   0.78 LV KS  776.20 -0.77 1.55 
146+00 14600 775.41 774.65   0.76 LV KS  776.17 -0.76 1.52 
147+00 14700 775.38 774.64   0.74 LV KS  776.14 -0.76 1.50 
148+00 14800 775.36 774.64   0.72 LV KS  776.11 -0.75 1.47 
148+10 14810            776.11     
149+00 14900 775.34 774.68   0.66 LV KS  776.08 -0.74 1.40 
150+00 15000 775.32 774.79   0.53 LV KS I-635 776.05 -0.73 1.26 
150+85 15085             776.02     
151+00 15100 775.30 774.89   0.41 LV KS I-635 776.02 -0.72 1.13 
152+00 15200 775.21 774.99   0.22 LV KS I-635 775.99 -0.78 1.00 
153+00 15300 775.20 774.86   0.34 LV KS  775.98 -0.78 1.12 
153+72 15372            775.97     
154+00 15400 775.19 774.67   0.52 LV KS  775.96 -0.77 1.29 
154+80 15480             775.95     
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EXHIBIT A-5.4 
Argentine Unit 500-Yr With Survey Data Added 

Station Station 500 yr Elevation Existing TOL Levee Toe 500 - ETOL Notes TYP Cross Section New TOL 500 - NTOL NTOL - ETOL 
Levee Raise 

155+00 15500 775.18 774.54   0.64 LV KS  775.95 -0.77 1.41 
156+00 15600 775.17 774.54   0.63 LV KS  775.94 -0.77 1.40 
157+00 15700 775.16 774.48   0.68 LV KS  775.93 -0.77 1.45 
158+00 15800 775.15 774.49   0.66 LV KS  775.91 -0.76 1.42 
159+00 15900 775.14 774.53   0.61 LV KS  775.90 -0.76 1.37 
159+92 15992            775.89     
160+00 16000 775.14 774.50   0.64 LV KS  775.89 -0.75 1.39 
160+18 16018            775.88     
161+00 16100 775.12 774.70   0.42 LV KS  775.87 -0.75 1.17 
162+00 16200 775.12 774.73   0.39 LV KS  775.86 -0.74 1.13 
162+50 16250            775.85     
163+00 16300 775.11 774.56   0.55 LV KS  775.85 -0.74 1.29 
164+00 16400 775.10 774.51   0.59 LV KS  775.84 -0.74 1.33 
165+00 16500 775.09 774.62   0.47 LV KS  775.82 -0.73 1.20 
165+50 16550            775.82     
166+00 16600 775.08 774.81   0.27 LV KS  775.81 -0.73 1.00 
167+00 16700 775.07 774.53   0.54 LV KS  775.80 -0.73 1.27 
167+90 16790            775.78     
168+00 16800 775.06 774.25   0.81 LV KS  775.78 -0.72 1.53 
169+00 16900 775.05 774.20   0.85 LV KS  775.77 -0.72 1.57 
169+20 16920            775.76     
170+00 17000 775.04 774.15   0.89 LV KS  775.75 -0.71 1.60 
170+20 17020            775.75     
171+00 17100 775.03 774.34   0.69 LV KS  775.74 -0.71 1.40 
172+00 17200 775.02 774.31   0.71 LV KS  775.73 -0.71 1.42 
172+65 17265            775.72     
173+00 17300 775.01 774.18   0.83 LV KS  775.71 -0.70 1.53 
174+00 17400 775.00 774.15   0.85 LV KS  775.70 -0.70 1.55 
175+00 17500 774.98 774.29   0.69 LV KS  775.68 -0.70 1.39 
175+90 17590            775.67     
176+00 17600 774.97 774.39   0.58 LV KS  775.67 -0.70 1.28 
177+00 17700 774.95 774.49   0.46 LV KS  775.65 -0.70 1.16 
178+00 17800 774.94 774.41   0.53 LV KS  775.64 -0.70 1.23 
178+85 17885            775.63     
179+00 17900 774.92 774.39   0.53 LV KS  775.63 -0.71 1.24 
180+00 18000 774.91 774.25   0.66 LV KS  775.61 -0.70 1.36 
180+25 18025            775.61     
180+45 18045            775.61     
181+00 18100 774.89 774.30   0.59 LV KS  775.60 -0.71 1.30 
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182+20 18220             775.58     
183+00 18300 774.86 774.25   0.61 LV KS  775.57 -0.71 1.32 
184+00 18400 774.85 774.08   0.77 LV KS  775.56 -0.71 1.48 
185+00 18500 774.83 774.00   0.83 LV KS  775.54 -0.71 1.54 
185+55 18555            775.53     
186+00 18600 774.82 774.11   0.71 LV KS  775.53 -0.71 1.42 
186+90 18690            775.52     
187+00 18700 774.81 774.37   0.44 LV KS  775.51 -0.70 1.14 
188+00 18800 774.79 774.50   0.29 LV KS  775.50 -0.71 1.00 
189+00 18900 774.78 774.15   0.63 LV KS  775.48 -0.70 1.33 
190+00 19000 774.76 774.00   0.76 LV KS  775.47 -0.71 1.47 
190+25 19025            775.46     
191+00 19100 774.75 774.18   0.57 LV KS  775.45 -0.70 1.27 
192+00 19200 774.74 774.16   0.58 LV KS  775.43 -0.69 1.27 
193+00 19300 774.72 774.02   0.70 LV KS  775.42 -0.70 1.40 
194+00 19400 774.70 774.00   0.70 LV KS  775.40 -0.70 1.40 
195+00 19500 774.69 774.09   0.60 LV KS  775.38 -0.69 1.29 
196+00 19600 774.68 774.12   0.56 LV KS  775.37 -0.69 1.25 
197+00 19700 774.66 773.98   0.68 LV KS  775.35 -0.69 1.37 
198+00 19800 774.65 774.12   0.53 LV KS  775.33 -0.68 1.21 
199+00 19900 774.64 774.04   0.60 LV KS  775.32 -0.68 1.28 
200+00 20000 774.62 773.89   0.73 LV KS  775.30 -0.68 1.41 
200+32 20032            775.29     
201+00 20100 774.60 773.83   0.77 LV KS  775.28 -0.68 1.45 
202+00 20200 774.59 773.87   0.72 LV KS  775.27 -0.68 1.40 
202+80 20280            775.25     
203+00 20300 774.58 773.54   1.04 LV KS  775.25 -0.67 1.71 
204+00 20400 774.56 773.99   0.57 LV KS  775.23 -0.67 1.24 
205+00 20500 774.55 773.95   0.60 LV KS  775.22 -0.67 1.27 
205+55 20555            775.21     
206+00 20600 774.54 774.20   0.34 LV KS  775.20 -0.66 1.00 
207+00 20700 774.52 774.00   0.52 LV KS  775.13 -0.61 1.13 
208+00 20800 774.51 773.72   0.79 LV KS  775.06 -0.55 1.34 
209+00 20900 774.50 773.82   0.68 LV KS  775.00 -0.50 1.18 
210+00 21000 774.50 773.87   0.63 LV KS  774.93 -0.43 1.06 
210+40 21040            774.90     
211+00 21100 774.50 773.89   0.61 LV KS  774.86 -0.36 0.97 
212+00 21200 774.50 773.40   1.10 LV KS  774.79 -0.29 1.39 
213+00 21300 774.50 773.68   0.82 KS AVE Bridge  774.72 -0.22 1.04 
214+00 21400 774.50 778.00   -3.50 KS AVE Bridge  774.65 -0.15 -3.35 
214+40 21440             774.63     
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215+00 21500 774.49 789.43   -14.94 KS AVE Bridge  774.59 -0.10 -14.84 
216+00 21600 774.47 774.68   -0.21 KS AVE Bridge  774.52 -0.05 -0.16 
216+10 21610            774.51     
217+00 21700 774.45 772.89   1.56 LV KS  774.45 0.00 1.56 
217+50 21750            774.41     
218+00 21800 774.43 773.06   1.37 LV KS  774.43 0.00 1.37 
219+00 21900 774.40 773.02   1.38 LV KS  774.41 -0.01 1.39 
220+00 22000 774.38 773.08   1.30 LV KS  774.39 -0.01 1.31 
220+30 22030            774.38     
221+00 22100 774.36 773.15   1.21 LV KS  774.37 -0.01 1.22 
221+65 22165            774.35     
222+00 22200 774.34 773.09   1.25 LV KS  774.34 0.00 1.25 
223+00 22300 774.32 772.99   1.33 LV KS  774.32 0.00 1.33 
224+00 22400 774.30 772.87   1.43 LV KS  774.30 0.00 1.43 
224+50 22450            774.29     
225+00 22500 774.27 772.82   1.45 LV KS  774.28 -0.01 1.46 
226+00 22600 774.25 772.73   1.52 LV KS  774.26 -0.01 1.53 
227+00 22700 774.23 772.90   1.33 LV KS  774.24 -0.01 1.34 
228+00 22800 774.21 772.73   1.48 LV KS  774.21 0.00 1.48 
228+60 22860            774.20     
229+00 22900 774.19 772.67   1.52 LV KS  774.19 0.00 1.52 
229+30 22930            774.19     
230+00 23000 774.17 772.64   1.53 LV KS  774.17 0.00 1.53 
231+00 23100 774.14 772.60   1.54 LV KS  774.15 -0.01 1.55 
232+00 23200 774.12 772.62   1.50 LV KS  774.13 -0.01 1.51 
233+00 23300 774.10 772.43   1.69 LV KS  774.11 -0.01 1.68 
234+00 23400 774.08 772.55   1.55 LV KS  774.08 0.00 1.53 
235+00 23500 774.06 772.65   1.43 LV KS  774.06 0.00 1.41 
235+06 23506            774.06     
235+30 23530            774.06     
236+00 23600 774.04 772.36   1.70 LV KS  774.04 0.00 1.68 
237+00 23700 774.02 772.19   1.85 LV KS  774.02 0.00 1.83 
237+30 23730            774.01     
238+00 23800 773.96 772.22   1.80 LV KS  774.00 -0.04 1.78 
238+30 23830            774.00     
239+00 23900 773.89 772.35   1.61 LV KS  773.98 -0.09 1.63 
240+00 24000 773.88 772.32   1.56 LV KS  773.97 -0.09 1.65 
240+20 24020            773.96     
241+00 24100 773.86 772.22   1.64 LV KS  773.95 -0.09 1.73 
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241+20 24120             773.94     
242+00 24200 773.85 772.21   1.64 LV KS  773.93 -0.08 1.72 
243+00 24300 773.84 772.11   1.73 LV KS  773.91 -0.07 1.80 
244+00 24400 773.82 772.11   1.71 LV KS  773.89 -0.07 1.78 
245+00 24500 773.81 772.14   1.67 LV KS  773.87 -0.06 1.73 
245+15 24515            773.87     
245+70 24570            773.86     
246+00 24600 773.79 771.92   1.87 LV KS  773.86 -0.07 1.94 
246+20 24620            773.85     
247+00 24700 773.78 771.62   2.16 LV KS  773.84 -0.06 2.22 
248+00 24800 773.76 771.32   2.44 LV KS  773.82 -0.06 2.50 
249+00 24900 773.75 771.84   1.91 LV KS  773.80 -0.05 1.96 
250+00 25000 773.74 771.82   1.92 LV KS  773.78 -0.04 1.96 
251+00 25100 773.72 771.95   1.77 LV KS  773.77 -0.05 1.82 
251+40 25140            773.76     
252+00 25200 773.68 771.50   2.18 FW  773.75 -0.07 2.25 
253+00 25300 773.69 771.50   2.19 FW  773.73 -0.04 2.23 
254+00 25400 773.68 771.33   2.35 LV KS  773.71 -0.03 2.38 
255+00 25500 773.66 771.16   2.50 LV KS  773.69 -0.03 2.53 
256+00 25600 773.65 771.05   2.60 LV KS  773.67 -0.02 2.62 
257+00 25700 773.64 771.01   2.63 LV KS  773.66 -0.02 2.65 
258+00 25800 773.62 771.44   2.18 LV KS  773.64 -0.02 2.20 
259+00 25900 773.60 771.19   2.41 LV KS  773.62 -0.02 2.43 
260+00 26000 773.59 771.09   2.50 LV KS  773.60 -0.01 2.51 
261+00 26100 773.57 771.07   2.50 LV KS  773.58 -0.01 2.51 
262+00 26200 773.56 771.03   2.53 LV KS  773.57 -0.01 2.54 
263+00 26300 773.54 771.20   2.34 LV KS  773.55 -0.01 2.35 
264+00 26400 773.53 771.31   2.22 LV KS  773.53 0.00 2.22 
265+00 26500 773.51 771.11   2.40 LV KS  773.51 0.00 2.40 
265+55 26555            773.50     
266+00 26600 773.49 770.87   2.62 LV KS  773.49 0.00 2.62 
267+00 26700 773.47 770.71   2.76 LV KS  773.47 0.00 2.76 
268+00 26800 773.45 770.61   2.84 LV KS  773.46 -0.01 2.85 
269+00 26900 773.44 770.41   3.03 LV KS  773.44 0.00 3.03 
270+00 27000 773.42 770.53   2.89 LV KS  773.42 0.00 2.89 
271+00 27100 773.36 770.66   2.70 LV KS  773.40 -0.04 2.74 
272+00 27200 773.20 770.56   2.64 LV KS  773.30 -0.10 2.74 
273+00 27300 773.13 770.56   2.57 LV KS  773.21 -0.08 2.65 
274+00 27400 773.06 770.46   2.60 LV KS  773.11 -0.05 2.65 
275+00 27500 772.98 770.87   2.11 LV KS  773.01 -0.03 2.14 
276+00 27600 772.90 770.86   2.04 LV KS  772.92 -0.02 2.06 
276+70 27670            772.85     
277+00 27700 772.82 771.00   1.82 LV KS  772.82 0.00 1.82 
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278+00 27800 772.72 771.00   1.72 LV KS  772.82 -0.10 1.82 
279+00 27900 772.63 771.00   1.63 LV KS  772.82 -0.19 1.82 
280+00 28000 772.55 771.00   1.55 FW  772.82 -0.27 1.82 
280+20 28020            772.82     
281+00 28100 772.45 771.00   1.45 FW  772.82 -0.37 1.82 
282+00 28200 772.36 771.00   1.36 FW  772.82 -0.46 1.82 
282+80 28280            772.82     
283+00 28300 772.27 771.00   1.27 FW  772.82 -0.55 1.82 
284+00 28400 772.16 771.00   1.16 FW  772.82 -0.66 1.82 
284+15 28415            772.82     
285+00 28500 772.07 771.00   1.07 FW  772.82 -0.75 1.82 
285+70 28570            772.82     
286+00 28600 771.98 771.00   0.98 FW  772.82 -0.84 1.82 
286+50 28650            772.82     
287+00 28700 771.89 771.00   0.89 FW  772.82 -0.93 1.82 
287+92 28792            772.82     
288+00 28800 771.80 770.94   0.86   Stop Log 772.82 -1.02 1.88 
289+00 28900 771.93 768.97   2.96   Stop Log 772.82 -0.89 3.85 
289+40 28940 771.93 771.08   0.85   Stop Log 772.82 -0.89 1.74 

EXHIBIT A-5.4 (Continued) 
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SLOPE STABILITY 



5-37  

                            

EXHIBIT A-5.5 
500-Yr Station 54+00 -Stability Analysis without Berm 

(Typical Sta. 31+00 to 54+00) 
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EXHIBIT A-5.6 
500-Yr Station 61+00 -Stability Analysis with Berms 

(Typical Sta. 31+00 to 61+00) 
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EXHIBIT A-5.7 
500-Yr Station 118+00 -Stability Analysis without Berms 

(Typical Sta. 118+00 to 182+20) 
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EXHIBIT A-5.8 
500-Yr Station 118+00 -Stability Analysis with Berms 

(Typical Sta. 118+00 to 182+20) 
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EXHIBIT A-5.9 
500-Yr Station 118+00 -Stability Analysis with Berms 

(Typical Sta. 118+00 to 118+20) 
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EXHIBIT A-5.10 
500-Yr Station 257+00 -Stability Analysis with Berms 

(Typical Sta. 254+00 to 257+00) 
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EXHIBIT A-5.11 
500-Yr Station 265+00 -Stability Analysis without Berms No Rock Face 

(Typical Sta. 258+00 to 276+70) 
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EXHIBIT A-5.12 
500-Yr Station 265+00 -Stability Analysis without Berms Rock Face 

(Typical Sta. 258+00 to 276+70) 
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EXHIBIT A-5.13 
500-Yr Station 265+00 -Stability Analysis without Berms 

(Typical Sta. 258+00 to 276+70) 
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EXHIBIT A-5.14 
500-Yr Station 265+00 -Stability Analysis Hydraulic Grade Line 
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NOMINAL 500-YEAR + 3 FEET 
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EXHIBIT A-5.15 
Assumed 500-Yr Flood Elevation 

Station 0+00 to 39+00 
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EXHIBIT A-5.16 
Argentine Levee Raise N500+3 
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EXHIBIT A-5.17 
Argentine Levee Raise N500+3 
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EXHIBIT A-5.18 
Argentine Levee Raise N500+3 



5-52  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

UNDERSEEPAGE 
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Input Parameters 3 Ft Raise 
 

Analysis of Without Berm Conditions 3 Ft Raise 

Station Begin Station End Station (Kf/Kb)R(Kf/Kb)L DbL Dbo Dbr Df  LR H Remarks  CR CL L1 L2 Le Lt ho io ic Check #1 Check #1 Remarks
  Feet Feet                    Feet FeetFeet Feet Feet Feet Feet Ft/Ft Ft/Ft Full Head  Reduced Head   
                            Toe FSi (need 1.1)Toe FSi (need 1.5)  

0+0 to 30+0 0+00 30+00 500  500  28.0 28.0 28.0 66.0 170 7.6    961  961 168 52 961 1181 6.21 0.22 0.85 3.83  6.32    
30+0 to 46+0 30+00 46+00 200  200  35.0 35.0 35.0 60.0 150.0 13.6    648  648 147 125 648 920 9.55 0.27 0.85 3.12  4.00    
46+0 to 50+0 46+00 50+00 250  250  25.0 25.0 25.0 67.0 100.0 15.0    647  647 99 98 647 844 11.50 0.46 0.85 1.85  2.31    
50+0 to 59+0 50+00 59+00 300  300  20.0 20.0 20.0 62.5 100.0 18.5    612  612 99 110 612 821 13.79 0.69 0.85 1.23  1.47    
59+0 to 70+0 59+00 70+00 300  300  23.0 23.0 23.0 58.0 150.0 18.5    633  633 147 108 633 888 13.18 0.57 0.85 1.48  1.77    
70+0 to 74+0 70+00 74+00 200  200  16.0 16.0 16.0 70.0 350.0 16.0    473  473 298 102 473 873 8.68 0.54 0.85 1.57  1.93    
74+0 to 86+0 74+00 86+00 200  200  16.0 16.0 16.0 70.0 350.0 16.5    473  473 298 102 473 873 8.95 0.56 0.85 1.52  1.86    
86+0 to 96+0 86+00 96+00 250  250  28.0 28.0 28.0 62.0 650.0 13.5    659  659 498 95 659 1252 7.10 0.25 0.85 3.35  4.31    

96+0 to 110+0 96+00 110+00 150  150  30.0 30.0 30.0 66.0 1050.0 17.0    545  545 522 125 545 1192 7.77 0.26 0.85 3.28  3.98    
110+0 to 118+0 110+00 118+00 250  250  20.0 20.0 20.0 65.0 400.0 17.3    570  570 345 135 570 1050 9.39 0.47 0.85 1.81  2.19    
118+0 to 128+0 118+00 128+00 250  250  20.0 20.0 20.0 67.0 380.0 21.0    579  579 333 140 579 1052 11.55 0.58 0.85 1.47  1.72    
128+0 to 135+0 128+00 135+00 300  300  25.0 25.0 25.0 67.0 360.0 17.5    709  709 332 121 709 1162 10.68 0.43 0.85 1.99  2.40    
135+0 to 141+0 135+00 141+00 300  300  25.0 25.0 25.0 55.0 474.0 18.5    642  642 403 118 642 1164 10.21 0.41 0.85 2.08  2.48    
141+0 to 151+0 141+00 151+00 300  300  20.0 20.0 20.0 60.0 425.0 20.0    600  600 366 135 600 1101 10.90 0.55 0.85 1.56  1.83    
151+0 to 161+0 151+00 161+00 300  300  25.0 25.0 25.0 56.0 400.0 18.2    648  648 356 121 648 1125 10.48 0.42 0.85 2.03  2.43    
161+0 to 170+0 161+00 170+00 300  300  12.0 12.0 12.0 65.0 250.0 18.1    484  484 230 120 484 834 10.50 0.88 0.85 0.97  1.16    
170+0 to 182+0 170+00 182+00 200  200  18.0 18.0 18.0 67.0 350.0 20.0 Has Berm  491  491 301 115 491 907 10.83 0.60 0.85 1.41  1.66    
182+0 to 193+0 182+00 193+00 250  250  23.0 23.0 23.0 60.0 175.0 18.0    587  587 170 110 587 867 12.19 0.53 0.85 1.60  1.92    

A rgentine 3

EXHIBIT A-5.19 
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Input Parameters 3 Ft Raise 

 
Analysis of Without Berm Conditions 3 Ft Raise 

Station Begin Station End Station 

(Kf/Kb)R (Kf/Kb)L DbL Dbo Dbr Df  LR H Remarks  CR CL L1 L2 Le Lt ho io ic Check #1 Check #1 Remarks

  Feet Feet                    FeetFeetFeetFeetFeetFeet Feet Ft/Ft Ft/Ft Full Head  Reduced Head   

                            Toe FSi (need 1.1)Toe FSi (need 1.5)  
193+0 to 203+0 193+00 203+00 300  300  25.0 25.0 25.0 66.9 93 18.5  708 708 92 101 708 902 14.53 0.58 0.85 1.46  1.75  

                      
Has Berm

                         

203+0 to 210+0 203+00 210+00 250  250  25.0 25.0 25.0 74.0 73.0 18.5  680 680 73 103 680 856 14.70 0.59 0.85 1.45  1.73  
                      

Has Berm
                         

210+0 to 218+0 210+00 218+00 250  250  30.0 30.0 30.0 62.5 150.0 19.4  685 685 148 107 685 939 14.14 0.47 0.85 1.80  2.13  
                      

  
                         

218+0 to 226+0 218+00 226+00 200  200  25.0 25.0 25.0 63.0 150.0 22.8  561 561 147 122 561 830 15.42 0.62 0.85 1.38  1.59  
                      

  
                         

226+0 to 234+0 226+00 234+00 300  300  28.0 28.0 28.0 55.0 170.0 21.2  680 680 167 150 680 996 14.46 0.52 0.85 1.65  1.92  
                      

Has Berm
                         

234+0 to 245+0 234+00 245+00 250  250  25.0 25.0 25.0 61.0 150.0 21.5  617 617 147 145 617 910 14.60 0.58 0.85 1.46  1.69  
                      

Has Berm
                         

245+0 to 260+0 245+00 260+00 300  300  28.0 28.0 28.0 62.0 160.0 20.5  722 722 157 145 722 1024 14.45 0.52 0.85 1.65  1.93  
                      

  
                         

260+0 to 270+0 260+00 270+00 250  250  28.0 28.0 28.0 55.0 125.0 19.5  620 620 123 129 620 873 13.86 0.50 0.85 1.72  2.03  
                      

  
                         

270+0 to 275+0 270+00 275+00 300  300  28.0 28.0 28.0 66.9 94.0 13.6  750 750 94 103 750 946 10.78 0.38 0.85 2.21  2.83  
                      

  
                         

275+0 to 280+0 275+00 280+00 275  275  40.0 40.0 40.0 68.8 62.0 10.0  870 870 62 14 870 946 9.20 0.23 0.85 3.70  5.28  
                      

Floodwall
                         

280+0 to 290+0 280+00 290+00 200  200  40.0 40.0 40.0 78.0 50.0 8.8  790 790 50 14 790 854 8.14 0.20 0.85 4.18  6.34  
                      

Floodwall
                         

EXHIBIT A-5.19 (Continued) 
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Berm Design Information 3 Ft Raise 
Berm Width Design Berm Thickness Design 

Mid Berm H(WT) Berm Toe Safety H'o               Levee Toe Station Excessive Head Control  (Feet) Trial 
Width 

Effective  
Length Head, ft Feet Gradient Factor at Levee Toe 

Trial Minimum Berm 
Thickness  Gradient

Safety Factor 
Check at Levee Toe

  FSi = 1.1 FSi = 1.5 WT L't H(WT/2)   IBerm Berm Toe Feet t' I'o For 1.5 For 1.1
0+0 to 30+0    NA    NA 0     NA    NA    NA    NA    NA    NA 0    NA    NA   

30+0 to 46+0    NA    NA 0     NA    NA    NA    NA    NA    NA 0    NA    NA   
46+0 to 50+0    NA    NA 0     NA    NA    NA    NA    NA    NA 0    NA    NA   
50+0 to 59+0    NA 0.22 10  896  12.6  12.5 0.63 1.36  10.67  2.5 0.36  2.34   
59+0 to 70+0    NA    NA 0     NA    NA    NA    NA    NA    NA 0    NA    NA   
70+0 to 74+0    NA    NA 0     NA    NA    NA    NA    NA    NA 0    NA    NA   
74+0 to 86+0    NA    NA 0     NA    NA    NA    NA    NA    NA 0    NA    NA   
86+0 to 96+0    NA    NA 0     NA    NA    NA    NA    NA    NA 0    NA    NA   

96+0 to 110+0    NA    NA 0     NA    NA    NA    NA    NA    NA 0    NA    NA   
110+0 to 118+0    NA    NA 0     NA    NA    NA    NA    NA    NA 0    NA    NA   
118+0 to 128+0    NA    NA 0     NA    NA    NA    NA    NA    NA 0    NA    NA   
128+0 to 135+0    NA    NA 0     NA    NA    NA    NA    NA    NA 0    NA    NA   
135+0 to 141+0    NA    NA 0     NA    NA    NA    NA    NA    NA 0    NA    NA   
141+0 to 151+0    NA    NA 0     NA    NA    NA    NA    NA    NA 0    NA    NA   
151+0 to 161+0    NA    NA 0     NA    NA    NA    NA    NA    NA 0    NA    NA   
161+0 to 170+0 1.23 1.96 155  911  9.6  8.2  0.68 1.25  9.30  2.5 0.47  1.81   
170+0 to 182+0    NA    NA 0     NA    NA    NA    NA    NA    NA 0    NA    NA   
182+0 to 193+0    NA    NA 0     NA    NA    NA    NA    NA    NA 0    NA    NA   

EXHIBIT A-5.20 
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Berm Design Information 3 Ft Raise 
Berm Width Design Berm Thickness Design 

Mid Berm H(WT) Berm Toe  Safety H'o              Levee Toe  
Station Excessive Head Control  

(Feet) 
Trial 

Width 
Effective  
Length 

Head, ft Feet Gradient Factor at Levee Toe 

Trial Minimum 
Berm Thickness  

Gradient 

Safety Factor Check at 
Levee Toe 

  FSi = 1.1 FSi = 1.5 WT L't H(WT/2)   IBerm Berm Toe Feet t' I'o For 1.5 For 1.1 
193+0 to 203+0    NA    NA 0     NA    NA    NA    NA    NA    NA 0    NA    NA   

                Okay    NA 0    NA      NA 
203+0 to 210+0    NA    NA 0     NA    NA    NA    NA    NA    NA 0    NA    NA   

                Okay    NA 0    NA      NA 
210+0 to 218+0    NA    NA 0     NA    NA    NA    NA    NA    NA 0    NA    NA   

                Okay    NA 0    NA      NA 
218+0 to 226+0    NA    NA 0     NA    NA    NA    NA    NA    NA 0    NA    NA   

                Okay    NA 0    NA      NA 
226+0 to 234+0    NA    NA 0     NA    NA    NA    NA    NA    NA 0    NA    NA   

                Okay    NA 0    NA      NA 
234+0 to 245+0    NA    NA 0     NA    NA    NA    NA    NA    NA 0    NA    NA   

                Okay    NA 0    NA      NA 
245+0 to 260+0    NA    NA 0     NA    NA    NA    NA    NA    NA 0    NA    NA   

                Okay    NA 0    NA      NA 
260+0 to 270+0    NA    NA 0     NA    NA    NA    NA    NA    NA 0    NA    NA   

                Okay    NA 0    NA      NA 
270+0 to 275+0    NA    NA 0     NA    NA    NA    NA    NA    NA 0    NA    NA   

                Okay    NA 0    NA      NA 
275+0 to 280+0    NA    NA 0     NA    NA    NA    NA    NA    NA 0    NA    NA   

                Okay    NA 0    NA      NA 
280+0 to 290+0    NA    NA 0     NA    NA    NA    NA    NA    NA 0    NA    NA   

                Okay    NA 0    NA      NA 

EXHIBIT A-5.20 (Continued) 
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EXHIBIT A-5.21 
Argentine Unit 500 yr + 3 ft With Survey Data Added 

Station Station 500 yr Elevation Existing TOL Levee Toe 500 - ETOL Notes TYP Cross Section New TOL 500 - NTOL NTOL - ETOL 
Levee Raise 

0+00 0 778.63 778.00 770.00 0.63 Hillside Ditch   781.63 -3.00 3.63 
1+00 100 778.63 778.15 770.00 0.48 Hillside Ditch   781.63 -3.00 3.48 
2+00 200 778.63 779.77 770.00 -1.14 Hillside Ditch   781.63 -3.00 1.86 
3+00 300 778.63 779.75 768.00 -1.12 Hillside Ditch   781.63 -3.00 1.88 
4+00 400 778.63 779.61 768.00 -0.98 Hillside Ditch   781.63 -3.00 2.02 
5+00 500 778.63 779.42 768.93 -0.79 Hillside Ditch   781.63 -3.00 2.21 
6+00 600 778.63 779.08 770.00 -0.45 Hillside Ditch   781.63 -3.00 2.55 
7+00 700 778.63 779.19 770.00 -0.56 Hillside Ditch   781.63 -3.00 2.44 
8+00 800 778.63 779.27 770.00 -0.64 Hillside Ditch   781.63 -3.00 2.36 
9+00 900 778.63 779.23 770.00 -0.60 Hillside Ditch   781.63 -3.00 2.40 

10+00 1000 778.63 779.12 770.00 -0.49 Hillside Ditch   781.63 -3.00 2.51 
11+00 1100 778.63 778.82 768.00 -0.19 Hillside Ditch   781.63 -3.00 2.81 
12+00 1200 778.63 778.80 768.00 -0.17 Hillside Ditch   781.63 -3.00 2.83 
13+00 1300 778.63 778.83 768.00 -0.20 Key RD. 55th St  781.63 -3.00 2.80 
14+00 1400 778.63 778.89 768.00 -0.26 Hillside Ditch   781.63 -3.00 2.74 
15+00 1500 778.63 778.90 768.00 -0.27 Hillside Ditch   781.63 -3.00 2.73 
16+00 1600 778.63 778.97 768.00 -0.34 Hillside Ditch   781.63 -3.00 2.66 
17+00 1700 778.63 778.96 768.00 -0.33 Hillside Ditch   781.63 -3.00 2.67 
18+00 1800 778.63 778.94 768.00 -0.31 Hillside Ditch   781.63 -3.00 2.69 
19+00 1900 778.63 778.98 768.34 -0.35 Hillside Ditch   781.63 -3.00 2.65 
20+00 2000 778.63 778.87 768.83 -0.24 Hillside Ditch   781.63 -3.00 2.76 
21+00 2100 778.63 778.87 768.00 -0.24 Hillside Ditch   781.63 -3.00 2.76 
22+00 2200 778.63 778.88 770.00 -0.25 Hillside Ditch   781.63 -3.00 2.75 
23+00 2300 778.63 779.04 772.00 -0.41 Hillside Ditch   781.63 -3.00 2.59 
24+00 2400 778.63 779.06 772.00 -0.43 Hillside Ditch   781.63 -3.00 2.57 
25+00 2500 778.63 779.25 772.00 -0.62 Hillside Ditch   781.63 -3.00 2.38 
26+00 2600 778.63 779.19 772.00 -0.56 Hillside Ditch   781.63 -3.00 2.44 
27+00 2700 778.63 779.23 772.00 -0.60 Hillside Ditch   781.63 -3.00 2.40 
28+00 2800 778.63 779.18 774.00 -0.55 Hillside Ditch Closure Structure 781.63 -3.00 2.45 
29+00 2900 778.63 774.00 **** 4.63 Barber Creek RR FG Closure Structure 781.63 -3.00 7.63 
30+00 3000 778.63 778.90 768.00 -0.27 Barber Creek   781.63 -3.00 2.73 
31+00 3100 778.63 778.90 766.00 -0.27 Barber Creek   781.61 -2.98 2.71 
32+00 3200 778.63 778.00 768.00 0.63 Barber Creek   781.58 -2.95 3.58 
33+00 3300 778.63 777.75 768.00 0.88 Barber Creek   781.56 -2.93 3.81 
34+00 3400 778.63 777.76 **** 0.87 Barber Creek Thorne Dr   781.53 -2.90 3.77 
35+00 3500 778.63 778.67 766.00 -0.04 Barber Creek  781.51 -2.88 2.84 
36+00 3600 778.63 778.66 766.00 -0.03 Barber Creek  781.49 -2.86 2.83 
37+00 3700 778.63 777.84 766.00 0.79 Barber Creek  781.46 -2.83 3.62 
38+00 3800 778.63 777.75 768.00 0.88 LV KS  781.44 -2.81 3.69 
39+00 3900 778.63 777.94 766.00 0.69 LV KS  781.41 -2.78 3.47 
40+00 4000 778.61 778.13 766.00 0.48 LV KS  781.39 -2.78 3.26 
41+00 4100 778.59 777.89 766.00 0.70 LV KS  781.36 -2.77 3.47 
42+00 4200 778.54 777.74 765.00 0.80 LV KS  781.34 -2.80 3.60 
43+00 4300 778.50 777.79 765.00 0.71 LV KS  781.32 -2.82 3.53 
44+00 4400 778.47 777.68 765.00 0.79 LV KS  781.29 -2.82 3.61 
45+00 4500 778.44 777.53 766.00 0.91 LV KS  781.27 -2.83 3.74 
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EXHIBIT A-5.21 
Argentine Unit 500 yr + 3 ft With Survey Data Added 

Station Station 500 yr Elevation Existing TOL Levee Toe 500 - ETOL Notes TYP Cross Section New TOL 500 - NTOL NTOL - ETOL 
Levee Raise 

46+00 4600 778.40 777.41 766.00 0.99 LV KS  781.24 -2.84 3.83 
47+00 4700 778.37 777.57 766.00 0.80 LV KS  781.22 -2.85 3.65 
48+00 4800 778.34 777.62 767.00 0.72 LV KS  781.20 -2.86 3.58 
49+00 4900 778.30 777.46 766.00 0.84 LV KS  781.17 -2.87 3.71 
50+00 5000 778.27 777.29 766.00 0.98 LV KS  781.15 -2.88 3.86 
51+00 5100 778.24 777.16 766.00 1.08 LV KS  781.12 -2.88 3.96 
52+00 5200 778.20 777.22 766.00 0.98 LV KS  781.10 -2.90 3.88 
53+00 5300 778.17 777.30 764.00 0.87 LV KS  781.07 -2.90 3.77 
54+00 5400 778.13 778.00 764.00 0.13 LV KS  781.05 -2.92 3.05 
55+00 5500 778.10 777.42 764.00 0.68 LV KS  781.03 -2.93 3.61 
56+00 5600 778.07 777.22 762.00 0.85 LV KS  781.00 -2.93 3.78 
57+00 5700 778.05 777.54 762.00 0.51 LV KS  780.98 -2.93 3.44 
58+00 5800 778.01 777.96 762.00 0.05 LV KS   780.95 -2.94 2.99 
59+00 5900 778.00 786.00 *** -8.00 LV KS Turner Bridge 780.93 -2.93 -5.07 
60+00 6000 777.97 778.00 *** -0.03 LV KS Turner Bridge 780.91 -2.94 2.91 
61+00 6100 777.93 777.13 762.00 0.80 LV KS  780.88 -2.95 3.75 
62+00 6200 777.91 777.33 762.00 0.58 LV KS  780.86 -2.95 3.53 
63+00 6300 777.88 777.37 762.00 0.51 LV KS  780.83 -2.95 3.46 
64+00 6400 777.85 777.15 762.00 0.70 LV KS  780.81 -2.96 3.66 
65+00 6500 777.82 777.17 762.00 0.65 LV KS  780.78 -2.96 3.61 
66+00 6600 777.79 777.07 762.00 0.72 LV KS  780.76 -2.97 3.69 
67+00 6700 777.76 777.07 762.00 0.69 LV KS  780.74 -2.98 3.67 
68+00 6800 777.73 777.18 762.00 0.55 LV KS  780.71 -2.98 3.53 
69+00 6900 777.70 777.30 762.00 0.40 LV KS  780.69 -2.99 3.39 
70+00 7000 777.67 777.33 762.00 0.34 LV KS  780.66 -2.99 3.33 
71+00 7100 777.64 777.36 762.00 0.28 LV KS  780.64 -3.00 3.28 
72+00 7200 777.61 777.15 762.00 0.46 LV KS  780.61 -3.00 3.46 
73+00 7300 777.57 776.90 764.00 0.67 LV KS  780.58 -3.01 3.68 
74+00 7400 777.54 776.92 764.00 0.62 LV KS  780.55 -3.01 3.63 
75+00 7500 777.51 776.92 764.00 0.59 LV KS  780.52 -3.01 3.60 
76+00 7600 777.47 776.90 764.00 0.57 LV KS  780.49 -3.02 3.59 
77+00 7700 777.44 776.87 764.00 0.57 LV KS  780.46 -3.02 3.59 
78+00 7800 777.41 776.82 764.00 0.59 LV KS  780.43 -3.02 3.61 
79+00 7900 777.37 776.75 764.00 0.62 LV KS  780.40 -3.03 3.65 
80+00 8000 777.33 776.69 762.00 0.64 LV KS  780.37 -3.04 3.68 
81+00 8100 777.30 776.69 762.00 0.61 LV KS  780.34 -3.04 3.65 
82+00 8200 777.27 776.74 762.00 0.53 LV KS  780.31 -3.04 3.57 
83+00 8300 777.24 776.83 764.00 0.41 LV KS  780.28 -3.04 3.45 
84+00 8400 777.22 776.76 764.00 0.46 LV KS  780.25 -3.03 3.49 
85+00 8500 777.19 776.73 764.00 0.46 LV KS  780.22 -3.03 3.49 
86+00 8600 777.17 776.85 765.00 0.32 LV KS  780.19 -3.02 3.34 
87+00 8700 777.14 776.75 766.00 0.39 LV KS  780.16 -3.02 3.41 
88+00 8800 777.11 776.63 766.00 0.48 LV KS  780.13 -3.02 3.50 
89+00 8900 777.08 776.57 766.00 0.51 LV KS  780.10 -3.02 3.53 
90+00 9000 777.06 776.68 768.00 0.38 LV KS  780.07 -3.01 3.39 
91+00 9100 777.03 776.68 768.00 0.35 LV KS  780.04 -3.01 3.36 
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92+00 9200 777.00 776.63 768.00 0.37 LV KS  780.01 -3.01 3.38 
93+00 9300 776.97 776.67 768.00 0.30 LV KS  779.98 -3.01 3.31 
94+00 9400 776.95 776.55 768.00 0.40 LV KS  779.95 -3.00 3.40 
95+00 9500 776.92 776.42 768.00 0.50 LV KS  779.92 -3.00 3.50 
96+00 9600 776.89 776.46 768.00 0.43 LV KS  779.89 -3.00 3.43 
97+00 9700 776.86 776.61 766.00 0.25 LV KS  779.86 -3.00 3.25 
98+00 9800 776.83 776.53 764.00 0.30 LV KS  779.83 -3.00 3.30 
99+00 9900 776.80 776.61 764.00 0.19 LV KS  779.80 -3.00 3.19 

100+00 10000 776.77 776.25 764.00 0.52 LV KS  779.77 -3.00 3.52 
101+00 10100 776.74 776.13 764.00 0.61 LV KS  779.74 -3.00 3.61 
102+00 10200 776.71 776.30 764.00 0.41 LV KS  779.71 -3.00 3.41 
103+00 10300 776.68 776.24 764.00 0.44 LV KS  779.68 -3.00 3.44 
104+00 10400 776.65 776.16 764.00 0.49 LV KS  779.65 -3.00 3.49 
105+00 10500 776.61 775.93 764.00 0.68 LV KS  779.62 -3.01 3.69 
106+00 10600 776.58 775.81 762.00 0.77 LV KS  779.59 -3.01 3.78 
107+00 10700 776.55 775.73 762.00 0.82 LV KS  779.56 -3.01 3.83 
108+00 10800 776.52 775.69 762.00 0.83 LV KS  779.53 -3.01 3.84 
109+00 10900 776.49 775.65 762.00 0.84 LV KS  779.50 -3.01 3.85 
110+00 11000 776.46 775.61 762.00 0.85 LV KS  779.47 -3.01 3.86 
111+00 11100 776.43 775.58 762.00 0.85 LV KS  779.44 -3.01 3.86 
112+00 11200 776.40 775.68 762.00 0.72 LV KS  779.41 -3.01 3.73 
113+00 11300 776.36 775.78 762.00 0.58 LV KS  779.38 -3.02 3.60 
114+00 11400 776.33 775.74 762.00 0.59 LV KS  779.35 -3.02 3.61 
115+00 11500 776.30 775.62 762.00 0.68 LV KS  779.32 -3.02 3.70 
116+00 11600 776.27 775.51 762.00 0.76 LV KS  779.29 -3.02 3.78 
117+00 11700 776.24 775.40 762.00 0.84 LV KS  779.26 -3.02 3.86 
118+00 11800 776.21 775.29 762.00 0.92 LV KS  779.23 -3.02 3.94 
119+00 11900 776.18 775.17 762.00 1.01 LV KS  779.20 -3.02 4.03 
120+00 12000 776.14 775.01 762.00 1.13 LV KS  779.17 -3.03 4.16 
121+00 12100 776.11 774.99 759.00 1.12 LV KS  779.14 -3.03 4.15 
122+00 12200 776.08 775.08 759.00 1.00 LV KS  779.11 -3.03 4.03 
123+00 12300 776.05 775.22 758.00 0.83 LV KS  779.08 -3.03 3.86 
124+00 12400 776.02 775.18 758.00 0.84 LV KS  779.05 -3.03 3.87 
125+00 12500 775.99 775.29 758.00 0.70 LV KS  779.02 -3.03 3.73 
126+00 12600 776.00 775.35 758.00 0.65 LV KS  778.99 -2.99 3.64 
127+00 12700 775.93 775.48 758.00 0.45 LV KS  778.96 -3.03 3.48 
128+00 12800 775.90 775.40 758.00 0.50 LV KS  778.93 -3.03 3.53 
129+00 12900 775.87 775.22 756.00 0.65 LV KS  778.90 -3.03 3.68 
130+00 13000 775.83 774.93 756.00 0.90 LV KS  778.87 -3.04 3.94 
131+00 13100 775.80 774.84 761.00 0.96 LV KS  778.84 -3.04 4.00 
132+00 13200 775.77 774.87 760.00 0.90 LV KS  778.81 -3.04 3.94 
133+00 13300 775.74 774.95 762.00 0.79 LV KS  778.78 -3.04 3.83 
134+00 13400 775.70 775.01 762.00 0.69 LV KS  778.75 -3.05 3.74 
135+00 13500 775.68 775.06 761.00 0.62 LV KS  778.72 -3.04 3.66 
136+00 13600 775.65 775.17 760.00 0.48 LV KS  778.69 -3.04 3.52 
137+00 13700 775.63 775.12 760.00 0.51 LV KS  778.66 -3.03 3.54 
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138+00 13800 775.60 775.04 760.00 0.56 LV KS  778.63 -3.03 3.59 
139+00 13900 775.58 774.72 760.00 0.86 LV KS  778.60 -3.02 3.88 
140+00 14000 775.55 774.72 760.00 0.83 LV KS  778.57 -3.02 3.85 
141+00 14100 775.53 774.76 760.00 0.77 LV KS  778.54 -3.01 3.78 
142+00 14200 775.51 774.69 760.00 0.82 LV KS  778.51 -3.00 3.82 
143+00 14300 775.48 774.76 758.00 0.72 LV KS  778.48 -3.00 3.72 
144+00 14400 775.46 774.68 758.00 0.78 LV KS  778.45 -2.99 3.77 
145+00 14500 775.43 774.65 756.00 0.78 LV KS  778.42 -2.99 3.77 
146+00 14600 775.41 774.65 758.00 0.76 LV KS  778.39 -2.98 3.74 
147+00 14700 775.38 774.64 758.00 0.74 LV KS  778.36 -2.98 3.72 
148+00 14800 775.36 774.64 758.00 0.72 LV KS  778.33 -2.97 3.69 
149+00 14900 775.34 774.68 759.00 0.66 LV KS  778.30 -2.96 3.62 
150+00 15000 775.32 774.79 760.00 0.53 LV KS I-635 778.27 -2.95 3.48 
151+00 15100 775.30 774.89 762.00 0.41 LV KS I-635 778.24 -2.94 3.35 
152+00 15200 775.21 774.99 760.00 0.22 LV KS I-635 778.21 -3.00 3.22 
153+00 15300 775.20 774.86 760.00 0.34 LV KS  778.20 -3.00 3.34 
154+00 15400 775.19 774.67 760.00 0.52 LV KS  778.19 -3.00 3.52 
155+00 15500 775.18 774.54 760.00 0.64 LV KS  778.18 -3.00 3.64 
156+00 15600 775.17 774.54 760.00 0.63 LV KS  778.17 -3.00 3.63 
157+00 15700 775.16 774.48 757.00 0.68 LV KS  778.16 -3.00 3.68 
158+00 15800 775.15 774.49 760.00 0.66 LV KS  778.15 -3.00 3.66 
159+00 15900 775.14 774.53 760.00 0.61 LV KS  778.14 -3.00 3.61 
160+00 16000 775.14 774.50 760.00 0.64 LV KS  778.13 -2.99 3.63 
161+00 16100 775.12 774.70 760.00 0.42 LV KS  778.12 -3.00 3.42 
162+00 16200 775.12 774.73 760.00 0.39 LV KS  778.11 -2.99 3.38 
163+00 16300 775.11 774.56 760.00 0.55 LV KS  778.10 -2.99 3.54 
164+00 16400 775.10 774.51 760.00 0.59 LV KS  778.09 -2.99 3.58 
165+00 16500 775.09 774.62 760.00 0.47 LV KS  778.08 -2.99 3.46 
166+00 16600 775.08 774.81 760.00 0.27 LW Ramp   778.08 -3.00 3.27 
167+00 16700 775.07 774.53 760.00 0.54 LV KS  778.07 -3.00 3.54 
168+00 16800 775.06 774.25 760.00 0.81 LV KS  778.05 -2.99 3.80 
169+00 16900 775.05 774.20 760.00 0.85 RW Ramp  778.04 -2.99 3.84 
170+00 17000 775.04 774.15 760.00 0.89 LV KS  778.03 -2.99 3.88 
171+00 17100 775.03 774.34 759.00 0.69 LV KS  778.01 -2.98 3.67 
172+00 17200 775.02 774.31 758.00 0.71 LV KS  778.00 -2.98 3.69 
173+00 17300 775.01 774.18 760.00 0.83 LV KS  777.99 -2.98 3.81 
174+00 17400 775.00 774.15 760.00 0.85 LV KS  777.97 -2.97 3.82 
175+00 17500 774.98 774.29 760.00 0.69 LV KS  777.96 -2.98 3.67 
176+00 17600 774.97 774.39 760.00 0.58 LV KS  777.95 -2.98 3.56 
177+00 17700 774.95 774.49 760.00 0.46 LV KS  777.94 -2.99 3.45 
178+00 17800 774.94 774.41 760.00 0.53 LV KS  777.92 -2.98 3.51 
179+00 17900 774.92 774.39 760.00 0.53 LV KS  777.91 -2.99 3.52 
180+00 18000 774.91 774.25 758.00 0.66 LV KS  777.90 -2.99 3.65 
181+00 18100 774.89 774.30 756.00 0.59 LV KS  777.88 -2.99 3.58 
182+00 18200 774.88 774.36 756.00 0.52 LV KS  777.87 -2.99 3.51 
183+00 18300 774.86 774.25 756.00 0.61 LV KS  777.86 -3.00 3.61 

EXHIBIT A-5.21 (Continued) 



5-61  

EXHIBIT A-5.21 
Argentine Unit 500 yr + 3 ft With Survey Data Added 

Station Station 500 yr Elevation Existing TOL Levee Toe 500 - ETOL Notes TYP Cross Section New TOL 500 - NTOL NTOL - ETOL 
Levee Raise 

184+00 18400 774.85 774.08 756.00 0.77 LV KS  777.84 -2.99 3.76 
185+00 18500 774.83 774.00 757.00 0.83 LV KS  777.83 -3.00 3.83 
186+00 18600 774.82 774.11 758.00 0.71 LV KS  777.82 -3.00 3.71 
187+00 18700 774.81 774.37 760.00 0.44 LV KS  777.80 -2.99 3.43 
188+00 18800 774.79 774.50 760.00 0.29 LV KS  777.79 -3.00 3.29 
189+00 18900 774.78 774.15 760.00 0.63 LV KS  777.78 -3.00 3.63 
190+00 19000 774.76 774.00 760.00 0.76 LV KS  777.76 -3.00 3.76 
191+00 19100 774.75 774.18 760.00 0.57 LV KS  777.75 -3.00 3.57 
192+00 19200 774.74 774.16 760.00 0.58 LV KS  777.73 -2.99 3.57 
193+00 19300 774.72 774.02 758.00 0.70 LV KS  777.72 -3.00 3.70 
194+00 19400 774.70 774.00 758.00 0.70 LV KS  777.71 -3.01 3.71 
195+00 19500 774.69 774.09 758.00 0.60 LV KS  777.69 -3.00 3.60 
196+00 19600 774.68 774.12 756.00 0.56 LV KS  777.68 -3.00 3.56 
197+00 19700 774.66 773.98 758.00 0.68 LV KS  777.67 -3.00 3.68 
198+00 19800 774.65 774.12 759.00 0.53 LV KS  777.65 -3.00 3.53 
199+00 19900 774.64 774.04 757.00 0.60 LV KS  777.64 -3.00 3.60 
200+00 20000 774.62 773.89 756.00 0.73 LV KS  777.62 -3.00 3.73 
201+00 20100 774.60 773.83 759.00 0.77 LV KS  777.61 -3.01 3.78 
202+00 20200 774.59 773.87 760.00 0.72 LV KS  777.60 -3.01 3.73 
203+00 20300 774.58 773.54 762.00 1.04 LV KS  777.58 -3.00 4.04 
204+00 20400 774.56 773.99 760.00 0.57 LV KS  777.57 -3.01 3.58 
205+00 20500 774.55 773.95 758.00 0.60 LV KS  777.55 -3.00 3.60 
206+00 20600 774.54 774.20 758.00 0.34 LV KS  777.54 -3.00 3.34 
207+00 20700 774.52 774.00 758.00 0.52 LV KS  777.53 -3.01 3.53 
208+00 20800 774.51 773.72 759.00 0.79 LV KS  777.52 -3.01 3.80 
209+00 20900 774.50 773.82 760.00 0.68 LV KS  777.51 -3.01 3.69 
210+00 21000 774.50 773.87 760.00 0.63 LV KS  777.50 -3.00 3.63 
211+00 21100 774.50 773.89 761.00 0.61 LV KS  777.49 -2.99 3.60 
212+00 21200 774.50 773.40 766.00 1.10 LV KS  777.49 -2.98 4.08 
213+00 21300 774.50 773.68 ***** 0.82 KS AVE Bridge  777.48 -2.98 3.80 
214+00 21400 774.50 778.00 ***** -3.50 KS AVE Bridge  777.47 -2.97 -0.53 
215+00 21500 774.49 789.43 ***** -14.94 KS AVE Bridge  777.46 -2.97 -11.97 
216+00 21600 774.47 774.68 ***** -0.21 KS AVE Bridge  777.45 -2.98 2.77 
217+00 21700 774.45 772.89 758.00 1.56 LV KS  777.44 -2.99 4.55 
218+00 21800 774.43 773.06 758.00 1.37 LV KS  777.43 -3.00 4.37 
219+00 21900 774.40 773.02 757.00 1.38 LV KS  777.41 -3.01 4.39 
220+00 22000 774.38 773.08 757.00 1.30 LV KS  777.39 -3.01 4.31 
221+00 22100 774.36 773.15 757.00 1.21 LV KS  777.37 -3.01 4.22 
222+00 22200 774.34 773.09 757.00 1.25 LV KS  777.34 -3.00 4.25 
223+00 22300 774.32 772.99 757.00 1.33 LV KS  777.32 -3.00 4.33 
224+00 22400 774.30 772.87 757.00 1.43 LV KS  777.30 -3.00 4.43 
225+00 22500 774.27 772.82 756.00 1.45 LV KS  777.28 -3.01 4.46 
226+00 22600 774.25 772.73 756.00 1.52 LV KS  777.26 -3.01 4.53 
227+00 22700 774.23 772.90 756.00 1.33 LV KS  777.24 -3.01 4.34 
228+00 22800 774.21 772.73 756.00 1.48 LV KS  777.21 -3.00 4.48 
229+00 22900 774.19 772.67 758.00 1.52 LV KS  777.19 -3.00 4.52 
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230+00 23000 774.17 772.64 758.00 1.53 LV KS  777.17 -3.00 4.53 
231+00 23100 774.14 772.60 757.00 1.54 LV KS  777.15 -3.01 4.55 
232+00 23200 774.12 772.62 757.00 1.50 LV KS  777.13 -3.01 4.51 
233+00 23300 774.10 772.43 757.00 1.69 LV KS  777.11 -3.01 4.68 
234+00 23400 774.08 772.55 758.00 1.55 LV KS  777.08 -3.00 4.53 
235+00 23500 774.06 772.65 758.00 1.43 LV KS  777.06 -3.00 4.41 
236+00 23600 774.04 772.36 758.00 1.70 LV KS  777.04 -3.00 4.68 
237+00 23700 774.02 772.19 757.00 1.85 LV KS  777.02 -3.00 4.83 
238+00 23800 773.96 772.22 757.00 1.80 LV KS  777.00 -3.04 4.78 
239+00 23900 773.89 772.35 757.00 1.61 LV KS  776.98 -3.09 4.63 
240+00 24000 773.88 772.32 757.00 1.56 LV KS  776.96 -3.08 4.64 
241+00 24100 773.86 772.22 757.00 1.64 LV KS  776.94 -3.08 4.72 
242+00 24200 773.85 772.21 758.00 1.64 LV KS  776.92 -3.07 4.71 
243+00 24300 773.84 772.11 758.00 1.73 LV KS  776.90 -3.06 4.79 
244+00 24400 773.82 772.11 758.00 1.71 LV KS  776.88 -3.06 4.77 
245+00 24500 773.81 772.14 758.00 1.67 LV KS  776.86 -3.05 4.72 
246+00 24600 773.79 771.92 758.00 1.87 LV KS  776.85 -3.06 4.93 
247+00 24700 773.78 771.62 758.00 2.16 LV KS  776.83 -3.05 5.21 
248+00 24800 773.76 771.32 758.00 2.44 LV KS  776.81 -3.05 5.49 
249+00 24900 773.75 771.84 758.00 1.91 LV KS  776.79 -3.04 4.95 
250+00 25000 773.74 771.82 759.00 1.92 LV KS  776.77 -3.03 4.95 
251+00 25100 773.72 771.95 758.00 1.77 LV KS  776.75 -3.03 4.80 
252+00 25200 773.68 771.50 ***** 2.18 FW  776.73 -3.05 5.23 
253+00 25300 773.69 771.50 ***** 2.19 FW  776.71 -3.02 5.21 
254+00 25400 773.68 771.33 760.00 2.35 LV KS  776.69 -3.01 5.36 
255+00 25500 773.66 771.16 758.00 2.50 LV KS  776.67 -3.01 5.51 
256+00 25600 773.65 771.05 758.00 2.60 LV KS  776.65 -3.00 5.60 
257+00 25700 773.64 771.01 758.00 2.63 LV KS  776.63 -2.99 5.62 
258+00 25800 773.62 771.44 758.00 2.18 LV KS  776.61 -2.99 5.17 
259+00 25900 773.60 771.19 757.00 2.41 LV KS  776.59 -2.99 5.40 
260+00 26000 773.59 771.09 757.00 2.50 LV KS  776.57 -2.98 5.48 
261+00 26100 773.57 771.07 757.00 2.50 LV KS   776.55 -2.98 5.48 
262+00 26200 773.56 771.03 757.00 2.53 LV KS   776.53 -2.97 5.50 
263+00 26300 773.54 771.20 757.00 2.34 LV KS   776.52 -2.98 5.32 
264+00 26400 773.53 771.31 757.00 2.22 LV KS   776.50 -2.97 5.19 
265+00 26500 773.51 771.11 757.00 2.40 LV KS   776.48 -2.97 5.37 
266+00 26600 773.49 770.87 757.00 2.62 LV KS   776.46 -2.97 5.59 
267+00 26700 773.47 770.71 757.00 2.76 LV KS   776.44 -2.97 5.73 
268+00 26800 773.45 770.61 758.00 2.84 LV KS   776.42 -2.97 5.81 
269+00 26900 773.44 770.41 758.00 3.03 LV KS   776.40 -2.96 5.99 
270+00 27000 773.42 770.53 758.00 2.89 LV KS   776.38 -2.96 5.85 
271+00 27100 773.36 770.66 758.00 2.70 LV KS   776.36 -3.00 5.70 
272+00 27200 773.20 770.56 758.00 2.64 LV KS   775.77 -2.57 5.21 
273+00 27300 773.13 770.56 758.00 2.57 LV KS   775.18 -2.05 4.62 
274+00 27400 773.06 770.46 758.00 2.60 LV KS   774.59 -1.53 4.13 
275+00 27500 772.98 770.87 758.00 2.11 LV KS   774.00 -1.02 3.13 
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276+00 27600 772.90 770.86 758.00 2.04 LV KS  773.41 -0.51 2.55 
277+00 27700 772.82 771.00 760.00 1.82 LV KS  772.82 0.00 1.82 
278+00 27800 772.72 771.00 760.00 1.72 LV KS  772.82 -0.10 1.82 
279+00 27900 772.63 771.00 762.00 1.63 LV KS  772.82 -0.19 1.82 
280+00 28000 772.55 771.00 762.00 1.55 FW  772.82 -0.27 1.82 
281+00 28100 772.45 771.00 762.00 1.45 FW  772.82 -0.37 1.82 
282+00 28200 772.36 771.00 763.00 1.36 FW  772.82 -0.46 1.82 
283+00 28300 772.27 771.00 764.00 1.27 FW  772.82 -0.55 1.82 
284+00 28400 772.16 771.00 764.00 1.16 FW  772.82 -0.66 1.82 
285+00 28500 772.07 771.00 764.00 1.07 FW  772.82 -0.75 1.82 
286+00 28600 771.98 771.00 764.00 0.98 FW  772.82 -0.84 1.82 
287+00 28700 771.89 771.00 766.00 0.89 FW  772.82 -0.93 1.82 
288+00 28800 771.80 770.94 766.00 0.86   Stop Log 772.82 -1.02 1.88 
289+00 28900 771.93 768.97 ***** 2.96   Stop Log 772.82 -0.89 3.85 
289+40 28940 771.93 771.08 ****** 0.85   Stop Log 772.82 -0.89 1.74 
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500-Yr + 3 ft. Station 54+00 - Stability Analysis with Berms 

(Typical Sta. 2+00 to 54+00) 
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 500 Yr + 3 ft. Station 61+00 - Stability Analysis with Berms 
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500-Yr + 3 ft. Station 118+00 - Stability Analysis with Berm 

(Typical Sta. 118+00 to 182+20) 
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500-yr + 3 ft. Station 264+00 – Existing Condition 
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EXHIBIT A-5.26 
500-yr + 3 ft. Station 264+00 – Proposed Condition 

Stability Analysis 



5-93 

 
 
 
 
 
 
 



5-94 

 
 
 
 
 
 
 



5-95 

 
 
 
 
 
 
 



5-96 

 
 
 
 
 
 
 



5-97 

 
 
 
 
 
 
 



5-98 

 
 
 
 
 
 
 



5-99 

 
 
 
 
 
 
 



5-100 

 
 
 
 
 
 
 



5-101 

 
 
 
 
 
 
 



5-102 

 
 
 
 
 
 
 



5-103 

 
 
 
 
 
 
 



5-104 

 
 
 
 
 
 
 



5-105 

 
 
 
 
 
 
 



5-106 

 
 
 
 
 
 
 



5-107 

 
 
 
 
 
 
 



5-108 

 
 
 
 
 
 
 



5-109 

 
 
 
 
 
 
 



5-110 

 
 
 
 
 
 
 



5-111 

 
 
 
 
 
 
 



5-112 

 
 
 
 
 
 
 



5-113 

 
 
 
 
 
 
 



5-114 

 
 
 
 
 
 
 



5-115 

 
 
 
 
 
 
 



5-116 

 
 
 
 
 
 
 



5-117 

 



5-118  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

NOMINAL 500-YEAR + 5 FEET 
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EXHIBIT A-5.27 
Assumed 500-Yr Flood Elevation Sta 0+00 to 39+00 

 



5-120  

 

EXHIBIT A-5.28 
Argentine Feasibility Cross Section N500+5 
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EXHIBIT A-5.29 
Argentine Feasibility Cross Section N500 + 5 
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EXHIBIT A-5.30 
Argentine Feasibility Cross Section N500 + 5 
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EXHIBIT A-5.31 
Argentine Feasibility Cross Section N500 + 5 
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Input Parameters 5 Ft Raise 
 

Analysis of Without Berm Conditions 5 Ft Raise 

Station Begin Station End Station (Kf/Kb)R (Kf/Kb)L DbL Dbo Dbr Df  LR H Remarks  CR CL L1 L2 Le Lt ho io ic Check #1 Check #1 Remarks
  Feet Feet                    FeetFeetFeetFeetFeetFeet Feet Ft/FtFt/Ft Full Head  Reduced Head   
      First row is tied to above graphs!  Change Graphics only!                     Toe FSi (need 1.1)Toe FSi (need 1.5)  

0+0 to 30+0 0+00 30+00 500  500  28.0 28.0 28.0 66.0 170 11.6    961 961 168 61 961 1190 9.39 0.34 0.85 2.53  3.42    
30+0 to 46+0 30+00 46+00 200  200  35.0 35.0 35.0 60.0 150.0 17.6    648 648 147 140 648 935 12.16 0.35 0.85 2.45  2.95    
46+0 to 50+0 46+00 50+00 250  250  25.0 25.0 25.0 67.0 100.0 17.0    647 647 99 118 647 864 12.73 0.51 0.85 1.67  2.03    
50+0 to 59+0 50+00 59+00 300  300  20.0 20.0 20.0 62.5 100.0 20.5    612 612 99 127 612 838 14.97 0.75 0.85 1.14  1.33    
59+0 to 70+0 59+00 70+00 300  300  23.0 23.0 23.0 58.0 150.0 20.5    633 633 147 150 633 930 13.95 0.61 0.85 1.40  1.64    
70+0 to 74+0 70+00 74+00 200  200  16.0 16.0 16.0 70.0 350.0 18.0    473 473 298 120 473 891 9.56 0.60 0.85 1.42  1.71    
74+0 to 86+0 74+00 86+00 200  200  16.0 16.016.0 70.0 350.0 18.5    473 473 298 120 473 891 9.83 0.61 0.85 1.38  1.65    
86+0 to 96+0 86+00 96+00 250  250  28.0 28.0 28.0 62.0 650.0 15.5    659 659 498 110 659 1267 8.06 0.29 0.85 2.95  3.66    

96+0 to 110+0 96+00 110+00 150  150  30.0 30.0 30.0 66.0 1050.0 19.0    545 545 522 141 545 1208 8.57 0.29 0.85 2.98  3.53    

110+0 to 118+0 110+00 118+00 
250  250  20.0 20.0 20.0 65.0 400.0 19.3 

  
 570 570 345 145 570 1060 10.38 0.52 0.85 1.64  1.94  

Stability 
Berm 

Required

118+0 to 128+0 118+00 128+00 
250  250  20.0 20.0 20.0 67.0 380.0 23.0 

  
 579 579 333 160 579 1072 12.42 0.62 0.85 1.37  1.57  

Stability 
Berm 

Required
128+0 to 135+0 128+00 135+00 300  300  25.0 25.0 25.0 67.0 360.0 19.5    709 709 332 130 709 1171 11.81 0.47 0.85 1.80  2.13    
135+0 to 141+0 135+00 141+00 300  300  25.0 25.0 25.0 55.0 474.0 20.5    642 642 403 153 642 1199 10.99 0.44 0.85 1.93  2.27    
141+0 to 151+0 141+00 151+00 300  300  20.0 20.0 20.0 60.0 425.0 22.0    600 600 366 136 600 1102 11.98 0.60 0.85 1.42  1.64    
151+0 to 161+0 151+00 161+00 300  300  25.0 25.0 25.0 56.0 400.0 20.2    648 648 356 129 648 1133 11.55 0.46 0.85 1.84  2.16    
161+0 to 170+0 161+00 170+00 300  300  12.0 12.0 12.0 65.0 250.0 20.1    484 484 230 130 484 844 11.53 0.96 0.85 0.89  1.04    
170+0 to 182+0 170+00 182+00 200  200  18.0 18.0 18.0 67.0 350.0 22.0 Has Berm  491 491 301 150 491 942 11.47 0.64 0.85 1.33  1.54    
182+0 to 193+0 182+00 193+00 250  250  23.0 23.0 23.0 60.0 175.0 20.0    587 587 170 134 587 891 13.18 0.57 0.85 1.48  1.75    

Argentine 5

EXHIBIT A-5.32 
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Input Parameters 5 Ft Raise 

 
Analysis of Without Berm Conditions 5 Ft Raise 

Station Begin Station End Station 
(Kf/Kb)R (Kf/Kb)L DbL Dbo Dbr Df  LR H Remarks  CR CL L1 L2 Le Lt ho io ic Check #1 Check #1 Remarks

  Feet Feet                    FeetFeetFeetFeetFeetFeet Feet Ft/Ft Ft/Ft Full Head  Reduced Head   

                            Toe FSi (need 1.1)Toe FSi (need 1.5)  

193+0 to 203+0 
193+00 203+00 

300  300  25.0 25.0 25.0 66.9 93 20.5 
Has Berm

 708 708 92 135 708 936 15.52 0.62 0.85 1.37  1.60  

Stability 
Berm 

Required
203+0 to 210+0 203+00 210+00 250  250  25.0 25.0 25.0 74.0 73.0 20.5 Has Berm  680 680 73 120 680 873 15.97 0.64 0.85 1.33  1.56    
210+0 to 218+0 210+00 218+00 250  250  30.0 30.0 30.0 62.5 150.0 21.4    685 685 148 125 685 957 15.31 0.51 0.85 1.67  1.94    
218+0 to 226+0 218+00 226+00 200  200  25.0 25.0 25.0 63.0 150.0 24.8    561 561 147 125 561 833 16.71 0.67 0.85 1.27  1.45    
226+0 to 234+0 226+00 234+00 300  300  28.0 28.0 28.0 55.0 170.0 23.2 Has Berm  680 680 167 124 680 970 16.25 0.58 0.85 1.46  1.68    
234+0 to 245+0 234+00 245+00 250  250  25.0 25.0 25.0 61.0 150.0 23.5 Has Berm  617 617 147 135 617 900 16.13 0.65 0.85 1.32  1.51    
245+0 to 260+0 245+00 260+00 300  300  28.0 28.0 28.0 62.0 160.0 22.5    722 722 157 133 722 1012 16.04 0.57 0.85 1.48  1.71    
260+0 to 270+0 260+00 270+00 250  250  28.0 28.0 28.0 55.0 125.0 21.5    620 620 123 143 620 887 15.04 0.54 0.85 1.58  1.84    
270+0 to 275+0 270+00 275+00 300  300  28.0 28.0 28.0 66.9 94.0 15.6    750 750 94 121 750 964 12.13 0.43 0.85 1.96  2.43    
275+0 to 280+0 275+00 280+00 275  275  40.0 40.0 40.0 68.8 62.0 12.0 Floodwall  870 870 62 0 870 932 11.20 0.28 0.85 3.03  4.05    
280+0 to 290+0 280+00 290+00 200  200  40.0 40.0 40.0 78.0 50.0 10.8  790 790 50 0 790 840 10.16 0.25 0.85 3.35  4.63  

                      
Floodwall

                       
  

EXHIBIT A-5.32 (Continued) 
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Berm Design Information 5 Ft Raise 
Berm Width Design Berm Thickness Design 

Mid BermH(WT)Berm Toe Safety H'o               Levee Toe Station Excessive Head Control  (Feet) Trial Width Effective  
Length 

Head, ft Feet Gradient Factor at Levee Toe 

Trial Minimum Berm 
Thickness  

Gradient

Safety Factor 
Check at Levee 

Toe 

  FSi = 1.1 FSi = 1.5 WT L't H(WT/2)   IBerm Berm Toe Feet t' I'o For 1.5For 1.1
0+0 to 30+0    NA    NA 0     NA    NA    NA    NA    NA    NA 0    NA    NA   

30+0 to 46+0    NA    NA 0     NA    NA    NA    NA    NA    NA 0    NA    NA   
46+0 to 50+0    NA    NA 0     NA    NA    NA    NA    NA    NA 0    NA    NA   
50+0 to 59+0    NA 1.45 10  913  13.7  13.6 0.68 1.25  11.83  2.5 0.41  2.05   
59+0 to 70+0    NA    NA 0     NA    NA    NA    NA    NA    NA 0    NA    NA   
70+0 to 74+0    NA    NA 0     NA    NA    NA    NA    NA    NA 0    NA    NA   
74+0 to 86+0    NA    NA 0     NA    NA    NA    NA    NA    NA 0    NA    NA   
86+0 to 96+0    NA    NA 0     NA    NA    NA    NA    NA    NA 0    NA    NA   

96+0 to 110+0    NA    NA 0     NA    NA    NA    NA    NA    NA 0    NA    NA   
110+0 to 118+0    NA    NA 0     NA    NA    NA    NA    NA    NA 0    NA    NA   
118+0 to 128+0    NA    NA 0     NA    NA    NA    NA    NA    NA 0    NA    NA   
128+0 to 135+0    NA    NA 0     NA    NA    NA    NA    NA    NA 0    NA    NA   
135+0 to 141+0    NA    NA 0     NA    NA    NA    NA    NA    NA 0    NA    NA   
141+0 to 151+0    NA    NA 0     NA    NA    NA    NA    NA    NA 0    NA    NA   
151+0 to 161+0    NA    NA 0     NA    NA    NA    NA    NA    NA 0    NA    NA   
161+0 to 170+0 2.25 3.01 210  949  10.2  8.2  0.69 1.24  10.61  3 0.51  1.67   
170+0 to 182+0    NA    NA 0     NA    NA    NA    NA    NA    NA 0    NA    NA   
182+0 to 193+0    NA    NA 0     NA    NA    NA    NA    NA    NA 0    NA    NA   

                            

EXHIBIT A-5.33 
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Berm Design Information 5 Ft Raise 

Berm Width Design Berm Thickness Design 

Mid Berm H(WT) Berm Toe Safety H'o               Levee Toe Station Excessive Head Control  (Feet) Trial 
Width 

Effective  
Length 

Head, ft Feet Gradient Factor at Levee Toe 

Trial Minimum Berm 
Thickness  

Gradient

Safety Factor 
Check at Levee Toe

  FSi = 1.1 FSi = 1.5 WT L't H(WT/2)   IBerm Berm Toe Feet t' I'o For 1.5 For 1.1
193+0 to 203+0    NA    NA 0     NA    NA    NA    NA    NA    NA 0    NA    NA   

                Okay    NA 0    NA      NA 
203+0 to 210+0    NA    NA 0     NA    NA    NA    NA    NA    NA 0    NA    NA   

                Okay    NA 0    NA      NA 
210+0 to 218+0    NA    NA 0     NA    NA    NA    NA    NA    NA 0    NA    NA   

                Okay    NA 0    NA      NA 
218+0 to 226+0    NA 0.53 10  908  15.3  15.2 0.61 1.40  13.60  2.5 0.40  2.11   

                Okay 15.47  2 0.50    1.70 
226+0 to 234+0    NA    NA 0     NA    NA    NA    NA    NA    NA 0    NA    NA   

                Okay    NA 0    NA      NA 
234+0 to 245+0    NA    NA 0     NA    NA    NA    NA    NA    NA 0    NA    NA   

                Okay    NA 0    NA      NA 
245+0 to 260+0    NA    NA 0     NA    NA    NA    NA    NA    NA 0    NA    NA   

                Okay    NA 0    NA      NA 
260+0 to 270+0    NA    NA 0     NA    NA    NA    NA    NA    NA 0    NA    NA   

                Okay    NA 0    NA      NA 
270+0 to 275+0    NA    NA 0     NA    NA    NA    NA    NA    NA 0    NA    NA   

                Okay    NA 0    NA      NA 
275+0 to 280+0    NA    NA 0     NA    NA    NA    NA    NA    NA 0    NA    NA   

                Okay    NA 0    NA      NA 
280+0 to 290+0    NA    NA 0     NA    NA    NA    NA    NA    NA 0    NA    NA   

                Okay    NA 0    NA      NA 

                            

 

EXHIBIT A-5.33 (Continued) 
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EXHIBIT A-5.34  
Argentine Unit 500-Yr + 5 ft With Survey Data Added 

Station Station 500 yr Elevation Existing TOL Levee Toe 500 - ETOL Notes TYP Cross Section New TOL 500 - NTOL NTOL - ETOL 
Levee Raise 

0+00 0 778.63 778.00 770.00 0.63 Hillside Ditch   783.63 -5.00 5.63 
1+00 100 778.63 778.15 770.00 0.48 Hillside Ditch   783.63 -5.00 5.48 
2+00 200 778.63 779.77 770.00 -1.14 Hillside Ditch   783.63 -5.00 3.86 
3+00 300 778.63 779.75 768.00 -1.12 Hillside Ditch   783.63 -5.00 3.88 
4+00 400 778.63 779.61 768.00 -0.98 Hillside Ditch   783.63 -5.00 4.02 
5+00 500 778.63 779.42 768.93 -0.79 Hillside Ditch   783.63 -5.00 4.21 
6+00 600 778.63 779.08 770.00 -0.45 Hillside Ditch   783.63 -5.00 4.55 
7+00 700 778.63 779.19 770.00 -0.56 Hillside Ditch   783.63 -5.00 4.44 
8+00 800 778.63 779.27 770.00 -0.64 Hillside Ditch   783.63 -5.00 4.36 
9+00 900 778.63 779.23 770.00 -0.60 Hillside Ditch   783.63 -5.00 4.40 

10+00 1000 778.63 779.12 770.00 -0.49 Hillside Ditch   783.63 -5.00 4.51 
11+00 1100 778.63 778.82 768.00 -0.19 Hillside Ditch   783.63 -5.00 4.81 
12+00 1200 778.63 778.80 768.00 -0.17 Hillside Ditch   783.63 -5.00 4.83 
13+00 1300 778.63 778.83 768.00 -0.20 Key RD. 55th St  783.63 -5.00 4.80 
14+00 1400 778.63 778.89 768.00 -0.26 Hillside Ditch   783.63 -5.00 4.74 
15+00 1500 778.63 778.90 768.00 -0.27 Hillside Ditch   783.63 -5.00 4.73 
16+00 1600 778.63 778.97 768.00 -0.34 Hillside Ditch   783.63 -5.00 4.66 
17+00 1700 778.63 778.96 768.00 -0.33 Hillside Ditch   783.63 -5.00 4.67 
18+00 1800 778.63 778.94 768.00 -0.31 Hillside Ditch   783.63 -5.00 4.69 
19+00 1900 778.63 778.98 768.34 -0.35 Hillside Ditch   783.63 -5.00 4.65 
20+00 2000 778.63 778.87 768.83 -0.24 Hillside Ditch   783.63 -5.00 4.76 
21+00 2100 778.63 778.87 768.00 -0.24 Hillside Ditch   783.63 -5.00 4.76 
22+00 2200 778.63 778.88 770.00 -0.25 Hillside Ditch   783.63 -5.00 4.75 
23+00 2300 778.63 779.04 772.00 -0.41 Hillside Ditch   783.63 -5.00 4.59 
24+00 2400 778.63 779.06 772.00 -0.43 Hillside Ditch   783.63 -5.00 4.57 
25+00 2500 778.63 779.25 772.00 -0.62 Hillside Ditch   783.63 -5.00 4.38 
26+00 2600 778.63 779.19 772.00 -0.56 Hillside Ditch   783.63 -5.00 4.44 
27+00 2700 778.63 779.23 772.00 -0.60 Hillside Ditch   783.63 -5.00 4.40 
28+00 2800 778.63 779.18 774.00 -0.55 Hillside Ditch Closure Structure 783.63 -5.00 4.45 
29+00 2900 778.63 774.00 **** 4.63 Barber Creek RR FG Closure Structure 783.63 -5.00 9.63 
30+00 3000 778.63 778.90 768.00 -0.27 Barber Creek   783.63 -5.00 4.73 
31+00 3100 778.63 778.90 766.00 -0.27 Barber Creek   783.61 -4.98 4.71 
32+00 3200 778.63 778.00 768.00 0.63 Barber Creek   783.58 -4.95 5.58 
33+00 3300 778.63 777.75 768.00 0.88 Barber Creek   783.56 -4.93 5.81 
34+00 3400 778.63 777.76 **** 0.87 Barber Creek Thorne Dr   783.53 -4.90 5.77 
35+00 3500 778.63 778.67 766.00 -0.04 Barber Creek  783.51 -4.88 4.84 
36+00 3600 778.63 778.66 766.00 -0.03 Barber Creek  783.49 -4.86 4.83 
37+00 3700 778.63 777.84 766.00 0.79 Barber Creek  783.46 -4.83 5.62 
38+00 3800 778.63 777.75 768.00 0.88 LV KS  783.44 -4.81 5.69 
39+00 3900 778.63 777.94 766.00 0.69 LV KS  783.41 -4.78 5.47 
40+00 4000 778.61 778.13 766.00 0.48 LV KS  783.39 -4.78 5.26 
41+00 4100 778.59 777.89 766.00 0.70 LV KS  783.36 -4.77 5.47 
42+00 4200 778.54 777.74 765.00 0.80 LV KS  783.34 -4.80 5.60 
43+00 4300 778.50 777.79 765.00 0.71 LV KS  783.32 -4.82 5.53 
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EXHIBIT A-5.34  
Argentine Unit 500-Yr + 5 ft With Survey Data Added 

Station Station 500 yr Elevation Existing TOL Levee Toe 500 - ETOL Notes TYP Cross Section New TOL 500 - NTOL NTOL - ETOL 
Levee Raise 

44+00 4400 778.47 777.68 765.00 0.79 LV KS  783.29 -4.82 5.61 
45+00 4500 778.44 777.53 766.00 0.91 LV KS  783.27 -4.83 5.74 
46+00 4600 778.40 777.41 766.00 0.99 LV KS  783.24 -4.84 5.83 
47+00 4700 778.37 777.57 766.00 0.80 LV KS  783.22 -4.85 5.65 
48+00 4800 778.34 777.62 767.00 0.72 LV KS  783.20 -4.86 5.58 
49+00 4900 778.30 777.46 766.00 0.84 LV KS  783.17 -4.87 5.71 
50+00 5000 778.27 777.29 766.00 0.98 LV KS  783.15 -4.88 5.86 
51+00 5100 778.24 777.16 766.00 1.08 LV KS  783.12 -4.88 5.96 
52+00 5200 778.20 777.22 766.00 0.98 LV KS  783.10 -4.90 5.88 
53+00 5300 778.17 777.30 764.00 0.87 LV KS  783.07 -4.90 5.77 
54+00 5400 778.13 778.00 764.00 0.13 LV KS  783.05 -4.92 5.05 
55+00 5500 778.10 777.42 764.00 0.68 LV KS  783.03 -4.93 5.61 
56+00 5600 778.07 777.22 762.00 0.85 LV KS  783.00 -4.93 5.78 
57+00 5700 778.05 777.54 762.00 0.51 LV KS  782.98 -4.93 5.44 
58+00 5800 778.01 777.96 762.00 0.05 LV KS   782.95 -4.94 4.99 
59+00 5900 778.00 786.00 *** -8.00 LV KS Turner Bridge 782.93 -4.93 -3.07 
60+00 6000 777.97 778.00 *** -0.03 LV KS Turner Bridge 782.91 -4.94 4.91 
61+00 6100 777.93 777.13 762.00 0.80 LV KS  782.88 -4.95 5.75 
62+00 6200 777.91 777.33 762.00 0.58 LV KS  782.86 -4.95 5.53 
63+00 6300 777.88 777.37 762.00 0.51 LV KS  782.83 -4.95 5.46 
64+00 6400 777.85 777.15 762.00 0.70 LV KS  782.81 -4.96 5.66 
65+00 6500 777.82 777.17 762.00 0.65 LV KS  782.78 -4.96 5.61 
66+00 6600 777.79 777.07 762.00 0.72 LV KS  782.76 -4.97 5.69 
67+00 6700 777.76 777.07 762.00 0.69 LV KS  782.74 -4.98 5.67 
68+00 6800 777.73 777.18 762.00 0.55 LV KS  782.71 -4.98 5.53 
69+00 6900 777.70 777.30 762.00 0.40 LV KS  782.69 -4.99 5.39 
70+00 7000 777.67 777.33 762.00 0.34 LV KS  782.66 -4.99 5.33 
71+00 7100 777.64 777.36 762.00 0.28 LV KS  782.64 -5.00 5.28 
72+00 7200 777.61 777.15 762.00 0.46 LV KS  782.61 -5.00 5.46 
73+00 7300 777.57 776.90 764.00 0.67 LV KS  782.58 -5.01 5.68 
74+00 7400 777.54 776.92 764.00 0.62 LV KS  782.55 -5.01 5.63 
75+00 7500 777.51 776.92 764.00 0.59 LV KS  782.52 -5.01 5.60 
76+00 7600 777.47 776.90 764.00 0.57 LV KS  782.49 -5.02 5.59 
77+00 7700 777.44 776.87 764.00 0.57 LV KS  782.46 -5.02 5.59 
78+00 7800 777.41 776.82 764.00 0.59 LV KS  782.43 -5.02 5.61 
79+00 7900 777.37 776.75 764.00 0.62 LV KS  782.40 -5.03 5.65 
80+00 8000 777.33 776.69 762.00 0.64 LV KS  782.37 -5.04 5.68 
81+00 8100 777.30 776.69 762.00 0.61 LV KS  782.34 -5.04 5.65 
82+00 8200 777.27 776.74 762.00 0.53 LV KS  782.31 -5.04 5.57 
83+00 8300 777.24 776.83 764.00 0.41 LV KS  782.28 -5.04 5.45 
84+00 8400 777.22 776.76 764.00 0.46 LV KS  782.25 -5.03 5.49 
85+00 8500 777.19 776.73 764.00 0.46 LV KS  782.22 -5.03 5.49 
86+00 8600 777.17 776.85 765.00 0.32 LV KS  782.19 -5.02 5.34 
87+00 8700 777.14 776.75 766.00 0.39 LV KS  782.16 -5.02 5.41 

EXHIBIT A-5.34 (Continued) 
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EXHIBIT A-5.34  
Argentine Unit 500-Yr + 5 ft With Survey Data Added 

Station Station 500 yr Elevation Existing TOL Levee Toe 500 - ETOL Notes TYP Cross Section New TOL 500 - NTOL NTOL - ETOL 
Levee Raise 

88+00 8800 777.11 776.63 766.00 0.48 LV KS  782.13 -5.02 5.50 
89+00 8900 777.08 776.57 766.00 0.51 LV KS  782.10 -5.02 5.53 
90+00 9000 777.06 776.68 768.00 0.38 LV KS  782.07 -5.01 5.39 
91+00 9100 777.03 776.68 768.00 0.35 LV KS  782.04 -5.01 5.36 
92+00 9200 777.00 776.63 768.00 0.37 LV KS  782.01 -5.01 5.38 
93+00 9300 776.97 776.67 768.00 0.30 LV KS  781.98 -5.01 5.31 
94+00 9400 776.95 776.55 768.00 0.40 LV KS  781.95 -5.00 5.40 
95+00 9500 776.92 776.42 768.00 0.50 LV KS  781.92 -5.00 5.50 
96+00 9600 776.89 776.46 768.00 0.43 LV KS  781.89 -5.00 5.43 
97+00 9700 776.86 776.61 766.00 0.25 LV KS  781.86 -5.00 5.25 
98+00 9800 776.83 776.53 764.00 0.30 LV KS  781.83 -5.00 5.30 
99+00 9900 776.80 776.61 764.00 0.19 LV KS  781.80 -5.00 5.19 

100+00 10000 776.77 776.25 764.00 0.52 LV KS  781.77 -5.00 5.52 
101+00 10100 776.74 776.13 764.00 0.61 LV KS  781.74 -5.00 5.61 
102+00 10200 776.71 776.30 764.00 0.41 LV KS  781.71 -5.00 5.41 
103+00 10300 776.68 776.24 764.00 0.44 LV KS  781.68 -5.00 5.44 
104+00 10400 776.65 776.16 764.00 0.49 LV KS  781.65 -5.00 5.49 
105+00 10500 776.61 775.93 764.00 0.68 LV KS  781.62 -5.01 5.69 
106+00 10600 776.58 775.81 762.00 0.77 LV KS  781.59 -5.01 5.78 
107+00 10700 776.55 775.73 762.00 0.82 LV KS  781.56 -5.01 5.83 
108+00 10800 776.52 775.69 762.00 0.83 LV KS  781.53 -5.01 5.84 
109+00 10900 776.49 775.65 762.00 0.84 LV KS  781.50 -5.01 5.85 
110+00 11000 776.46 775.61 762.00 0.85 LV KS  781.47 -5.01 5.86 
111+00 11100 776.43 775.58 762.00 0.85 LV KS  781.44 -5.01 5.86 
112+00 11200 776.40 775.68 762.00 0.72 LV KS  781.41 -5.01 5.73 
113+00 11300 776.36 775.78 762.00 0.58 LV KS  781.38 -5.02 5.60 
114+00 11400 776.33 775.74 762.00 0.59 LV KS  781.35 -5.02 5.61 
115+00 11500 776.30 775.62 762.00 0.68 LV KS  781.32 -5.02 5.70 
116+00 11600 776.27 775.51 762.00 0.76 LV KS  781.29 -5.02 5.78 
117+00 11700 776.24 775.40 762.00 0.84 LV KS  781.26 -5.02 5.86 
118+00 11800 776.21 775.29 762.00 0.92 LV KS  781.23 -5.02 5.94 
119+00 11900 776.18 775.17 762.00 1.01 LV KS  781.20 -5.02 6.03 
120+00 12000 776.14 775.01 762.00 1.13 LV KS  781.17 -5.03 6.16 
121+00 12100 776.11 774.99 759.00 1.12 LV KS  781.14 -5.03 6.15 
122+00 12200 776.08 775.08 759.00 1.00 LV KS  781.11 -5.03 6.03 
123+00 12300 776.05 775.22 758.00 0.83 LV KS  781.08 -5.03 5.86 
124+00 12400 776.02 775.18 758.00 0.84 LV KS  781.05 -5.03 5.87 
125+00 12500 775.99 775.29 758.00 0.70 LV KS  781.02 -5.03 5.73 
126+00 12600 776.00 775.35 758.00 0.65 LV KS  780.99 -4.99 5.64 
127+00 12700 775.93 775.48 758.00 0.45 LV KS  780.96 -5.03 5.48 
128+00 12800 775.90 775.40 758.00 0.50 LV KS  780.93 -5.03 5.53 
129+00 12900 775.87 775.22 756.00 0.65 LV KS  780.90 -5.03 5.68 
130+00 13000 775.83 774.93 756.00 0.90 LV KS  780.87 -5.04 5.94 
131+00 13100 775.80 774.84 761.00 0.96 LV KS  780.84 -5.04 6.00 
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EXHIBIT A-5.34  
Argentine Unit 500-Yr + 5 ft With Survey Data Added 

Station Station 500 yr Elevation Existing TOL Levee Toe 500 - ETOL Notes TYP Cross Section New TOL 500 - NTOL NTOL - ETOL 
Levee Raise 

132+00 13200 775.77 774.87 760.00 0.90 LV KS  780.81 -5.04 5.94 
133+00 13300 775.74 774.95 762.00 0.79 LV KS  780.78 -5.04 5.83 
134+00 13400 775.70 775.01 762.00 0.69 LV KS  780.75 -5.05 5.74 
135+00 13500 775.68 775.06 761.00 0.62 LV KS  780.72 -5.04 5.66 
136+00 13600 775.65 775.17 760.00 0.48 LV KS  780.69 -5.04 5.52 
137+00 13700 775.63 775.12 760.00 0.51 LV KS  780.66 -5.03 5.54 
138+00 13800 775.60 775.04 760.00 0.56 LV KS  780.63 -5.03 5.59 
139+00 13900 775.58 774.72 760.00 0.86 LV KS  780.60 -5.02 5.88 
140+00 14000 775.55 774.72 760.00 0.83 LV KS  780.57 -5.02 5.85 
141+00 14100 775.53 774.76 760.00 0.77 LV KS  780.54 -5.01 5.78 
142+00 14200 775.51 774.69 760.00 0.82 LV KS  780.51 -5.00 5.82 
143+00 14300 775.48 774.76 758.00 0.72 LV KS  780.48 -5.00 5.72 
144+00 14400 775.46 774.68 758.00 0.78 LV KS  780.45 -4.99 5.77 
145+00 14500 775.43 774.65 756.00 0.78 LV KS  780.42 -4.99 5.77 
146+00 14600 775.41 774.65 758.00 0.76 LV KS  780.39 -4.98 5.74 
147+00 14700 775.38 774.64 758.00 0.74 LV KS  780.36 -4.98 5.72 
148+00 14800 775.36 774.64 758.00 0.72 LV KS  780.33 -4.97 5.69 
149+00 14900 775.34 774.68 759.00 0.66 LV KS  780.30 -4.96 5.62 
150+00 15000 775.32 774.79 760.00 0.53 LV KS I-635 780.27 -4.95 5.48 
151+00 15100 775.30 774.89 762.00 0.41 LV KS I-635 780.24 -4.94 5.35 
152+00 15200 775.21 774.99 760.00 0.22 LV KS I-635 780.21 -5.00 5.22 
153+00 15300 775.20 774.86 760.00 0.34 LV KS  780.20 -5.00 5.34 
154+00 15400 775.19 774.67 760.00 0.52 LV KS  780.19 -5.00 5.52 
155+00 15500 775.18 774.54 760.00 0.64 LV KS  780.18 -5.00 5.64 
156+00 15600 775.17 774.54 760.00 0.63 LV KS  780.17 -5.00 5.63 
157+00 15700 775.16 774.48 757.00 0.68 LV KS  780.16 -5.00 5.68 
158+00 15800 775.15 774.49 760.00 0.66 LV KS  780.15 -5.00 5.66 
159+00 15900 775.14 774.53 760.00 0.61 LV KS  780.14 -5.00 5.61 
160+00 16000 775.14 774.50 760.00 0.64 LV KS  780.13 -4.99 5.63 
161+00 16100 775.12 774.70 760.00 0.42 LV KS  780.12 -5.00 5.42 
162+00 16200 775.12 774.73 760.00 0.39 LV KS  780.11 -4.99 5.38 
163+00 16300 775.11 774.56 760.00 0.55 LV KS  780.10 -4.99 5.54 
164+00 16400 775.10 774.51 760.00 0.59 LV KS  780.09 -4.99 5.58 
165+00 16500 775.09 774.62 760.00 0.47 LV KS  780.08 -4.99 5.46 
166+00 16600 775.08 774.81 760.00 0.27 LW Ramp   780.08 -5.00 5.27 
167+00 16700 775.07 774.53 760.00 0.54 LV KS  780.07 -5.00 5.54 
168+00 16800 775.06 774.25 760.00 0.81 LV KS  780.05 -4.99 5.80 
169+00 16900 775.05 774.20 760.00 0.85 RW Ramp  780.04 -4.99 5.84 
170+00 17000 775.04 774.15 760.00 0.89 LV KS  780.03 -4.99 5.88 
171+00 17100 775.03 774.34 759.00 0.69 LV KS  780.01 -4.98 5.67 
172+00 17200 775.02 774.31 758.00 0.71 LV KS  780.00 -4.98 5.69 
173+00 17300 775.01 774.18 760.00 0.83 LV KS  779.99 -4.98 5.81 
174+00 17400 775.00 774.15 760.00 0.85 LV KS  779.97 -4.97 5.82 
175+00 17500 774.98 774.29 760.00 0.69 LV KS  779.96 -4.98 5.67 
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EXHIBIT A-5.34  
Argentine Unit 500-Yr + 5 ft With Survey Data Added 

Station Station 500 yr Elevation Existing TOL Levee Toe 500 - ETOL Notes TYP Cross Section New TOL 500 - NTOL NTOL - ETOL 
Levee Raise 

176+00 17600 774.97 774.39 760.00 0.58 LV KS  779.95 -4.98 5.56 
177+00 17700 774.95 774.49 760.00 0.46 LV KS  779.94 -4.99 5.45 
178+00 17800 774.94 774.41 760.00 0.53 LV KS  779.92 -4.98 5.51 
179+00 17900 774.92 774.39 760.00 0.53 LV KS  779.91 -4.99 5.52 
180+00 18000 774.91 774.25 758.00 0.66 LV KS  779.90 -4.99 5.65 
181+00 18100 774.89 774.30 756.00 0.59 LV KS  779.88 -4.99 5.58 
182+00 18200 774.88 774.36 756.00 0.52 LV KS  779.87 -4.99 5.51 
183+00 18300 774.86 774.25 756.00 0.61 LV KS  779.86 -5.00 5.61 
184+00 18400 774.85 774.08 756.00 0.77 LV KS  779.84 -4.99 5.76 
185+00 18500 774.83 774.00 757.00 0.83 LV KS  779.83 -5.00 5.83 
186+00 18600 774.82 774.11 758.00 0.71 LV KS  779.82 -5.00 5.71 
187+00 18700 774.81 774.37 760.00 0.44 LV KS  779.80 -4.99 5.43 
188+00 18800 774.79 774.50 760.00 0.29 LV KS  779.79 -5.00 5.29 
189+00 18900 774.78 774.15 760.00 0.63 LV KS  779.78 -5.00 5.63 
190+00 19000 774.76 774.00 760.00 0.76 LV KS  779.76 -5.00 5.76 
191+00 19100 774.75 774.18 760.00 0.57 LV KS  779.75 -5.00 5.57 
192+00 19200 774.74 774.16 760.00 0.58 LV KS  779.73 -4.99 5.57 
193+00 19300 774.72 774.02 758.00 0.70 LV KS  779.72 -5.00 5.70 
194+00 19400 774.70 774.00 758.00 0.70 LV KS  779.71 -5.01 5.71 
195+00 19500 774.69 774.09 758.00 0.60 LV KS  779.69 -5.00 5.60 
196+00 19600 774.68 774.12 756.00 0.56 LV KS  779.68 -5.00 5.56 
197+00 19700 774.66 773.98 758.00 0.68 LV KS  779.67 -5.00 5.68 
198+00 19800 774.65 774.12 759.00 0.53 LV KS  779.65 -5.00 5.53 
199+00 19900 774.64 774.04 757.00 0.60 LV KS  779.64 -5.00 5.60 
200+00 20000 774.62 773.89 756.00 0.73 LV KS  779.62 -5.00 5.73 
201+00 20100 774.60 773.83 759.00 0.77 LV KS  779.61 -5.01 5.78 
202+00 20200 774.59 773.87 760.00 0.72 LV KS  779.60 -5.01 5.73 
203+00 20300 774.58 773.54 762.00 1.04 LV KS  779.58 -5.00 6.04 
204+00 20400 774.56 773.99 760.00 0.57 LV KS  779.57 -5.01 5.58 
205+00 20500 774.55 773.95 758.00 0.60 LV KS  779.55 -5.00 5.60 
206+00 20600 774.54 774.20 758.00 0.34 LV KS  779.54 -5.00 5.34 
207+00 20700 774.52 774.00 758.00 0.52 LV KS  779.53 -5.01 5.53 
208+00 20800 774.51 773.72 759.00 0.79 LV KS  779.52 -5.01 5.80 
209+00 20900 774.50 773.82 760.00 0.68 LV KS  779.51 -5.01 5.69 
210+00 21000 774.50 773.87 760.00 0.63 LV KS  779.50 -5.00 5.63 
211+00 21100 774.50 773.89 761.00 0.61 LV KS  779.49 -4.99 5.60 
212+00 21200 774.50 773.40 766.00 1.10 LV KS  779.49 -4.98 6.08 
213+00 21300 774.50 773.68 ***** 0.82 KS AVE Bridge  779.48 -4.98 5.80 
214+00 21400 774.50 778.00 ***** -3.50 KS AVE Bridge  779.47 -4.97 1.47 
215+00 21500 774.49 789.43 ***** -14.94 KS AVE Bridge  779.46 -4.97 -9.97 
216+00 21600 774.47 774.68 ***** -0.21 KS AVE Bridge  779.45 -4.98 4.77 
217+00 21700 774.45 772.89 758.00 1.56 LV KS  779.44 -4.99 6.55 
218+00 21800 774.43 773.06 758.00 1.37 LV KS  779.43 -5.00 6.37 
219+00 21900 774.40 773.02 757.00 1.38 LV KS  779.41 -5.01 6.39 
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EXHIBIT A-5.34  
Argentine Unit 500-Yr + 5 ft With Survey Data Added 

Station Station 500 yr Elevation Existing TOL Levee Toe 500 - ETOL Notes TYP Cross Section New TOL 500 - NTOL NTOL - ETOL 
Levee Raise 

220+00 22000 774.38 773.08 757.00 1.30 LV KS  779.39 -5.01 6.31 
221+00 22100 774.36 773.15 757.00 1.21 LV KS  779.37 -5.01 6.22 
222+00 22200 774.34 773.09 757.00 1.25 LV KS  779.34 -5.00 6.25 
223+00 22300 774.32 772.99 757.00 1.33 LV KS  779.32 -5.00 6.33 
224+00 22400 774.30 772.87 757.00 1.43 LV KS  779.30 -5.00 6.43 
225+00 22500 774.27 772.82 756.00 1.45 LV KS  779.28 -5.01 6.46 
226+00 22600 774.25 772.73 756.00 1.52 LV KS  779.26 -5.01 6.53 
227+00 22700 774.23 772.90 756.00 1.33 LV KS  779.24 -5.01 6.34 
228+00 22800 774.21 772.73 756.00 1.48 LV KS  779.21 -5.00 6.48 
229+00 22900 774.19 772.67 758.00 1.52 LV KS  779.19 -5.00 6.52 
230+00 23000 774.17 772.64 758.00 1.53 LV KS  779.17 -5.00 6.53 
231+00 23100 774.14 772.60 757.00 1.54 LV KS  779.15 -5.01 6.55 
232+00 23200 774.12 772.62 757.00 1.50 LV KS  779.13 -5.01 6.51 
233+00 23300 774.10 772.43 757.00 1.69 LV KS  779.11 -5.01 6.68 
234+00 23400 774.08 772.55 758.00 1.55 LV KS  779.08 -5.00 6.53 
235+00 23500 774.06 772.65 758.00 1.43 LV KS  779.06 -5.00 6.41 
236+00 23600 774.04 772.36 758.00 1.70 LV KS  779.04 -5.00 6.68 
237+00 23700 774.02 772.19 757.00 1.85 LV KS  779.02 -5.00 6.83 
238+00 23800 773.96 772.22 757.00 1.80 LV KS  779.00 -5.04 6.78 
239+00 23900 773.89 772.35 757.00 1.61 LV KS  778.98 -5.09 6.63 
240+00 24000 773.88 772.32 757.00 1.56 LV KS  778.96 -5.08 6.64 
241+00 24100 773.86 772.22 757.00 1.64 LV KS  778.94 -5.08 6.72 
242+00 24200 773.85 772.21 758.00 1.64 LV KS  778.92 -5.07 6.71 
243+00 24300 773.84 772.11 758.00 1.73 LV KS  778.90 -5.06 6.79 
244+00 24400 773.82 772.11 758.00 1.71 LV KS  778.88 -5.06 6.77 
245+00 24500 773.81 772.14 758.00 1.67 LV KS  778.86 -5.05 6.72 
246+00 24600 773.79 771.92 758.00 1.87 LV KS  778.85 -5.06 6.93 
247+00 24700 773.78 771.62 758.00 2.16 LV KS  778.83 -5.05 7.21 
248+00 24800 773.76 771.32 758.00 2.44 LV KS  778.81 -5.05 7.49 
249+00 24900 773.75 771.84 758.00 1.91 LV KS  778.79 -5.04 6.95 
250+00 25000 773.74 771.82 759.00 1.92 LV KS  778.77 -5.03 6.95 
251+00 25100 773.72 771.95 758.00 1.77 LV KS  778.75 -5.03 6.80 
252+00 25200 773.68 771.50 ***** 2.18 FW  778.73 -5.05 7.23 
253+00 25300 773.69 771.50 ***** 2.19 FW  778.71 -5.02 7.21 
254+00 25400 773.68 771.33 760.00 2.35 LV KS  778.69 -5.01 7.36 
255+00 25500 773.66 771.16 758.00 2.50 LV KS  778.67 -5.01 7.51 
256+00 25600 773.65 771.05 758.00 2.60 LV KS  778.65 -5.00 7.60 
257+00 25700 773.64 771.01 758.00 2.63 LV KS  778.63 -4.99 7.62 
258+00 25800 773.62 771.44 758.00 2.18 LV KS  778.61 -4.99 7.17 
259+00 25900 773.60 771.19 757.00 2.41 LV KS  778.59 -4.99 7.40 
260+00 26000 773.59 771.09 757.00 2.50 LV KS  778.57 -4.98 7.48 
261+00 26100 773.57 771.07 757.00 2.50 LV KS  778.55 -4.98 7.48 
262+00 26200 773.56 771.03 757.00 2.53 LV KS  778.53 -4.97 7.50 
263+00 26300 773.54 771.20 757.00 2.34 LV KS  778.52 -4.98 7.32 
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Argentine Unit 500-Yr + 5 ft With Survey Data Added 

Station Station 500 yr Elevation Existing TOL Levee Toe 500 - ETOL Notes TYP Cross Section New TOL 500 - NTOL NTOL - ETOL 
Levee Raise 

264+00 26400 773.53 771.31 757.00 2.22 LV KS  778.50 -4.97 7.19 
265+00 26500 773.51 771.11 757.00 2.40 LV KS  778.48 -4.97 7.37 
266+00 26600 773.49 770.87 757.00 2.62 LV KS  778.46 -4.97 7.59 
267+00 26700 773.47 770.71 757.00 2.76 LV KS  778.44 -4.97 7.73 
268+00 26800 773.45 770.61 758.00 2.84 LV KS  778.42 -4.97 7.81 
269+00 26900 773.44 770.41 758.00 3.03 LV KS  778.40 -4.96 7.99 
270+00 27000 773.42 770.53 758.00 2.89 LV KS  778.38 -4.96 7.85 
271+00 27100 773.36 770.66 758.00 2.70 LV KS  778.36 -5.00 7.70 
272+00 27200 773.20 770.56 758.00 2.64 LV KS  777.44 -4.24 6.88 
273+00 27300 773.13 770.56 758.00 2.57 LV KS  776.51 -3.38 5.95 
274+00 27400 773.06 770.46 758.00 2.60 LV KS  775.59 -2.53 5.13 
275+00 27500 772.98 770.87 758.00 2.11 LV KS  774.67 -1.69 3.80 
276+00 27600 772.90 770.86 758.00 2.04 LV KS  773.74 -0.84 2.88 
277+00 27700 772.82 771.00 760.00 1.82 LV KS  772.82 0.00 1.82 
278+00 27800 772.72 771.00 760.00 1.72 LV KS  772.82 -0.10 1.82 
279+00 27900 772.63 771.00 762.00 1.63 LV KS  772.82 -0.19 1.82 
280+00 28000 772.55 771.00 762.00 1.55 FW  772.82 -0.27 1.82 
281+00 28100 772.45 771.00 762.00 1.45 FW  772.82 -0.37 1.82 
282+00 28200 772.36 771.00 763.00 1.36 FW  772.82 -0.46 1.82 
283+00 28300 772.27 771.00 764.00 1.27 FW  772.82 -0.55 1.82 
284+00 28400 772.16 771.00 764.00 1.16 FW  772.82 -0.66 1.82 
285+00 28500 772.07 771.00 764.00 1.07 FW  772.82 -0.75 1.82 
286+00 28600 771.98 771.00 764.00 0.98 FW  772.82 -0.84 1.82 
287+00 28700 771.89 771.00 766.00 0.89 FW  772.82 -0.93 1.82 
288+00 28800 771.80 770.94 766.00 0.86   Stop Log 772.82 -1.02 1.88 
289+00 28900 771.93 768.97 ***** 2.96   Stop Log 772.82 -0.89 3.85 
289+40 28940 771.93 771.08 ****** 0.85   Stop Log 772.82 -0.89 1.74 

EXHIBIT A-5.34 (Continued) 



5-136  

EXHIBIT A-5.35 



5-137  

 

EXHIBIT A-5.36 



5-138  

 

EXHIBIT A-5.37 
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EXHIBIT A-5.38 
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EXHIBIT A-5.39 
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EXHIBIT A-5.40 
Hydraulic Grade Line for Sta 265+00 Argentine Kansas 
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EXHIBIT A-5.41 
Hydraulic Grade Line for Sta 265+00 Slope Stability at Base of Blanket 

Nominal 500-Yr + 5 ft. Argentine Unit 
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SLOPE STABILITY 
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EXHIBIT A-5.42 
500-Yr + 5 ft. Station 54+00 - Stability Analysis with Berms 

(Typical Sta. 2+00 to 60+00) 
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EXHIBIT A-5.43 
500-Yr + 5 ft. Station 61+00 - Stability Analysis with Berms 

(Typical Sta. 61+00 to 117+00) 
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EXHIBIT A-5.44 
500-Yr + 5 ft. Station 118+00 - Stability Analysis without Berms 

(Typical Sta. 118+00 to 182+20) 
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EXHIBIT A-5.45 
500-Yr + 5 ft. Station 183+00 - Stability Analysis with Berms 

(Typical 182+20 to 253+00) 
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EXHIBIT A-5.46 
500-Yr + 5 ft. Station 265+00 - Stability Analysis without Berms 

(Typical 258+00 to 276+70) 
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EXHIBIT A-5.47 
500-Yr + 5 ft. Station 265+00 - Stability Analysis without Berms with I Walls

(Typical 258+00 to 276+70) 
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EXHIBIT A-5.48 
500-Yr + 5 ft. Station 257+00 - Stability Analysis with Berms 

(Typical Sta. 254+00 to 264+00) 
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EXHIBIT A-5.49 
500-Yr + 5 ft. Station 265+00 - Stability Analysis with Berms 

(Typical Sta. 265+00 to 276+70) 
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EXHIBIT A-5.50 
500-Yr + 5 ft.  Station 265+00 - Stability Analysis with Berms 

(Typical Sta. 265+00 to 276+70) 
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EXHIBIT A-5.51 
Hydraulic Grade Line for the Sta 265+00 Slope Stability At Base of Blanket 

Nominal 500 Yr + 5 Wall Argentine Unit 
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EXHIBIT A-5.52 
Hydraulic Grade Line for the Sta 265+00  

Wall Argentine Unit 
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EXHIBIT A-5.53 
Hydraulic Grade Line for the Station 265+00 Argentine  
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DESIGN DATA 
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EXHIBIT A-5.54 
1962 – Mod Design Data - Silts  
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EXHIBIT A-5.55 
Kansas City, Kansas – 1962 MOD Argentine Unit 
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EXHIBIT A-5.56 
Kansas City, Kansas – 1962 MOD Argentine Unit 
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EXHIBIT A-5.57 
1962 – Mod Design Data - Clays 
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EXHIBIT A-5.58 
Kansas City, Kansas – 1962 MOD Argentine Unit 
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EXHIBIT A-5.59 
Kansas City, Kansas – 1962 MOD Argentine Unit 
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EXHIBIT A-5.60 
Kansas City, Kansas – 1962 MOD Argentine Unit 



5-164  

 

EXHIBIT A-5.61 
Kansas City, Kansas – 1962 MOD Argentine Unit 
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EXHIBIT A-5.62 
1962 MOD Design Data – Levee Impervious 
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EXHIBIT A-5.63 
Kansas City, Kansas – 1962 MOD Argentine Unit 
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EXHIBIT A-5.64 
Kansas City, Kansas – 1962 MOD Argentine Unit 
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EXHIBIT A-5.65 
Kansas City, Kansas – 1962 MOD Argentine Unit 
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EXHIBIT A-5.66 
Kansas City, Kansas – 1962 MOD Argentine Unit 
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 EXHIBIT A-5.67 
L-385 Information 
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