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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
. Saturated, . Cohesion, Phi Angle,
Soil Zones PCF Moist, PCF PSF Degrees
Levee Strengths
Undrained Impervious 120 110 1000 0
Drained Impervious 120 110 50 26
Random Fill (sand 120 110 0 32
Parameters used)
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




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.



TABLE A-5.2
Permeability Ratios for Blanket Materials

Blanket Material Permt:;iﬁ?t;dRa tio
SM : Silty Sand 100
ML : Silt 200-400
ML-CL : Silt/Clay 400
CL: Lean Clay 400-600
CH: Fat Clay 800-1000

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

FSi = 1i./1,, where i, = actual gradient and 1. = critical gradient

ic= Vb / yw. When soil particle movement begins at the toe

and yp = Ysat - Yw Where ysat = saturated unit weight of the soil and

Yw = unit weight of water

i,= Ah/zy

1, = 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.

Ah = 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.

71 = the thickness of the blanket
then FSi= ic/io = (v / yw ) /(Ah/zy )= (yo* zo1 ) / (A * yy)

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



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.



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)

Recommended

Begin.n ing Ending Control with t' for Recommended Yt Slope
Station Station Berms Wr
(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
171400 179+50 None None N/A N/A
179+50 183+00 Buried Collector N/A N/A N/A
183+00 202400 None None N/A N/A
202+00 207+00 Filter Blanket None N/A N/A
207400 223450 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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Required Underseepage Control for Embankments and Foundation,

TABLE A-5.4

Nominal 500-Year + 3 Feet Level of Protection

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

Beginning . . Recomn.lended
Station Ending Station | Control with t' for Recommended Wy Yt Slope
Berms
(Feet) (Feet) (Feet) (Feet) (Feet) 1on
0+00 34+00 None None NA | NA
34+00 40+00 Buried Collector N/A NnA | NA
40+00 161+00 None None NnA | NA
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 NA | NA
223+50 227+00 Area Fill None NA | NA
227400 244+00 None None N/A N/A
244+00 246+00 None None NnA | NA
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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Required Underseepage Control for Embankments and Foundation,

TABLE A-5.5

Nominal 500-Year + 5 Feet Level of Protection

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

Beginning

Recommended Control

Station Ending Station with ' for Berms Recommended Wt Yt |Slope
(Feet) (Feet) (Feet) (Feet) (Feet) | 1 on
0+00 34+00 None None NA | NA
34+00 40+00 Buried Collector N/A N/A | VA
40+00 161+00 None None NA | NA
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 NA | NA
223450 227+00 Area Fill None NA | NA
227+00 244+00 None None N/A | N/A
244400 246+00 None None N/A | NVA
246+00 278+00 None None N/A | N/A
278+00 282+00 Buried Collector None N/A | N/A
282400 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.

5-8




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.



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 [-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

Berm Levee
Beginnin Endin Structure ; Height Wi
S%ationg Statioﬁ Tvpe Thickness Raigs . (Fz;:t) Slope
(Feet)
Raise with )
21410 | 27450 NA | 1.0min | N/A | N/A | N/A
Top Cap
27450 | 28+30 | I-Wall N/A 1.0 | NA|NA | NA
28+30 | 29+70 Stg‘;g)g N/A 1.0 | NA|NA| NA
20470 | 40+00 | Landside | 1.0-15 | N/A | NJ/A | N/A
Raise
40400 | 4g+oo | Raisewith 1.0-15 | N/A | NJ/A | N/A
Top Cap
48400 | 75400 | Raisewith 5 1.1-15 | 25 | 11 | Flat
Berm
75400 | 96+00 | Raseon |\, 1220 | N/A | NJA | N/A
Levee
96+00 | 118+00 | CaPWith 11 1305 | nva | NA | NA
Rockfill
118400 | 183+00 |Raisewith | 12-2 | 25 | 13| Flat
Berm
183400 | 202400 | Raiseon |\, 1220 | N/A | NJA | N/A
Levee
200400 | 207400 | Raisewith | 1220 | 40 | 8 | Flat
Berm
207400 | 251465 | Raseon |l 1000 [ NA | NA | NA
Levee
251465 | 253492 | Floodwall | N/A 2-23 | N/A | NA | N/A
Cap with Railroad Restrictions — No berm or Wells
253192 | 276+70 Rockfill Needed — Levee Raise 2.2 to 3 Feet
Floodwall Railroad Restrictions — No Berm or Wells
276+70 | 289+00 but Buried Collector Needed Floodwall
and Gap .
Raise 2 Feet (average)
289+00 | 289+40 Ifg:: N/A 2avg | 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

Levee

Beginning | Ending | Structure TESZ:; . Height Wi Vi Slope
Station Station Type (Feet) Raise | (peer) | (Feet) p
(Feet)
-24+00 28+30 [-Wall N/A 2-3.5 N/A | N/A N/A
28430 | 20470 | Floodwall |1y 35 A [ NA | N/A
and Gap
29+70 | 61400 | Landside 5 3-35 | 35 | 14 | Flat
Raise
61+00 | 118+00 | "Wallon |0 35 | NA | NJA | N/A
Levee
118+00 | 245400 | Landside 5 35-4 | 35 | 16 | Flat
Raise
245400 | 251465 | Wallon 1l 4 s A | NA | N/A
Levee
251+65 253492 | Floodwall N/A 5-6 N/A | N/A N/A
I-wall on Railroad Restrictions — Levee landside
253492 | 276+70 | Modified section modified with rockfill toe
Levee 5.5 — 6 feet Raise
Floodwall Railroad Restrictions — Buried Collector
276+70 | 289+09 and Gap Needed — Floodwall Raise 5 Feet
289+09 | 289+40 | I"Wallon Raise 6 Feet
Levee
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TABLE A-5.8
Recommended Flood Protection Raise Stability Berm Summary
Nominal 500-Year + 5 Feet Raise

B Levee
Beginning | Ending | Structure Thiflfrrll; . Height Wi Vi Slope
Station Station Type (Feet) Raise | (peer) | (Feet) p
(Feet)
-3+00 28+30 I-Wall N/A 4-55 | NA | N/A N/A
28430 | 20+70 | Floodwall | g\ 5 | NA|NA| NA
and Gap
29+70 | 61+0p | Landside 5 5-6 | 45 | 17 | Flat
Raise
61+00 | 118+00 | "WAllon a1 s 6 | A [ NA | NA
Levee
118+00 | 245+00 | Landside 5 6-7 | 45 | 19 | Flat
Raise
245+00 | 251+65 | TvAllon ga 7 | NA|NA| NA
Levee
251+65 | 253492 | Floodwall N/A 7-8 N/A | N/A N/A
Lwall on Railroad Restrictions — Pumped Wells
253492 | 276+70 Levee Spacing 150 Feet
v 7 — 8 Feet Raise
Floodwall Railroad Restrictions — Buried Collector
276+70 | 289+09 and Gap Needed — Floodwall Raise 7 - 9 Feet
280+00 | 289+40 | 1 Wvallon Raise 9 Feet
Levee
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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 [-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.

5-14



A-5.10 REFERENCES

1.

10.

11

12.

Operations and Maintenance Manual, Kansas Citys Flood Control Project,
Missouri and Kansas River, Argentine Unit, Volume I, Dated 1979.

Operations and Maintenance Manual, Record Drawings, Kansas Citys Flood
Control Project, Missouri and Kansas River, Argentine Unit, Volume I,
Appendix II, Dated 1951 - 1974.

Operations and Maintenance Manual, Kansas Citys Flood Control Project,
Missouri and Kansas River, Armourdale Unit, Volume I, Dated 1979.

Operations and Maintenance Manual, Record Drawings, Kansas Citys Flood
Control Project, Missouri and Kansas River, Armourdale Unit, Volume I,
Appendix I, Dated 1951 - 1954.

Operations and Maintenance Manual, Record Drawings, Kansas Citys Flood
Control Project, Missouri and Kansas River, Armourdale Unit, Volume II,
Appendix I, Dated 1954 - 1976.

Operations and Maintenance Manual, Kansas Citys Flood Control Project,
Missouri and Kansas River, Central Industrial Unit Kansas Section, Volume I,
Dated 1980.

Operations and Maintenance Manual, Record Drawings, Kansas Citys Flood
Control Project, Missouri and Kansas River, Central Industrial Unit Kansas
Section, Volume I, Appendix I, Dated 1950 - 1955.

Operations and Maintenance Manual, Record Drawings, Kansas Citys Flood
Control Project, Missouri and Kansas River, Central Industrial Unit Kansas
Section, Volume II, Appendix I, Dated 1979.

Operations and Maintenance Manual, Kansas Citys Flood Control Project,
Missouri and Kansas River, Central Industrial Unit Missouri Section, Volume
I, Dated 1981.

Operations and Maintenance Manual, Record Drawings, Kansas Citys Flood
Control Project, Missouri and Kansas River, Central Industrial Unit Missouri
Section, Appendix I, Dated 1948 - 1955.

. Operations and Maintenance Manual, Kansas Citys Flood Control Project,

Missouri and Kansas River, East Bottoms Unit, Volume I, Dated 1978.

Operations and Maintenance Manual, Record Drawings, Kansas Citys Flood
Control Project, Missouri and Kansas River, East Bottoms Unit, Volume I,
Appendix II, Dated 1950 - 1974.

5-15



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Operations and Maintenance Manual, Kansas Citys Flood Control Project,
Missouri and Kansas River, Fairfax-Jersey Creek Unit, Volume I, Dated 1979.

Operations and Maintenance Manual, Record Drawings, Kansas Citys Flood
Control Project, Missouri and Kansas River, Fairfax-Jersey Creek Unit,
Volume I, Appendix I, Dated 1944 - 1955.

Operations and Maintenance Manual, Record Drawings, Kansas Citys Flood
Control Project, Missouri and Kansas River, Fairfax-Jersey Creek Unit,
Volume II, Appendix I, Dated 1954 - 1955.

Kansas Citys Flood Control Project, Definite Project Report on Fairfax-Jersey
Creek Unit, Supplement on Interior Drainage, Dated 1952.

Operations and Maintenance Manual, Kansas Citys Flood Control Project,
Missouri and Kansas River, North Kansas City Unit Lower Section, Volume I,
Dated 1978.

Operations and Maintenance Manual, Record Drawings, Kansas Citys Flood
Control Project, Missouri and Kansas River, North Kansas City Unit Lower
Section, Volume I, Appendix I, Dated 1948 - 1979.

Kansas Citys Flood Control Project, Definite Project Report on North Kansas
City Unit Unit, Supplement on Interior Drainage, Dated 1951.

Ang, A., and Tang, W., (1975), Probability Concepts in Engineering Planning
and Design (Vol. I). New York: John Wiley & Sons, Inc.

Baecher, G. B., & J. J. Christian (2000), “Uncertainty, Probability, and
Geotechnical Data,” paper presented at Performance Confirmation of
Constructed Geotechnical Facilities, ASCE, Amherst, MA; April 9-12.

Hunt, R. E., (1986), Geotechnical Engineering Analysis and Evaluation, New
York: McGraw-Hill Book Company.

Reese, L. C., Wang, S. T., & Arrellaga, J., (1998), “Computer Program
APILE Plus — A Program for the Analysis of the Axial Capacity of Driven
Piles” ENSOFT, INC., Austin, TX.

US Army Corps of Engineers (1999), Reconnaissance Report — Kansas Citys,
Missouri and Kansas Flood Damage Reduction Project, Kansas City District.

Wolff, T. F., (1985), “Analysis and Design of Embankment Dam Slopes: A

Probabilistic Approach”, Doctoral Dissertation presented to Purdue
University, West Lafayette, IND.

5-16



26. Wright, S. G., (1999), “UTEXAS 4 — A Computer Program for Slope Stability
Calculations”, prepared for the Department of the Army, U. S. Army Corps of
Engineers, Washington D. C.

5-17



A-5.11 SUPPLEMENTAL EXHIBITS

5-18



NOMINAL 500-YEAR

5-19



EXHIBIT A-5.1
Argentine Unit S00-Yr Nominal Water Surface with

Existing TOL
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UNDERSEEPAGE ANALYSIS

Argentine 500 Yr

Name
Date -

Campbell

4/20/2004

EXHIBIT A-5.2

Note : This spreadsheet analysis should be used only if the blanket thickness is at least 1/4 of the height of the levee.

EC-GG

Eevised to reflect criteria developed for L-142

Eecommended Permeability Ratio
For Foundation Blanket Materials

’—I/ Ym= l:l cL Chapter Underseepage Revision dated Oct 199
H = Levee ;;1:::;:1 Rigf;%;];%))
\J/ - M 100
Dy= | [ Blanket” Dpo— \ D -] 2| ML 200 to 400
/ T = ML-CL 400
@, 400 to 600
(K¢Kp)r= D = Sands KKy = CH 800 to 1000
[
Rock >
Input Parameters
Station Begin Station End Station (KK (KfKy)i| Dor| Do | Dye | Dp | Le | H Remarks
Feet Feet

0+0 to 30+0 0-+00 30+00 500 500 [28.0]|28.0|28.0(66.0/ 170 |5.0

30+0 to 46+0 30+00 46+00 200 200 [35.0{35.0|35.0{60.0| 150.0 {13.0

46+0 to 50+0 46+00 50+00 250 250 [25.0{25.0|25.0{67.0| 100.0 {12.5

50+0 to 59+0 50400 59+00 300 300 |20.0{20.0{20.0|62.5| 100.0 {16.5

59+0 to 70+0 59400 70+00 300 300 |23.0(23.0(23.0(58.0| 150.0 {16.0

70+0 to 74+0 70+00 74400 200 200 [16.0{16.0{16.0{70.0| 350.0 {16.0

74+0 to 86+0 74+00 86+00 200 200 [16.0{16.0{16.0{70.0| 350.0 {11.0

86+0 to 96+0 86400 96+00 250 250 [28.0(28.0|28.0(62.0| 650.0 {10.0

96+0 to 110+0 96+00 110+00 150 150 |30.0/30.0{30.0(66.0/1050.0{15.0
110+0 to 118+0 110+00 118+00 250 250 {20.0{20.0{20.0{65.0| 400.0 {16.0
118+0 to 128+0 118+00 128+00 250 250 (20.0{20.0|20.0{67.0| 380.0 {18.0
128+0 to 135+0 128+00 135+00 300 300 |25.0(25.0{25.067.0| 360.0 {16.5
135+0 to 141+0 135+00 141+00 300 300 |25.0(25.0{25.0|55.0| 474.0 |17.5
141+0 to 151+0 141+00 151+00 300 300 |20.0{20.0{20.0|60.0| 425.0 {16.5
151+0 to 161+0 151+00 161+00 300 300 |25.0/25.0{25.0(56.0| 400.0 {16.0
161+0 to 170+0 161+00 170+00 300 300 |12.0(12.0{12.0(65.0| 250.0 {16.0
170+0 to 182+0 170+00 182+00 200 200 [18.0[18.0{18.0{67.0| 350.0 {18.0

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

5-22

NOMENCLATURE
(K#Ey)p = riverside permeability
(K#Ey)L = landside permeability
Dy, = riverside blanket thickness
Dy, =levee toe blanket thickness
Dy, = landside blanket thickness
Dy = thickness of pervious foundation
Ly, = length of niverside blanket
L1 =length of landside blanket
H = max head or levee height
H(WT) =head above taillwater at end of underseepage berm
H(We) = Hiwg/2)el T2
H({Wrz) =head above tailwater midpoint of underseepage berm
=H*L/ LY
W = berm width
i, = seepage gradient
C, = niverside effective length coefficient
Cp = landside effective length coefficient

where C = [ (Kf/Kb) * Df * Db |'?

H'c =head above tailwater at levee toe (w/ berm)

i, = critical seepage gradient

L4 = riverside effective length

where Ly | = 1 % ( g LRG3 7 ( LRI+

L; =leves base width

L, = landside effective length

Ly = total effective length

L'y =Total Effective Length + 1/2 of Berm

t' | = required Berm thickness at

Sc = cale'd slope of underseepage berm

q = seepage funit Length
Q= cummulated seepage
FSi =i/

toe

Analysis of Without Berm Conditions

Cr|CL|Ly | Ly |Le | L¢ | hy | i, | ic Check #1 Check #1 Remarks
FeetFeetFeetFeetFeetFeet| Feet Ft/FtFt/Ftf  Full Head Reduced Head
Toe FS; (need 1.1)Toe FS; (need 1.5)

961[961|168| 49 [961]1178/4.08|0.15]0.85 5.84 14.59
648|648(147| 75 |648|8709.680.28|0.85 3.07 4.00
647|647| 99 | 85 |647|831]9.7310.39/0.85 2.18 2.87
612(612| 99 [110(612|821(12.30[0.61|0.85 1.38 1.69
633]633|147[120{633|900[11.25/0.49|0.85 1.74 2.14
4731473(298| 85 |473|856|8.85]0.55]0.85 1.54 1.89
4731473(298| 85 |473(856(6.080.38[0.85 2.24 3.07
659(659|498| 81 [659]1238]5.32|0.19]0.85 4.47 6.39
545|545(522]102|545(11696.990.23|0.85 3.65 4.56
570(570|345[115|570]1030] 8.85|0.44 |0.85 1.92 2.36
579(579|333[128(579]1040[10.02/0.50|0.85 1.70 2.04
709(709|332[118{709]115910.09/0.40 |0.85 2.11 2.57
642(642|403| 84 [642]1130{9.95|0.40]0.85 2.14 2.58
600[600|366(123(600]1089/9.09 |0.45]0.85 1.87 2.29
648(648|356(105[648]1109/9.35|0.37]0.85 2.27 2.80
4841484(230|120(484| 834{9.28|0.77]0.85 1.10 1.35
491(491(301|130(491| 922/9.59]0.53]0.85 1.60 1.91
587|587[170]100|587| 857/10.96/0.48|0.85 1.78 2.20




EXHIBIT A-5.2 (Continued)

Input Parameters Analysis of Without Berm Conditions
Station Begin Station End Station (K¢/Kp)r| (K¢Kp)|Dpr, [ Dpo |Dpe | Dr | Lg | H Remarks Cr|CL|Ly |Ly | Le | Le | hy | i, | ic Check #1 Check #1 Remarks
Feet Feet FeetlFeetFeetFeetFeetFeet Feet Ft/FtFt/Fty  Full Head Reduced Head
Toe FS; (need 1.1)Toe FS; (need 1.5)
19340 to 203+0 193+00 203+00 300 300 |25.0{25.0{25.0|66.9] 93 |[18.0 Has Berm 708|708| 92 | 88 |708|889|14.35/0.57|0.85 1.48 1.78
203+0 to 210+0 203+00 210+00 250 250  |25.0{25.0{25.0|74.0{ 73.0 [17.0 Has Berm 680(680| 73 | 95 |680|848|13.64/0.55|0.85 1.56 1.89
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 Has Berm 680(680|167[