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CHAPTER A-10
GEOTECHNICAL ANALYSIS
NORTH KANSAS CITY - LOWER
(NATIONAL STARCH AREA)

A-10.1 INTRODUCTION

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

A-10.2 SOURCES OF EXISTING LEVEE DESIGN INFORMATION
The primary sources of information for this geotechnical analysis include the
references listed in the References section of this chapter.

A-10.3 DESCRIPTION OF THE LEVEE UNITS
Refer to Section A-4.3.9 for a detailed description of the North Kansas City —
Lower Unit.

A-10.4 LEVEE DESIGN FEATURES

A-10.4.1 Existing Levee and Floodwall Sections

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

Upper reach of the Lower Section - The section of the North Kansas City levee
not included in the Airport Section is called the Lower Section. It includes Stations 0+00
to 70+40 and Stations 210+40 to 469+17. The upper reach of the Lower Section consists
of a levee section with one stoplog gap. The levee was constructed with a 1V on 3H
riverside slope and 1V on 4H landside slope. No underseepage control measures were
constructed in the upper reach due to the low height of the levee and thick blanket
conditions.

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

A plan view of the North Kansas City Unit and typical sections are provided as
Exhibits A-9.1 through A-9.7 in the Supplemental Exhibits section of Chapter 9.
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A-10.4.2 Future Flood Protection Concerns

This levee unit is not recommended for a raise based on the hydraulic analysis of
the Missouri and Kansas River flows. During the 1993 flood, Station 210+40 to Station
275+00 was reported to have serious flood fighting (see Exhibit A-10.1 in the
Supplemental Exhibits section). Property owners reported excessive water pressures
below pavement and building slabs. That pressure resulted in uncontrolled piping of silt
foundation blanket materials. Their flood fight efforts consisted of sandbag ring dikes
with temporary sand fill placement inside the seepage areas. In one building foundation
near National Starch, a standpipe was constructed to offset the excessive head and reduce
the piping potential. In another location inside of the National Starch property, sewer
piping collapsed resulting in multiple sinkholes inside the protected area.

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

A-10.4.3 Area Site Characterization

The foundation characteristics for the reach between Station 259+00 to 273+00
were developed using existing Corps borings taken in the late 1940’s supplemented with
private boring information obtained during review of Completed Works for the expansion
of National Starch within this reach. Exhibits A-10.2 through A-10.4 were used to
characterize the foundation below and inside of the levee for Station 259+00 to 273+00.
Corps borings DH-33, DH-34, DH-38, DH-39, DH-43, DH-44 and DH-48 are on the
centerline of the existing levee. Alpha Omega borings B1 to B7 were located landside of
the landside stability berm. Borings B1 to B7 were obtained to provide geotechnical
assessment of underseepage pressures to design the expansion of National Starch
facilities. The C.W. Nofsinger Company report identifies underseepage problems
encountered during the flood of 1993 and flood fighting efforts taken to control the loss
of foundation soils. Piping of foundation silt materials is reported, as well as sinkhole
collapse of paved areas well inside the flood protection levee. High foundation pressures
were observed and movement of foundation soils raised a concern regarding the overall
reliability of the constructed flood protection levee section. The limits of foundation soil
movement towards the flood protection were not discussed in the report.

The cross section provided in Exhibit A-10.5 indicates the intent of the original
designers to cutoff upper pressures in the known heterogeneous layering of sand, silts and
clays. The performance of the foundation inside of the levee indicates that the cutoff was
not entirely reliable. The flow below the levee is finding a seepage path below the cutoff
and into the upper sand lenses. This mixture of layering of foundation sands makes
assessment of existing conditions very difficult. The boring information in the reach
being considered shows the blanket conditions characterized as approximately 5 feet of
“equivalent” blanket overlying the foundation sands for underseepage piping existing
condition assessment. The 5 feet of blanket is determined using the assumption that the
impervious cutoff shown in the section is not fully reliable. River waters have found an
entrance into the upper sands lenses without losing a considerable amount of head. This
would explain the 1993 reported surface sinkholes problems.
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A-10.4.4 Underseepage Analysis

The reach from Stations 259+00 to 273+00 experienced excessive uplift pressure
during the 1993 flood below the existing access road and adjacent structural foundations.
The underseepage analysis was modeled after consideration of the types of soils landward
of the levee, the consistency of the thickness of the soil blanket clays or silts, the
thickness of the sand deposit below the levee blanket materials, the lateral extent of the
blanket landside and riverward of the levee, the effects of the location of the Missouri
River, and the height of the existing levee. All of these variables were considered during
the development of the model to characterize the representative reaches along the
alignment of the levee.

The reach was analyzed to determine the landside resistance to upward gradient
pressures which could initiate piping of the blanket materials. This could lead to
subsequent piping of sand grains toward the river entrance, leading to ultimate collapse of
the levee section due to the foundation voids caused by piping. Soil begins moving in the
blanket when the pressure change in a vertical column of material exceeds the weight of
the material bearing on the location where the pressure change occurs. Because pressure
typically decreases from depth to the surface, a diagram of the change in pressure
typically produces a sloping line or “gradient”. The underseepage design aims to assure
that the weight of the soil column at any depth exceeds the upward gradient by a safety
factor.

The safety factor for checking the materials at the landside toe of the North
Kansas City levee is 1.1. An additional design requirement is to provide underseepage
control when the safety factor with respect to critical gradient is less than 1.5 with the
design water surface 3 feet below the top of levee. Usually the 1.5 safety factor controls
the required underseepage design. If the 1.1 safety factor or secondary check of 1.5 is not
satisfied, the underseepage control is designed to meet a safety factor of 1.5 for the berm
design, the buried collector design, and the pressure relief well design.

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

Permeability parameters were assigned to the blanket materials based on the
content of silt, clay or sand. Only areas that contained a blanket thickness of at least V4
the height of the levee were considered meaningful in the underseepage model. For thin
blanket areas, pressure relief wells are considered appropriate for underseepage control.

The existing safety factor in the underseepage analysis was calculated using water
at the top of levee. The relative magnitude of the permeability ratios of the clean
foundation sands to the blanket materials was set after observation of boil activity from
the 1951 flood. The Kansas City District method of estimating the underseepage gradient
and the required safety factors deviates somewhat from the method presented in the EM-
1110-2-1913. The Kansas City District’s traditional empirical approach has been used
since the 1960’s and has proven effective in providing adequate underseepage control for
most reaches within the North Kansas City Unit. This method is based on conclusions of
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a Corps of Engineers conference, held in Omaha in November, 1962. The excellent
historical performance of the levees during the 1993 flood event on the Missouri River
demonstrates the effectiveness of this procedure. The traditionally assumed permeability
ratios for blanket materials are shown in Table A-10.1.

TABLE A-10.1
Permeability Ratios for Blanket Materials

. Assigned
Blanket Material Permeabilit 5 Ratio
SM : Silty Sand 100
ML : Silt 200-400
ML-CL : Silt/Clay 400
CL: Lean Clay 400-600
CH: Fat Clay 800-1000

The calculations of the underseepage factors of safety that were used in the
underseepage analysis are as follows:

The gradient piping factor of safety is defined as:

FSi = ic/io
where i0 = actual gradient and ic = critical gradient
ic = yb / yw  when soils particles movement can begin at the toe
and yb = ysat-yw where ysat = saturated unit weight of the soil and
yw = unit weight of water
io = upward gradient through the blanket = change in head from the base
of the blanket to the top of the blanket. The reference datum is set at the
top of the blanket because the movement of the soil grain will begin at the
top of the blanket.
Ah = gradient head calculated at the base of the blanket measure from the
reference datum, the top of the blanket. This gradient calculation
procedure is provided in the Geotechnical Analysis — Existing Conditions

chapter of this appendix with defined equations and illustrative

nomenclature.
zbl = the thickness of the blanket
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io = Ah/ zbl
then FSi = ic/io = (yb /yw )/(Ah/zbl) = (yb*2zbl)/( Ah*yw)

A-10.4.5 Proposed Future Conditions Assessment
The existing conditions “equivalent” section was analyzed to determine the factor of
safety with respect to piping at the toe of the existing landside stability berm. The
existing landside stability berm varies from 70 feet to 210 feet. The analysis indicates a
600 feet long underseepage berm is needed. Refer to Exhibit A-10.6 in the Supplemental
Exhibits section for calculations related to the berm analysis. The berm design
considered the existing berm length due to the presence of the stability berm. The
required length landside of the existing toe of levee, 600 feet, results in an additional
155,000 cubic yards of random materials. The 600 feet long berm would require many
structures, utilities, and railroad line to be relocated and appears to be very cost
prohibitive. Also, the use of an underseepage berm will control piping failure at the
immediate toe of the existing levee, but may exacerbate the magnitude of the pressure
landward into existing basement foundations that extend deeper into the foundation
sands. A buried collector was another considered solution for this reach, but it could
ultimately be as unreliable as the original design if the collector does not intercept all
sand lenses carrying high river head. A positive cutoff to bedrock represents the most
effective, but also the most costly, solution. The most reliable solution is considered to
be the use of pressure relief wells. Due to the restrictive right-of-way near the toe of the
levee, it is felt that the relief wells will provide the most effective control for all areas
adjacent to the levee. A line of wells was designed to provide the needed pressure relief
to result in a factor of safety of 1.5 at the point midway between wells. Twenty 10-inch
diameter stainless steel pressure relief wells, spacing on 75-foot centers, are estimated to
bring the area within present design requirements. Refer to Exhibit A-10.7 for
calculations related to the relief well design. Table A-10.2 provides a summary of the
two most feasible alternatives.

TABLE A-10.2
Design Alternatives Considered

. Design | Blanket . Well Well Berm Well Discharge
Design . Discharge . Below
Head, | Thickness, Spacing, | Length, | Losses,

Alternates (each), Grade,
Feet Feet Feet Feet Feet
cfs feet
Relief
Wells 16.3 52 1.25 75 NA 1.3 1.75
Berm 16.3 52 NA NA 600 NA NA
Design
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The foundation sand thickness assumed for the above design option was fixed at
90 feet based on experience in the Missouri River Valley for this reach of the valley. The
well losses consist of friction head loss, well entrance loss, and velocity head losses.
Well entrance losses are generally less than 0.1 feet. The well velocity and friction head
losses are a function of the discharge flowing from the wells. The well velocity and
friction losses were modeled using Civil Works Bulletin 55-11.

A relief well spacing of 75 feet is recommended for the feasibility level cost
estimate with a discharge location 2 feet below grade to assure that the foundation
gradient is kept below that needed to provide a factor of safety of 1.5 between wells. It
is recommended that subsurface investigation be conducted to determine the lateral
extent of the blanket materials to confirm the required spacing needed for the relief well
system and supplement the expected subsurface soils for excavation of the header system
and pumping plant.

A-10.4.6 Reassessment of Existing Risk and Uncertainty

The existing conditions analysis (refer to Geotechnical Anaylsis — Existing
Conditions chapter) was provided as a limited initial evaluation of the North Kansas City
Unit’s underseepage risk. This chapter indicates that the National Starch area is an area
of concern based on recent discovery of the flood fighting efforts inside of levee Stations
257400 to 272+00. An additional risk and uncertainty analysis is provided for this area.
The results are provided for consideration in Table A-10.3 below.

TABLE A-10.3
Existing Conditions Risk and Uncertainty Results

Station 257+00 to 272+00
Height of Water on Probability of Unsatisfactory
Levee, feet Performance
1.0 0.0000
2.0 0.0000125
4.0 0.0036
6.0 0.0362
8.0 0.1224
10.0 0.2509
(11;9'%) 0.3580
13.2 0.4760
(top i)?fevee) 0.6261
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The assessment of the existing conditions includes observations that led to the
selection of a satisfactory performance with respect to underseepage using a factor of
safety of 0.7. Historical observations concluded that a factor of safety of 0.55 represents
impending failure of the toe of the levee. The observations in 1993 did not lead to total
failure of the levee toe for the level of water on the levee. The levee from Sta. 257+00 to
273400 included flood fighting to save the foundation of an existing processing building
(landside of the toe in excess of 500 feet). ETL 1110-2-556 indicates the use of a factor
of 1.0 in the underseepage analysis. The North Kansas City levee experienced a factor of
safety lower than 1.0 and did not fail for that water level during the flood of 1993. The
observations and calculations indicate a factor of safety near 0.7 may be representative.

A higher river level most likely would result in an even lower factor of safety. For a
factor of safety of 0.7, the probability of a catastrophic underseepage failure was
calculated to be greater than 60% for Sta. 259+00 to 271+00. Refer to Exhibits A-10.8
through A-10.16 in the Supplemental Exhibits section for calculations and information
related to the probability of failure calculations.

Pressure relief wells are recommended for Stations 259+00 to 271+00. These
systems are to be designed in accordance with Corps of Engineers’ manuals in order to
strengthen the two weak sections of the levee and eliminate the serious risk of
underseepage failure.
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A-10.6 SUPPLEMENTAL EXHIBITS
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EXHIBIT A-10.4
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EXHIBIT A-10.5
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EXHIBIT A-10.6
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EXHIBIT A-10.6 (Continued)
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EXHIBIT A-10.6 (Continued)

UNDEERSEEPAGE ANALYSIS
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EXHIBIT A-10.7
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EXHIBIT A-10.7 (Continued)

General Notes

Analysis of Ensting Conditions - This portion uses full head for the check 21 for F5, = 1.1 and Full Head less 3 feet for the Check #1 for 5, =15,
If sither of these tvp colimms mdicars that the raquired F5 5 pot met then the undersespage berm desizn is nesded.

Berm Detign Information - The Excessive head columps prosides the destzner with a fesl for which check case conmal.

The desizn of the barm ar the toz of the leves requires a FY of a1 l=ast 1.5 far the controlling case, using the reduced head (879 of fill head))

The desizn of the extenston of the banm is conmollad uzing Sl head and 2 required F5 of 1.1 at the tos of tha bamm

Ifthe FS = 1.1 i not rost with the width = 200 feet muminme, then the 400 festisvsed . The bema thickness raguired ar the tos of the leves is conroled wsing
mm Hp af the levee toe et based oo F5, = 1.1, projecting back to the width bess than 400 fet, with no adjustment made to Ho.

It the trazl wadih is less than 400 feet, no adjvstment o He is made. The manirmm

bermy thickness is 3 feer (EN 1110-2-1913)  The calowizzd benm thickness will be based on fill head less 3 feet using a Factor of safeyef 15

ot the tos of the leves or based on o head of H ustme a facior of safeqy of 11 af the tos of the leves

- L; with Barm
N W 1160 manm) N
Ve 1400 max) hl
'—r-—_,____ 1)
'k! Eerm 2 ming ™., T

: >
/ !
Sands

Berm Design Information
Berm Width Design Berm Thickness Design
Actail Existi
Station Excessive Head Imper | Effective ) ) i Elerrn“g Safety Factor Checl: at
Control [Feet] Eerm Length | MidBerm | H{Wy) (BermToe| Safety | Ho ; Leves Toe Levee Toe
Width Head fi | Feet | Gradient| Factor |atLeves| TNICKMESS | roo it
Toe
F§=11] F§=13 Wy L, HW,) Liw |BermToe| Feet t I'n For1.3 | For11
Current Condifion:
Exampls 3.08 B.82 1 S84 12.05 13105 23 036 R 0 i 0.45 Example
1207 0 232 Example 0.4
257H0to 260+00] T8 A.15 210 541 8.37 657 128 066 10.15 7 083 1.
| NS T L1 082
20 263+00] T8 3.1 110 41 030 £ 161 52 07 T [ 105 |Exisi Berm
11432 T [ Exist Berm| 086 |
2500 260+00] 313 728 0 SE3 1210 1110 233 [E] S T [ 104 |Exist Berm|
1210 7 0o Exist Berm| 085 |
0 I TR 0.70 TED 513 LaE fE] 1.2 062 1003 T el 102 |Exist Berm|
1120 T LM Exist Berm| 083
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EXHIBIT A-10.7 (Continued)

Well Design Calculations Well Drawdown Influence Table

Mearth Kansas CRy - 3iation 265 by 253

[ e= [ oE4 Joellcssed 1.3 anTanc Brzs]
Worih Kansas Sity St 265 ks 280 Dischange
Ground = 0 == hoss 1.5 Dk 5.2 Feat
Locatlan of points af the base of [OD at el E.6D T F cfs
1200 the blanket pero=ndicuiar o Se Xy 433 Em 0.0052 ft 'sec
) hC 3.88 [ o] Teat
¥ nw Diciance | Head | Welll | DOws | Recidual Bead | Gradised Faotor AEd 1A Tl
w g= hx WX Spak Fent of &alaty 5o Serm aileyes
: T e a8 358
> 32 : J K] R
5 B3¢ B.7d o8 (X T serm
] .40 3 5.5 .80 1.0 3.82
- 7.84 100 ] 1.28 3.52
3 7.40 126 5.38 1.08 2.20
B.0% 160 815 588 5.23
200 i ™ £ & e .65 76 587 82 700
Lanisude Distasce Som Pr W Tiest of Ligwios, Pl B.23 Z00 B.8 0.a2 10.32
5.87 226 5.85 0.22 19.4%
.64 60 561 .08 158,61
.03 376 5.38 R R E1
204 00 5.27 T High FE
ETohemalic of InpuUt paramaters 205 %5 518 .50 High FE
240 360 5.08 .88 High F§
Bource 3.82 200 4.8 0,87 High FE
Leves
e —_— y FT1
\ data well 1 well 2
3= 150
2= 335
1= 5
Example T =
Calculation
el
vares 340 r2d=
150 4=
[ I Dowa= T35 DCrwe=
----.-_*' e b:":'.!'l::‘ Trom: Serm Toe
Toe Dizix U bisr All DD
of Berm 7 wells -0.2 1 1.55
- ] 162
= ] 105
o ] ERT]
PT1 Sum OO = E.&D
Wwal Dew gr Neaclls
Equations el drawdoswn calculabions © Drawdomn = G2 prk=Dn In mam
I il
s
e * & il
— P a—
) = L ‘.EI £ F — L] L]
& B i
P— -
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EXHIBIT A-10.8

[UNDERSEEPAGE ANALYSIS Reliability
North Kansas City Loehr EC-GD Probability of Levee Failure Due to Underseepage
Missouri Date : G-Jul-04 _ Assu_mle_ﬂ
Station 265 to 269 Py ~iiok Blanket Material Pegn;?gﬂy
Crest widih (feef) 10.00 [ (K¢'Kp)r = riverside permeability H(Wy) = head above tailwater at end of underseepage berm Cp = riverside effective length coefficient SM 100
(KKl = landside permeability without a berm = to head al the toe C, = landside effective length coefficient ML 200-400
D, = riverside blanket thickness = H{W/2)re Ve where C = [ (Ki/Kb) * Df * Db "2 ML-CL 400
Dy = levee toe blanket thickness H(W+) = head above tailwater midpoint of underseepage berm Ly = riverside effective length CL 400-600
Dy = landside blanket thickness = HL/LY whereL, = C* (e /M) g/, CH 800-1000
Dy = thickness of pervious foundation H'o = head above tailwater at levee toe (w/ berm) L; = levee base width
L = length of riverside blanket ic = crilical seepage gradient L. = landside effective length
L, = length of landside blanket Wy = berm width where Le = C when L = infinity
H = max head or levee height i, = seepage gradient L, = total effective length
FS, =it L', = Total Effective Length + 1/2 of Berm
UNDER SEEPAGE VALUES WITH EACH RANDOM VARIABLE CHANGE PLUS AND MINUS ONE STANDARD DEVIATION RIVER LEVEL 1
Station (ft) (K/Ko)r (KK Dy (ft) Do (ft) Dy, (ft) D (ft) H (ft) i Lg (1) W (ft) ?Ee@(;r"gzﬁi L't (ft) Hﬂ:ﬁ;m H(WT) (i) io Cg (ft) C, (ft) L, (ft) L (ft) L. (ft) Ly (ft) Ho (ft)
265 to 269 200 200 5.70 5.70 5.70 90.00 0.10 1.220 10.00 70.00 122.37 505 0.06 0.06 0.01 320 320 10 140 320 470 0.07
265 to 269 120 120 5.70 5.70 5.70 90.00 0.10 1.220 10.00 70.00 139.78 433 0.06 0.05 0.01 248 248 10 140 248 398 0.07
265 to 269 280 280 5.70 5.70 5.70 90.00 0.10 1.220 10.00 70.00 113.50 564 0.07 0.06 0.01 379 379 10 140 379 529 0.07
265 to 269 200 200 2.85 2.85 2.85 90.00 0.10 1.220 10.00 70.00 73.72 411 0.06 0.05 0.02 226 226 10 140 226 376 0.06
265 to 269 200 200 8.55 8.55 8.55 90.00 0.10 1.220 10.00 70.00 167.82 577 0.07 0.06 0.01 392 392 10 140 392 542 0.07
265 to 269 200 200 5.70 5.70 5.70 72.00 0.10 1.220 10.00 70.00 129.31 471 0.06 0.05 0.01 286 286 10 140 286 436 0.07
265 to 269 200 200 5.70 5.70 5.70 108.00 0.10 1.220 10.00 70.00 117.34 536 0.07 0.06 0.01 351 351 10 140 351 501 0.07
: Percent of i i . Head Pu
Variance Component . Table 1: Random Variables for the North Kansas City Levee Unit
KfiKb Dpo Dy Ly= L+ L, Ho io P Variance Y 0.10 0.0000000
Mean 200 5.70 90.0 320 150 0.06 0.01 P —— Expected | Standard Coefficient of 0.10 0.0000000
120 5.70 90.0 248 150 0.05 0.01 0.0000010 4.4847 Value Deviation Variation, % 0.10 0.0000000
12_.30 5.70 90.0 379 150 0.06 0.01 i ) Blanket z 5.70 2.85 50.00 0.10 0.0000000
200 2.85 90.0 226 150 0.05 0.02 0.0000215 94.499 Perm Ratio 200 80.00 40.00 0.10 0.0000000
200 8.55 90.0 392 150 0.06 0.01 i i Fdn Sand d 90.0 18.00 20.00 0.10 0.0000000
200 5.70 72.0 286 150 0.05 0.01 0.10 0.0000000
i 1.01
200 5.70 108.0 351 150 0.06 0.01 BRO0D002 b
[ Total ] 0.0000228 [ 100 |
E[l] = 0.009969814 [ElnT = [ -4.71135]
Varll]= 2.27754E-05 [BETA [ 10.81030462]
|sigmafl]= 0.00477236 |sigma [In 1] = | 0.454215 | [Pu i 0.0000000]
Cov(l) = 0.47868094
[F&) = 1.00000
[Terit= 1.220 | [In{l crit) = [ 0.19885 | [Pu(%) = 0.00000
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EXHIBIT A-10.9

UNDERSEEPAGE ANALYSIS Reliability
North Kansas City Loehr : EC-GD Probability of Levee Failure Due to Underseepage
Missouri Date : 6-Jul-04 Assumed
o Blanket Material | Permibility
e RO Ratio
Crest width (feet) Tt (KdKy)e = riverside permeability H{W;} = head above tailwater at end of underseepage berm Cg = riverside effective length coefficient SM 100
(Ki/Kp), = landside permeability without a berm = to head at the toe C, =landside effective length coefficient ML 200-400
Dy, = riverside blanket thickness = H(Wy/2) e e where C = [ (KfiKb) * Df * Db }'? ML-CL 400
Dy, = levee toe blanket thickness H(Wsz} = head above tailwater midpoint of underseepage berm Ly =riverside effective length CL 400-600
Du = landside blanket thickness = H™L LY whereL, = C*(e ™ ")/ """ CH 800-1000
Dy = thickness of pervious foundation H'e =head above tailwater al levee toe (w/ berm) L, = levee base width
Lr = length of riverside blanket ic = critical seepage gradient Le = landside effective length
L, = length of landside blanket Wiy = berm width where Le = C when L, = infinity
H = max head or levee height io = seepage gradient L, = total effective length
FS, =i./i, L = Total Effective Length + 1/2 of Berm
UNDER SEEPAGE VAL TTHE Al ARIABLE CHANGE PLUS AND MINUS ONE STANDARD DEVIATION RIVER LEVEL 2
. . : H{W/2 .
Station (ft) (KK (KKl Dy (fty Dy, (ft) Dy (ft) Dy (ft) H (ft) ic L (ft) Wi (ft) ife@mls;:i Lt (ft) ( ( n; ) H(WT) (ft) io Cr (ft) Cp (ft) Ly (ft) L, (ft) L, (ft) L, (ft) Ho (ft)
265 to 269 200 200 5.70 5.70 5.70 90.00 2.00 1.220 10.00 70.00 6.12 505 1.27 1.14 0.20 320 320 10 140 320 470 1.41
265 to 269] 120 120 5.70 5.70 5.70 90.00 2.00 1.220 10.00 70.00 6.99 433 1.15 0.99 0.17 248 248 10 140 248 398 1.31
265 to 269{ 280 280 5.70 5.70 5.70 90.00 2.00 1.220 10.00 70.00 5.67 564 1.34 1.23 0.21 379 379 10 140 379 529 1.47
265 to 269] 200 200 2.85 2.85 2.85 90.00 2.00 1.220 10.00 70.00 3.69 411 1.10 0.94 0.33 226 226 10 140 226 376 1.27
265 to 269{ 200 200 8.55 B8.55 8.55 90.00 2.00 1.220 10.00 70.00 8.39 577 1.36 1.24 0.15 392 392 10 140 392 542 1.48
265 to 269] 200 200 5.70 5.70 5.70 72.00 2.00 1.220 10.00 70.00 6.47 471 1.22 1.08 0.19 286 286 10 140 286 436 1.36
265 to 269{ 200 200 5.70 5.70 5.70 108.00 2.00 1.220 10.00 70.00 5.87 536 1.31 1.19 0.21 351 351 10 140 351 501 1.44
Variance Component Percent of Table 1: Random Variables for the MNorth Kansas City Levee Unit e il
KifKb Do D, e=C Li+Ly Ho io Variance ) 4 2.00 0.0000125
Mean 200 570 90.0 320 150 1.14 0.20 Parameler Expected | Standard Coefficient of 2.00 0.0000125
120 5.70 90.0 248 150 0.99 0.17 0.0004086 44847 Value Deviation Variation, % 2.00 0.0000125
280 5.70 90.0 379 150 1.23 0.21 ) ) Blanket z 5.70 2.85 50.00 2.00 0.0000125
200 2.85 90.0 226 150 0.94 0.33 0.0086090 94 499 Perm Ratio 200.00 80.00 40.00 2.00 0.0000125
200 8.5_5 S?E.O 392 150 1.24 0.15 ) i Fdn Sand d 90.00 18.00 20.00 2.00 0.0000125
200 5.70 72.0 286 150 1.08 0.19 2.00 0.0000125
200 5.70 108.0 351 150 1.19 0.21 0.00005%6 1ofes
[ Total | 0.0091102 t 100 | Probability of Unsatisfactory Perf Due to for the
North Kansas City Levee Unit
Efl] = 0.199396285 EE [ -171562 ]
Var[l]= 0.009110168 [BETA [ 4214894981]
sigmall]= 0.095447201 [sigma [In 1} = [ 0454215 [Pu | 0.0000125] . Elevaion Abcvs Mean Saa Level ()
COV(l) = 0.47868094 £ 470 7520 510 7620 wo
i T |
F(z) = 0.99992_ iy o8 we | 1 ! el 1553 o3 Elevoton
|Icr'rl= 1.220 ! iln(l crit) = _{ 0.19885J Pu(%) = 0.00125 ;g 0 — ! % Tecitaves |
i oo 50 0o 150 200
E Head ift)
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EXHIBIT A-10.10

UNDERSEEPAGE ANALYSIS Reliability
North Kansas City Loehr : EC-GL Probability of Levee Failure Due to Underseepage
Missouri Date : G-Jul-04 ASsumed
o Blanket Material Permibility
YANMIEC g Ratio |
Crest width (feet) S (K¢Kp)r = riverside permeability H{W;) = head above tailwater at end of underseepage berm Cr = riverside effective length coefficient SM 100
(KKl = landside permeability without a berm = to head at the toe C, = landside effective length coefficient ML 200-400
Dy = riverside blanket thickness = H{W1/2)*et W ThetLh where C = [ (Kf/Kb) * Df * Db ]uz ML-CL 400
Dy = levee toe blanket thickness H(Ws;) = head above tailwater midpoint of underseepage berm Ly = riverside effective length CL 400-600
Dyt = landside blanket thickness = HLJL, where L, = C* (e PHEN )/ (R CH 800-1000
Dy = thickness of pervious foundation H'o = head above tailwater al levee toe (w/ berm) L; = levee base width
Lgr = length of riverside blanket i = critical seepage gradient Le = landside effective length
L, = length of landside blanket W; = berm width where Le = C when L = infinity
H = max head or levee height is = seepage gradient L, = total effective length
FSi =i/, L' = Total Effective Length + 1/2 of Berm
UNDER SEEPAGE VALUES WITH EACH RANDOM VARIABLE CHANGE PLUS AND MINUS ONE STANDARD DEVIATION RIVER LEVEL 3
. / )
Station (ft)]  (KéKe)r (Kol Dy (ft) Dy (f1) Dy (f1) Dy (ft) H (ft) i Lr () Wt (ft) iig@u:ﬁ:: L't (ft) H(T:L; 2 | yowny (1) i Caly | C.(f) L, (ft) Lz (ft) Le (ft) Ly (ft) Ho (ft)
|265 to 26 200 200 5.70 5.70 5.70 90.00 6.10 1.220 10.00 70.00 2.01 505 3.87 3.47 0.61 320 320 10 140 320 470 4.29
265 to Zﬁq 120 120 5.70 5.70 5.70 90.00 6.10 1.220 10.00 70.00 2.29 433 349 3.03 0.53 248 248 10 140 248 398 3.98
265 to 269{ 280 280 5.70 5.70 5.70 90.00 6.10 1.220 10.00 70.00 1.86 564 4.10 3.74 0.66 379 379 10 140 kY] 529 4.48
265 to 269| 200 200 2.85 2.85 2.85 90.00 6.10 1.220 10.00 70.00 1.21 411 3.36 2.88 1.01 226 226 10 140 226 376 3.88
265 to ZEQ 200 200 8.55 8.55 8.55 90.00 6.10 1.220 10.00 70.00 2.75 577 4.15 3.79 0.44 392 392 10 140 392 542 4.52
265 to 263 200 200 5.70 5.70 5.70 72.00 6.10 1.220 10.00 70.00 2,12 471 an 3.28 0.58 286 286 10 140 286 436 4.16
265 to 26! 200 200 5.70 5.70 5.70 108.00 6.10 1.220 10.00 70.00 1.92 536 399 3.61 0.63 351 351 10 140 351 501 4.39
Head P
KIKD D o L-c S Ho o Variance Component T;;z:;zf Table 1. Random Variables for the North Kansas City Levee Unit 6%?0 0.039‘;21 :
Mean 200 5.70 90.0 320 150 347 0.61 S Expected | Standard Coefficient of 6.10 0.0392211
120 5.70 90.0 248 150 3.03 0.53 0.0038006 4.4847 : Value Deviation Va_ri_ation. % 6.10 0.0392211
280 5.70 980.0 379 150 3.74 0.66 ) i Blanket z 5.70 2.85 50.00 6.10 0.0392211
200 2.85 90.0 226 150 2.88 1.01 Perm Ratio 200 80.00 40.00 6.10 0.0392211
. 4.4
200 8.55 90.0 392 150 3.79 0.44 00E00E00 84459 Fdn Sand d 90.0 18.00 20.00 6.10 0.0392211
200 5.70 72.0 286 150 3.28 0.58 6.10 0.0392211
; 517 1.01
200 5.70 108.0 351 150 3.61 0.63 0.g006e 0168 —
Probability of L isfactory F Dueto S for the
[ Total ] 0.0847473 [ 100 | North Kansas City Levee Unit
E[l] = 0.608158668 EE -0.60047 |
Var{l]= 0.08474734 [BETA | 1.759797222| Y Elevation Above Mesn Sea Level (1)
sigmall}= 0.291113963 [sigma [in 1] = 0.454215 | [Pu | 0.0392211] s D D e A
COov(l) = 0.47868094 3 g 0 A PeT— | _
F(z) = 0.96078 ER | :!; i N . T I “ —d— 1593 Head Elevation
[Tt = 1220 [in(i crit) = 0.19885 | Pul%) = 3.02211 £ Tow s w0 ey Lomenem
8 FHead (i)
&

[
|
|
1
|
i
|
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EXHIBIT A-10.11

UNDERSEEPAGE ANALYSIS Reliability
North Kansas City Loehr : EC-GL Probability of Levee Failure Due to Underseepage
Missouri Date : 6-Jul-04 Assumed
_ Blanket Material | Permibility
, Doy 30 T . _ N . N Ratio |
Crest width (feet) 10.00 KHE- (KifKp)r = riverside permeability H(W:} = head above tailwater at end of underseepage berm Cr = riverside effective length coefficient SM 100
Kyl = landside permeability without a berm = to head at the toe C, = landside effective length coefficient ML 200-400
Dy, = riverside blanket thickness = H(W/2)re e where C = [ (Kf/Kb) * Df * Db ]'? ML-CL 400
Dy, = levee toe blanket thickness H(W+z) = head above tailwater midpoint of underseepage berm L; = riverside effective length CL 400-600
Dy, = landside blanket thickness = HLylL whereL, = C* (e @)/ (€47 CH 800-1000
Dy = thickness of pervious foundation H'o = head above tailwaler at levee toe (w/ berm) L, = levee base width
Lr = length of riverside blanket I = critical seepage gradient L: = landside effective length
Ly = length of landside blanket Wy = berm width where Le = C when L = infinity
H = max head or levee height iy = seepage gradient L, = total effective length
FS; =i.li, L', = Total Effective Length + 1/2 of Berm
UNDER SEEPAGE VALUES WITH EACH RANDOM VARIABLE CHANGE PLUS AND MINUS ONE STANDARD DEVIATION RIVER LEVEL 4
Station (ft), (KK Jr (KK Dy (ft) Dy, (ft) Dy, (ft) Dy (ft) H (ft) ic Lg (ft) Wt (ft) f_ﬁe(%rl‘:;ﬁ: L't (ft) HW{::T}'Q) H(WT) (ft) iy Cr (ft) Cy (ft) Ly (ft) L (ft) L. (ft) Ly (1) Ho {ft)
265 to 269 200 200 5.70 5.70 5.70 90.00 11.50 1.220 10.00 70.00 1.06 505 7.29 6.54 1.15 320 320 10 140 320 470 8.09
265 to 269 120 120 5.70 5.70 5.70 90.00 11.50 1.220 10.00 70.00 1.22 433 6.59 5.72 1.00 248 248 10 140 248 398 7.52
265 to 259| 280 280 5.70 5.70 5.70 90.00 11.50 1.220 10.00 70.00 0.99 564 7.73 7.05 1.24 379 379 10 140 379 529 8.44
265 to 26ﬂ 200 200 2.85 2.85 2.85 80.00 11.50 1.220 10.00 70.00 0.64 411 6.33 5.42 1.90 226 226 10 140 226 376 7.31
265 to 269 200 200 8.55 8.55 B.55 90.00 11.50 1.220 10.00 70.00 1.46 577 7.81 7.15 0.84 392 392 10 140 392 542 8.51
265 to 269! 200 200 5.70 5.70 5.70 72.00 11.50 1.220 10.00 70.00 1.12 471 6.99 6.18 1.08 286 286 10 140 286 436 7.84
265 to 25ﬂ 200 200 5.70 5.70 5.70 108.00 11.50 1.220 10.00 70.00 1.02 536 7.53 6.82 1.20 351 351 10 140 351 501 8.28
. Percent of . . i Head Pu
W C t : T B Vi for the North Kansas City Levee Unit
KiKb Doy ) L-c LL o o ariance Componen Varianics able 1: Random Variables for the No ansas City Leve i 1150 T
Mean 200 5.70 50.0 320 150 654 .15 Parameter Expecied | Standard Coefficient of 11.50 0.3579838
120 5.70 90.0 248 150 5.72 1.00 0.0135081 4.4847 Value Deviation Variation, % 11.50 0.3579838
280 5.70 90.0 379 150 7.05 1.24 ) ) Blanket z 5.70 2.85 50.00 11.50 0.3579838
i 5
200 2.85 90.0 226 150 5.42 1.90 0.2846344 94.499 Perm Ratio 200 80.00 40.00 11.50 0.3579838
200 8.55 90.0 392 150 7.15 0.84 Fdn Sand d 90.0 18.00 20.00 11.50 0.3579838
200 5.70 72.0 286 150 6.18 1.08 = 11.50 0.3579838
- 0.0030625 1.0168
200 5.70 108.0 351 150 6.82 1.20 Probability of Unsatisfactory Performance Due to Seepage for the
MNorth Kansas City Levee Unit
[ Total 0.3012049 100 |
E[l] = 1.146528637 [Eln1]= [ 0.03358 ] g Eustnion sl
Var[l]= 0.301204936 [BETA | 0.363853391] gy o =0 D e B | s
| sigma(l]= 0.548821406 [sigma [In 1) = | 0454215 | |Pu | 0.3579838] £r .. e 1983 Hieoa Elevaton |
COV(l) = 0.47868094 H [ | * |& - TopotLevee |
F(z) = 0.64202 i b 000 500 10.00 1500 20,00
[feit= 1.220 | [in{rcrity = [ 019885 Pu(%) = 35.79838 i Heod )
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EXHIBIT A-10.12

UNDERSEEPAGE ANALYSIS Reliability
North Kansas City Loehr : EC-GD Probability of Levee Failure Due to Underseepage il
Missouri Date : 6-Jul-04 Assumed
Blanket Material | Permibility
oy 3y 3y F o Ratio
Crest width (feet) 10.00 Rre 120104 (KfKp)e = riverside permeability H(W) = head above tailwater at end of underseepage berm Ca = riverside effective length coefficient SM 100
(KKl = landside permeability without a berm = to head al the toe Cy = landside effective length coefficient ML 200-400
Dy, = riverside blanket thickness = H{Wy/2) et e where C = [ (Kf/Kb) " Df * Db ]"* ML-CL 400
Dpo = levee toe blanket thickness H(Wr2) = head above tailwater midpoint of underseepage berm Ly = riverside effective length CL 400-600
Dy = landside blanket thickness =HLL, where L, = C* (e @RCY)/ (™D CH 800-1000
Dy = thickness of pervious foundation H'o = head above tailwater at levee toe (w/ berm) L; = levee base width
La = length of riverside blanket i = crtical seepage gradient Le = landside effective length
Ly = length of landside blanket Wy = berm width where Le = C when L, = infinity
H = max head or levee height iy = seepage gradient L, = total effective length
FSi =iglia L, = Total Effective Length + 1/2 of Berm
UNDER SEEPAGE VALUES WITH EACH RANDOM VARIABLE CHANGE PLUS AND MINU NE STANDARD DEVIATION RIVER LEVEL 1993
) . H(W/2 g g
Station (1)) (KéKule (KiKe) Dy (11) Dy (1) Dy, (11) Dy (1) H (ft) i Le (ft Wt (ft) iﬁe@mﬁr"n‘: vy | i T Y celty | comy | L | Lm | o | L Ho (ft)
265 to 269 200 200 5.70 5.70 5.70 90.00 13.20 1.220 10.00 70.00 0.93 505 8.37 7.50 1.32 320 320 10 140 320 470 5.28
265 to 269 120 120 5.70 5.70 5.70 90.00 13.20 1.220 10.00 70.00 1.06 433 7.56 6.57 1.15 248 248 10 140 248 398 .63
265 to 2651 280 280 5.70 5.70 5.70 90.00 13.20 1.220 10.00 70.00 0.86 564 8.87 8.09 1.42 379 379 10 140 379 529 .69
265 to 269 200 200 2.85 2.85 2.85 90.00 13.20 1.220 10.00 70.00 0.56 411 7.27 6.23 2.18 226 226 10 140 226 376 8.39
265 to 269 200 200 8.55 8.55 8.55 90.00 13.20 1.220 10.00 70.00 1.27 577 8.97 8.20 0.96 392 392 10 140 392 542 9.77
265 to 26‘:’1 200 200 5.70 5.70 5.70 72.00 13.20 1.220 10.00 70.00 0.98 471 8.02 7.10 1.25 286 286 10 140 286 436 9.00
265 to 269 200 200 5.70 5.70 5.70 108.00 13.20 1.220 10.00 70.00 0.89 536 8.64 7.82 1.37 351 351 10 140 351 501 9.51
1993 Flood
y Percent of 3 ; I Head Pu
Variance Component e Table 1 : Random Variables for the North Kansas City Levee Unit
KiKb Dpo Dy «=C L+ L, Ho io P Variance i 13.20 0.4759507
Mean 200 5.70 90.0 320 150 7.50 1.32 T _— Expected | Standard Coefficient of 13.20 0.4759507
120 5.70 90.0 248 150 6.57 1.15 0.0177969 4.4847 Value | Deviation Variation, % 13.20 0.4759507
280 5.70 90.0 379 150 8.09 1.42 i i Blanket z 5.70 2.85 50.00 13.20 0.4759507
200 2.85 90.0 226 150 6.23 218 0.3750071 04499 Perm Ratio 200 80.00 40.00 13.20 0.4759507
200 8.55 90.0 392 150 8.20 0.96 | ) Fdn Sand d 90.0 18.00 20.00 13.20 0.4759507
200 5.70 72.0 286 150 7.10 1.25 ARy - 13.20 0.4759507
0.0040349 1.0168
200 5.70 108.0 351 150 7.82 137 Probability of Unsatisf: y Parfi Due to Seepage for the
North Kansas City Levee Unit
| Total 0.3968389 | 100 |
E[l] = 1.316015479 [ElinT] = [ 0.17145]] § ot e e iy
Varll]= 0.396838926 [BETA | 0.060319] 34 1ot eyl [——Fy i
sigmall]= 0.629951527 [sigma [In 1] = [ 0.454215] [Pu | 0.4759507] 55 o . [[4 0o Hesa Eunton |
cov(l) = 0.47868094 H E 8 N R oo 1Y
F(z) = 0.52405 % 0m 500 1000 1500 20 00
[1erit= 1.220 | [inti crity = [ 0.19885 | Pu(%) = 47.59507 Head ()
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EXHIBIT A-10.13

UNDERSEEPAGE ANALYSIS Reliability
North Kansas City Loehr EC-GD Probability of Levee Failure Due to Underseepage -
Missouri Date - 6-Jul-04 Assumed
Blanket Material Permibility
_ 0 Ratip
Crest width (feet) 10.00 Q . | 0|4 (KiKp)r = riverside permeability H{W;) = head above tailwater at end of underseepage berm Cg = riverside effective length coefficient SM 100
’ (KKl = landside permeability without a berm = to head at the toe C, = landside effective length coefficient Ml 200-400
Dy, = riverside blanket thickness = H(W/2) e TreL) where C = [ (Kfikb) * Df * Db ]'"? ML-CL 400
Dy, =levee toe blanket thickness H(W;;) = head above tailwater midpoint of underseepage berm Ly = riverside effective length CL 400-600
Dt = landside blanket thickness = H'L L, where L, = C* (e ™ )/ (@n7eN) CH 800-1000
Dy = thickness of pervious foundation H'o = head above tailwater at levee toe (w/ berm) L; = levee base width
Lg =length of riverside blanket ic = critical seepage gradient L = landside effective length
L, = length of landside blanket Wy = berm width where Le = C when L, = infinity
H = max head or levee height iy = seepage gradient L, = total effective length
FS, =il L', = Total Effective Length + 1/2 of Berm
UNDER SEEPAGE VALUES WITH EACH RANDOM VARIABLE CHANGE PLUS AND MINUS ONE STANDARD DEVIATION RIVER LEVEL 5
station (1) (KKl (KilKo), Du () | Dt Dye (1) Dy | H@m i Le (1) wiy S @Leveel g H[(Wﬂ;fz) HWT ()] o Cett) | o | Ly | L@ | L | L@ Ho (f)
265 to 269| 200 200 5.70 5.70 5.70 90.00 15.70 1.220 10.00 70.00 0.78 505 9.95 8.92 1.57 320 320 10 140 320 470 11.04
265 to 269 120 120 5.70 5.70 5.70 90.00 15.70 1.220 10.00 70.00 0.89 433 8.99 7.81 1.37 248 248 10 140 248 398 10.26
265 to 269] 280 280 5.70 5.70 5.70 90.00 15.70 1.220 10.00 70.00 0.72 564 10.55 9.62 1.69 379 379 10 140 379 529 11.52
265 to 26ﬂ 200 200 2.85 2.85 2.85 90.00 15.70 1.220 10.00 70.00 0.47 411 8.64 7.40 2.60 226 226 10 140 226 376 9.98
265 to 26 200 200 8.55 8.55 8.55 90.00 15.70 1.220 10.00 70.00 1.07 577 10.67 9.76 1.14 392 392 10 140 392 542 11.62
265 to 26! 200 200 5.70 5.70 5.70 72.00 15.70 1.220 10.00 70.00 0.82 471 9.54 8.44 1.48 286 286 10 140 286 436 10.71
265to 2 200 200 5.70 5.70 5.70 108.00 15.70 1.220 10.00 70.00 0.75 536 10.28 9.30 1.63 351 351 10 140 351 501 11.31
Variance Component Recent:of Table 1: Random Variables for the North Kansas City Levee Unit tisac Al
KfiKb Do Dy Le=C Ly + L Ho io Variance : 15.70 0.6260976
Mean 200 5.70 90.0 320 150 8.92 1.57 Parameter Expected | Standard Coefficient of 15.70 0.6260976
120 5.70 90.0 248 150 7.81 1.37 0.0251766 4.4847 Value Deviation Variation, % 15.70 0.6260976
280 5.70 90.0 379 150 9.62 1.69 ) i Blanket z 5.70 2.85 50.00 15.70 0.6260976
200 2.85 90.0 226 150 7.40 2.60 0.5305068 94.499 Perm Ratio 200 80.00 40.00 15.70 0.6260976
200 8.55 90.0 392 150 9.76 1.14 ) ) Fdn Sand d 90.0 18.00 20.00 15.70 0.6260976
200 5.70 720 286 150 8.44 1.48 SN 15.70 0.6260976
; 7079 1.0168
200 5.70 108.0 351 150 9.30 1.63 ——— Prabability of Unsatisf: y Per Due to § for the
North Kansas City Levee Unit
|_Total | 0.5613913 | 100 |
E[l] = 1.565260835 [Ein = [ 0.34490 | § wre o e e e oo
Varll]= 0.561391339 [BETA [ -0.321535368] 22 40 - y ~ e
sigmall]= 0.749260528 [sigma [In 1] = [ 0454215 [Pu | 0.6260976] 28 68 + —— 1903 Heod Elevation
Cov(l) = 047868094 sg ol /] el ]
F(z) = 0.37390 EE 000 500 10.00 1500 2000
[Terit= 1.220 | [inticrity = [ 019885 | Pu(%) = 62.60976 § Heac
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EXHIBIT A-10.14

Well Design Calculations.

Loche ! EC-GD

Date ! 9( 2 wod-

Well Drawdown Influence Table

North Kansas City : Station 265 1o 269
S o O | ic= | 084 Well losses 13 (entrance, velocity bends
= - ‘D [ Discharge elev
North Kansas City Sta 265 to 269 s ey i Ground =0 loss 5 Dbl= 5.7 Feel
Midwell " N L, DD a1 Well = 1.25 cis
D \'}‘e. ‘/Jf/“‘"s"‘)( Localion of points at the base of the 578 Qw i %
blankel perpendicular 10 the center well LY 320 k= 0.0052 1 isec
12.00 4 e S i et | hi) 11.04 Di= $0.0 feet
10.00 é Distance Head Well 0 DDwx Residual Head Gradient Factor Add 1-foot fili
s . 1 i ! 1
@ | 1 ax hx WX Feet Feet of Safety to Berm al levee
w — i i |
5 800 Hﬂllraullc Gradient at Base LJ!I’Biankel i o 1.04 532 572 187 T 187
s 25 10.21 555 4.66 2.03 No Fill Added
2 600 i
o l\‘ | 50 9.44 5.76 3.68 2.25 g
§ 4.00 =y | 70 8.87 0 576 3 1.54 Berm
& 500 \ = S | ; ! 100 8.08 30 5.69 2.39 2.01
2 _ . e | | 125 7.47 55 5.46 2.01 2.38
2 oo Residual Head at Base of Blanket 7 W-—w_ g . |
X Groud Surace T e T ' -— 150 6.91 80 522 1.69 2.84
5100 100 200 300 400 175 6.39 105 5.01 1.38 3.47
Landside Distance from Primary Toe of Levee, Feet 200 561 154 4.4 1.10 238
225 546 155 462 0.84 5.67
250 5.05 180 4.45 0.80 7.92
- B 275 4.67 205 43 0.37 12.79
300 4.32 230 4.16 0.16 29.34
Sc of Input p 325 4.00 255 4.03 -0.03 -150.91
5 350 3.70 280 i -0.21 -22.56
Source 400 3.16 330 37 -0.54 -8.91
~— Levee
H a wa PT1
E— N Well Spacing data well 1 well 2
7= -4 75 5= 220
— we r2-1= an 2-2= 471
ri-1= 48 r-2= 48
23 [T . DDwi= 0.97 DDw2= 0.87
Example Calculation
122 R B ———— —wz;:f;;,;f . well 3
e — : o] Varies 23= 483 506
iy
L2 wi PT1 r1-3= 116 190
210 | [ 30 ] DOw3= 0.61 042
/ © Well Distance from Berm Toe Well 5 r2-5= 538 -5 = 264 0.30
Toe wa' Dist x DDwix Headlosses Mumber
of Berm 7 wells Wi1& w2 0.97 -0.2 2
R W3 & W3 30 0.61 0.2 2
W4 & W4' 0.42 02 2
W5 0.30 02 1
PT1 Sum DD = 5.69 feel

Equations ulilized for Well drawdown calculations : Drawdown = (Q/(2*pi*k*Df) In (R2/R1)

—
4 +
« r:"""*
- >

Well Design Results

Gradient Factor of Safaty

Distance fram levee Toe, Feel

400 450
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EXHIBIT A-10.15

Well Design Calculations

Well Drawdown Influence Table

Leehe: E¢-Gd
Dafe : 3 l 3| 2e d North Kansas City : Station 265 10 269
. R e ————— i ic= | 0.84 Well losses 08 i;enl'ance. velocily bends
5 o {\ \ Discharge elev
North Kansas City Sta 265 to 269 leer L5, -:f\\.’..,j Ground =0 loss -05 Dbl= 57 Feet
'i‘:‘] _..\‘:h. g/(;;xid'f"f hILoc:zniuﬂ of p'ui.nls at the base of the oL a)::\rell .:‘:j Q:: 0.0:'!52 ﬂj:ac
anket perpendicular to the center well
12.00 1~ ho 11.04 Di= 90.0 feet
= 1 Distance Head Well 0 DDwx Fesidual Head Gradient Factor Add 1-foot fill
l}-: 19.90 1 ) gx hx WX Feet Feat of Safety to Berm at levee)
-E 8.00 iL — Hydraulic Gradwenl al Base of Blanket o 11.04 351 753 142 153
2 e 25 10.21 391 6.30 1.50
‘; 6.00 -~ 50 9.44 4.47 4.97 1.66
2 400 _ 70 8.87 0 5.92 2.95 1.62 Berm
= i e 100 8.08 30 4.21 3.87 1.24
g 2,00 - | Residual Head al Base of Blanket 125 7.47 55 3.74 373 1.28
0.00 _Giound Sutace ! i o i 150 6.91 80 3.35 3.56 1.35
o 100 00 i 400 175 6.39 108 3 3.39 1.41
Landside Distance from Primary Toe of Levee, Feet 200 581 130 259 323 148
225 5.46 155 2.38 3.08 1.55
250 5.05 180 2.1 2.94 1.63
o S 278 4.67 205 1.87 2.80 171
300 4.32 230 1.64 2.68 1.78
Schematic of Input p ters 325 4.00 255 1.43 2.57 1.86
350 3.70 280 1.24 246 1.95
Source 400 3.16 330 0.9 2.26 212
- Lo
- 4 PT1
: Well Spacing data well 1 well 2
I: 78 | S= 220
r2-1= 770 2-2= 774
ri-1= 330 2= 338
Example Calculation s 028 g 2
well 3 welld
Varies r2-3= T84 i2-4= 802
PT1 r1-3= 362 r1-4= 399
DDw3= 053 DDwd= 0.47
/ © Well Distance from Berm Toe
Toz Dist x DDwx Headlosses MNumber All DD
of Berm 7 wells 0.58 0.4 1 0.18
. 330 0.56 04 2 0.32
0.53 04 2 0.25
ol 0.47 04 2 0.15
PT1 Sum DD = 0.90 feel

River
Source

Equations utilized for Well drawdown calculations © Drawdown = (Qi2*pi*k* D) In (R2/IR1)

Levee
|
-—
- } ]
« 2] - “"’:zm
«— | —>

8388

Gradient Factor of Safety

1.50 ==

Well Design Results

gaiEs

150 200
Distance fram leves Toe. Feet

250
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EXHIBIT A-10.16
Missouri River Existing Conditions Water Surface Elevations

HEC-RAS | Profile Frequency Water Energy | Energy | Average

Controlling River Surface Grade Grade | Channel| Flow Top | Channel

Reach Discharge Mile Q Total | Elevation | Elevation | Slope | Velocity | Area | Width | Froude
Percent Year | (cfs) (ft) (ft) (f/R) (ft/s) (sq ft) (ft) #

Lower | Lower Missouri 364.05 0.067% | 1,500| 625,000 7547 756.9 10.00028] 12.1 59,364 | 1625 | 0.31
Lower | Lower Missouri 364.34 10% 10 [245,000( 7379 738.8 |0.00017 7.4 34,479 | 1,297 0.22
Lower | Lower Missouri 364.34 1% 100 [ 401,000 74656 747.9 | 0.00021 9.4 46,421 | 1,432 0.26
Lower | Lower Missouri 364. 0.5% 200 |454,000| 748.8 750.4 |0.00022 10.1 49,634 | 1,447 0.27

Lower | Lower Missouri | 364, 0.2% 500 | 530,000 751.8 7536 |0.00024] 11.0 | 53,999 | 1459 | 0.28

Lower | Lower Missouri | 364, 0.100% _ 11.000) 590,000] 7539 7559 10.00025] 11. 57,059 [ 1466 | 0.2

Lower | Lower Missouri 364. 0.080% [1.250)610,000] 7546 756.7 [0.00026) 11. 58,101 | 1,469 0.2

34
14
Lower | Lower Missouri 364.34 0.133% 750 | 565,000] 753.0 755.0 |0.00025 11.4 55,734 | 1463 0.2
34
14
7]

Lower | Lower Missouri | 364 0.067% | 1.500)625,000| 755.1 757.3 10.00026] 12, 58,849 | 1470 | 030

Lower | Lower Missouri | 36465 10% 10 |245,000] 738.2 739.1 | 0.00018 h A 33,526 | 134 0.23
Lower | Lower Missouri | 36465 1% 100 | 401.000] 746. 748.3 .0002 9.6 45,48 (406 0.26
Lower | Lower Missouri | 364.65 0.5% 200 (454,000 749, 750.7 .0002 10.2 48 66 422 0.27
Lower | Lower Missouri | 364 65 0.2% 500 [530.000| 752.2 754.0 00024] 111 53,03 1472 | 0.29
Lower | Lower Missoun | 364.65 0.133% 750 |565,000] 753.4 7554 |0.00025] 11.5 54,8 1483 | 029

Lower | Lower Missouri | 36465 0.100% | 1,000 590.000| 754.3 7564 |0.00026] 11.8 56,17 1,491 0.30

Lower | Lower Missouri | 364,65 0.080% 1,250/ 610,000 755.0 757.2 |0.00026] 12.0 57,24 1498 | 030

Lower | Lower Missouri | 364.65 0.067% |1.500{625.000| 755.5 757.7_|0.00027] 12.1 58,015 | 1,503 | 0.30

Lower | Lower Missouri 64.730" 10% 10 5,000] 738.2 739.2 000 7.7 32,517 | 1.354 0.24

9.7 44,563 | 1.411 0.27

T 4
Lower | Lower Missour 64.730° 1% 100 |401.000| 747.0 748.4 000!
7. 5

10.4 47,772 | 1435 | 0.28

2

4
Lower | Lower Missouri 64.730* 0.5% 200 | 454,000 7449.2 750.8 000!
Lower | Lower Missouri 64.730% 0.2% 500 | 530,00 752.2 754 .2 0.000:z 11.2 52,167 | 1,459 | 0.29

~| G & |w|S

Lower | Lower Missouri 64.730" 0.133% 750 5,00 753.5 755. 0.0002 11.7 53,932 | 1468 | 0.30

Lower | Lower Missouri 64.730° 0.100% _ [ 1,000] 590,00 754.4 756. 0000: 1.9 55,277 | 1.474 0.30

Lower | Lower Missouri 64.730* 0.080% |1.250) 610,000 755.1 757.3 | 0.000: 12.1 56,338 | 1479 | 0.31

Lower | Lower Missouri | 364.730" 0.067% [1,500]625,000] 7556 757.9 | 0.000: 12.3 57,102 | 1490 | 031

Lower 364.734 |Paseo Bridge

Lower | Lower Missouri | 364.75 10% 10 |245,000] 738.3 7392 |0.00022] 738 32,301 [ 1385 | 0.2

Lower | Lower Missouri | 364.75 1% 100 1401,000] 747.0 748. 0.00025 9.8 44,401 [ 1413 ] 0.27

Lower | Lower Missouri 364.75 0.5% 200 [ 454,000 749 750.5 0.00027 10.4 47,624 428 0.28

Lower | Lower Missouri | 364.75 0.2% 500 | 530,000 752 754. 0.00028] 11.3 | 52,021 | 1,462 0.30

Lower | Lower Missouri 364.75 0.133% 750 | 565,000 753. 755.6 0.00029 11.7 53,801 | 1.47 0.30

Lower | Lower Missouri 364.75 0.100% | 1.000] 580.00 754, 756.6 |0.00030] 11.8 55,155 | 1,47 0.31

Lower | Lower Missouri 364.75 0.080% __|1.250] 610.00 755.2 757.4 10.00030] 121 56,224 [ 1483 | 0.3

Lower | Lower Missour 364.75 0.067% 1,500| 625,001 755.7 758.0 |0.00031 12.3 56,993 | 1.487 0.31

Lower | Lower Missouri 4.78 10% 10 | 245,00 738.3 739.3 | 0.00025 8.1 30,957 [ 1229 | 0.26

Lower | Lower Mi 4.78 1% 100 | 401,00 747.0 748.6 | 0.00028| 10.1 42,597 | 1,396 | 0.29

Lower | Lower Mi 34.78 . 0.5% 200 | 454,00 749.3 751.0 |0.00029 10.8 45,775 | 1.412 0.30

Lower | Lower Missouri 4.78 0.2% 500 | 530,00 752.3 7543 10.00031] 1186 50,115 | 1,44 0.31

Lower | Lower Mi i 364.78 0.133% 750 | 565,000 7535 755.7 | 0.00032 12.0 51,868 | 1.45 0.31

Lower | Lower Missouri 364.78 0.100% 1,000 590,000 7544 756.7 |0.00033 12.3 53,202 | 1,45 032 |

Lower | Lower Missouri 64.78 0.080% |1,250/610,000] 755.2 7575 |0.00033] 125 | 54256 | 1465 032 ‘ga\-—
Lower | Lower Missouri 364.78 0.067% 1.500| 625,000 755.7 758.1 0.00034 126 55,014 | 1,469 0.32 25? ‘]‘a
Lower | Lower Missouri 365.1 10% 10 245,000 738.8 739.7 |0.00019] 75 33312 | 1274 ] 023 | 27 3
Lower Lower Missouri 365.1 1% 100 | 401,000 7476 749.0 | 0.00023 9.5 45,270 | 1,396 0.26 —
Lower Lower Missouri 3551 0.5% 200 | 454000 7499 751.5 |0.00024 10.1 48,506 | 1.411 0.27

Lower | Lower Missouri 365.1 0.2% 500 | 530,000 753.0 754.8 | 0.00026 11.0 2,925 | 1.452 0.28

Lower | Lower Missouri 365.1 0.133% 750 | 565,000 7543 756.2 | 0.00027 11.4 4,741 | 1,478 0.29

Lower | Lower Missouri 365.1 0.100% 1,000| 580.000] 755.2 757.2 | 0.00028 11.6 56,12 1,486 0.29

Lower | Lower Missouri 3651 0.080% 1,250/ 610,000] 755. 758.0 |0.00028 11.8 57.21 1,492 0.30

Lower | Lower Missouri 365.1 0.067% |1.500{625.000] 756.5 758.6 |0.00028| 12.0 58,003 | 1.497 0.30

Lower | Lower Missouri 365.43 10% 10 | 245,000 739.1 740.0 |0.00023 7.9 32,229 | 1,335 0.25

Lower | Lower Missourl 365.43 1% 100 | 401,000] 748.0 749.4 | 0.00026 9.8 44,367 | 1.398 0.27

10-30



