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CHAPTER A-9
GEOTECHNICAL ANALYSIS
NORTH KANSAS CITY - LOWER
(HARLEM AREA)

A-9.1 INTRODUCTION

This chapter presents the geotechnical evaluation results for the Harlem 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-9.2 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-9.3 DESCRIPTION OF THE LEVEE UNIT
Refer to Section A-4.3.9 for a detailed description of the North Kansas City —
Lower Unit.

A-9.4 LEVEE DESIGN FEATURES

A-9.4.1 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.
The unit 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
known as the Lower Section 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 in
the Supplemental Exhibits section as Exhibits A-9.1 through A-9.7.
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A-9.4.2 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. 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-9.4.3 Area Site Characterization

Boring information provided by Exhibits A-9.8 through A-9.35 supports
characterization of the foundation between Station 210+00 (Broadway Bridge) and
Station 275+00 (Paseo Bridge). The borings were located in the as-built drawings listed
in the references. One new boring, AD-1008 (completed in 2001), supplemented the
prior borings. The foundation profile has been developed below stations 210+00 to
240+00. In subsequent studies, the foundation profile was developed below stations
240+00 to 275+00. That reach is discussed in Chapter 10 of this appendix.

A-9.4.4 Underseepage Analyses

Stations 210+00 to 240+00 are identified as having underseepage concerns under
the interim feasibility portion of the study. The reach from Stations 210+00 to 240+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.

These reaches were considered separately 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 4
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
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-9.1.

TABLE A-9.1
Permeability Ratios for Blanket Materials

. Assigned
Blanket Material Permeabilit ;”r 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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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
io = Ah/ zbl
then FSi = ic/io = (yb /yw )/(Ah/zbl) = (yb*2zbl)/( Ah*yw)

The underseepage analysis is provided in Exhibits A-9.36 through A-9.52 in the
Supplemental Exhibits section, showing the factor of safety with respect to gradient.
Two distinct reaches were characterized, Stations 210+00 to 230+00 and Stations 230+00
to 240+00.

The original designers considered underseepage berms, buried collector, and relief wells
for the area being considered. No underseepage control measures were adopted due to
marginal safety concerns. The constructed levee section did include a riverside cutoff
trench through any unknown upper sand lense layers and a landside sand blanket above
the existing ground surface to control any underseepage infiltrating beyond the riverside
cutoff trench. The area was to be monitored closely during high water, and future
consideration for underseepage control measures were to be based on the monitoring of
these reaches. The City of Kansas City, Missouri Water Services Department presented
some improvement recommendations for the Harlem area in a 1998 Storm Drainage



Master Plan. That report is included as Exhibit A-9.53 in the Supplemental Exhibits
section.

Kansas City District underseepage design history indicates that, in areas with very
thin to no thickness in blanket materials present, relief wells were the system chosen to
control underseepage. The thinnest blanket used in the analysis was 5 feet. It is expected
that the blanket thickness will vary from 5 to 10 feet.

Alternate underseepage control measures were considered for Stations 210+00 to
240+00. The underseepage controls considered were flood fighting, underseepage berms,
buried collector system, and pressure relief wells. The alternatives vary with respect to
the methodology to remove the underseepage water. The preliminary design does not
require evacuation of the underseepage water in order to keep the levee from failing. The
interior will flood due to underseepage flow containment in the Harlem area. As a
minimum design consideration, the flows from the wells or buried collector system can
be collected in manholes during high water. The sponsors will be responsible for setting
up portable pumps and discharges lines to dispose of the underseepage water back to the
river source by carrying the flow up and over the levee through temporary piping systems
(also provided by the sponsor). The recommended pumping facilities requirements are
discussed in the Civil Design chapter of this appendix.

The present recommended plan for controlling underseepage and reducing the
uplift at the toe of the levee, Stations 210+00 to 240+00 is a buried collector system.

A-9.4.5 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 Harlem area is an area of
concern based on recent discovery of the flood fighting efforts inside of levee Stations
257+00 to 272+00. An additional risk and uncertainty analysis is provided for the
specified stations in the next chapter. Additional characterization of the reach from
Stations 210+00 to 240+00 has resulted in a revised risk and uncertainty for that reach.
The results are provided for consideration in Table A-9.2.
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TABLE A-9.2
Existing Conditions Risk and Uncertainty Results

Station 210+00 to 240+00
Height of Water on Probability of Unsatisfactory
Levee, feet Performance
1.0 0.0000
2.0 0.0000142
4.0 0.00295
6.0 0.0278
8.0 0.0935
10.0 0.1954
(11;‘;,)) 0.4643
16.0 0.5453
(top i)%l(c)evee) 0.6400

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 Stations
210+00 to 240+00 experienced large uplift forces, while the levee from Stations 257+00
to 273+00 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 Stations 210+00 to 240+00. A buried collector
system is recommended for Stations 210+00 to 240+00. The system is to be designed in
accordance with Corps of Engineers’ manuals in order to strengthen the weak sections of
the levee and eliminate the serious risk of underseepage failure.
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EXHIBIT A-9.2
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EXHIBIT A-9.3
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EXHIBIT A-9.4
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EXHIBIT A-9.7
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EXHIBIT A-9.11
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EXHIBIT A-9.35
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Geotechnical Calculations
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EXHIBIT A-9.36

Loehr, Scott A NWK

From: Shumate, Eric D NWK
it: Friday, July 02, 2004 11:12 AM
! Loehr, Scott A NWK

Subject: RE: NKC info needed for report

The 1993 WSEL elevation from our calibrated 1993 RAS model is 754.7 at NKC Station 231+00 (RM 365.73). Using your
method with the actual peak gage reading of 48.87 results in 754.67 which is in agreement with the RAS model number.

Eric D. Shumate

Hydraulic Engineer
USACE-CENWK-EC-HH

Tel: 816-983-3117
eric.d.shumate@usace.army.mil

----- Original Message-----

From: Walker, Matthew M NWK

Sent: Thursday, July 01, 2004 3:51 PM
To: Shumate, Eric D NWK

Subject: FW: NKC info needed for report

Can you field this question?

--==-0riginal Message-----

From: Loehr, Scott A NWK
Sent: Thursday, July 01, 2004 3:50 PM
To: Walker, Matthew M NWK

Subject: NKC info needed for report

Could you please tell me what the elevattn of the water was in 1993 peak at Station 2310f the NKC unit ? | calculate
753.8 if  use gage of 48 plus 706.4 - 1'/mile fall for 3200 feet. What do you think ?

Scott A. Loehr, P.E.
Geotechnical Branch

Phone: (816) 983-3601

Fax: (816) 426-5462

601 E 12th Street, Room 824
Kansas City, MO 64106
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EXHIBIT A-9.37

Underseepage Berm Design for
the Harlem Section
North Kansas City Levee Unit
Station 210+00 to 240+00

Written By: Stefanie Voss
Date: October 24, 2003

The Kansas City District underseepage design practice is based on a developed
criteria somewhat varying from the USACE EM. The KCD model uses permeability
ratios of foundation to blanket thickness based on less conservative assumptions than the
USACE model in the EM. This judgment was based service records form the 1951 and
1993 flood experience on existing Kansas City levees.

Before using the spreadsheet established for berm design, hand calculations were
performed for the designer to become familiar with the design formulas for underseepage
berm requirements. For the Harlem area, stations 210+00 to 240+00, the blanket was
assigned a thickness of 10 feet and permeability ratio of 300. Once the underseepage
design was calculated by hand, the same numbers were entered into the Excel
spreadsheet. The spreadsheet results were compared to the hand calculations, which
mostly matched. Any differences were attributed to rounding of the results in the
spreadsheet or formulas.

The next calculations considered a thinner blanket based on the review of existing
cross-sections. Stations 230+00 to 240+00 were considered to have blanket material
thinner than 10 feet. This reach was modeled using a thickness of 5 feet. This reflected
the only change in the numbers for calculation. Factors of Safety were lower than the
required 1.1 and 1.5 for full and reduced head respectively. To compensate, a berm of
greater thickness and width was assigned. The width was extended to 350 feet to achieve
a Berm Toe Factor of Safety to 1.1. A berm thickness of 4.2 feet was required to meet
the factor of safety of 1.5 at the primary levee toe. A required minimum 5 feet thick
berm was assigned. This is required in EM 1110-2-1913, design and Construction of
Levees, dated 20 April 2000.

The spreadsheet results were compared to land use maps and aerial photographs
to determine the berm alternative cost. While the thickness of the blanket is modeled as
uniform in the existing as built records of the cross section through the levee, the
thickness appears to decrease, as it gets closer to the Heart of America Bridge. One of
the borings, DH-216, was shown as 150 feet landside away from the crown of the levee.
Additional subsurface information should be obtained during PED to further refine the
underseepage berm limits. At this time conservative lengths of berms will be used for the
development of quantities for the berm alternative.
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EXHIBIT A-9.38

KCKMOS - North Kansas City Unit
Harlem Section (Stations 210+00 to 240+00)

Demolition Plan for the Addition of Berms

¢ Determine area extent of demolition for affected section.

e Find utilities that would require removal from KCD data.

e Determine what utilities are present in the area from N. Kansas City.

¢ Find property value data for the buildings within the demolition area from Real
Estate.

¢ Cost estimate the removal or relocation of buildings, streets, utilities, and other

items within the demolition boundaries.

Perform a subsurface investigation to confirm existing conditions are present.

Determine buyout costs for the affected property owners.

Meet with property owners to determine if they will accept this alternative.

If accepted, meet with North Kansas City to plan for traffic rerouting and road

and utility relocation.

e Ifnot accepted, move on to different alternative.

From a driving tour of the area, a few owners have property that back up to the levee toe.
While this does not make the alternative infeasible, it will add to the cost of relocating
these businesses and individuals. Other alternatives such as relief wells or collector
drains may release the seepage pressures, while allowing those individuals to remain in
their current property locations.
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EXHIBIT A-9.39

rUNDERSEEPAGE ANALYSIS

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

| KkCmoKs

Harlem |

Designed By: Stefanie Voss
Date : 10/23/2003
Case | : Cutoff trench and berm

Loehr

Revised for Design Flood Hydraulics

Checked By: }

11/17/2003

NOMENCLATURE
(KiKp)p = riverside permeability ¢ = required Berm thickness at e
(K/Ky), = landside permeability Sc = calc'd slope of underseepage berm
Dy, = riverside blanket thickness q = seepage ‘unit Length

Dy, = levee toe blanket thickness
Dy, = landside blanket thickness
Dy = thickness of pervious foundation
Ly = length of riverside blanket
L; = length of landside blanket
H = max head or levee height
H(Wy) = head above tailwater at end of underseepage berm
HOWy) = H A Wap) 1 (V79

Q = cummulated seepage
FS, =i/i,
Shape factor = D/ L, or D,/ L,

D —— Y ,,._..___,.' D PC [ Re ded Permeability Ratio H(W. 1) = head above tailwater midpoint of underseepage berm
o So 200 o For Foundation Blanket Materials =H"*(Le/(L1+L2+W,+Le) )
- Yo = ML Chapter Underseepage Revision dated Oct 1998 Wi = berm width
Assum(.:d i, = seepage gradient
H = Levee Bla"k_ﬂ Pemleghllily C, = riverside effective length coefficient
Material Ratio,
\L (KI7Kb) C, = landside effective length coefficient
~ SM 100 where C = [ (KfiKb)* Df* Db ]'"?
/ Dy, = i 10.0 l Blanket | D= | 10.0 | Dy, = ! |u.£ ML 200 10 400 H's = head above tailwater at levee toe (w/ berm)
K ML-CL 400 i, = critical seepage gradient
/ CL | 400 10600 L, = riverside effective length
(KiKun “ D - Sands (KK, ' CH | 800 to 1000 where L, = C* (e WOy (RO
L. = levee base width
First Line data Ok © L, = landside effective length
= L, = total effective length
Rock L', = Total Effective Length + 1/2 of Berm
Input Parameters Analysis of Without Berm Conditions
Station (KK IR Dy Dy, Dy Iy Ly 1 Remarks Cy Cy, Ly Ly L, Ly h, i ie Check #1 Check #1 Remarks
Feet Feet Feet Feet Feet Feet Feet FtFt Ft/Ft Full Head Reduced Head
First row is tied to above graphs! Change Graphics only! Toe FS; (need 1.1) Toe F&;ineed 1.5)
Example 300 [ 30 [ w0 | 100 10.0 60.0 200 18.3 424 | 424 186 140 424 751 10.34 1.03 0.84 0.81 097
2104001©0240+00 | 300 | 30 | 100 | 100 10.0 60.0 200 18.3 Mkt Sirvich 424 | 424 186 140 424 751 10.34 1.03 0.84 0.81 0.97
Used Borings : D-1008, DH-29
I
230400 to 240400 I 300 300 5.0 | 5.0 5.0 60.0 200 18.3 Harlem Stretch blanket 300 300 175 140 300 615 8.93 1.79 0.85 0.48 0.57
Used Borings: DH-216, DH-33 layer is less
[ I
2104000230400 | 300 | 300 | 100 [ 100 10.0 60.0 200 183 Harlem Stretch with 10 424 | 424 186 140 424 751 10.34 1.03 0.85 0.82 0.98
hlunket for portion
| | | [
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EXHIBIT A-9.40

General Notes

If either of these two columns indicate that the reguired FS; is not met then the underseepage berm design is necded.

Berm Design Information : The Excessive head colummns provides the designer with a feel for which check case control,

The design of the berm at the toe of the levee requires a FS; of at least 1.5 for the controlling case. using the reduced head (87% of full head).

The design of the extension of the berm is controlled using full head and a required FS; of 1.1 at the we of the berm,

I the FS; = 1.1 15 not met with the width = 400 feet minimum, then the 400 feet is used .

I'he berm thickness required at the toe of the levee 1s controlled using

Analysis of Existing Conditions : This portion uses full head for the check #1 for FS; = 1.1 and Full Head less 3 feet for the Check #2 for FS; = 1.5,

an H'o at the levee toe set based on FS; = 1.1, projecting back to the width less than 400 feet, with no adjustment made 1o H'o.

If the trail width is less than 400 feet, no adjustment to H'o is made. The minimum

berm thickness is 5 feet (EM 1110-2-1913).

al the toe of the levee or based on a head of H using a factor of safety of 1.1 at the toe of the levee.

L; with Berm

W (150 min)

The calculated berm thickness will be based on full head less 3 feet using a Factor of safety of 1.5

i W, (400 max)
¥ T, | |- SR b
H Levee . H{Wy,)
H(Wy)
' (5" min) \ il'e Berm 2 mint >} -
d
Blanket
—~—
-
Sands
Berm Design Information
Berm Width Design Berm Thickness Design
Trial
Station Excessive Head Tfial Effective Minimtm Safety Factor Check at Levee Toe
Control (Feet) Width Length Mid Berm H(Wp) Berm Toe Salety 1o Berm Levee Toe
Thickness
Head, ft Feet Gradient Factor at Levee Toe Gradient
FSi=11 | F§ =15 Wy L, H(Wqp2) Tgerm Berm Toe Feet t' I'o For1.5 For 1.1
Exampl 2.68 3.03 0 NA NA NA NA NA NA ] NA NA
Okay NA 0 NA NA
210+00 to 240+00 2.71 3.05 200 851 9.1 7.2 0.72 1.16 943 25 0.55 1.52
Okay 11.28 2.4 0.76 1.11
230+00 to 240+00 507 4.63 350 790 7.0 39 0.78 1.10 9.20 4.2 0.54 1.56
Okay 11.01 4.2 0.74 1.15
210400 to 230400 262 2.98 200 851 9.1 7.2 0.72 1.18 9.43 25 0.55 1.53
Okay 11.28 21 0.76 1.12

KCMOKS
Designer ;
Checked :

Feasibility
MName :
Name :

Harlem Area

Stephanie Voss
Scott Loehr

NKC Sta 210+00 to 240+00
Date : 10V23/2003
Date : 11/17/2003
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EXHIBIT A-9.41

UNDERSEEPAGE ANALYSIS
KCMOKS Feasibility  Harlem Area
Designer : MName : Stephanie Voss Date -
Checked : Name : Scolt Loehr Date :

Revised to reflect criteria developed for 1.-142

NKC Sta 210+00 to 240+00
10/23/2003
11/17/2003

L; with Berm \J
| W, (150 min) B
R (400 max)
Levee HOWY )
H(Wy)
t* (5" min) 1'o Berm 2 mind ™\ -
Blanket .~
—
-
Sands
Recommended Final Berm Thickness, Width and Flow Analysis
Begin Increaseint' for | Recommended ' Ben Spring Spring
End Station shrinkage setth {5 Teet Se Shape k¢ q 1 Length Q o u“';i'" Head (feat)| Point, ¥, | Point, ¥y
Station and design required) IR {ft) LDSD | (ft) LDSD
| , F o] a0 FHT o - > o o i
Feet Feet Includes 25% Feet Feet F/it Factor (ppd/sq.ft) (gpd/ft) (cisdr) Feet (efs) Cubic Yards
Feet
0.00 0.00 0.0 o NA 0.0799 2400 3510.52 LA AVALUE!| #VALUE! 0
21000.00 24000.00 3.3 5.0 200 67 0.0705 2400 3097.84 0.0048 | 3000.00 144 85336 18.3 NA
23000.00 24000.00 5.25 5.0 As0 17 0.0760 2400 3336.39 0.0052 1000.00 5.2 49907 18.3 NA
21000.00 23000.00 313 5.0 200 67 0.0705 2400 3097.84 0.0048 2000.00 9.6 57037 18.3 NA
Trial 2 & 3 Tolal Yards 106944 |Cubic Yards
|Total Underseepage - 148 CFs |
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EXHIBIT A-9.42
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| §
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H | [l i
- ! | : ! i
i § . i i
! |
1 i 4 - =
! e I B, e B e Tt B R T Bt SN ERSINS. M- - - i
|UNDERSEEPAGE ANALYSIS ) ) - !
E SR H f
o oo {Dae ! i
Revised purple aligrﬁm:nl for baseline ! N I D ! )
Crest width (feet) ol ~ H = max head or levee height i . |= levee base width
Horizontal to vertical slope ratio | — i ! H o 1 = head above tailwater at bermend 1 = landside effective length
| - : | = total effective length ]
Krj= nm pu'meahl_ny ! H'o = head above tailwater at levee toe (w/ berm) = underseepage berm thickness at toe
landside permeability | lated slope of underseepage berm

riverside blanket thickness
landside blanket thickness
thickness of pervious foundation
length of riverside blanket

_ i-0)= seepage pradient
Cr = niverside effective length coefliciem

C1}= landsidz effective length coefficient:

i thickness of underseepage berm

shope of underseepage berm

_Kf| = permeabilty of aquifer

= sepage funit length

dside blanket | L1 = riverside effective length d seepage
Station | KL bbb D | Dk D e e | W say 1 M Ww [ ke |G | UV T - T P R wo v Q
| | ! | . . Factor ! | } : (cfs)
NKCSta234 | 100, 5 5 5 85 0.84 2000 0o o0& a1 631 63| 206 154 130 306 491 NA | NA 60
top of levee 300/ 10 10 10| 85 0.84 2000 o o0m 825 92 92 sos|  1e0| 130 s0s 825 NA | NA 35
- - ol . | L2 LA S | i i
- 5564255 .n- i . 4 e - - r— PR - - ! H
| 5.56428! e e 2 i
| 4946515 5 . 1 5 I e |
13881213 2 5| + N 1 1 !
[ 3.437965 | 5 f ; . ; -
1 3.045338 : 4 - . —f——" | —--
| 2697551 23, I S S E 1 !
12697651 E | | | !
] | 2.389481 3T ot e i | i
116595 g 2 + : g . .
S B74873 PR - L ! R : . .
1 o 1 =
1 ! g 0 | : i } \ o
:l i ';j 12 T T T 1 H = —
| : o 50 100 150 200 250 300 N i o
1 Distance from toe of levee, feet 5 -
| i i } "
% 4 - B o - , s e
3 . i - : — S ——
i ! oree} i e i ¥
L | H S - H 3 - — e S
{ H 1 | I
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EXHIBIT A-9.43
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EXHIBIT A-9.44

Impervious
H” |

Sand Drain
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i |||

~.] Riprap
Random Fill

-
« 2 |m rv’ (.\
sand Layer \\\\\Eﬁl v

Natural Impervious Blanket

North Kansas City
Station 235+00
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EXHIBIT A-9.45

|UNDERSEEPAGE ANALYSIS Reliability - .
Norih Kansas City P EC.CD Probability of Levee Failure Due to Underseepage
Missouri I Date : 6-Jul-04
Station 230 to 240 Peer review : |9 o, | Assumed
30 Serd ¢ (M4 Blanket Material Permibility
Crest width (feet) 10.00 (KilKy)r = riverside permeability H{W;) = head above tailwater at end of underseepage berm Cr = riverside effective length coefficient Ratio
| {KydKp) = landside permeability without a berm = to head at the loe C, = landside effective length coefficient SM 100
iy 3 , o g Dy, = riverside blanket thickness = H{W/2)"e WTen whare C = Kb)* Df * " WL 200-400
Usiay Ruwie Mde 3¢5.7 e : [(KIK)* OF * Db
- Dypo = levee toe blanket thickness H(Wrs) = head above tailwater midpoint of underseepage berm L1 = riverside effective length ML-CL 400
g g = JAR 7! B ARCH
RN 365. 6 oo ¢ 145 Dy, = landside blanket thickness = HL L, where L, = C* (e ™ e cL 400-600
g i
5,‘_&. ._L,)\(-- = 754.5 Dy = thickness of pervious foundation H'o = head above tailwater at levee toe (w/ berm) L; =levee base width CH 800-1000
) s f 4 Q 2 / Lgr = length of riverside blanket ic = critical seepage gradient use ic=0.86/0.7= 1.23 Ls = landside effective length
RM 36 5.64 (00 -4 ~ ‘ ‘_‘_ g L. = length of landside blanket Wy = berm width observed uplift no boils where Le = C when L, = infinity
5(.(_‘--“_3"' 9 S A5 H = max head or levee height i, = seepage gradient L, = total effective length
) ' FS =il L'y = Total Effective Length + 1/2 of Berm
MEAN UNDER SEEPAGE VALUES
Station (ft) | (KMeda | (KiKok Dy (ft) Deo () | Dy () D, (ft) H (1) k L (ft) W (i) ﬁi’e‘%}éﬁfj LU | HW2) () | HVT) (1) io Ceiy | co | L | Lm | L@ | L Ho (ft)
230 to 240 300 300 5.00 500 | 500 900 0.10__| 1.230 350.00 30.00 134.72 773 0.05 0.05 0.01 367 367 272 118 367 758 0.05
230 to 240 300 300 5.00 5.00 5.00 90.0 4.00 1.230 350.00 30.00 3.37 773 1.90 1.83 0.37 367 367 272 118 367 758 1.98
230 to 240 300 300 5.00 5.00 5.00 90.0 8.00 1.230 350.00 30.00 1.68 773 3.80 3.65 0.73 367 367 272 118 367 758 3.96
230 to 240 300 300 5.00 5.00 5.00 90.0 10.00 1.230 350.00 30.00 1.35 773 4.76 4.57 0.91 367 367 272 118 367 758 4.95
230 to 240 300 300 5.00 5.00 5.00 90.0 14.50 1.230 350.00 30.00 0.93 773 6.90 6.62 1.32 367 367 272 118 367 758 7.18
230 to 240 300 300 5.00 5.00 5.00 90.0 18.00 1.230 350.00 30.00 0.75 773 8.56 8.22 1.64 367 367 272 118 367 758 8.91
Probability of Unsatisfactory Performance
With Fs = 0.7 (Landside Uplift Observed)
NKC Levee Unit Sta 230 to 240
Elevalion Above Mean Sea Lavel (ft) ; . . Head (ft) Pu Elevation (ft)
Table 1 : Random Variables for the NKC Levee Unit
| 8 7400 7450 750.0 755.0 760.0 a 0.10 0.0000000 74010
1 E 10 + ? + t 4 [ Parameter Expected | Standard Coefficient of 4.00 0.0029509 744.00
| & - i *=F Value | Deviation Variation, % 8.00 0.0934795 748.00
| 8 e ! * Blankel 2 5.00 250 50.00 10.00 01954115 750.00
| E‘ 07 | ) —&— 1993 Head Perm Ratio 300 120.00 40.00 14.50 0.4642784 754 50
| &, I ' b Fevation Fdn Sand d 900 18.00 20.00 18.00 06396525 758.00
,gi 48 i / { —8— Top of Levee
g 0.5 i ] | =0 100-ueayr
5 04 | : i -
z et | !
F 02 I i
m i
e 01
0.0 -~  a— " } = TR—
000 500 10.00 15.00 2000
Head {ft)

1993
top Levee
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EXHIBIT A-9.46

{UNDERSEEPAGE ANALYSIS Reliability
North Kansas City Loehr EC-GD Probability of Levee Failure Due to Underseepage
Missouri ] Date : 6-Jui-04 . Assurnﬁd
Station 230 to 240 Blanket Material Pe;gl‘li)(;lny
Crest width (feef) 10.00 (K¢'Ky)r = riverside permeability H{W;) = head above tailwater at end of underseepage berm Cg = nverside effective length coefficient SM 100
'P.’“jjﬁ:'_ 1 [ B fr,‘k (KiKy). = 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)et™ e where C = [ (Ki/Kb) * Df * Db ]"? ML-CL 400
Dyo = levee toe blanket thickness H{Wrp) = head above tailwater midpoint of underseepage berm Ly = riverside effective length CL 400-600
Dy = landside blanket thickness = HLMY where L, = C* (e @MW)/ (e™™e) 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 I; = 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, =i/, L'y = Total Effective Length + 1/2 of Berm
NDER SEEPAGE VALUES WITH EA! AN PLUS AND MINU E STANDARD DEVIATION RIVER LEVEL 1
; { 3
Station () | (K/Kole (K, D) | D@ | Dyl o | W | Le () wi [FS@Leee iy | W iwn o] b | e | cw | Lo | Lo | Lo | u Ho ()
230 to 240 300 300 5.00 5.00 5.00 90.00 0.10 1.230 350.00 30.00 134.72 773 0.05 0.05 0.01 367 367 272 118 367 758 0.05
230 to 240 180 180 5.00 5.00 5.00 90.00 0.10 1.230 350.00 30.00 149.74 657 0.04 ).04 0.01 285 285 240 118 285 642 0.05
230 to 240 420 420 5.00 5.00 5.00 90.00 0.10 1.230 350.00 30.00 125.59 858 0.05 ).05 0.01 435 435 290 118 435 843 0.05
230 to 240 300 300 2.50 2.50 2.50 90.00 0.10 1.230 350.00 30.00 77.71 620 0.04 0.04 0.02 260 260 227 118 260 605 0.04
230 to 240 300 300 7.50 7.50 7.50 90.00 0.10 1.230 350.00 30.00 185.70 876 0.05 0.05 0.01 450 450 293 118 450 861 0.05
230 to 240 300 300 5.00 5.00 5.00 72.00 0.10 1.230 350.00 30.00 141.12 720 0.05 0.04 0.01 329 329 259 118 329 705 0.05
230 to 240 300 300 5.00 5.00 5.00 108.00 0.10 1.230 350.00 30.00 129.69 818 0.05 0.05 0.01 402 402 282 118 402 803 0.05
Head P
. Variance Corponent | Fercont of Table 1: Random Variables for the NKC Levee Unit = ”
KflKb Dso Dy «=C Ly +L; Ho i Variance 0.10 0.0000000
Mean 3EJ_Q 5.00 90.0 367 390 0.05 0.01 Parameler Expected | Standard Coefficient of 0.10 0.0000000
180 5.00 490.0 285 358 0.04 0.01 0.0000006 28426 Value Dev're_ntion Variation, % 0.10 0.0000000
420 5.110 90.0 435 408 0.05 0.01 ) ) Blanket z 5.00 2.50 50.00 0.10 0.0000000
300 2.50 90.0 260 345 0.04 0.02 0.0000212 96.485 Perm Ratio 300 120.00 40.00 0.10 0.0000000
300 7.50 90.0 450 411 0.05 0.01 ) ) Fdn Sand d 90.0 18.00 20.00 0.10 0.0000000
300 5.00 720 329 377 0.04 0.01 . 0.10 0.0000000
: 1 .
300 5.00 108.0 402 400 0.05 0.01 0000000 0.6724
[ Total | 0.0000220 | 100 |
E[l] = 0.009130098 [E[n 1 = [ -4.81307 |
Var[lj= 2.19545E-05 [BETA | 10.38250279]
sigmall}= 0.004685563 [sigma[in 1] = [ 0.483514 | |Pu | 0.0000000]
cov(l) = 0.513199657
F(z) = 1.00000
[1erit = 1.230 | [In{l crit) = [ 0.20701 | Pu(%) = 0.00000
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EXHIBIT A-9.47

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
Crest width (feet) Q:) i 3 f ’_‘;.L‘f {u?~ (KifKp)r = riverside permeability H{Ws} = head above tailwater at end of underseepage berm Cr = riverside effective length coefficient SM 100
’ (KiKp). = landside permeability without a berm = to head at the toe C, = landside effective length coefficient ML 200-400
Dy, = riverside blanket thickness = H(W,q/2) e VT2 CL) where C = [ (KfiKb) * Df * Db ]"? ML-CL 400
Dy, = levee toe blanket thickness H(Wy) = head above tailwater midpoint of underseepage berm Ly = riverside effective length CL 400-600
Du. = landside blanket thickness = HLL, where L, = C* (e @FCH) () CH 800-1000
Dy = thickness of pervious foundation H'o = head above tailwater at 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 Wr = berm width where Le = C when L = infinity
H = max head or levee height io = seepage gradient L, = total effective length
FS, =i/, L'y = Total Effective Length + 1/2 of Berm
UNDER SEEPAGE VALUES WITH EACH RANDOM VARIABLE CHANGE PLUS AND MINUS ONE STANDARD DEVIATION RIVER LEVEL 2
: S H{W/2 :
Station (ft) (KiKplr (KK Dy (ft) Do (ft) Dy (ft) Dy (ft) H (ft) le L (ft) Wt (ft) ije@:}}rl_g.:ﬁg L't (ft) ¢ (ft; ) H{WT}) (ft) o Cr (ft) Cy () Ly (1) Lz (ft) Le (ft) Ly (ft) H'o (ft)
230 to 240 300 300 5.00 5.00 5.00 90.00 4.00 1.230 350.00 30.00 3.37 773 1.90 1.83 0.37 367 367 272 118 367 758 1.98
230 to 240 180 180 5.00 5.00 5.00 90.00 4.00 1.230 350.00 30.00 3.74 657 1.73 1.64 0.33 285 285 240 118 285 642 1.82
230 to 240, 420 420 5.00 5.00 5.00 90.00 4.00 1.230 350.00 30.00 3.14 858 2.03 1.96 0.39 435 435 290 118 435 843 2.10
230 to 240 300 300 2.50 2.50 2.50 90.00 4.00 1.230 350.00 30.00 1.94 620 1.68 1.58 0.63 260 260 227 118 260 605 1.77
230 to 240 300 300 7.50 7.50 7.50 90.00 4.00 1.230 350.00 30.00 4.64 876 2.05 1.99 0.26 450 450 293 118 450 861 212
230 to 240 300 300 5.00 5.00 5.00 72.00 4.00 1.230 350.00 30.00 3.53 720 1.82 1.74 0.35 329 329 259 118 329 705 1.91
230 to 240] 300 300 5.00 5.00 5.00 108.00 4.00 1.230 350.00 30.00 3.24 818 1.97 1.90 0.38 402 402 282 118 402 803 2.04
Head Pu
- Variance Component Perc:'em - Table 1: Random Variables for the NKC Levee Unit
KflKb Deo oy Le= Ly +L; Ho 0 Variance 4.00 0.0029509
Mean 300 5.00 90.0 367 390 1.83 0.37 Parameter Expected | Standard Coefficient of 4,00 0.0029509
180 5.00 90.0 285 358 1.64 0.33 0.0009985 28426 Value | Deviation Variation, % 4.00 0.0029509
420 5.00 90.0 435 408 1.96 0.39 ) i Blanket z 5.00 2.50 50.00 4.00 0.0029509
300 2.50 90.0 260 345 1.58 0.63 0.0338925 06.485 Perm Ratio 300.00 120.00 40.00 4.00 0.0029509
300 7.50 90.0 450 411 1.99 0.26 ) i Fdn Sand d 90.00 18.00 20.00 4.00 0.0029509
300 5.00 72.0 329 377 1.74 0.35 4.00 0.0029508
300 5.00 108.0 402 400 1.90 0.38 BO00EIS2 Gbrzs
: B . _ - |
[ Total ] 0.0351272 | 100 [ Probability of Unsatisfactory Perf Due to Seepage for the !
é Morth Kansas City Levee Unit |
E[l] = 0.365203929 [Efin 1= [ -1.12419] { i
Var[l]= 0.035127205 [BETA [ 2.753190881] | |
sigma(l]= 0.187422531 [sigmaini] = [ 0.483514 | [Pu | 0.0029509| | Elevation Above Mean Sea Lavel () |
cov() = 0.513199657 | f. oo mo o om0 W .i
& ——Pu |
F(z) = 0.99705 | gfs' a t&—:m Head Elgvation : |
|1 crit = 1.230 | {Inl crit) = [ 020701] Pu(%) = 0.29509 { ig o " - Top ol Lese i
i % < 00 -5 o 1we 150 200 I
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EXHIBIT A-9.48

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
o Ratio
Crest width (feet) 10.00 Ro i "I-i .‘>f-{ o4 (Ki'Ky)e = riverside permeability H{Wy) = 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 e where C = [ (Kf/Kb) * Df * Db |"? ML-CL 400
Dyo = levee toe blanket thickness H(Ws,;) = head above tailwater midpoint of underseepage berm L. = riverside effective length CL 400-600
D = landside blanket thickness = HUL L, whereL, = C* (e ®RCM ) @FeT) CH 800-1000
Dy = thickness of pervious foundation H'o = head above tailwater at levee toe (w/ berm) L; = levee base width
Lr = length of riverside blanket i = critical 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
FS, =i/, Ly = 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 (1) (KiKoe (KK D) | Dy ) Dy (1) D | Huy i L | owe (@ | TP lhwnm| b | e | e | Lo | L@ | Lo | L Ho (f)
230 to 240 300 300 5.00 5.00 5.00 90.00 8.00 1.230 350.00 30.00 1.68 773 3.80 3.65 0.73 367 367 272 118 367 758 3.96
230 to 240 180 180 5.00 5.00 5.00 90.00 8.00 1.230 350.00 30.00 1.87 657 3.46 3.29 0.66 285 285 240 118 285 642 3.65
230 to 240[ 420 420 5.00 5.00 5.00 90.00 8.00 1.230 350.00 30.00 1.57 858 4.06 3.2 0.78 435 435 290 118 435 843 4.20
230 to 240] 300 300 2.50 2.50 2.50 90.00 8.00 1.230 350.00 30.00 0.97 620 3.35 317 1.27 260 260 227 118 260 605 3.55
230 to 240] 300 300 7.50 7.50 7.50 90.00 8.00 1.230 350.00 30.00 2.32 876 4.11 3.97 0.53 450 450 293 118 450 861 4.25
230 to ZAIﬂ 300 300 5.00 5.00 5.00 72.00 8.00 1.230 350.00 30.00 1.76 720 3.65 3.49 0.70 329 329 259 118 329 705 3.82
230 to 240| 300 300 5.00 5.00 5.00 108.00 8.00 1.230 350.00 30.00 1.62 818 3.94 3.79 0.76 402 402 282 118 402 803 4.08
Variance Component Parcent of Table 1 : Random Variables for the NKC Levee Unit Hlead T
KilKb Dy Dy L.=C Li+L; Ho io i Variance ' 8.00 0.0934795
Mean 300 5.00 90.0 367 390 3.65 0.73 Paramater Expected | Standard Coefficient of 8.00 0.0934795
180 5.00 90.0 285 358 3.29 0.66 0.0039940 2.8426 Value | Deviation Variation, % 8.00 0.0834795
420 5.110 90.0 435 408 3.92 0.78 i i Blanket z 5.00 2.50 50.00 8.00 0.0934795
300 2.50 90.0 260 345 3.17 1.27 0.1355700 96.485 Perm Ratio 300 120.00 40.00 8.00 0.0934795
300 7.50 90.0 450 411 3.97 0.53 i ' Fdn Sand d 90.0 18.00 20.00 8.00 0.0934795
300 5.00 720 329 377 3.49 0.70 8.00 0.0934795
300 500 108.0 402 400 3.79 0.76 b 06724 S
Pr ility of U isf y Perf: Due to Seepage for the
L Total | 0.1405088 I 100 l North Kansas City Levee Unit
E[l] = 0.730407858 [E[in 1 = [ -0.43105 |
Var[l]= 0.14050882 [BETA [ 1.319529252] = Elosation Abone teon SeaL
- - Flevation e Mean Sea Level (i)
|sigmafl]= 0.374845062 [sigma [In 1] = [ 0.483514] [Pu | 0.0934795| — o E | feah e
CcOoV(l) = 0.513199657 B 10 _..H.,q_H_HT_‘I:.,‘ ——ru .
F{Z) = 090852 ‘7_‘: § g ; [ i o i i [—dr— 19093 Head Elovaticn 1
[Terit= 1.230 ] [Int crit) = [ 0.20701 ] Pu(%) = 9.34795 i3 ow a0 e e onottewe |
5’: Haad (it}
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EXHIBIT A-9.49

UNDERSEEPAGE ANALYSIS Reliability
North Kansas City Loehr : EC-GL Probability of Levee Failure Due to Underseepage
Missouri Date : 6-Jul-04 Assumed
Blanket Malerial Permibility
; " Ratig
Crest width (feet) -Rf-} [T 1 [ 201 o (Ki'Kp)r = riverside permeability H(W;} = head above tailwater at end of underseepage berm Cr = riverside effective length coefficient SM 106
¥ I (Ki/Kp)e = landside permeability without a berm = to head at the toe C, = landside effective length coefficient ML 200-400
= riverside blanket thickness = H{W /2y v Hieen where C = [ (Kf/Kb) * Df * Db ]"? ML-CL 400
= levee toe blanket thickness H(Wr2) = head above tailwater midpoint of underseepage berm Ly =riverside effective length cL 400-600
= landside blanket thickness = HL L, where L, = C* (e @R )y R CH 800-1000
= thickness of pervious foundation H'o = head above tailwater at levee toe (w/ berm) Lz = levee base width
= length of riverside blanket ic = critical seepage gradient Le =landside effective length
= length of landside blanket Wiy = berm width where Le = C when L, = infinity
H = max head or levee height iy = seepage gradient L, = total effective length
FS =it Ly = 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) (KiKp)a (Ki/Kple Dy (ft) Do (i) Dy, (ft) Dy (ft) H (ft) i Lg {ft) Wit (ft) ??}e@cirl_g;fri L't (ft) H{‘\;\fﬂ;ﬂn H{WT) (ft) iy Cr (ft) Cy (ft) Ly (ft) L; (ft) L, (ft) L, (ft) H'o (ft)
230 to 240, 300 300 5.00 5.00 5.00 90.00 10.00 1.230 350.00 30.00 1.35 773 4.76 4.57 0.91 367 367 272 118 367 758 4.95
230 to 2404 180 180 5.00 5.00 5.00 90.00 10.00 1.230 350.00 30.00 1.50 657 4.33 4.1 0.82 285 285 240 118 285 642 4.56
230 to 2404 420 420 5.00 5.00 5.00 90.00 10.00 1.230 350.00 30.00 1.26 858 5.07 4.90 0.98 435 435 280 18 435 843 5.24
230 to 2404 300 300 2.50 2.50 2.50 90.00 10.00 1.230 350.00 30.00 0.78 620 4.19 3.96 1.58 260 260 227 118 260 605 4.43
230 to 2404 300 300 7.50 7.50 7.50 90.00 10.00 1.230 350.00 30.00 1.86 876 5.14 4.97 0.66 450 450 293 118 450 861 5.31
230 to 240 300 300 5.00 5.00 5.00 72.00 10.00 1.230 350.00 30.00 1.41 720 4.56 4.36 0.87 329 329 259 118 329 705 4.77
230 to 240] 300 300 5.00 5.00 5.00 108.00 10.00 1.230 350.00 30.00 1.30 818 4.92 4.74 0.95 402 402 282 118 402 803 5.1
) Percent of . ' . Head Pu
KiRo Ow o, L-c L = = Variance Component Variance Table 1 : Random Variables for the NKC Levee Unit g 0.1954115
Mean 300 5.00 80.0 367 390 4.57 0.91 Parameter Expected | Standard Coefficient of 10.00 0.1954115
180 5.00 90.0 285 358 4.1 0.82 0.0062407 2 8426 Value Deviation Variation, % 10.00 0.1954115
420 5.00 90.0 435 408 4.90 0.98 ' i Blanket z 5.00 2.50 50.00 10.00 0.1954115
300 2.50 90.0 260 345 3.96 1.58 0.2118281 96.485 Perm Ratio 300 120.00 40.00 10.00 0.1954115
300 7.50 90.0 450 411 4.97 0.66 ' ) Fdn Sand d 90.0 18.00 20.00 10.00 0.1954115
300 5.00 720 329 377 4.36 0.87 RN v 10.00 0.1954115
0.0014763 06724
300 5.00 108.0 402 400 4.74 0.95 Probability of Unsatisfactory Performance Due to Seepage for the
North Kansas City Levee Unit
Total 0.2195450 100 |
E[lL = 0.913009822 [Efnn= -0.20790 | £ Cloan fha MenSustem
Var[l]= 0.219545032 BETA 0.858125488) A e — —
sigmall]= 0.468556327 [sigma [in 1] = 0.483514 | Pu 0.1954115) 2r . —— 1093 bead Elevation
cov(l) = 0.513199657 gE 00 . e Top ol Lo
[Fa = 0.80459 5F oo weo 1500 2000
[terit= [In(l crit) = 0.20701 | |Pu(%) = 19.54115 & Head )
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EXHIBIT A-9.50

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
. s r},('_ ?f 2] “ﬁ’ f ) . . | i Ratio
Crest width (feet) 10.00 =~ l P l L (Ki'Kp)r = riverside permeability H{Ws) = head above tailwater at end of underseepage berm Cgr = riverside effective length coefficient SM 100
(Ki'Ky). = 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)et W Te where C = [ (Kf/Kb) * Df * Db ]"? ML-CL 400
Dyo = levee toe blanket thickness H(Wr) = head above tailwater midpoint of underseepage berm L, = riverside effective length CL 400-600
Dy = landside blanket thickness = HLJL' where L, = C* (e @REM )/ (P 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 i = critical seepage gradient L. = landside effective length
L, = length of landside blanket Wr = berm width where Le = Cwhen L, = infinity
H = max head or levee height io = seepage gradient L, = total effective length
FS; =igliy L'y = Total Effective Length + 1/2 of Eerm
UNDER SEEPAGE VALUES WITH EACH RANDOM VARIABLE CHANGE PLUS AND MINUS ONE STANDARD DEVIATION RIVER LEVEL 1993
Station (ft)]  (Ki/Ky) (KK, Dy (ft) Dy, (ft) Dy, (ft) Dy (ft) H (ft) ic Lg (ft) Wi (ft) ;‘:’e@dr"gf: L't (ft) H{:TI;‘Q ) HIWT) (ft) io Ce (ft) C, (ft) Ly {ft) L, (ft) L, (ft) Ly (ft) H'o (ft)
230 to 240 300 300 5.00 5.00 5.00 90.00 14.50 1.230 350.00 30.00 0.93 773 6.90 6.62 1.32 367 367 272 118 367 758 7.18
230 to 240 180 180 5.00 5.00 5.00 90.00 14.50 1.230 350.00 30.00 1.03 657 6.28 5.96 1.19 285 285 240 118 285 642 6.61
230 to 240] 420 420 5.00 5.00 5.00 90.00 14.50 1.230 350.00 30.00 0.87 858 7.35 7.10 1.42 435 435 290 118 435 843 7.60
230 to 24 300 300 2.50 2.50 2.50 90.00 14.50 1.230 350.00 30.00 0.54 620 6.08 5.74 2.30 260 260 227 118 260 605 6.43
230 to 24 300 300 7.50 7.50 7.50 90.00 14.50 1.230 350.00 30.00 1.28 876 7.45 7.20 0.96 450 450 293 118 450 861 7.70
230 to 24 300 300 5.00 5.00 5.00 72.00 14.50 1.230 350.00 30.00 0.97 720 6.61 6.32 1.26 329 329 259 118 329 705 6.92
230 to 24 300 300 5.00 5.00 5.00 108.00 14.50 1.230 350.00 30.00 0.89 818 7.14 6.88 1.38 402 402 282 118 402 803 7.40
1993 Flood
. Percent of ] ! Head Pu
Variance Component . Table 1: R m Variables for the NKC L t
XKD B ) = Lol o ” i p Variance able andom Variables for evee Uni 450 )
Mean 300 5.00 90.0 367 390 6.62 1.32 Paramelar Expected | Standard Coefficient of 14.50 0.4642784
180 5.00 90.0 285 358 5.96 1.19 0.0131210 2.8426 Value Deviation Variation, % 14.50 0.4642784
420 5.00 90.0 435 408 7.10 1.42 : i Blanket z 5.00 2.50 50.00 14.50 0.4642784
300 250 90.0 260 345 5.74 2.30 0.4453685 96.485 Perm Ratio 300 120.00 40,00 14.50 0.4642784
300 7.50 90.0 450 411 7.20 0.96 i ) Fdn Sand d 90.0 18.00 20.00 14.50 0.4642784
300 5.00 72.0 329 377 6.32 1.26 AR RN NN 14.50 0.4642784
0.0031039 0.6724
300 5.00 108.0 402 400 65.88 1.38 P of U y Perf Due to Seepage for the
North Kansas City Leveea Unit
[ Total ] 0.4615934 | 100 ]
El] = 1.323864242 [Eln1= [ 0.16366 | § s i e
¥ 1470 7520 7510 1620 7670
Var[l]= 0.461593429 [BETA _ [0.089660619] AT s ; - ——ru 1
sigmall]= 0.679406674 sigma [In 1] = [ 0483514 | {Pu | 04642784] it bH 1 1 i 1993 Hewd Eloanon | |
cov(l)= 0.513199657 H R 1 | EcTesfiene ]
Flz) = 0.53572 L a0 400 w0 1800 2000 %
[Tert= 1.230 | [in(rerity = | 0.20701 | Pu(%) = 46.42784 g o (1) '
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EXHIBIT A-9.51

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
. " Ratig
Crest width (feet) 10.00 'R_.:) v '_‘l_t £ { o (K/Kplr = 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
D, = riverside blanket thickness = H(W,/2) et Ve where C = [ (Kf/Kb) * Df * Db ]'? ML-CL 400
Dy, = levee toe blanket thickness H(W12) = head above tailwater midpoint of underseepage berm Ly =riverside effective length CL 400-600
D = landside blanket thickness = HL L, where L, = C* (e ™M)/ #T) CH 800-1000
Dy = thickness of pervious foundation H'o = head above tailwater at levee toe (w/ berm) L, = levee base width
Lr = length of riverside blanket i; = 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 is = seepage gradient L, = total effective length
FS, =i./iy L'y =Total Effective Length + 1/2 of Berm
UNDER SEEPAGE VALUES WITH EACH RANDOM VARIABLE CHANGE PLUS AND MINUS ONE STANDARD DEVIATION RIVER LEVEL 5
) H(W /2 )
Station (ft) (KiKplr (KeKph Dy (ft) D, (ft) Dy, (ft) Dy (ft) H (ft) ic Lp (ft) Wi (ft) !;Ee%rl_ngn?l L't (ft) ( (“; ) H{WT) (ft) Iy Cr (ft) Cy (ft) Ly (ft) L (ft) Ly (ft) L, (ft) Ho (ft)
230 to 240] 300 300 5.00 5.00 5.00 90.00 18.00 1.230 350.00 30.00 0.75 773 8.56 8.22 1.64 367 367 272 118 367 758 8.91
230 to 240[ 180 180 5.00 5.00 5.00 90.00 18.00 1.230 350.00 30.00 0.83 657 7.79 7.39 1.48 285 285 240 118 285 642 8.20
230 to 240 420 420 5.00 5.00 5.00 90.00 18.00 1.230 350.00 30.00 0.70 858 9.12 8.81 1.76 435 435 290 118 435 843 9.44
230 to 240 300 300 2.50 2.50 2.50 90.00 18.00 1.230 350.00 30.00 0.43 620 7.55 7.12 2.85 260 260 227 118 260 605 7.98
230 to 240{ 300 300 7.50 7.50 7.50 90.00 18.00 1.230 350.00 30.00 1.03 876 9.25 8.94 1.19 450 450 293 118 450 861 9.55
230 to 240! 300 300 5.00 5.00 5.00 72.00 18.00 1.230 350.00 30.00 0.78 720 8.21 7.84 1.57 328 329 259 118 329 705 8.59
230 to 240I 300 300 5.00 5.00 5.00 108.00 18.00 1.230 350.00 30.00 0.72 818 8.86 8.54 1.7 402 402 282 118 402 803 9.19
. Percent of ; ) Head Pu
A" 2 Ci t ) T : KC L t
T D D, L=¢ EYH o P ariance Componen Varignos able 1: Random Variables for the NKC Levee Uni e 06296525
Mean 300 5.00 90.0 367 390 §.22 1.64 Parameler Expected | Standard Coefficient of 18.00 0.6396525
180 5.00 90.0 285 358 7.39 1.48 0.0202198 28426 Value Deviation Variation, % 18.00 0.6396525
420 5.00 90.0 435 408 8.81 1.78 ) ) Blanket z 5.00 2.50 50.00 18.00 0.6396525
300 250 90.0 260 345 7.2 285 0.6863230 96.485 Perm Ratio 300 120.00 40.00 18.00 0.6396525
300 7.50 90.0 450 411 8.94 1.19 ' ) ' Fdn Sand d 90.0 18.00 20.00 18.00 0.6336525
300 5.00 720 329 377 7.84 1.57 S <A, 18.00 0.6396525
0.004783 6724
300 5.00 108.0 402 400 8.54 1.71 i A= Probability of L tory Per Due to Seepage for the
Morth Kansas City Levee Unit
| Total | 0.7113259 [ 100 |
E[l] = 1.64341768 [Ein= [ 037989 ] e oy see g o
Varl]= 0.711325903 [BETA [ -0.357530338] £ i : ——
sigmall]= 0.843401389 [sigma(in ] = [ 0.483514 ] [Pu | 0.6396525) 5§ 98 ! e lI;"-‘;'“ i ‘
COV(l) = 0.513199657 B i B
F(z) = (.36035 Eé’ 000 500 10,00 1500 2000
[Terit= 1.230 | [In{rerity = [ 020701 ] Pu(%) = 63.96525 é Hosa )
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EXHIBIT A-9.52

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

Pert;en_l Year | (cfs) (ft) (ft) (fUft) (ft/s) (sq ft) (ft) #
Lower | Lower Missouri 365.43 0.5% 200 | 4540000 750.3 7519 10.00027] 10.4 47,633 | 1,412 0.28
Lower | Lower Missouri 365.43 0.2% 500 | 530,000 753.4 755.3 .00029 11.3 52,105 | 1,456 0.30
Lower | Lower Missouri | 365.43 0.133% 750 | 565,000] 754.7 756.7 .00030] 117 | 53944 | 1474 | 0.30
Lower | Lower Mi 365.43 0.100% | 1,000| 590,000| 7556 757.7 | 0.00030) 119 55,335 | 1,485 0.31
Lower | Lower Mi 365.43 0.080% [1,250|610.000] 756.4 758.5 |0.00030] 121 56,436 | 1,493 | 0.31
Lower | Lower Missouri | 365.43 0.067% |1,500| 625,000] 756.9 7591 10.00031] 123 | 57234 | 1,508 [ 0.31
Lower | Lower Missouri | 365.521* 10% 10 |245000] 739.4 740.2 | 0.00018] 71 35076 | 1,403 | 0.22
Lower | Lower Missouri | 365.521* 1% 100 | 401,000| 7484 749.6 | 0.00021 8.9 47,910 | 1,45 0.2
Lower | Lower Missouri | 365.521* 0.5% 200 [ 454.000] 7507 7521 | 0.00022 9.5 51392 | 1,47 0.
Lower | Lower Mi i | 365.521" 0.2% 500 | 530,000 7539 755.5 [0.00023] 103 56,116 | 1,50¢ .2
Lower | Lower Mi: 365.521* 0.133% 750 | 565,000( 755, 756.9 | 0.00024 10.6 58,065 | 1,530 .27
Lower | Lower Mi i | 365.521" 0.100% | 1.000] 590.000] 756. 7579 |0.00024] 108 | 59538 ) 1547| 028
Lower | Lower Missouri 65.521* 0.080% 1,250/ 610,000] 756.9 758.7 .00024 11.0 60,708 | 1,564 0.28
Lower | Lower Missouri 365.521* 0.067% 1,500} 625.000] 757.4 759.3 0.00025 11.2 61,560 [12,976] 0.28
Lower 365.53 |Heart of America Bridge
Lower | Lower Missouri 365.56 10% 10 | 245,000 739.5 740.2 | 0.00017 6.9 36,350 | 1,430 0.21
Lower | Lower Mi i | 36556 1% 100 [ 401,000 74B.5 749.7 [0.00018] 8.6 49486 | 1484 | 0.24
Lower | Lower Missouri 365.56 0.5% 200 |454.000] 750.9 752.2 10.00020 9.2 53.055 | 1,499 0.25
Lower | Lower Missouri | 365.56 0.2% 500 | 530.000] 754.1 755.6 | 0.00021 9.9 57892 | 1,529 | 0.26
Lower | Lower Missouri | 365.56 0.133% 750 | 565.000] 755.4 757.0 [0.00022] 10.2 59869 | 1,552 | 0.26
Lower | Lower Missouri 365.56 0.10C% | 1,000] 590,000] 756.4 758.0 |0.00022) 10. 61375 | 1.569 0.26
Lower | Lower Missouri | 365.56 0.080% 11,250/ 610,000 757.1 758.8 | 0.00023] 10 62569 | 1,588 | 0.27
Lower | Lower Missouri 365.56 0.067% |1.500} 625000 757.7 7594 |0.00023| 10. 63.440 | 1,599 0.27
Lower 365.57 | ASB Bridge Bridge
Lower | Lower Mi J65.6 10% 10 | 245000 7387 740.3 | 0.00013 6.3 39,284 | 1,327 0.18
Lower | Lower Missouri 365. 1% 100 1401.000] 748.7 749.7 | 0.00016 5167 1398 | 0.21
Lower | Lower Missouri 365. 0.5% 200 ;454,000 751.1 752.3 | 0.00017 X 55,04 1,411 0.22
Lower | Lower Missour 365. 0.2% 500 | 530,000] 7543 755.7 | 0.00019 4 59613 | 1,442 0.24
Lower | Lower Missour 365.1 0.133% 750 | 565,000 755.6 757.1 | 0.00020 5.8 61488 | 1470 | 024
Lower | Lower Missour 365. 0.100% |1.000| 590,000 756.6 758. 0.00020 10.0 62915 | 1,482 0.24
Lower | Lower Missouni 365.6 0.080% 11,250/ 610,000] 757.3 758. 0.00020 10.2 64,045 | 1,491 0.25
Lower | Lower Missouri 365.6 0.067% 11.500| 625,000 7579 759.5 0.00021 103 64,863 | 1,497 .25
Lower | Lower Mi 365.84 10% 10 | 245,000] 739.8 7406 | 0.00020] 7. 35206 | 1,365 | 0.22
Lower | Lower Missoun 365.84 1% 00 | 401,000 748. 750.0 |0.00022 8.9 48,066 | 1,467 .25
Lower | Lower Missouri | _365.84 0.5% | 200 | 454,000] 751, 7526 000023] 04 | 51626 [ 1553] 025 | 57A\
Lower | Lower Mi i 365.84 0.2% 500 | 530.000| 754. 756.0 [0.00024] 102 56,684 | 1,569 .26 2104 24¢
Lower | Lower Missouri | 365.84 0.133% 750 | 565.000] 755.8 7574 |0.00025) 105 58720 | 1,572 .27 |m——
Lower | Lower Mi i| 365.84 0.100%  [1,000] 590,000] 756.7 758.5 [0.00025| 10.7 | 60,250 | 1,575 0.27
Lower | Lower Missouri 365.84 0.080% |1.250/ 610,000 757.5 759.3 | 0.00026 10.9 61.45 582 0.27
Lower | Lower Missouri | 365.84 0.067% |1.500{625.000] 758.0 759.9 |0.00026] 11.0 | 62326 ] 1,587 | 0.28
Lower | Lower Missouri 366.0 10% 10 _|245000] 739.9 740.9 | 0.00026 8.1 31,392 | 1,350 0.25
Lower | Lower Missouri 366.01 1% 100 [ 401.000] 7489 750.4 10.00028] 100 43,902 | 1,416 .28
Lower | Lower Missouri 366.01 0.5% 200 [ 454,000 751, 753.0 [0.00023] 106 47301 | 1,424 .29
Lower | Lower Missouri 366.06 0.2% 500 | 530,000| 754 756.5 | 0.00031 11.4 51,893 | 1,434 .30
Lower | Lower Mi i 366.06 0.133% 750 | 565.000]| 755. 757.9 10.00032 11.8 53,747 | 1,439 0.30
Lower | Lower Mi 366.06 0.100% |1.000f 590,000 756. 7589 [0.00032] 120 | 55139 | 1.442] 031
Lower | Lower Mi 366.06 0.080% 1,250| 610,000 757.5 758.7 |0.00032 12.2 56,236 | 1,445 0.31
Lower | Lower Mi 366.06 0.067% |1.500] 625,000 758.1 760.3 |0.00033] 124 | 57.028 | 1,446 [ 0.31
Lower | Lower Missouri | 366,121 10% 10 [245000| 7399 741.0 | 0.00028 8.4 30,334 | 1,350 0.27
Lower | Lower Missouri | 366.121* 1% 100 | 401,000 749.0 7506 | 0.00030 10.3 42,894 | 1432 0.29
Lower | Lower Missouri | 366.121* 0.5% 200 [454,000] 7514 753.1 0.00031 10.9 46,335 | 1,440 0.30
Lower | Lower Missouri | 366.121* 0.2% 500 ) 530.000] 7546 7566 | 0.00033 11.7 50,994 | 1.451 0.31
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EXHIBIT A-9.53

NOTE: THIS REPORT WAS DONE FOR THE KANSAS
CITY, MO WATER SERVICES DEPARTMENT - IT
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The separate storm sewer system upstream of the detention basin adjacent to 1-29 and
1-35 would be developed to collect the stormwater runoff from the 10-year design
storm in the area bounded by 10th Street to the south, Woodland Avenue to the east,
Missouri Avenue to the north, and Tracy Avenue to the west. This is an area of
approximately 95 acres. The storm sewer system would consist of pipes ranging in

diameter from 30-inches to 96-inches with a total estimated length of 7700 feet.

The separate storm sewer system upstream of the detention basin in Maple Park would
be developed to collect the stormwater runoff from the 10-year design storm in the
area bounded by Missouri Avenue to the south, Garfield Avenue to the east, Pendleton
Avenue to the north, and Highland Avenue to the west. This is an area of
approximately 40 acres. The storm sewer system would consist of pipes ranging in

diameter from 30-inches to 42-inches with a total estimated length of 3350 feet.

The separate storm sewer system upstream of the detention basin at Ciiff Drive would
be developed to collect the stormwater runoff from the 10-year design storm in the
area bounded by Lexington Avenue to the south, Wabash Avenue to the east, Cliff
Drive to the north, and Garfield Avenue to the west. This is an area of approximately
50 acres. The storm sewer system would consist of pipes ranging in diameter from

30-inches to 60-inches with a total estimated length of 5550 feet.

5. HARLEM AREA
Improvements to the Harlem area have been developed to address the concerns
associated with seepage through the Missouri River Flood Protection Levee during
high stages of the Missouri River and to provide a drainage system for the Harlem area
for a 10-year storm event. These improvements were designed considering future
redevelopment of the area with commercial and industrial land uses, even though a
comprehensive plan is not in effect for this area. The area serviced by Burlington

Railroad’s drainage system (i.e., that area generally north and east of the Chicago,

PART4 KCM IV-14
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Burlington and Quincy railroad tracks in the northern section of the Harlem area) was
not included in the plan for improvements for Harlem. Evaluation of alternatives for
improvement included an assessment of utilizing the existing system for North Kansas

City located adjacent to Harlem.

Although the North Kansas City drainage system is located near the Harlem area, there
are several drawbacks associated with the utilization of this system in connection with
improvements to the Harlem area. In order to connect to the existing system at
Atlantic and the Chicago, Burlington & Quincy railroad tracks, the Harlem
improvements would have to cross active railroad tracks in at least two locations.
This alternative would not be a cost effective plan for improvement. This existing
drainage system is located in and owned by North Kansas City. Connection to the
system would require an agreement between the two municipalities, as well as the
North Kansas City Levee District. In addition, it is unknown whether or not the
Atlantic-Erie pumping station was designed to include the Harlem area as part of its
tributary area. The station was constructed in the 1960's and review of the available
records from that project did not contain information relating to the design of the

station.

The recommended improvements for the Harlem area can be separated into two
distinct phases. Phase | improvements are intended to capture the seepage through
the levee and discharge the water back to the Missouri River  Phase 2 improvements
would be completed in conjunction with the redevelopment of the area and would
include the construction of a drainage system for conveyance of the 10-year storm.
For this analysis, it was assumed that street reconstruction would be completed during
redevelopment of the Harlem area (i.e., no costs have be allocated for road
reconstruction in this plan for improvements). A preliminary plan view of these

improvements for Harlem is included in Figure 1V-7.
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The design of the improvements is based on field observations and on a hydrologic
analysis of the Harlem area. The seepage rate of 7 cfs was roughly estimated from
observations during the 1993 floods where water was flowing over Harlem Road at a
depth of approximately '/, of an inch. For design of the improvements. this seepage
rate should be validated based on the design of the levee system. A HEC-1 model was
developed to determine the 10-year runoff hydrograph from the area generally south
of Burlington Railroad (an area of 77 acres). The resulting hydrograph was used to
estimate the required storage volume of the detention basin assuming a constant
outflow rate of 10 cfs from the pumping station. Additionally, the peak discharges to
the gravity storm sewers were estimated from rational method and the conduits were
sized given a maximum friction slope along the length of the system to the detention

basin of roughly 0.2 %.

Phase 1 improvements include:

»  24-inch perforated CMP subsurface drain along the toe of the levee to intercept
seepage through the levee.

+ 24-inch RCP connecting the subsurtace drain to the drainage system at Harlem
Road and Grand Avenue.

e« 4fix65ftRCBandadftx10ft RCB gravity storm sewer along Grand Avenue
to the site of the future detention basin.

«  Pumping station with two 10 cfs pumps

s 16-inch force main discharging to the Missouri River.

Phase 2 improvements include:

»  Gravity sewer system within Harlem consisting of 4 ft x 4.5 ft RCB and 4 ft x 5.5
ft RCB

« Detention Basin with a total estimated volume of 18.5 acre-feet. Detention basin

would have a maximum water depth of 5 feet during the 10-year storm event.
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COST ESTIMATES

The preliminary cost estimates for each system, excluding the separate storm sewer systems

upstream of the detention basins. are summarized in Table IV - 5. The itemized preliminary

construction cost estimates for each of the recommended improvements are included at the

end of this section in Tables IV - 6 to IV - 10. The supplemental costs of the separate storm

sewer systems for the Main Street and Lydia Avenue systems are shown at the end of Tables

IV-6 and IV - 9. The costs shown are reported in March 1997 dollars and do not include

any allowances for the acquisition of permanent drainage easements

Land acquisition costs

are included for construction of the proposed detention facilities; all sites identified in the

Lydia Avenue system are currently owned by the City of Kansas City, Missouri.

TABLE 1V-5
SUMMARY OF PRELIMINARY COST ESTIMATES

(Excluding the separate storm sewer improvements upstream of detention basins)

20% Engineering | Land &
System Construction | Contingency Design Conting Total Cost

Main Street $2,207,511 $441,502 $397,352 | $1,193,000 $4.239.365
Holmes Street $1,154.423 $230,885 $207,796 $0 $1,593,104
Gillis Street $2,832,005 $566,401 $509,761 $0 $3,908,167
Lydia Avenue $755,246 $151,049 $135,944 S0 $1.042.239
Harlem - Phase 1 $842 905 $168,581 $151,723 $300,000 $1,463,209
Harlem - Phase 2 $1.284,225 $256,845 $231,161 $0 $1,772.231
TOTAL $14,018,315

Equivalent fourth quarter 1990 Preliminary construction cost estimate is $11,775,380 based

on the ENR Construction Cost Index of 4764 (i.e_, an adjustment factor of 0.84).
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