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CHAPTER A-5
CIVIL DESIGN

This chapter presents the results of the civil design evaluation performed as part of the
future conditions analysis for the Armourdale Unit of the Kansas Citys, Missouri and Kansas,
Flood Protection Project.

A-5.1 SITE SELECTION AND PROJECT DEVELOPMENT (ARMOURDALE
UNIT)

A-5.1.1 Introduction

The U.S. Army Corps of Engineers (USACE), Kansas City District designed and
constructed the Kansas Citys protection system. This portion of the study considers raises on the
Armourdale Unit to the 0.2% (500-year), 0.2% (500-year)-plus-3-feet, and the 0.2% (500-year)-
plus-5-feet water surface profile elevations, hereafter referred to as N500+0, N500+3, and
N500+5 elevations.

The Armourdale Unit is located in Wyandotte County, Kansas, along the left bank
of the Kansas River from mile 6.7 (Mattoon Creek) to mile 0.3, near the junction of the Kansas
River with the Missouri River. The flood protection unit includes levees, floodwalls, riprap and
levee toe protection, toe drains along the concrete floodwalls, surfaced levee crown, ramps and
turnouts, seeded landside slopes of levees, stop log gaps, sandbag gaps, drainage structures, relief
wells, and pumping plants. Stationing of the unit consists of the upper end (U.E.) extension, the
lower end (L.E.) extension, and the area in between. The unit begins at Station 0+05 U.E. and
ends at Station 61+00 L.E. Stationing is summarized below along with station equations:

0+05 U.E. to 20+08.89 (Station Equation 20+08.89 U.E. BK = 9+71.16 AH)
9+71.16 to 206+12.43 BK (Station Equation 206+12.43 BK = 212+00 AH)
212+00 to 257+66.26 (Station Equation 257+66.26 BK = 257+64.97 AH)
257+64.97 to 322+85.41 (Station Equation 322+85.41 BK = 39+71.83 L.E. AH)
39+71.83 L.E. to 61+00 L.E. (N500+3 ft will end at Sta 42+50 L.E.)

A-5.1.2 Levee Footprint

The unit includes sections of levee and floodwall. All alternatives include widening
the levee footprint, modifying floodwall, replacing floodwalls or placing a floodwall on top of
existing levee. Stability berms or underseepage features are needed as indicated by the
geotechnical analysis.

A-5.1.3 Borrow Area
Prospective borrow areas were identified by the Sponsor and screened through joint
Corps and Sponsor efforts during the Phase | portion of this feasibility project. Regarding borrow

area, Phase 1 focused on the Argentine Unit. The borrow area for Armourdale Unit will be the
same as for Argentine. See attachment titled “Borrow Area for Proposed Armourdale Unit
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Raise” (Exhibit 1) for a discussion of the borrow area for the project.
A-5.1.4 Haul Routes

Haul routes from the borrow site at WaterOne to various points along the levee/floodwall
alignment were generated based on the limited access points to the levee/floodwall system along
the Armourdale Unit. Exhibit 2 shows the haul routes and their distances from WaterOne to
various access points along the Armourdale Unit.

A-5.2 REAL ESTATE CONSIDERATIONS (ARMOURDALE UNIT)

Research is currently being conducted by NWK Real Estate Staff to complete
Preliminary Attorney’s Opinion of Compensability as utilities are identified. Any conclusion or
categorization that an item is a utility or facility relocation would result in work to be performed
at the cost of the non-federal sponsor as part of LERRD responsibilities and is preliminary only.
During PED, the Government will make a final determination of the relocations necessary for the
construction, operation or maintenances of the project after further analysis and completion and
approval of Final Attorney’s Opinions of Compensability for each of the impacted utilities and
facilities. Further detail on all real estate issues, will be discussed in the Real Estate Plan,
Appendix B to be included in future ITR reviews and as part of the main Engineering Feasibility
Report. See also the real estate plan for a discussion of real estate issues pertaining to borrow
area.

A-53 UTILITY RELOCATIONS (ARMOURDALE UNIT)

A review of the Kansas City District’s criteria for utility lines was performed. Based
on discussions, a criteria document specific to this project was developed, see attached
document “Kansas City’s Levee Gravity and Utility Pipeline Guidance - Revised” (Exhibit
3). This document was used in determining the disposition of existing utility lines crossing
the Armourdale Unit.

A-5.3.1 Utility Levee Crossings

The study of utilities crossing the Armourdale Unit was conducted to estimate costs for
relocation or removal of functioning or abandoned utilities. Using the criteria indicated above, it
was determined that most pressure pipelines currently passing under the levee would be
relocated over the levee. See attached drawing titled “Existing Utility Features Crossing Unit”
(See sheet E2 in the mapbook). See attached table titled “Armourdale Utility Crossings:
Inventory and Action for N500+3 Raise” (Exhibit 4) for the recommended action for each utility
crossing the levee. Some utilities are to remain in place, others will be relocated up and over the
levee, see attached drawings titled “Typical Utility Crossing” (Exhibit 5).

Utility crossing recommendations are based on the N500+3 raise, therefore the quantities
for the cost estimate is also based on the N500+3 raise. For the N500+0 and N500+5
alternatives, recommendations for utility crossings are the same as for N500+3. Cost estimates
and quantities used for determining the N500+3 cost will be used for the N500+0 and the
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N500+5. There is negligible difference between the three raises in regards to recommended
utility crossings. This approach for estimating the N500+0 and the N500+5 raise is similar to the
approach taken in Phase 1 when cost estimating the Argentine Unit utility crossings.

A-5.3.2 Special Design and Construction Considerations

The project team will conduct specific utilities relocation coordination and design
planning prior to levee raise construction contract award. In recent projects, this relocation work
has proven very problematic if not thoroughly scheduled and coordinated. Even though sponsors
(and utility owners) are responsible for most utilities relocations (for those utilities deemed
without legal compensability), the Kansas City District must be consulted for approval of the
relocation design and schedule. Detailed planning for utility relocations and assignment of
responsibilities is fully developed by the latter stages of the PED phase. All parties (sponsor,
utility owner, and Corps of Engineers) must prepare for a highly coordinated utility relocation
effort as the levee raise begins.

Where lines are shown as abandoned or to be abandoned, the Kansas City’s Levee and
Floodwall Utility Crossings Criteria will be followed.

A-5.3.3 Power Lines

Several large capacity power lines cross the Armourdale Unit. Most of the lines that cross
the levee also cross the Kansas River and therefore have substantial structures holding them in
place. These structures that interfere with the proposed levee raise will be avoided with the use
of T-wall on levee or retaining walls when levee raises would extend the footprint. Following is
a list of the stations currently crossed by power lines:

Station 74+00 — no apparent interference observed in field

Station 92+00 — levee raise or berm would interfere with power line support structure but the
proposed T-wall on levee will not

Station 110+00 - levee raise or berm would interfere with power line support structure; T-wall
on levee would not. Overhead power lines are located near the transition between levee and T-
wall on levee, therefore this interference will need to be determined during detailed design when
a land survey is completed.

Station 156+00 — no apparent interference observed in field as Mill Street pump plant is located
between power line support structure and levee unit

Station 184+00 — levee raise or berm may interfere with power line support structure; this
interference will need to be determined during detailed design when a land survey is completed.
Station 196+00 — levee raise or berm would interfere with power line support structure but the
proposed T-wall on levee will not

Station 228+00 - levee raise or berm may interfere with power line support structure but the
proposed T-wall on levee will not

The existing clearance between most of the power lines and top of levee is approximately

40 feet although this will need to be verified during a land survey during detailed design phases.
The N500+3 alternative results in a levee raise in the range of 3 feet to 5 feet. Coordination with
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the Board of Public Utilities (BPU) determined that the required clearance between the power
lines and the levee is 20.9 feet. This clearance is based on the National Electric Safety Code
(NESC). With the maximum raise of 5 feet reducing the minimum clearance to 35 feet, the
clearance between the power lines and the levee is adequate.

Power lines running parallel (landward) with the levee will have to be protected during
construction. Depending on proposed stability berm and relief wells, some small power lines
may need to be relocated or protected during and after construction.

A-5.3.4 Utility Uplift

The study of uplift on existing utilities was conducted to estimate costs for relocation or
removal of functioning or abandoned utilities. Regions were identified for utility uplift concern,
based on geotechnical and N500+3 conditions. The region extends 500 feet landward of the
levee/ floodwall centerline and corresponds with the “critical zone” of the levee/floodwall.

Water and sanitary sewer utility mapping was obtained from the Unified Government of
Wyandotte County and the Board of Public Utilities. Storm sewers that do not cross the levee
were not mapped because uplift is generally not a concern as long as both ends of the pipe are
open to atmosphere. Being open to atmosphere at both ends allows the pipe to fill during
inundation. Storm sewers are typically metal and heavy enough not to float when filled with
water. For the purposes of uplift it was assumed that underground electrical lines (UGE) were
not affected. The information on natural gas lines and petroleum lines within the 500-foot zone
was limited but was evaluated where the information was available. No known petroleum lines
are located within the critical zone. Natural gas and water service lines to buildings are generally
less than 6 inches in diameter and not located near the levee. Based on the uplift spreadsheets,
lines 6 inches and smaller are generally not affected by uplift, therefore only lines 6 inches and
greater have been evaluated.

For this study, the Armourdale Unit was broken into seven segments for analysis with
each segment having its own geotechnical features. The geotechnical input consisted of
impervious blanket thickness and foundation sands thickness as well as levee dimensions, berm
dimensions, bedrock depth, and soil density. Exhibit 6 “Armourdale Utility Uplift Spreadsheet:
Data Entry Worksheet” displays the existing geotechnical and dimensional conditions for each
levee segment. For this study, the driving head of water represents the nominal 500-year plus 3
feet level of protection. The geotechnical designers provided the dissipation of the hydraulic
gradient through the impervious blanket for use in calculating uplift on utilities. The locations of
underseepage control features (cutoff walls) and wells were also considered in regards to uplift
on utility lines.

Exhibit 7 contains a sample calculation for utility uplift. It shows how each of the
geotechnical, dimensional, and hydraulic gradient inputs are used to calculate potential uplift
concerns. The utility uplift spreadsheets for levees are based on this sample calculation. A set of
spreadsheets was developed for each levee segment for 6-inch, 12-inch, 16-inch, 24-inch and 48-
inch pipes. Uplift was evaluated for each pipe size beginning at the toe of the levee. If uplift was
not a concern at the toe of the levee at 40 inches deep, then no further evaluation was done on
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that pipe size and the result displayed on the Utility Uplift Concern maps is that there is no uplift
concern for that pipe size in that stretch of the levee. There are three uplift maps for Armordale
utilities: water, sanitary sewer, and natural gas (See Exhibits 8-10).

If uplift is found to be a concern at the toe of the levee at 40 inches deep, then uplift was
evaluated further from the toe up to 500 feet from the toe of the levee. The distance from the
levee at which the factor of safety equals 1.1 is the result displayed on the Utility Uplift Zone
maps.

The final product of the uplift spreadsheet analysis provided the limits from the centerline
of the levee that a given type, size and depth of pipe must be located in order to meet the
minimum uplift factor of safety. The attached detailed spreadsheets are titled “Armourdale
Area” (Exhibits A-5.11) and are labeled for the various raise and levee segments.

The areas of uplift concern were overlaid on the utilities map to develop maps of
“Uplift Concern” (Exhibits 8-10). The Utility Uplift Zones were used to estimate the total
length of pipe that would have to be lowered or covered with additional material to eliminate
the uplift concern.

The results are summarized in the attached tables labeled, “N500+3 Utility Uplift”
(Exhibit ?). The tables provide a list of utilities, indicating the levee segment, the size and type
of line, and the length of line to be lowered or covered to alleviate uplift concern.

Utility uplift recommendations are based on the N500+3 raise, therefore the quantities for
the cost estimate is also based on the N500+3 raise. For the N500+0 and N500+5 alternatives,
quantities for utility uplift are not the same as for N500+3. Quantities used for determining the
N500+3 cost will be adjusted up for the N500+5 alternative and down for the N500+0
alternative. This approach for estimating the N500+0 and the N500+5 raise is similar to the
approach taken in Phase 1 for estimating the Argentine Unit utility uplift recommendations.
Based on Argentine quantities for uplift, the quantity of piping for the N500+0 raise will be
calculated at 80% of the N500+3 quantity. The quantity of piping for the N500+5 raise will be
calculated at 120% of the N500+3 quantity. The number of manholes to be replaced will remain
the same for all alternatives, N500+0, N500+3, and N500+5.

A-5.3.5 Inspection Trench
Since the proposed construction primarily involves raising the existing protection, no
specific locations for new inspection trenches are indicated or considered. In the event that

conditions are encountered in the field which warrant investigation, an inspection trench may be
used.
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A-5.4 REFERENCES

1 American Water Works Association “Steel Pipe — A Guide for Design and Installation”,
AWWA M11 4, 2004.

2 Hydraulic Institute “Hydraulic Institute Engineering Data Book™ Hydraulic Institute,
Cleveland, Ohio.

3 EM 1110-2-1913, “Engineering and Design — Design and Construction of Levees”

4 Kansas City District regional specific guidance
www.nwk.usace.army.mil/local protection/levees.html
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EXHIBIT 1
Borrow Area for Proposed Armourdale Unit Raise

Prospective borrow areas were identified by the Sponsor and screened through joint
Corps and Sponsor efforts during the Phase | portion of this feasibility project. Regarding borrow
area, Phase 1 focused on the Argentine Unit. Because the borrow area for Armourdale will be the
same as for Argentine, this write-up was taken from the Phase | report and updated to include the
Armourdale Unit raises.

ARGENTINE

Total required fill quantities for Argentine are 90,301, 257,881, and 508,281
compacted cubic yards (ccy) for N500, N500+3, and N500+5 raises, respectively. The
N500+3 raise is the recommended alternative for Phase 1, therefore 258,000 ccy will be used
for estimating borrow needs. For Argentine, the proposed levee raise accounts for about half of
the fill requirement and stability or underseepage berms account for the other half. Subsurface
investigation of the borrow area provided the required geotechnical information for the
materials to be used in the levee.

ARMOURDALE

Total required borrow quantities from WaterOne for Armourdale is approximately
350,000 bcy for the N500+3 raise. This quantity is based on balancing cut and fill on site and
then calculating what is required to supplement on-site material with that from WaterOne.

The attached WaterOne Borrow Area Typical Cross Section and table summarize the
borrow material needs for Argentine, Armourdale and CID-KS. See “WaterOne Borrow Area
Typical Cross Section”, for a typical cross section for the borrow area excavation.

Fifty acres will be needed for Armourdale’s 350,000 bank cubic yard requirement. This
assumes that impervious material is obtained in a 3-foot layer with random material obtained
below that from a 2 to 3-foot layer. For all of borrow requirements for Argentine, Armourdale,
and CID-KS, approximately 100 acres will be needed assuming impervious material is obtained
from a 3-foot layer and random obtained from a 2 to 3 foot layer below that. The impervious
layer thickness assumption is critical to estimating the acreages to be used from WaterOne. The
3-foot impervious thickness assumption was derived from the eight boring logs.

Cultural resource investigation into the WaterOne borrow site resulted in a maximum
excavation depth of 10 feet. The US Army Corps of Engineers recommended a maximum
excavation depth of 10 feet and the Kansas State Historic Preservation Officer has concurred
with Corps’ recommendation that no archeological survey is needed for borrow activity kept to a
depth of 10 feet or less.
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BORROW AREA SEARCH

Originally, the Argentine & Armourdale foreshore areas were considered due to their
close proximity to the Argentine unit. As HTRW investigations were undertaken for areas of
interest, however, various regions of contamination were discovered which eliminated most of
these areas from consideration. Total remaining available fill in these areas, ASSUMING NO
FURTHER HTRW DISCOVERIES, is approximately 143,000 CY (see FIGURE 1 -
“FORESHORE"). Figure 1 reflects avoidance of known HTRW concerns, a minimum 300’
standoff distance from existing levees or floodwalls, and maximum depth of excavation of
ordinary high water (OHW) minus 4 feet. It is recommended that this area be retained for further
consideration during project engineering & design, though there is a possibility that further
HTRW investigations will make even the remaining material unusable. Even if no further
HTRW issues are discovered, any borrow from this area would need chemical analysis sampling
at a rate of 1 sample (about $1000) per 5000 cy of borrow due to the known contamination and
associated legal entanglements in the area.

Since the remaining foreshore quantity alone (assuming future HTRW clearance) is
marginal for the N500 raise and insufficient for the other two prospective modifications to the
Argentine unit, efforts were taken to identify alternative borrow areas as close to the project as
possible. FIGURE 2 - “VICINITY MAP” shows various sites considered and investigated.
Many of the sites near the project area were either very small or had other undesirable
characteristics such as extremely high land values or prior industrial use. Several areas, as
discussed on the following pages, were further investigated.
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FIGURE 1 - FORESHORE
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Area 1 is an open field south of the Turner Diagonal. The area is approximately 40 acres
and appears to have been previously used as a borrow area. Since access to and from the area
requires travel through residential neighborhoods on narrow routes, the area was not considered
for further study.

Area 2 is in the Kansas River floodplain. The area is approximately 500 acres, 380 of
which are owned by Water District One of Johnson County (WaterOne). This area appeared
to be a good candidate for further consideration, and is discussed in detail below.

Area 3 is owned by Amino Brothers Construction and has previously been used as
source of borrows. Approximately 200,000 cy of material is available, per conversation with
the owner. This site may be a viable backup source for impervious materials, if required.

Area 4 is approximately 50 acres and used for a variety of commercial / industrial
purposes. Since current appraised land values are in excess of $2000 per acre, this area was not
considered for further study.

Area 5 is owned by Sandifer Leasing and has previously been used as source of borrows.
Field investigations show little to no remaining fill, therefore the site was not considered for
further study.

Area 6 is a large wooded hillside, which appears to be undisturbed. The area below is
covered by a network of tunnels, originally used for limestone mining and currently for cold
storage. Due to the likelihood of disturbing the tunnels below during earth moving operations,
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this area was not considered for further study.

See TABLE 1 “BORROW AREA COMPARISON” for a summary comparison of
prospective sites.

TABLE 1 - BORROW AREA COMPARISON

AREA OWNER HAUL DIST PROS CONS ACTION
1 Unknown 2 miles Close to | Residential Remove
site access, small from
consideration
2 WaterOne 4 miles Little or no | Haul distance Investigate
cost as primary
source
3 Amino Bros. 5 miles Bank Haul distance, Keep for
source — | cost of fill possible
expected contingency
to be
impervious
4 5701 LLC 2 miles Close to | High cost of Remove
site comm/ind from
property, consideration
developed
5 Sandifer 5 miles None Haul distance, Remove
look like no from
fill left consideration
6 Unkonwn 3 miles Bank Haul distance, Remove
AREA OWNER HAUL DIST PROS CONS ACTION
source- likelihood of from
expected damaging consideration
impervious | tunnels below
Foreshore | KVDD 0 (Argentine) | Very close Potential Keep for
easement 4 miles to site HTRW, legal possible
(Armourdale) entanglements, | contingency
high chemical
sampling cost
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Area 2, shown below in additional detail in FIGURE 3, contains approximately 500 acres

and is bounded by the Kansas River and Holliday Drive. WaterOne owns 380 acres in this area
and uses the site for disposal of quicklime used in the water treatment process. Individual cells,
each 5-10 acres and 20 feet deep, are excavated and, over the course of 3-5 years, filled with

dewatered lime (40-60% solids). The cells are then capped with soil, and the excess soil
stockpiled elsewhere onsite. During an October 2004 meeting with WaterOne staff, the

requirements for the Argentine levee raise project were discussed in detail. WaterOne staff
indicated a desire to dispose of excess materials and was interested in pursuing an agreement for
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use of the excess materials. Soil boring logs for previous WaterOne well and disposal cell
construction indicate significant deposits of silt and silty clay, both of which would qualify as
impervious fill, in the area.

4 General
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¥

FIGURE 3 - BORROW AREA 2 - WATER O

Exploratory soil borings and chemical analysis sampling was conducted in January 2005.
Chemical analysis entailed 3 grab samples for volatile organic compounds (VOCs) and three
composite samples for metals, pesticides herbicides, and semivolatile organic compounds
(SVOCs). Chemical analysis sampling points differed from soil boring locations, but were taken
at various locations throughout the WaterOne property to assure representative results. All
parameters tested were below action levels.

Subsurface Investigation.

Exploratory Borings.

The subsurface investigation of the borrow area consisted of 8 exploratory borings, 10 -
feet deep, drilled with 3 % 1D Hollow Stem Auger with 3-inch inner barrel sampler. The borings
location with WaterOne property delineated is shown in FIGURE 4 and the strip logs are
included at the end of the paragraph. All holes were backfilled prior to leaving the site. No water
was encountered during drilling or 24 hours after drilling. Forty (40) jar samples and 8 sack
samples (1 composite sack sample for each boring) were collected from all borings. The boring
logs show an impervious soil layer consisting of silts and clays extending up to 6 feet below the
surface followed by a sandy aquifer. The central part of the borrow area has a thin layer of sand
at the surface, varying between 1 and 4.5 feet in thickness, followed by 3 to 4 feet of silts and
clay, on the top of the sandy aquifer. The sandy material can be used as backfill in the random
portion of the landside levee embankment.
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Laboratory Testing.

Selected samples of material obtained during the field exploration were tested to
determine engineering and physical properties of the soils. Laboratory testing was performed by
Geotechnology, Inc. The laboratory testing included Atterberg Limits, natural moisture contents,
and Standard Proctor tests. The samples were grouped in 5 categories of similar characteristics
and Atterberg Limits were performed on a representative sample of each category. The moisture
content varies between 4 and 35%. Overburden clay and silt material was classified in
accordance with ASTM D 2487 as lean clay (CL) or silt (ML). Three of the groups were
determined to be non plastic, the other 2 groups were classified one as a lean clay (CL) and the
other as silt (ML). The silt was determined to be non-plastic material. The Liquid Limit (LL) of
the CL material varies between 39 and 47 and the Plasticity Index (PI) between 19 and 28. The
results of the natural moisture content tests and performed on twenty five (25) disturbed samples
and of the Atterberg Limits tests performed on 2 selected representative samples of clay material
are shown in an enclosure at the end of the paragraph.

Three Standard Proctor Tests were performed on composite samples collected from the
borrow areas conform ASTM D-698. The materials were classified as low plasticity clay with
the LL between 52 and 55 and PI between 35 and 37 respectively. The maximum dry density
varied between 107.5 and 102 pcf with the optimum moisture content varying between 18.5%
and 20.5%.

N G : T b o- Proposed Soil Boring
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FIGURE 4 - SOIL BORINGS

U.S. Army Corps of Engineers Kaw Valley Drainage District 0680806.52KM
Argentine and Armourdale Levee Unit — Borrow Area
Feasibility Study
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KANSAS CITYS LEVEES WATERONE BORROW AREA
FEASIBILITY PHASE 2 TYPICAL CROSS SECTION
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Borrow Area Needs - Current Recommendation N500+3
Using Two Depths (3' and 5') for Impervious Excavation
Impervious Random - Alt. 1 @ Random - Alt. 2 © Total
Maximum |Minimum [Total Area
Depth of Depth of  |of
Total Borrow Depth of Areaof |Depthof |Areaof Depth of  |Area of Excavation |Excavation |Excavation
Quantity Impervious|Random  |Strip Top 6" |Excavation |Excavation |Excavation |Excavation |Excavation |Excavation | “ ®
BCY BCY BCY Feet Acres Feet Acres Feet Acres Feet Feet Acres
|Arm0urda|e 440,500 279,558 160,895 0.5 3 58 3 33 2 58 10 5 58
440,500 | 279,558 160,895 0.5 5.0 35 4.5 22 3 35 10 8 35
|CID-KS 79,700 59,331 20,371 0.5 3 12 3 4 1 12 10 4 12
79,700 59,331 20,371 0.5 5.0 7 45 3 2 7 10 7 7
|Argentine 282,700 144,226 138,490 0.5 3 30 3 29 3 30 10 6 30
282,700 144,226 138,490 0.5 5.0 18 4.5 19 4.5 19 10 10 19
Total 802,900 | 483,115 319,756 05 3 100 3 66 2 100 10 5 100
802,900 | 483,115 319,756 0.5 5.0 60 4.5 44 3 60 10 8 60

Notes

CCY Compacted Cubic Yards

BCY Bank Cubic Yards = CCY/0.8

BOTEA Back of the Envelope Analysis

Assumptions: Impervious material is generally located above other material

Estimate will be revised as levee/floodwall alignment is refined.
M Maximum depth of excavation is set to 10 feet.

Kansas State Historic Preservation Officer has concurred with Corps' recommendation that no archeological survey is needed for borrow activity kept to a depth of 10’ or less
@ Alternative 1 is when random excavation depth is equal to impervious excavation depth
© Alternative 2 is when random excavation area is equal to impervious excavation area (this minimizes depth of total excavation)
“ Minimum excavation depth is calculated using Alternative 2 - setting the acreage needed for random fill equal to that needed for impervious fill.

® Total area of excavation is the greater value returned when comparing the Impervious Area of Excavation and the Random Alt. 1 Area of Excavation

By: Melissa Corkill
Date: December 14, 2006
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LABORATORY TESTS
Sample Moisture Atterberg Limits Standard Proctor
BORING Depth  |sample No| Group Content Liquid Plastic [ Plasticity | Max.Dry [ Optima Water Classification or Group Classification
NO. Class, % Limit Limit Index Density Content ASTM D2487
(feet) ASTM D2216 ASTM D4318 ASTM 698 Method A
@ AD-528 0.8-4.0 Sack-1 - -- 29 21 8 104.7 18.2 CL-dark brown sandy low plasticity CLAY
s
g AD-529 3.0-6.0 Sack-1 - -- 27 17 10 113.9 14.6 SC-dark brown clayey SAND
X
% AD-535 1.0-45 Sack-1 -- -- 47 19 28 102.5 19.0 CL-dark brown sandy low plasticity CLAY
0.0-0.5 J-1 5 29.2 Not enough sample Group Classification Number:
n 0.5-0.8 J-2 5 1. CL - dark brown sandy low plasticity CLAY
Y AD-528 0.8-4.0 J-3 1 2. ML - light brown low plasticity SILT
% 4.0-4.6 J-4 1 25.0 39 20 19 3. SP - tan fine-grained SAND
S 4.6-8.4 J-5 3 4. SM - dark brown silty SAND
a 8.4-9.0 J-6 2 5. FILL - dark brown gravelly low plasticity CLAY
M 0.0-1.0 J-1 4 27.5 with sand
% 1.0-3.0 J-2 3 6. CL - dark brown low plasticity CLAY
| AD-529 3.0-4.0 J-3 4 21.2
. 4.5-6.0 J-4 1 24.9
6.0-10.0 J-5 3
0.0-1.0 J-1 4
1.0-15 J-2 3 4.0
AD-530 15-25 J-3 2 20.1 Non-plastic
2.5-4.3 J-4 2 11.3
4.3-8.0 J-5 2 25.2
8.0-9.3 J-6 4 Non-plastic
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LABORATORY TESTS
Sample Moisture Atterberg Limits Standard Proctor
BORING Depth  |sample No| Group Content Liquid Plastic | Plasticity | Max. Dry | Optima Water Classification or Group Classification
NO. Class. % Limit Limit Index Density Content ASTM D2487
(feet) ASTM D2216 ASTM D4318 ASTM 698 Method A
0.0-1.0 J-1 4 14.4
1.0-3.5 J-2 1 22.2
AD-531 3.5-4.0 J-3 2
4.0-6.5 J-4 2 25.1
6.5-9.0 J-5 3 Non-plastic
0.0-4.3 J-1 1 26.3
AD-532 4.3-6.3 J-2 1 30.7
6.3-8.3 J-3 2
0.0-2.3 J-1 1 18.9
2.3-4.3 J-2 2 9.9
AD-533 4.3-6.0 J-3 2 14.9
6.0-8.0 J-4 1 26.2
8.0-9.3 J-5 2
0.0-4.0 J-1 1 25.7
4.0-6.0 J-2 2 30.7
ADU-534 6.0-6.5 J-3 6 35.4
6.5-7.0 J-4 1 28.3
7.0-9.0 J-5 2 15.5
0.0-4.5 J-1 6 20.3 a7 19 28
45-75 J-2 1 29.5
AD-535 7.5-8.5 J-3 2
8.5-9.5 J-4 3
9.5-10.0 J-5 2

Page 2
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Page 10 of 20

DRY UNIT WEIGHT (POUNDS PER CUBIC FOOT)

115

110

105

100

OID CURVE FOR SPECIFIQ

GRAVITY=2X | =

10

15 20

WATER CONTENT (PERCENT)

PROJECT NAME

Argentine Levee Unit — Borrow Area

SPECIFICATIONS
Standard Proctor
ASTM D 698  Method A
Percent of Compaction N/A
Moisture Range +% N/A

PROCTOR TEST RESULTS

Max. Dry Density Optimum Water

Content
104.7 pcf 18.2%
ATTERBERG LIMITS (ASTM D-4318)
Liquid Limit | Plastic Limit | astieity
Index
29 21 8
DESCRIPTION

Dark brown, sandy low plasticity CLAY

SAMPLE LOCATION

AD 528, 0.8-4.0 feet below grade

ENGINEERING AND ENVIRONMENTAL SERVICES
St. Louis, Collinsville, Kansas City

ﬁ GEOTECHNOLOGY , inc.

COMPACTION TEST

Job No. 0680806.52KM |Test Date 3/4/2005
Sampled By USCOE Tested By SD
Sample Date 1/18/2005 |[Calc. By YAW
Proctor No. 1075 Ch'd By ARK




Exhibit 1

Page 11 of 20

DRY UNIT WEIGHT (POUNDS PER CUBIC FOOT)

120

115

110

105

"~ [ZEROVIONy CURVE FOR SPECIFIQGRAVITY = 2.7

10 15 20

WATER CONTENT (PERCENT)

25

PROJECT NAME

Argentine Levee Unit — Borrow Area

SPECIFICATIONS

Standard Proctor
ASTM D 698

Method A

Percent of Compaction N/A
Moisture Range +% N/A

PROCTOR TEST RESULTS

Max. Dry Density

Optimum Water

Content
113.9 pf 14.6%
ATTERBERG LIMITS (ASTM D-4318)
Liquid Limit | Plastic Limit | astieity
Index
27 17 10
DESCRIPTION

Dark brown clayey SAND

SAMPLE LOCATION

AD 529, 3.0-6.0 feet below grade

ENGINEERING AND ENVIRONMENTAL SERVICES
St. Louis, Collinsville, Kansas City

ﬁ GEOTECHNOLOGY , inc.

COMPACTION TEST

Job No. 0681901.32KT [Test Date 3/7/2005
Sampled By USCOE Tested By SD
Sample Date 1/18/2005 |[Calc. By YAW
Proctor No. 1077 Ch'd By ARK




Exhibit 1

Page 12 of 20

DRY UNIT WEIGHT (POUNDS PER CUBIC FOOT)

110

105

100

95

ERO VOID CURVE HQR SPECIFICGRAV[TY =27 |

10

20 25 30

WATER CONTENT (PERCENT)

PROJECT NAME

Argentine Levee Unit — Borrow Area

SPECIFICATIONS
Standard Proctor
ASTM D 698  Method A
Percent of Compaction N/A
Moisture Range +% N/A

PROCTOR TEST RESULTS

Max. Dry Density Optimum Water

Content
102.5 pcf 19.0%
ATTERBERG LIMITS (ASTM D-4318)
Liquid Limit | Plastic Limit | astieity
Index
47 19 28

DESCRIPTION

Dark brown sandy low plasticity CLAY

SAMPLE LOCATION

AD 535, , 1.0-4.5 feet below grade

ENGINEERING AND ENVIRONMENTAL SERVICES
St. Louis, Collinsville, Kansas City

ﬁ GEOTECHNOLOGY , inc.

COMPACTION TEST

Job No. 0681901.32KT [Test Date 3/4/2005
Sampled By USCOE Tested By SD
Sample Date 1/18/2005 |[Calc. By YAW
Proctor No. 1076 Ch'd By ARK




Exhibit 1 Page 13 of 20
LOG OF BORING AD-528 SHEET 1 of 1
INSTALLATION: Kansas City, Seven Levees
z Department of the Army PROJECT: Argentine Levee Unit-Borrow Area
m Kansas City District Eggg\ﬁoNNL.“\KABER: AD(;5“2/|$ .
Corps of Engineers : Kansas and Missouri

of Engineers - ELEVATION: 0.0 (ft)
9 > Kansas City, MO 64109 o \re s) DRILLED: 1/18/05 - 1/18/05

US Army Corps 700 Federal Building COORDINATES: N 14190735.79, E 1141877.29 ; NAD 83 UTM 15N feet

FIELD DATA DRILLING METHOD(S): Diedrich D-90, 3 3/4" ID hollow stem

LABORATORY DATA

auger, 3" ID inner barrel sampler

Driller: Mike Cooney Geologist:Jennifer Denzer

GROUNDWATER INFORMATION:
No water encountered during drilling or after. Dry 1/19/05

\/ Water Level during drilling Y water level after drilling
DESCRIPTION OF STRATUM LEGEND

SAMPLE/DRILL METHOD

BLOWS
T: TORVANE KG/CM SQ

© DEPTH (ft)
SOIL SYMBOL
BREAKS: bb or mb
RC: %
RQD: %
Additional Field Data

USCS SYMBOL

ATTERBERG

LIM

ITS

LIQUID LIMIT

PLASTIC INDEX

—
—

R

Visual Grouping
Field Classification

VG
FC

OTHER LAB DATA

S: Minus 200 Sieve (%)
U: Unconfined
Compressive Strength
(tsf)

C: Confining Pressure
(psi)

F: Failure Strain (%)

T: Total Sulfates

P: Soil pH

CLAY 0.5

©| MOISTURE CONTENT (%)

N
N

| HARD 0,

[ DRY
BROWN
frozen
GRAVELLY COBBLES
MODERATELY HARD
GREY
decomposed rock
B LEAN CLAY
MEDIUM
DAMP - MOIST
-4 / - DARK BROWN

CL

29

4.6

CL

39

19

25

VG1

i FINE SAND

- LOOSE - MEDIUM COMPACT
DRY
LIGHT BROWN

Fill (made
ground)

8.4 USCS Low

VG3

Plasticity Clay

SILT uscs

VG2

- T ] LOOSE
DRY
GREY

.| Poorly-graded
-l Sand

10.0 USCS Silt

10

Bottom of hole - No Refusal
Backfilled to surface with cuttings and 3
bags Holeplug

T - TORVANE EQUALLY SPACED ALONG SAMPLE
RC - ROCK CORE RECOVERY

LOG_A_2005 KANSAS-CITY-LEVEES.GPJ 4/1/05

RQD - ROCK QUALITY DESIGNATION

R: BLOW COUNT REFUSAL = >50 blows/1/2 foot for SPT, > 100 blows for REMARKS: Coordinates Trimble Hand GPS
drive barrel VG1 - CL(LL=39,PI=19); VG2 - ML; VG3 - SP; VG5 - FILL




LOG_A_2005 KANSAS-CITY-LEVEES.GPJ 4/1/05

Exhibit 1 Page 14 of 20
LOG OF BORING AD-529 SHEET 1 of 1
INSTALLATION: Kansas City, Seven Levees
z Department of the Army PROJECT: Argentine Levee Unit-Borrow Area
m Kansas City District Eggg\ﬁoNNL.“\KABER: AD('j5|\2/|9 .
Corps of Engineers : Kansas and Missouri

US Army Corps 700 Federal Building COORDINATES: N 14192413.68, E 1142543.89 ; NAD 83 UTM 15N feet

of Engineers - ELEVATION: 0.0 (ft)
9 > Kansas City, MO 64109 o \re s) DRILLED: 1/18/05 - 1/18/05

FIELD DATA DRILLING METHOD(S): Diedrich D-90, 3 3/4" ID hollow stem LABORATORY DATA
auger, 3" ID inner barrel sampler
ATTL'IE,\;{IEERG _ OTHER LAB DATA
Q IS
2 |o |l ocle .
= a < > & |S: Minus 200 Sieve (%)
ol 4 = I} w Ww | 2% |U: Unconfined
El= o < . . . . E | 2 | E |& |Compressive Strength
|5\ dl | 2| 2l Driller: Mike Cooney Geologist:.Jennifer Denzer 3l 3| 218 |3%]|wh
18] 8 & w 2| GROUNDWATER INFORMATION: 2| o 2 N G & |C: Confining Pressure
ElZ2| ¢l m < =| No water encountered during drilling or after. Dry 1/19/05 S| 2] 2| |2g|bs)
T|on| X 22 z|.85 n g S 2 | 2@ |F: Failure Strain (%)
Elol Sl g % Y= i . . a & | @ [>T [T:Total Sulfates
wiolzlgl = gg;}; \/ Water Level during drilling Y_water level after drilling %) % o |P: Soil pH
o i DESCRIPTION OF STRATUM LEGEND S| LL| P -
' FINE SAND 21.5 VG4
FROZEN
DARK BROWN 10
FINE SAND Ves3
- LOOSE
Py DRY
. BROWN
3.0
CLAYEY SAND sc| 27 | 10 |2V
‘ MEDIUM COMPACT
N7 DAMP-MOIST
, DARK BROWN 45
| U CLAY 24.9|VG1
SOFT
DAMP
DARK BROWN 6.0
6 very silty
FINE SAND ves
NS LOOSE-MEDIUM
L L DRY-DAMP
- LIGHT BROWN ]
silty USCS Silty
B “1] Sand
81 = USCS
.| Poorly-graded
— Sand
| 7 USCS Clayey
A Sand
- USCS Low
10 10.0 % Plasticity Clay
Bottom of hole - No Refusal
Backfilled to surface with cuttings and 3
bags Holeplug
E-BLOW COUNT REFUSAL = >50 blows/1/2 foot for SPT, > 100 blows for REMARKS: Coordinates Trimble Hand GPS
drive barrel VG1 - CL(LL=39,PI=19); VG3 - SP; VG4 - SM
T - TORVANE EQUALLY SPACED ALONG SAMPLE
RC - ROCK CORE RECOVERY
RQD - ROCK QUALITY DESIGNATION




LOG_A_2005 KANSAS-CITY-LEVEES.GPJ 4/1/05

Exhibit 1 Page 15 of 20
LOG OF BORING AD-530 SHEET 1 of 1
INSTALLATION: Kansas City, Seven Levees
z Department of the Army PROJECT: Argentine Levee Unit-Borrow Area
m Kansas City District Eggg\ﬁoNNL.“\KABER: AD(;SSIQ .
Corps of Engineers : Kansas and Missouri

US Army Corps 700 Federal Building COORDINATES: N 14192416.14, E 1143534.5 ; NAD 83 UTM 15N feet

of Engineers - ELEVATION: 0.0 (ft)
9 > Kansas City, MO 64109 b \re s) DRILLED: 1/12/05 - 1/18/05

FIELD DATA DRILLING METHOD(S): Diedrich D-90, 3 3/4" ID hollow stem LABORATORY DATA

auger, 3" ID inner barrel sampler
ATTERBERG

LIMITS OTHER LAB DATA

S: Minus 200 Sieve (%)
U: Unconfined
Compressive Strength
(tsf)

C: Confining Pressure
(psi)

F: Failure Strain (%)

T: Total Sulfates

P: Soil pH

Driller: Mike Cooney Geologist:Jennifer Denzer

GROUNDWATER INFORMATION:
No water encountered during drilling or after. Dry 1/19/05

LIQUID LIMIT
Field Classification

PLASTIC INDEX
Visual Grouping

\/ Water Level during drilling Y water level after drilling
DESCRIPTION OF STRATUM LEGEND

SAMPLE/DRILL METHOD
MOISTURE CONTENT (%)

BLOWS
T: TORVANE KG/CM SQ

SOIL SYMBOL
BREAKS: bb or mb
RC: %

RQD: %

Additional Field Data
USCS SYMBOL
VG

FC

© DEPTH (ft)
-
=
b

<
@
~

SILTY SAND
FROZEN

DARK BROWN 1.0
\ fine grained 1/; 4 |VG3

FINE SAND

LOOSE 20 | VG2
DRY-DAMP
BROWN

poorly graded 11 jve2
T SILT

MEDIUM COMPACT
DAMP

-4 1 DARK BROWN

SILT
\MEDIUM COMPACT [ 25 | VG2
LIGHT BROWN
SILT
MEDIUM COMPACT
DAMP
M GRAYISH BROWN
sandy

— T wet zone

USCS Silty
8.0 Sand

[ee)

USCS VG4
SILTY SAND Poorly-graded
MEDIUM COMPACT Sand
M USCS Silt

e DAMP
. LIGHT BROWN

laminated
fine grained 10.0)

107

Bottom of hole - No Refusal
Backfilled to surface with cuttings and 3
bags Holeplug

R: BLOW COUNT REFUSAL = >50 blows/1/2 foot for SPT, > 100 blows for REMARKS: Coordinates Trimble Hand GPS
drive barrel VG2 - ML; VG3 - SP; VG4 - SM

T - TORVANE EQUALLY SPACED ALONG SAMPLE
RC - ROCK CORE RECOVERY

RQD - ROCK QUALITY DESIGNATION




LOG_A_2005 KANSAS-CITY-LEVEES.GPJ 4/1/05

Exhibit 1 Page 16 of 20
LOG OF BORING AD-531 SHEET 1 of 1
INSTALLATION: Kansas City, Seven Levees
z Department of the Army PROJECT: Argentine Levee Unit-Borrow Area
m Kansas City District Eggg\ﬁoNNL.“\KABER: AD(;SSI.l .
Corps of Engineers : Kansas and Missouri

US Army Corps 700 Federal Building COORDINATES: N 14193052.59, E 1144847.77 ; NAD 83 UTM 15N feet

of Engineers - ELEVATION: 0.0 (ft)
9 > Kansas City, MO 64109 o \re s) DRILLED: 1/18/05 - 1/18/05

FIELD DATA DRILLING METHOD(S): Diedrich D-90, 3 3/4" ID hollow stem LABORATORY DATA

auger, 3" ID inner barrel sampler
ATTERBERG

LIMITS OTHER LAB DATA

S: Minus 200 Sieve (%)
U: Unconfined
Compressive Strength
(tsf)

C: Confining Pressure
(psi)

F: Failure Strain (%)

T: Total Sulfates

P: Soil pH

Driller: Mike Cooney Geologist:Jennifer Denzer

GROUNDWATER INFORMATION:
No water encountered during drilling or after. Dry 1/19/05

LIQUID LIMIT
Field Classification

PLASTIC INDEX
Visual Grouping

\/ Water Level during drilling Y water level after drilling
DESCRIPTION OF STRATUM LEGEND

SAMPLE/DRILL METHOD
MOISTURE CONTENT (%)

BLOWS
T: TORVANE KG/CM SQ

© DEPTH (ft)
~| soiL symBoL

BREAKS: bb or mb
RC: %
RQD: %
Additional Field Data
USCS SYMBOL

—

=

3
VG
FC

=
i
<
@
~

SILTY SAND
FROZEN

LIGHT BROWN 10
\ very fine grained /_ 22 | VG1
LEAN CLAY
SOFT-VERY SOFT
DAMP
DARK BROWN

very silty ~ 30-40 % silt

3.5

SILT 4.0 VG2

B LOOSE 25 [vG2
DRY

BROWN

- T with fine sand

SILT

MEDIUM COMPACT
L6 | DAMP

BROWN

6.5
\_slightly sandy ~ 10-15 % very fine sand /] VG3
FINE SAND
MEDIUM COMPACT - LOOSE
DAMP-DRY
LIGHT BROWN

USCS Silty
Sand

USCS Low
Plasticity Clay

USCS silt

ENE

USCS
Poorly-graded

10.0] sand

10f=

Bottom of hole - No Refusal
Backfilled to surface with cuttings and 3
bags Holeplug

R: BLOW COUNT REFUSAL = >50 blows/1/2 foot for SPT, > 100 blows for REMARKS: Coordinates Trimble Hand GPS

drive barrel VG1 - CL(LL=39,P|=19); VG2 - ML; VG3 - SP; VG4 - SM
T - TORVANE EQUALLY SPACED ALONG SAMPLE
RC - ROCK CORE RECOVERY

RQD - ROCK QUALITY DESIGNATION




LOG_A_2005 KANSAS-CITY-LEVEES.GPJ 4/1/05

Exhibit 1 Page 17 of 20
LOG OF BORING AD-532 SHEET 1 of 1
INSTALLATION: Kansas City, Seven Levees
z Department of the Army PROJECT: Argentine Levee Unit-Borrow Area
m Kansas City District Eggg\ﬁoNNL.“\KABER: AD(;SSI.Z .
Corps of Engineers : Kansas and Missouri

US Army Corps 700 Federal Building COORDINATES: N 14192422.33, E 1144971.11 ; NAD 83 UTM 15N feet

of Engineers - ELEVATION: 0.0 (ft)
9 > Kansas City, MO 64109 o \re s) DRILLED: 1/18/05 - 1/18/05

FIELD DATA DRILLING METHOD(S): Diedrich D-90, 3 3/4" ID hollow stem LABORATORY DATA

auger, 3" ID inner barrel sampler
ATTERBERG

LIMITS OTHER LAB DATA

S: Minus 200 Sieve (%)
U: Unconfined
Compressive Strength
(tsf)

C: Confining Pressure
(psi)

F: Failure Strain (%)

T: Total Sulfates

P: Soil pH

Driller: Mike Cooney Geologist:Jennifer Denzer

GROUNDWATER INFORMATION:
No water encountered during drilling or after. Dry 1/19/05

LIQUID LIMIT
Field Classification

PLASTIC INDEX
Visual Grouping

\/ Water Level during drilling Y water level after drilling
DESCRIPTION OF STRATUM LEGEND

SAMPLE/DRILL METHOD
MOISTURE CONTENT (%)

BLOWS
T: TORVANE KG/CM SQ

© DEPTH (ft)

SOIL SYMBOL
BREAKS: bb or mb
RC: %
RQD: %
Additional Field Data
USCS SYMBOL

—

=

3
VG
FC

N
o
<
®
=

LEAN CLAY
MEDIUM
MOIST

- DARK BROWN

frozento 1.0 ft

AT

4.3

LEAN CLAY sl |vel

L MEDIUM
MOIST-WET
DARK BROWN

& / silty

6.3]

SILT VG2

L MEDIUM COMPACT
DRY-DAMP

LIGHT BROWN /) uscs Low
sandy 7] Plasticity Clay

|
—

USCS silt

10.0]

10

Bottom of hole - No Refusal
Backfilled to surface with cuttings and 3
bags Holeplug

R: BLOW COUNT REFUSAL = >50 blows/1/2 foot for SPT, > 100 blows for REMARKS: Coordinates Trimble Hand GPS
drive barrel VG1 - CL(LL=39,PI=19); VG2 - ML

T - TORVANE EQUALLY SPACED ALONG SAMPLE
RC - ROCK CORE RECOVERY

RQD - ROCK QUALITY DESIGNATION




LOG_A_2005 KANSAS-CITY-LEVEES.GPJ 4/1/05

Exhibit 1 Page 18 of 20
LOG OF BORING AD-533 SHEET 1 of 1
INSTALLATION: Kansas City, Seven Levees
z Department of the Army PROJECT: Argentine Levee Unit-Borrow Area
m Kansas City District Eggg\ﬁoNNL.“\KABER: AD(;SSE .
Corps of Engineers : Kansas and Missouri

US Army Corps 700 Federal Building COORDINATES: N 14193066.09, E 1145518.24 ; NAD 83 UTM 15N feet

of Engineers - ELEVATION: 0.0 (ft)
9 > Kansas City, MO 64109 o \re s) DRILLED: 1/18/05 - 1/18/05

FIELD DATA DRILLING METHOD(S): Diedrich D-90, 3 3/4" ID hollow stem LABORATORY DATA

auger, 3" ID inner barrel sampler
ATTERBERG

LIMITS OTHER LAB DATA

S: Minus 200 Sieve (%)
U: Unconfined
Compressive Strength
(tsf)

C: Confining Pressure
(psi)

F: Failure Strain (%)

T: Total Sulfates

P: Soil pH

Driller: Mike Cooney Geologist:Jennifer Denzer

GROUNDWATER INFORMATION:
No water encountered during drilling or after. Dry 1/19/05

LIQUID LIMIT
Field Classification

PLASTIC INDEX
Visual Grouping

\/ Water Level during drilling Y water level after drilling
DESCRIPTION OF STRATUM LEGEND

SAMPLE/DRILL METHOD
MOISTURE CONTENT (%)

BLOWS
T: TORVANE KG/CM SQ

SOIL SYMBOL
BREAKS: bb or mb
RC: %

RQD: %

Additional Field Data
USCS SYMBOL
VG

FC

© DEPTH (ft)
-
=
b

=
©
<
®
=

LEAN CLAY

MEDIUM

N7 DAMP

DARK BROWN
silty

2.3

SILT 10 | VG2

L MEDIUM COMPACT
DRY-DAMP
LIGHT BROWN

with fine-grained sand
43

SILT 15 | VG2

| MEDIUM COMPACT
DRY-DAMP
BROWN
with very fine-grained sand 6.0

)]

LEAN CLAY 26 |VGL

MEDIUM
| U MOIST
DARK BROWN

with silt ? USCS Low
2

8.0 Plasticity Clay

SILT VG2

MEDIUM COMPACT
| DRY-DAMP
- LIGHT BROWN

USCS silt

=

with very fine-grained sand
10.0

10

Bottom of hole - No Refusal
Backfilled to surface with cuttings and 3
bags Holeplug

R: BLOW COUNT REFUSAL = >50 blows/1/2 foot for SPT, > 100 blows for REMARKS: Coordinates Trimble Hand GPS
drive barrel VG1 - CL(LL=39,PI=19); VG2 - ML

T - TORVANE EQUALLY SPACED ALONG SAMPLE
RC - ROCK CORE RECOVERY

RQD - ROCK QUALITY DESIGNATION




LOG_A_2005 KANSAS-CITY-LEVEES.GPJ 4/1/05

Exhibit 1 Page 19 of 20
LOG OF BORING AD-534 SHEET 1 of 1
INSTALLATION: Kansas City, Seven Levees
z Department of the Army PROJECT: Argentine Levee Unit-Borrow Area
m Kansas City District Eggg\ﬁoNNL.“\KABER: ADf&‘.‘ .
Corps of Engineers : Kansas and Missouri

US Army Corps 700 Federal Building COORDINATES: N 14192405.24, E 1145517.16 ; NAD 83 UTM 15N feet

of Engineers - ELEVATION: 0.0 (ft)
9 > Kansas City, MO 64109 b \re s) DRILLED: 1/19/05 - 1/19/05

FIELD DATA DRILLING METHOD(S): Diedrich D-90, 3 3/4" ID hollow stem LABORATORY DATA

auger, 3" ID inner barrel sampler
ATTERBERG

LIMITS OTHER LAB DATA

S: Minus 200 Sieve (%)
U: Unconfined
Compressive Strength
(tsf)

C: Confining Pressure
(psi)

F: Failure Strain (%)

T: Total Sulfates

P: Soil pH

Driller: Mike Cooney Geologist:Jennifer Denzer

GROUNDWATER INFORMATION:
No water encountered during drilling or after. Dry 1/19/05

LIQUID LIMIT
Field Classification

PLASTIC INDEX
Visual Grouping

\/ Water Level during drilling Y water level after drilling
DESCRIPTION OF STRATUM LEGEND

SAMPLE/DRILL METHOD
MOISTURE CONTENT (%)

BLOWS
T: TORVANE KG/CM SQ

SOIL SYMBOL
BREAKS: bb or mb
RC: %

RQD: %

Additional Field Data
USCS SYMBOL
VG

FC

© DEPTH (ft)
-
=
b

N
o
<
®
=

LEAN CLAY

MEDIUM

N7 DAMP

DARK BROWN
silty

4.0

SILT 31 | VG2

MEDIUM COMPACT
L WET
DARK BROWN
clayey
6.0

)]

LEAN CLAY 6.5] 35 | VG6

\SOFT 2l 28 | VG1
MOIST-WET

\DARK BROWN 16 |VG2

silty ? USCS Low
LEAN CLAY 7/, Plasticity Clay
MEDIUM

MOIST-WET
DARK BROWN

=

USCS silt

silty
SILT
MEDIUM COMPACT
10 DRY-DAMP

\LIGHT BROWN
with very fine-grained sand
Bottom of hole - No Refusal

Backfilled to surface with cuttings and 3

bags Holeplug

10.0]

R: BLOW COUNT REFUSAL = >50 blows/1/2 foot for SPT, > 100 blows for REMARKS: Coordinates Trimble Hand GPS

drive barrel VG1 - CL(LL=39,PI=19); VG2 - ML; VG6 - CL(LL=47,PI=28)
T - TORVANE EQUALLY SPACED ALONG SAMPLE
RC - ROCK CORE RECOVERY

RQD - ROCK QUALITY DESIGNATION




LOG_A_2005 KANSAS-CITY-LEVEES.GPJ 4/1/05

Exhibit 1 Page 20 of 20
LOG OF BORING AD-535 SHEET 1 of 1
INSTALLATION: Kansas City, Seven Levees
z Department of the Army PROJECT: Argentine Levee Unit-Borrow Area
m Kansas City District Eggg\ﬁoNNL.“\KABER: AD(;SSI.S .
Corps of Engineers : Kansas and Missouri

US Army Corps 700 Federal Building COORDINATES: N 14193402.93, E 1146504.01 ; NAD 83 UTM 15N feet

of Engineers - ELEVATION: 0.0 (ft)
9 > Kansas City, MO 64109 o \re s) DRILLED: 1/18/05 - 1/18/05

FIELD DATA DRILLING METHOD(S): Diedrich D-90, 3 3/4" ID hollow stem LABORATORY DATA

auger, 3" ID inner barrel sampler
ATTERBERG

LIMITS OTHER LAB DATA

S: Minus 200 Sieve (%)
U: Unconfined
Compressive Strength
(tsf)

C: Confining Pressure
(psi)

F: Failure Strain (%)

T: Total Sulfates

P: Soil pH

Driller: Mike Cooney Geologist:Jennifer Denzer

GROUNDWATER INFORMATION:
No water encountered during drilling or after. Dry 1/19/05

LIQUID LIMIT
Field Classification

PLASTIC INDEX
Visual Grouping

\/ Water Level during drilling Y water level after drilling
DESCRIPTION OF STRATUM LEGEND

SAMPLE/DRILL METHOD
MOISTURE CONTENT (%)

BLOWS
T: TORVANE KG/CM SQ

SOIL SYMBOL
BREAKS: bb or mb
RC: %

RQD: %

Additional Field Data
VG

FC

© DEPTH (ft)
-
=
b

47 | 28
28

N
o
<
)
o

LEAN CLAY

SOFT

DAMP

DARK BROWN
silty ~ 10-15% silt

O O] USCSs syYmBOL

[l
H
iy

4.5

LEAN CLAY 30 |vel

MEDIUM

WET

DARK BROWN
67 silty

AT T T Tt

USCS Low
A Plasticity Clay

USCS silt

SILT VG2

871 MEDIUM COMPACT
DAMP

I
4l

=N

o \LIGHT BROWN uscs VG3
- T with very fine-grained sand Poorly-graded
FINE SAND Sand

©
o

‘ H \ IB%QSE oh VG2

10
\LIGHT BROWN
poorly graded

SILT
MEDIUM COMPACT
DAMP-MOIST
BROWN

sandy

Bottom of hole - No Refusal

Backfilled to surface with cuttings and 3

bags Holeplug

R: BLOW COUNT REFUSAL = >50 blows/1/2 foot for SPT, > 100 blows for REMARKS: Coordinates Trimble Hand GPS

drive barrel VG1 - CL(LL=39,PI=19); VG2 - ML; VG3 - SP; VG6 - CL(LL=47,PI=28)
T - TORVANE EQUALLY SPACED ALONG SAMPLE
RC - ROCK CORE RECOVERY

RQD - ROCK QUALITY DESIGNATION




Exhibit 2: Haul Routes

Kansas Citys,
Missouri and Kansas
Flood Damage
Reduction Project

Feasibility Study

31 JAN 2007
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Exhibit 3
KANSAS CITY’S LEVEE AND FLOODWALL GRAVITY AND UTILITY
PIPELINE GUIDANCE

PURPOSE

The purpose of this document is to provide specific guidance during the feasibility
phase of the Kansas City’s Levee project as to the disposition of existing utilities and
drainage structures within the sections of levee and floodwall to be raised. This guidance
will be used for the feasibility level of effort in order to develop reasonable costs
associated with the modification of drainage structures and the relocation of utilities.

Uplift of utilities within the critical zone of the levee or floodwall will be
addressed in accordance with COE criteria. Uplift is not addressed in this KCL guidance.

REFERENCES

Local Protection — Web page guidance

Local Protection - Guidebook on web page (Guidance for work
Proposed Near or within Federally Constructed Flood Risk
Management Projects)

EM 1110-2-1913 | Design and Construction of Levees

EM 1110-2-2902 | Conduits, Culverts, and Pipes

EM 1110-2-3102 | General Principles of Pumping Station Design and Layout

EM 1110-2-3104 | Structural and Architectural Design of Pumping Stations

Mechanical and Electrical Design of Pumping Stations (Changes 1
EM 1110-2-3105 | of 2)

GRAVITY PIPELINES

Existing pipelines crossing the levee that do not meet current COE criteria shall
be replaced with pipelines that are compliant. Existing pipelines that meet current COE
criteria shall remain with the following exceptions:

Any Corrugated Metal Pipe (CMP) with a diameter greater than 36 shall be
replaced with a minimum diameter 48” Reinforced Concrete Pipe (RCP).

Any pipe inadequate to handle the drainage shall be replaced with a minimum
diameter 48” RCP.

Any pipe known to have joints that are not watertight shall be replaced with a
minimum diameter 48” RCP.
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For new pipe installations, CMP will not be allowed.

Pipe strengths, unless otherwise known, will be assumed to be that required by

Corps criteria at the time of their installation. Pipe condition shall be determined by field
assessment.

GATEWELLS AND POSITIVE CLOSURES

In areas where levee raises are performed, positive closure will be provided for all
drainage and utility lines crossing the levee. EM 1110-2-1913 states that gravity lines
that penetrate the embankment or foundation of a levee must be provided with devices to
assure positive closure. This criteria also states that gravity lines should be provided with
flap-type or slide-type service gates on the riverside of the levee. Because the KS River
and MO River are not fast rising rivers, a flap gate will not be recommended on existing
outfalls where sluice gates are present but no flap gate. For new outfall structures,
however, flap gates will generally be installed.

Emergency means of closure is suggested for gravity lines in addition to the
positive closure device. Historically, a flap gate on the end of the pipe has acted as this
second closure device. However, it is possible to use sandbags or concrete to fill a
gatewell as a means of emergency closure during a flood situation, although this is not
the recommended alternative.

All gatewells within the Kansas City Levee study area are considered confined
spaces. OSHA regulations and Corp EM 385-1-1 require anyone entering a confined
space to comply with specific confined space entry requirements. New or modified
gatewells will be designed so that these confined space entry requirements can be met.
For example, space will be provided above the gatewell opening so that a tripod can be
set to facilitate non-entry rescue.

NON-GRAVITY PIPELINES CROSSING THROUGH OR UNDER LEVEES

It is preferable for all pipes or conduits to cross over the levee rather than
penetrate the embankment or foundation materials. This includes pipes carrying fiber
optic, pressurized gas or pressurized liquid. Where raises are made to the levee, existing
non-gravity pipelines should be relocated over the crest of the new levee raise. See detail
“Typical Utility Crossing Levee Raise”. A determination to relocate existing lines will
be made on a case-by-case basis.

Pressure pipe

All pipes allowed to penetrate the embankment or foundation of a levee must be
provided with devices to assure positive closure. These valves shall be placed in close
proximity to the levee and have capability to be closed rapidly to prevent gas or fluid
from escaping within or beneath a levee should the pipe rupture within these areas.
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Provisions for closure of pressure pipes on the water side must also be provided to
prevent backflow of floodwater into the protected area should the pipe rupture.
Casing Pipes, Cased Pipes and Conduits Crossing Through or Under Levees
(Telecommunications)

It is preferred that conduits or casing pipes cross up and over the levee. However,
where it is not possible to go over the levee, casing pipes or conduits must be installed in
accordance with COE criteria. Refer to COE Guidebook located on the KC District
website for directional drilling procedures.

ABANDONED PIPELINES

Pipelines, which are currently abandoned and grouted in accordance with COE
criteria under or through the levee, will not be disturbed. Pipes that have been abandoned
and do not meet criteria or it is unknown if they meet criteria shall be removed or
properly abandoned according to COE criteria. Pipelines that are currently active but are
to be abandoned as part of this project will be removed or abandoned according to COE
criteria.

Removal
For feasibility purposes only, the following guidance is used in determining if an
abandoned pipeline will be removed or abandoned in-place in accordance with Corps

criteria.

Where levee heights are less than 10 feet and when an abandoned utility is buried less
than 5 feet below the base of the levee, the abandoned utility crossing under the levee
should be removed unless special circumstances warrant a different approach.

Exploration Trench

For cost estimating purposes during feasibility, all known pipes are assumed to be
located as shown on maps and plans or as located in the field during feasibility site visits.

No exploration trenches will be specified during feasibility. However, it is noted
that during PED phase, it may be determined that exploration trenches will be needed
during construction in order to find some utilities or to verify that some utilities do not
exist as shown on the drawings.

Grouting Abandoned Pipelines

If a pipe does not meet the requirement for removal, the pipe should be properly
abandoned by filling with a grout based substance, e.g., cement-bentonite, or flowable
fill. The grout or flowable fill mix should be approved by the Corps of Engineers. The
grout shall be fluid enough, and pumped in the up-slope direction so that the pipe will be
completely filled leaving no voids. Points of access need to be made into the pipe at
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sufficient intervals to accomplish the grouting, see detail “Typical Utility Abandonment”
for additional details regarding abandoning a utility in place.

OTHER CONSIDERATIONS

Special consideration will be given to existing pipe crossings on a case-by-case
basis when hazardous, toxic, and radioactive waste (HTRW) concerns or real estate
issues exist. HTRW concerns exist in various locations along the Kansas City Seven
Levee system. When it is not desirable to disturb the existing ground due to HTRW
concerns, the final recommendation for removing/relocating an existing utility will weigh
the risks involved with disturbing the ground against leaving an existing utility in place.
When real estate issues exist, the final recommendation will consider how real estate is
affected.

SUMMARY OF RECOMMENDATIONS

For sections of levee or floodwall to be raised or modified, current Corps
requirements will be extended to all components of that levee section, including any
pipes and closure structures therein. When it is not practical to meet Corps requirement,
each utility will be evaluated on a case-by-case basis.
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Armourdale Utility Crossings: Inventory and Action for N500+3 Raise
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Exhibti 4:Armordale Utility Crossings: Inventory and Action for N500+3 Raise

DRAFT

UTILITY IDENTIFICATION

UTILITY CROSSING GENERAL INFORMATION AND RECOMMENDED ACTION FOR N500+3 RAISE

Conduit Length
Conduit Below Flood Control Structure DL LI Owner/
Station (ft.) Conduit Size Conduit Function Flow Direction Flow Type ” . existing levee crest Comments Action
Composition Protection (ft.) Type (f) Compensable
Existing Conditions
Relocate forcemain around the stop log gap/high ground tie-
in. Gatewell structure and valve should be located at
N - . . 17"/ Invert Elev. = Structure is part of RR closure gap. Forcemain is buried  |highpoint of line to allow positive closure of pipeline. Remove
63 (0+75 UE) % Clty: San. Sewer Force Main Rivto Land Pressure DIP Under Floodwall valve 757 about 2.5'to 3" below grade outside of levee/floodwall the abandoned part of the forcemain between existing stop
log structure and riverside of new stop log structure. Fill
gatewell and pipe within gatewell with flowable fill.
-4+58 (5+80 UE) * Fiber Optic NA NA * 200 None - NA 05" 2 cables Relocate fiber optic Ines up and over levee. Remove
abandoned fiber optic.
7+50 UE 24" Storm Sewer Land to Riv Gravity RCP 100 Sluice and Flap Invert Elev 755.9 No Action. SEE STRUCTURAL EVALUATION
12+79 UE 12'x8' Storm Sewer Land to Riv Gravity RCB 150 Sluice 25' below levee Drains Matoon Creek, Riverside Gatewell Structure  |No Action. SEE STRUCTURAL EVALUATION
4+93 (15+33 UE) 8'x8' Storm Sewer Land to Riv Gravity * 150 Sluice and Flap Elev ~740 No Action. SEE STRUCTURAL EVALUATION
28+22 6" Sand Pipe NA * SP 30 None ~4.5' | Elev 769 American Sand Company -- Pipe Abandoned Find and Remove
28+30 18" Sand Pipe NA * SP 30 None ~5'/ Elev 768.5 American Sand Company -- Pipe Abandoned Find and Remove
28+33 6" Sand Pipe NA * SP 30 None ~ 4.5/ Elev 769 American Sand Company -- Pipe Abandoned Find and Remove
32+80 42" Storm Sewer Land to Riv Gravity RCP 80 Sluice and Flap  |33'/ Invert Elev 750 Installed 1980 SEE STRUCTURAL EVALUATION
41+45 48" San. Sewer Force Main NA Pressure CIP 240 Valve 30'/ Invert Elev 740 Removed No Action
Water for Proctor and Gamble Fire Relocate up and over floodwall. Water line is not used every
52+45 3 Testing Area Land to Riv Pressure DIP 120 Post Indicator Valve [4'below levee crest Pipe is uncovered along portions of the riverside levee. |day or every week. Remove abandoned line once line is
g relocated.
58+44 36" Storm Sewer Land to Riv Gravity RCP w/ Steel Liner 140 Gate Valve and Flap 20'- 27 Abandoned. Once used ggr;\gblcgolmg water from Proctor Find and Grout
61+81 36" Storm Sewer Land to Riv Gravity CIP 200 Gate Valve and Flap 23 Abandoned. Proctor & Gamble used to drain cooling water |Find and Grout
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DRAFT

UTILITY IDENTIFICATION

UTILITY CROSSING GENERAL INFORMATION AND RECOMMENDED ACTION FOR N500+3 RAISE

62+10 18" Sanitary Sewer NA Gravity SP 50 * 16' Abandoned Remove (as long as floodwall is replaced with levee)
62+10 24" Gas NA Pressure SP Above Floodwall NA Above Floodwall On Kansas Avenue Bridge No Action
Abandoned. Located under former stop log gap used prior
62+10 24" Gas NA Pressure SP Under Floodwall Gate 15'/ Elev 758.1 to KS Ave. Bridge Installation. No info on removal but KGE |Remove (as long as floodwall is replaced with levee)
replaced with line on bridge.
62+65 12" Water NA Pressure SP Above Floodwall NA Above Floodwall On Kansas Avenue Bridge No Action
62+65 10" Water NA Pressure SP Under Floodwall * Elev 758.7 Abandoned Remove (as long as floodwall is replaced with levee)
62+70 6" Fiber Optic NA Electrical Duct Above Floodwall NA 1" Above Floodwall Near Kansas Avenue Bridge Relocate over floodwall raise
64+71 42" Storm Sewer Land to Riv Gravity RCP Under Floodwall Sluice and Flap  |30'/ Invert Elev 742 Drainage Structure adjacent to floodwall No Action. SEE STRUCTURAL EVALUATION
Power Plant Process 15'to Remove 48" line from sealing weir to landside toe of levee
75+12 48" KAW PP Recirculation Line * Gravity RCP 160 (floodwall) Controls Flow of | 20'/Centerline Elev KAW Power Plant and continue removal under levee/floodwall to the intake
Water through Pipe 751.7 structure. Do not re-establish utility.
75+22 6" KAW PP Intake Water * Pressure SP 160 (floodwall) * 18 beIO\t/(v)Ff)IoodwaII KAW Power Plant Remove pipe. Do not re-establish utility.
Power Plant Intake 25' 10 30' below
75+32 72" KAW PP Intake Influent #1 Riv to Land Pressure RCP 160 (floodwall) | Pumps Control Flow floodwall to KAW Power Plant Remove pipe. Do not re-establish utility.
of Water through pipe P
" . 8'to 11' below . R
75+45 3 KAW PP Intake Chlorine * * SPorPVC 160 (floodwall) * floodwall top KAW Power Plant Remove pipe. Do not re-establish utility.
75+50 1"OR 2" KAW PP Intake Gas Land to Riv Pressure SP 160 (floodwall) * 18 belo:/ggloodwall KAW Power Plant Remove pipe. Do not re-establish utility.
. . . 8'to 11' below . ) .
75+50 4 KAW PP Conduit NA Electrical PvVC 160 (floodwall) NA floodwall top KAW Power Plant Remove conduit. Do not re-establish utility.
. . . . 8' below floodwall . ) .
75+62 17"W X 43"H KAW Power Plant Electrical NA Electrical DUCT 160 (floodwall) NA op KAW Power Plant - Duct has 12-4" inner ducts Remove duct bank. Do not re-establish utility
Power Plant Intake 27"t 32" below
75+89 72" KAW PP Intake Influent #2 Riv to Land Pressure RCP 160 (floodwall) | Pumps Control Flow KAW Power Plant Remove pipe. Do not re-establish utility.
. floodwall top
of Water through Pipe
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DRAFT

UTILITY IDENTIFICATION

UTILITY CROSSING GENERAL INFORMATION AND RECOMMENDED ACTION FOR N500+3 RAISE

75+90 2" Water Emergency Land to Riv Pressure SP 160 (floodwall) Valve :og:ja/al?le Ig’; Normally not under pressure Remove pipe. Do not re-establish utility.
SEE PUMP STATION SEE STRUCTURAL EVALUATION AND PUMP PLANT
76+83 72" Osage Pump Plant Outfall Land to Riv EVAL RCP NA Sluice and Drop Leaf | 30+ below levee EVALUATION - Reconnect discharge pipes through cutoff
' wall
79+60 84" KAW PP Discharge Land to Riv Gravity RCP 180 Slice Gate | 40+ below levee Grout from seling weir to drainage structure. Remove from
drainage structure to outfall.
. . ) ) ) Grout from seiling weir to drainage structure. Remove from
79+80 60 KAW PP Discharge Land to Riv Gravity RCP 180 Sluice Gate 40+ below levee ;
drainage structure to outfall.
81+07 25" in4" Calcium Carbonate NA * SPin SP 150 * 20" below levee Abandoned. Discharged t(;:((agw PP discharge headwall Find and Grout
90+79 30" Sanitary Sewer (Inverted) Riv to Land Gravity DIP 125 Sluice Gate 40' below levee City of KCK No Action. SEE STRUCTURAL EVALUATION
91+76 30" Storm Sewer Land to Riv Gravity CIP 125 Sluice and Flap 40' below levee No Action. SEE STRUCTURAL EVALUATION
99+63 4" Discharge Line Land to Riv Gravity SP 150 * 6' below levee Private Could not located outfall or inlet source. Likely abandoned |Find and Remove
108+95 42" Sanitary Sewer Riv to Land Gravity RCP NA Sluice Gate 40+ belowlevee | Cityofkck | Argentine Inter. River Crossing, 42" through levee, 30° -\ » o SEE STRUCTURAL EVALUATION
(Riverside) under River
. ’ . Grout line and valve pit. Fill pipe on riverside of levee with
127+20 24 Potable Water NA Pressure CIP 120 Gate Valve 22' below levee BPU Abandoned but no appearance of being grouted sand
129+20 5X6' 12th St. Pump Plant Outfall Land to Riv |00 PUMP STATION RCB 120 Sluice Gate | Craviy: 30040 No Action. SEE STRUCTURAL EVALUATION
EVAL. below levee
These two lines are the pump station pressurized . .
129+20 20"x 2 12th St. Pump Plant Outfall Land to Riv SEE PUMP STATION DIP 120 NA Elev 767.2 (~3') discharge lines that are routed over the levee into the Relocate pressure d|§ charge pipe up anq over levee. And
EVAL. gatewell remove abandoned lines from pump station to gatewell.
" . . Plugged and filled with impervioius or pervious mateiral. .
* *
129+60 72 12th St. Storm Sewer Land to Riv Gravity BRICK 60 Brick sewer for 12th Street PS area. Not Active. No Action
156+75 6'X8' Mill St. Pump Plant Outfall Land to Riv SEE PUéWVZETATION RCB 120 Sluice Gate %0 tol:\?eebelow Riverside gatewell No Action. SEE STRUCTURAL EVALUATION
SEE PUMP STATION These two lines are the pump station pressuized Relocate pressure discharge pipe up and over levee. And
156+75 20"x 2 Mill St. Pump Plant Outfall Land to Riv DIP 120 NA discharge lines that are routed over the levee into the p : ge pipe up and )
EVAL. gatewell remove abandoned lines from pump station to gatewell.
172+05 12" KS Gas NA Pressure APCS NA NA NA Routed over levee on 7th Street bridge No Action
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DRAFT

UTILITY IDENTIFICATION

UTILITY CROSSING GENERAL INFORMATION AND RECOMMENDED ACTION FOR N500+3 RAISE

185+70 72" 5th St. Pump Plant Outfall Land to Riv SEE PUéAVifTATION RCP 120 Sluice and Flap 40" below levee City of KCK No Action. SEE PUMP PLANT EVALUATION
186+74 30" Sanitary Sewer Riv to Land Gravity DIP 100 Sluice Gate 44' below ground Greystone Heights Sewer River Crossing No Action. SEE STRUCTURAL EVALUATION
) . - . Pump Plant abandoned. These two lines parallel each ) . . _ T
194460 18" and 12" Midwest Cold Storage Pump Plant Land o Riv SEE PUMP STATION CIP and CIP 100 Sluice and Flap 18" Invert ~740 12 other. one 6' ahove the other and connect the landside and Grout in both plpes.but during EED confirm if the 12" line is
Outfall EVAL. Invert ~746 L still connected and in use by Midwest Cold Storage.
riverside levee.
212+76 24" Storm Sewer Land to Riv Gravity CIP 120 Sluice and Flap 30’ below levee No Action. SEE STRUCTURAL EVALUATION
220+64 24 Storm Sewer Land to Riv Gravity CIP 120 Sluice and Flap 30+ below levee No Action. SEE STRUCTURAL EVALUATION
230+77 75 X175 Shawnee Ave Pump Plant Outfall | Land to Riv SEE PUIQAVF;\?TATION RCB 110 2 Sluice and 2 Flap | 35' below levee No Action. SEE PUMP PLANT EVALUATION
231+38.91 57" Storm Sewer Land to Riv Gravity Concrete 100 None 30" below levee Plugged at both ends but could not find. Find and Grout
240+73 48" Storm Sewer Land to Riv Gravity RCP 110 Sluice and Flap 30+ below levee No Action. SEE STRUCTURAL EVALUATION
244+70 24" Storm Sewer Land to Riv Gravity CIP 90 Sluice and Flap 25' below levee No. Action. SEE STRUCTURAL EVALUATION
No Action. Pipe may freeze if routed over floodwall. If
246+53 30" Storm Sewer Forcemain Land to Riv Pressure Clp 100 Valve and Flap 30" below levee Termination of Railroad Storm Force Main levee is placed here then should consider routing up and
over. SEE STRUCTURAL EVALUATION
250+31 12" Storm Sewer Land to Riv Gravity CIP 118 Gate Valve and Flap 2 beIO\tI(\;:)Ioodwall No Action
253+43 12" Storm Sewer Land to Riv Gravity CIP 118 Gate Valve and Flap | 25' below levee Abandoned and Grouted No Action
256+71 12" Storm Sewer Land to Riv Gravity CIP 100 Gate Valve and Flap | 25' below levee Abandoned Grout Pipe and Fill Gatewell
. . . 30'+ below .
260+00 30 Storm Sewer Land to Riv Gravity CIP 100 Gate Valve and Flap floodwall top No Action. SEE STRUCTURAL EVALUATION
260+84 1 Storm Sewer Land to Riv Gravity ciP 40 Gate Valve and Flap | 2 be'°‘t’g;'°°dwa” Abandoned Grout Pipe and Fill Gatewell
262+89 12" Storm Sewer Land to Riv Gravity cIP 50 Gate Valve and Flap | 2> belo‘t’ggow""a” No Action. SEE STRUCTURAL EVALUATION
266+76 16" Storm Sewer Land to Riv Gravity cip 70 Sluice and Flap | 2> be'o‘t’z;'o"dwa" No Action. SEE STRUCTURAL EVALUATION
276+00 NA Fiber Optic NA NA NA NA NA NA Relocate over floodwall raise
. Kansas City Southern Pump Plant . |SEE PUMP STATION . 35" below floodwall No Action. SEE STRUCTURAL EVALUATION AND PUMP
276+79 42 outfall Land to Riv EVAL. CIP 80 Sluice and Flap top Slot Area STATION EVALUATION.
281+50 42" Storm Sewer Land to Riv Gravity RCP 110 Sticeand Flap | > be'o‘t“(’);'m’dwa" No Action. SEE STRUCTURAL EVALUATION
286+59 2 PBI Gordon Pump Plant Gravity | - 4, gy | SEE PUMP STATION ciP 110 Sluice and Flap 30+ below Pipe under floodwall through piles No Action. SEE STRUCTURAL EVALUATION
Storm Flow EVAL. floodwall top
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UTILITY IDENTIFICATION UTILITY CROSSING GENERAL INFORMATION AND RECOMMENDED ACTION FOR N500+3 RAISE
; SEE STRUCTURAL EVALUATION AND PUMP PLANT
286+59 6" PBI Gordon Pump Plant Discharge Land to Riv SEE PUMP STATION * 6" discharge through floodwall. EVALUATION. Relocate 6" discharge up and over
Pipe EVAL. i .
floodwall. Fill in abandoned pipe through floodwall.
. ) ) ) 30'+ below . .
290+52 24 Storm Sewer Land to Riv Gravity CIP 110 Sluice and Flap floodwall top Located under piles No Action. SEE STRUCTURAL EVALUATION
" . . . 25' below floodwall . . . .
295+45 18 Storm Sewer Land to Riv Gravity RCP * Sluice Gate top Landside Gatewell is at grade located west of pump station |No Action. SEE STRUCTURAL EVALUATION
National Beef Pumping Plant / KCK !
295+52 24" Pump Plant / (Central Ave. PP - Land to Riv SEE PUI'E\AViETATION Clp 90 Sluice and Flap 30 beIO\t/\;floodwaII City of KCK 10" pump discharge penetrates floodwall PENDING PUMP STATION EVALUATION
KVDD) ' P
National Beef Pumping Plant / KCK ) L
295+79 2" Pump Plant / (Central Ave. PP - Land to Riv Pressure SP Through floodwall Valve 8 below floodwall Plug at both e'?"'s' Exposec_i on riverside of floodwall. PENDING PUMP STATION EVALUATION
top Buried on landside of floodwall
KVDD)
National Beef Pumping Plant / KCK ) R . .
295+80 10" Pump Plant / (Central Ave. PP - | Land to Riv * cIp Through floodwall |  Flap and Valve | & PeoW floodwal Bxposed on riverside of floodwall. Buried on landside of |\ s by STATION EVALUATION
top floodwall
KVDD)
299+20 3 Central Ave. Pumping Plant- Sump, g o gy, |SEE PUMP STATION ciP GateVave | 0 below floodwall Discharge is through wall PENDING PUMP STATION EVALUATION
Pump EVAL. top
299+20 214" Central Ave. Pump Plant - LandtoRiv |00 PUMP STATION cip 2 gate valves and 2 | 10" below floodwal Discharge is through wall PENDING PUMP STATION EVALUATION
Discharge EVAL. flap gates top
311+11 75'X75 Storm Sewer Land to Riv Gravity RCB 90 Sluice Gate 33 City of KCK No Action. SEE STRUCTURAL EVALUATION
315+10 5'X4 Storm Sewer Land to Riv Gravity RCB 80 Sluice Gate 25 No Action. SEE STRUCTURAL EVALUATION
N . . . Gate Valve . .
324+58 (41+45 LE) 48 Sanitary Force Main Land to Riv Pressure CIP 180 (Riverside) 18 City of KCK Armourdale Interceptor No Action. SEE STRUCTURAL EVALUATION
Existing conditions: Drains high ground. With levee raise,
328+18 (45+05 LE) 42" Storm Sewer/Sanitary Sewer Land to Riv Gravity CMP 60 Unknown 16 will need new pipe and closure structure. Thisisalsoa  |No Action: No longer part of protected area
CSO.
329+35 (46+22 L.E.) 24" Storm Sewer Land to Riv Gravity CMP 50 Flap Gate 5 E?('Stmg condmo_ns: Drains high ground. With levee raise, No Action: No longer part of protected area
will need new pipe and closure structure
50+00 8" KS Gas NA Pressure APCS NA NA NA Routed over levee on bridge No Action
334+08 (50+ 95 LE) 24" Storm Sewer Land to Riv Gravity CMP 100 Flap Gate 5 No Action: No longer part of protected area
334+83 (51+70 L.E.) 12" Spring Sump Drain Land to Riv Gravity * 40 NA NA Spring Sump Drain - Located on Riverside of Levee and No Action
does not cross levee
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UTILITY IDENTIFICATION

UTILITY CROSSING GENERAL INFORMATION AND RECOMMENDED ACTION FOR N500+3 RAISE

339+54 (56+41 L.E) 24" Storm Sewer Land to Riv Gravity CMP 100 Flap Gate 5 Exlstmg condmo'ns: Drains high ground. With levee raise, No Action: No longer part of protected area
will need new pipe and closure structure

339+63 (56+60 LE) 1-36" Sanitary Force Main Land to Riv Pressure DIP NA 1 Gate Valve NA River crqs sing: Armourdale Forcem'aln and Fairfax No Action
Forcemain. Armourdale crossed unit at 41.45 LE
Possibly Plugged. Historical conditions: Drained high

340+49 (57+36 LE) 12" Storm Sewer Land to Riv Gravity CMP 50 Flap Gate 4 ground. With levee raise, will need closure structure if still  |No Action: No longer part of protected area
in use

341+43 (58+30 LE) 25" X 16" Storm Sewer Land to Riv Gravity CMP Arch 100 NA 6 Plugged No Action: No longer part of protected area

343+59 (60+45 LE) 25" X 16" Storm Sewer Land to Riv Gravity CMP Arch 75 Flap Gate 5 E?qstlng condltlo.ns: Drains high ground. With levee raise, No Action: No longer part of protected area
will need new pipe and closure structure

LE Oxygen Pressure Praxair Oxygen line No Action: No longer part of protected area

Table Legend and Notes

*

APCS
CIP
CMP
DIP
DS

FW

Land to Riv
LEV

NA

OH
PP

RCB
RCP

Riv to Land
SL
SP

All Drainage Structures that say No Action, mean there is no action recommended for utility outlet relocation.
Structural or pumping analysis may indicate other recommendations and should be referred to for gatewell structural analysis

Information not found

Anode Protected Coated Steel
cast iron pipe

corrugated metal pipe

ductile iron pipe

Drainage Structure

Floodwall

Landside to Riverside

Levee

Not Applicable

Overhead utility (does not penetrate flood protection)
Pump Plant

Reinforced Concrete Box
Reinforced Concrete Pipe
Riverside to Landside

Stop Log Gap

steel pipe

Direction of Flow for sanitary sewers was obtained from Wyandotte County Sewer AutoCad files

All elevations presented in this spreadsheet are based on NGVD 29
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UTILITY IDENTIFICATION

CASE BY CASE REVIEW MEETING WITH LOCAL PROTECTION SECTION: NOTES FOR EACH UTILITY CROSSING

. o . . Case-by-Case Review Conducted Feb. 20, 2007, See meeting minutes for general recommendations. Where Feb 26 meeting over rides Feb 20
Station (ft.) Conduit Size Conduit Function L
recommendations, it is so noted at the end of the comment.
FEB 20: Reroute forcemain around the stop log gap/high ground tie-in. This would essentially be up and over line of protection. Gatewell structure and
9463 (0+75 UE) 36" City: San. Sewer Force Main valve should be located at the h|ghp0|nt of Iln.e Fo allow positive closure of p|peI!ne as well as provide a S|phon'breaker. Will negd to remove the '
abandoned part of the forcemain between existing stop log structure and riverside of new stop log structure. Fill gatewell and pipe within gatewell with
flowable fill up to the ground surface.
-4+58 (5+80 UE) * Fiber Optic FEB 20: Reroute fiber optic lines up and over levee. Remove abandoned fiber optic
7+50 UE 24" Storm Sewer FEB 20: OK
12479 UE 128" Storm Sewer FEB 20: It .IS OK that there is no flap gate on this discharge line. The primary closure device is the sluice gate, the emergency closure can be to fill the
gatewell with sand.
4+93 (15+33 UE) 8'x8' Storm Sewer FEB 20: OK
FEB 20: During construction, investigate on the riverside of the levee by digging a trench to 1 foot below the recorded depth of the pipes and 10" either side
28+22 6" Sand Pipe of the recorded station of the pipe. Remove piping believed to be about 50' long. Backfill trench. If pipe is not encountered at expected depth, contractor
shall consult with COE.
FEB 20: During construction, investigate on the riverside of the levee by digging a trench to 1 foot below the recorded depth of the pipes and 10' either side
28+30 18" Sand Pipe of the recorded station of the pipe. Remove piping believed to be about 50' long. Backfill trench. If pipe is not encountered at expected depth, contractor
shall consult with COE.
FEB 20: During construction, investigate on the riverside of the levee by digging a trench to 1 foot below the recorded depth of the pipes and 10" either side
28+33 6" Sand Pipe of the recorded station of the pipe. Remove piping believed to be about 50' long. Backfill trench. If pipe is not encountered at expected depth, contractor
shall consult with COE.
32+80 42" Storm Sewer FEB 20: OK
41+45 48" San. Sewer Force Main FEB 20: OK
52+45 3" Water for Proctpr and Gamble Fire FEB 20: Once line is relocated, remove old line from its riverside end point to the landside tie-in point.
Testing Area
FEB 20: Because this line is deep, grout in the pipe beneath the footprint of the levee, construct an impervious cut-off area at the toe of the levee on the
58+44 36" Storm Sewer riverside, install a vertical drain on the landside toe of the levee if the bedding material warrants or can't be inspected. FEB 26: See meeting minutes and
detail for additional information
FEB 20: Because this line is deep, grout in the pipe beneath the footprint of the levee, construct an impervious cut-off area at the toe of the levee on the
61+81 36" Storm Sewer riverside, install a vertical drain on the landside toe of the levee if the bedding material warrants or can't be inspected. FEB 26: See meeting minutes and
detail for additional information
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CASE BY CASE REVIEW MEETING WITH LOCAL PROTECTION SECTION: NOTES FOR EACH UTILITY CROSSING

FEB 20: Because this line is deep, grout in the pipe beneath the footprint of the levee, construct an impervious cut-off area at the toe of the levee on the
62+10 18" Sanitary Sewer riverside, install a vertical drain on the landside toe of the levee if the bedding material warrants or can't be inspected, FEB 26: Remove pipeline since this
floodwall is being replaced with a levee and the line is not that deep below the footing of the floodwall.
62+10 24" Gas OK
FEB 20: Because this line is deep, grout in the pipe beneath the footprint of the levee, construct an impervious cut-off area at the toe of the levee on the
62+10 24" Gas riverside, install a vertical drain on the landside toe of the levee if the bedding material warrants or can't be inspected, FEB 26: Remove pipeline since this
floodwall is being replaced with a levee and the line is not that deep below the footing of the floodwall.
62+65 12" Water OK
FEB 20: Because this line is deep, grout in the pipe beneath the footprint of the levee, construct an impervious cut-off area at the toe of the levee on the
62+65 10" Water riverside, install a vertical drain on the landside toe of the levee if the bedding material warrants or can't be inspected, FEB 26: Remove pipeline since this
floodwall is being replaced with a levee and the line is not that deep below the footing of the floodwall.
62+70 6" Fiber Optic OK
64+71 42" Storm Sewer oK
FEB 20: On the landside, remove the 48" line from the sealing weir to the landside toe of the levee. (about 440" of removal). Grout in the line under the
. . I floodwall up to within 20' of the intake structure with excavatable flowable fill so that when the slurry wall is installed it cuts through the pipe and the
512 48 KAW PP Recirculation Line flowable fill. (about 180" of flowable fill) On the riverside, remove the pipe from intake structure back about 20". FEB 26: Remove 48" line from the seiling
weir all the way to the intake structure (640").
FEB 20: Grout in the line under the floodwall with excavatable flowable fill so that when the slurry wall is installed it cuts through the pipe and the flowable
75+22 6" KAW PP Intake Water fill (about 180" of grout). On the riverside, remove the pipe from the intake structure back about 20'. FEB 26: Remove pipeline since the floodwall is being
replaced with a new floodwall and the pipe is not too deep.
FEB 20: Grout in the line under the floodwall up to within 20" of the intake structure with excavatable flowable fill so that when the slurry wall is installed it
" cuts through the pipe and the flowable fill. (about 180" of flowable fill) On the riverside, remove the pipe from intake structure back about 20'. On the
+
75+32 2 KAW PP Intake Influent #1 landside, fill with grout or remove within the critical zone. This critical zone removal suggestion will likely not be possible. Should revisit. FEB 26: Remove
pipe landside of levee to intake structure.
75445 3 KAW PP Intake Chiorine FEB 20: _Remove utility within thg footprint of the levee. Will I!kely not have to remove outside of levee footprint. FEB 26: Remove utility from landside of
levee to intake structure. If the pipe also runs along the landside toe, may need to remove.
75450 1" OR 2" KAW PP Intake Gas FEB 20: .Remove utility within thg footprint of the levee. Will I!kely not have to remove outside of levee footprint. FEB 26: Remove utility from landside of
levee to intake structure. If the pipe also runs along the landside toe, may need to remove.
75+50 4" KAW PP Conduit FEB 20: Remove utility within the footprint of the levee. Will likely not have to remove outside of levee footprint.
75+62 17"W X 43"H KAW Power Plant Electrical FEB 20: Remove utility within the footprint of the levee. Will likely not have to remove outside of levee footprint.
FEB 20: Grout in the line under the floodwall up to within 20' of the intake structure with excavatable flowable fill so that when the slurry wall is installed it
. cuts through the pipe and the flowable fill. (about 180" of flowable fill) On the riverside, remove the pipe from intake structure back about 20'. On the
75+89 72 KAW PP Intake Influent #2 landside, fill with grout or remove within the critical zone. This critical zone removal suggestion will likely not be possible. Should revisit. FEB 26: Remove
pipe landside of levee to intake structure.
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75+90 2" Water Emergency FEB 20: Remove utility within the footprint of the levee. Will likely not have to remove outside of levee footprint.
76+83 72" Osage Pump Plant Outfall FEB 20: Need to meet with construction people to determine how reconnection pipe after installation of cutoff wall will be completed.
FEB 20: Grout in the line under the floodwall up to within 20' of the intake structure with excavatable flowable fill so that when the slurry wall is installed it
79460 84" KAW PP Discharge cuts through the pipe and the flowable fill. (about 180" of flowable fill) On the riverside, remove the pipe from intake structure back about 20'. On the
g landside, fill with grout or remove back to sealing weir. FEB 26: Grout the line from the seiling weir to the drainage structure. Remove the pipe from the
drainage structure to the outfall structure.
FEB 20: Grout in the line under the floodwall up to within 20" of the intake structure with excavatable flowable fill so that when the slurry wall is installed it
70480 60" KAW PP Discharge cuts through the pipe and the flowable fill. (about 180" of flowable fill) On the riverside, remove the pipe from intake structure back about 20'. On the
g landside, fill with grout or remove back to sealing weir. FEB 26: Grout the line from the seiling weir to the drainage structure. Remove the pipe from the
drainage structure to the outfall structure.
81+07 25" in4" Calcium Carbonate FEB 20: Grout under the levee. FEB 26: Grout under the levee and remove pipe out to outfall structure.
90+79 30" Sanitary Sewer (Inverted) OK
91+76 30" Storm Sewer OK
FEB 20: During construction, install an inspection trench at the riverside toe to find the pipe, then remove pipe from discharge point back to source which
99+63 4" Discharge Line appears to have been an inlet on the private property to the north. (Approximately 200 feet of removal) FEB 26: Remove pipe from 30' from landside toe to
outfall Sinde line is shallow.
108+95 42" Sanitary Sewer OK
FEB 20: Remove pipeline from river's edge back to riverside toe of levee (approximately 400"). Although a conservative approach, Local Protection felt that
removal of the pipe from the river's edge is necessary to prevent the seepage entry point from moving from the river's edge to the landside end of the
127+20 24" Potable Water abandoned pipe. Fill pipe with grout under the levee footprint. Remove pipeline on the landside within the critical zone. Grout pipe if removal is not
possible within the critical zone. Will need to verify that removal within the critical zone is possible under this project. Fill valve pit with grout (box is
estimated to be 12' x 12" by 10 feet deep - not field measured.) FEB 26: Grout line under levee and extend grout according to Typical Abandonment Detail
129+20 5'X6' 12th St. Pump Plant Outfall OK
129+20 20"x 2 12th St. Pump Plant Outfall FEB 20: Once lines are relocated up and over the levee, remove the abandoned 20" DIPs from Pump Station to Gatewell.
FEB 20: Since this is a critical sewer, we need to find this sewer during PED and determine exactly where it is and how we will fill it in if possible. FEB 26:
129+60 72" 12th St. Storm Sewer Following meeting we found the design memo that stated the following: During 1952 construction, the original brick sewer from the PP to the river "was
plugged with concrete at each end, then filled with pervious and impervious material zoned with the restored levee section.", therefore, no action needed.
156+75 6'X8' Mill St. Pump Plant Outfall oK
156+75 20"x 2 Mill St. Pump Plant Outfall FEB 20: Once lines are relocated up and over the levee, remove the abandoned 20" DIPs from Pump Station to Gatewell.
172+05 12" KS Gas OK
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185+70 72" 5th St. Pump Plant Outfall oK

186+74 30" Sanitary Sewer OK

194460 18" and 12" Midwest Cold Storage Pump Plant oK

Outfall

212+76 24" Storm Sewer OK

220+64 24 Storm Sewer OK

230+77 75'X75 Shawnee Ave Pump Plant Outfall [OK
231+38.91 57" Storm Sewer

240+73 48" Storm Sewer

244+70 24" Storm Sewer

246+53 30" Storm Sewer Forcemain

250+31 12" Storm Sewer

253+43 12" Storm Sewer

256+71 12" Storm Sewer

260+00 30" Storm Sewer

260+84 12" Storm Sewer

262+89 12" Storm Sewer

266+76 16" Storm Sewer

276+00 NA Fiber Optic

276479 42" Kansas City Southern Pump Plant

Outfall
281+50 42" Storm Sewer
286450 g PBI Gordon Pump Plant Gravity
Storm Flow
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PBI Gordon Pump Plant Discharge

286+59 6 Pipe
290+52 24" Storm Sewer
295+45 18" Storm Sewer
National Beef Pumping Plant / KCK
295+52 24" Pump Plant / (Central Ave. PP -
KVDD)
National Beef Pumping Plant / KCK
295+79 2" Pump Plant / (Central Ave. PP -
KVDD)
National Beef Pumping Plant / KCK
295+80 10" Pump Plant / (Central Ave. PP -
KVDD)
209420 3 Central Ave. Pumping Plant - Sump
Pump
209420 914" Central Aye. Pump Plant -
Discharge
311+11 75 X175 Storm Sewer
315+10 5X4 Storm Sewer
FEB 20: Local Protection suggested we leve this pipe in place and create an inpsection program whereby this pipe is taken out of service and inpsected.
324+58 (41+45 LE) 48" Sanitary Force Main Local protection is a little concerned that this pipe runs parellel with the levee near the toe for quite a distance (as much as 1000'). FEB 26: Leave pipe in
place. See meeting minutes for reasoning.
328+18 (45+05 LE) 42" Storm Sewer/Sanitary Sewer
329+35 (46+22 L.E.) 24" Storm Sewer
50+00 8" KS Gas
334+08 (50+ 95 LE) 24" Storm Sewer
334+83 (51+70 L.E.) 12" Spring Sump Drain
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339+54 (56+41 L.E) 24" Storm Sewer
339+63 (56+60 LE) 1-36" Sanitary Force Main
340+49 (57+36 LE) 12" Storm Sewer
341+43 (58+30 LE) 25" X 16" Storm Sewer
343+59 (60+45 LE) 25" X 16" Storm Sewer

LE Oxygen
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UTILITY IDENTIFICATION

BACKGROUND DOCUMENTS AND RESEARCH NOTES FOR EACH UTILITY CROSSING

: , : L : Reference Sited:
. o . . . Reference Sited: Operations . Reference Sited: Site visits in Fall 2006 and | Reference Sited: Wyandotte County CAD .
Station (ft.) Conduit Size Conduit Function Reference Sited 0&m Manual (1978) P Reference Sited: HNTB : : y y KVDD Drainage Other
Manual (1979) winter 2007 files (not QC checked by County) :
Structure List
. . . Structure is part of RR closure gap. Forcemain is buried about Forcemain is buried about 2.5'to 3' below
9+63 (0+75 UE) % Clty: San. Sewer Force Main 2.5'to 3'below grade outside of levee/floodwall. Plate 267 grade outside of levee/floodwall X
-4+58 (5+80 UE) * Fiber Optic Conduits are buried less than 2 feet deep
7+50 UE 24" Storm Sewer X
12+79 UE 12'x8' Storm Sewer Could not find pipes during August 2006 site visit. Elev 746 No flap gate (Jan 2007 site visit) X Matoon Creek
4+93 (15+33 UE) 8'x8' Storm Sewer Sluice and Flap X
28+22 6" Sand Pipe 5' below levee ~5' below levee/ Elev 769 Abandoned Could not find pipes during August 2006 site visit.
28+30 18" Sand Pipe 5' below levee ~5' below levee/ Elev 768.5 Abandoned Could not find pipes during August 2006 site visit.
28+33 6" Sand Pipe 5'below levee ~5' below levee/ Elev 769 Abandoned Could not find pipes during August 2006 site visit.
32+80 42" Storm Sewer Not Shown 33"/ Invert Elev 750 Installed 1980 X
41+45 48" San. Sewer Force Main 80/ Invert Elev 740. L|n$ IS x3<xx Line not shown. Believed to be removed
crossed out. Drwg says "valve
52+45 3 Water for Proctpr and Gamble Fire Not Shown Not Shown Pipe is not buried along portions of levee
Testing Area
’ . Design Memo 1971: RCP installed in 1951. 30",
58+44 36" Storm Sewer 20" below levee 27"/ Invert Elev 746.5, Gate and Abandoned X Not Active, Proctor 1/2" thick steel liner installed in 1961. Active line
Flap and Gamble . )
as of this 1971 design memo.
61481 36" Storm Sewer 23' below levee 23' below levee Abandoned X Not Active, Proctor Design Memo 1971: Proctor and Gamble's used

and Gamble

to drain cooling water. CIP in good shape.
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There is a 24" VCP MH that starts near the
62+10 18" Sanitary Sewer 16' below floodwall 16' below floodwall Abandoned bridge. Possibly started at this MH - MH KS DOT Drwgs of KS Ave Bridge say abandoned
SAN090-001 (AutoCAD file)
62+10 24" Gas 14" below floodwall
62410 24" Gas 14 below floodwall KQS does not have record of the buried gas line
being removed
62+65 12" Water 12' below floodwall
62+65 10" Water 12' below floodwall
KS DOT Drwgs of KS Ave Bridge
62+70 6" Fiber Optic not shown
64+71 42 Storm Sewer Invert Elev 742 KS DOT Drwgs of KS Ave Bridge
BPU Drawings. Power Plant is moth-balled
. . I \ (inactive) Centerline Elev 751.7 - Drwg Sheet 2-3
75+12 48 KAW PP Recirculation Line 25" below floodwall (Contract No. K-76: Circulating Water Pipe Layout
and Profile (Inf.)
75+22 6" KAW PP Intake Water 18' below floodwall 18' below floodwall
It appears that seepage rings were used on most of
the pipes crossing the levee. EM 1110-2-1913 now
75+32 72" KAW PP Intake Influent #1 20" below floodwall states that seepage rings should not be provided.
We will not be recommending removal of these
seepage rings for Phase 2.
Chlorine PVC pipe Elev 764.5' Info from BPU
75+45 3" KAW PP Intake Chlorine Chlorine Pipe Elev~ 761 - SP drawings: Sheet P48-2, Contract K-87: Chlorine
Piping (1960)
75+50 1"0R 2" KAW PP Intake Gas 9' below levee / Eleve 763 Gas line also has a meter on it located under the
bridge. The pipe penetrates the floodwall
approximately 18" below the top of the floodwall.
Took picture of 4" conduit penetrating floodwall and
75450 4" KAW PP Conduit leading to corrugated handhole at landside "toe" of
floodwall fill material. Ernie states that conduit runs
along toe of levee and ends at BPU "sealing weir"
(discharge building)
75+62 17"W X 43'H KAW Power Plant Electrical Elev. 762.5: 18" x 48" duct ) )
Elev 756 according to BPU 1952 As-Built
75+89 72" KAW PP Intake Influent #2 Elev 742 / 30" below floodwall
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BPU Drawings: Normally not under pressure. Valve
75+90 2" Water Emergency Not shown and 4' cover (in 1959 at lower levee elevation).
Since levee was raised ~5', line may be 9' buried
76+83 72" Osage Pump Plant Outfall 30+ below levee X
79+60 84" KAW PP Discharge 40+ below levee X
79+80 60" KAW PP Discharge 40+ below levee X
20" below levee. Drainage structure
81+07 25" in4" Calcium Carbonate 20' below levee exists on drwy but no indication of Abandoned. G.a te valve. Used to Not listed
. discharge calcium carbonate.
closure device
90+79 30" Sanitary Sewer (Inverted) Elev 731.3 X
91+76 30" Storm Sewer Elev 732.2 X
99+63 4 Discharge Line 6' below levee 6' below levee Could not find inlet. Did not go to river to find outlet.
Likely that inlet is covered up and line is not in use.
108+95 42" Sanitary Sewer 42" RCP with Sluice Gate. X
Interceptor San. Sewer
127+20 24" Potable Water 20" below levee 20" below levee Abandoned Found ?OerI s?ructure with valv_e. Appeared that Appears on Wyandotte CAD files X Abandoned
everything was intact. Saw cuts in structure
indicate some sort of work done in pit after
construction. Should check with BPU about
functionality
129+20 5'X6' 12th St. Pump Plant Outfall 30" to 40' below levee X
129+20 20"x 2 12th St. Pump Plant Outfall DRG Pump Station Record Drawings. Elev of
DIP 767.24
Design Memo 1971: During 1952 construction,
129+60 72" 12th St. Storm Sewer Elevation unknown, plugged to remain in place not shown the original brick sewer from the PP to the river
was plugged with concrete at each end, then
filled with pervious and impervious material
zoned with the restored levee section.
156+75 6'X8' Mill St. Pump Plant Outfall X
Discharge pipe is about 2' below levee. No Flap Gate, Site Visit 1-9-07
156+75 20"x 2 Mill St. Pump Plant Outfall
172+05 12 KS Gas KGE Maps, Date: 9-15-2005
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185+70 72" 5th St. Pump Plant Outfall X
186+74 30" Sanitary Sewer elevation unknown Greystlone Heights Sewer. Gate 48" DIP - 44' below ground X
Elevation Unknown
) ) Midwest Cold Storage Pump Plant - . Design Memo 1971: A 12" CIP was installgd 6
194+60 18" and 12 Outfall Outlet was wet indicating it could still be used to X feet above the 18" CIP between the landside and
drain interior drainage. Drainage structure did not riverside gatewells for use in providing a
appear to have any other contributing flows other connection to the drainage system for the ice
than from Plant plant condensers and pump.
212476 24" Storm Sewer X
220+64 24 Storm Sewer X
230+77 75'X75 Shawnee Ave Pump Plant Outfall 2 Sluice and 2 Flap X
931438.91 57 Storm Sewer 32 bellow levee -_57 concrete conduit, Old Shawnee Ave PLUGGED BOTH ENDS
Pumping Plant Discharge (removed)
240+73 48" Storm Sewer Flapgate on outfall sluice gate and flap gate X
244470 24" Storm Sewer Elev 739.3 X
246+53 30" Storm Sewer Forcemain 15' below levee Elev 745 25' below levee. Elev 733.3 X Termlnauonl ofRR
Forcemain
250+31 12" Storm Sewer Elev 735 X
253+43 12" Storm Sewer Elev 736.4 KVDD stated it was grouted properly X Abandoned
256+71 12" Storm Sewer 22" below levee 22" below levee Elev 736.5 Not listed X Abandoned
260+00 30" Storm Sewer Elev 725.4. Gate and Flap X Slot Gate and Flap
260+84 12" Storm Sewer 20" below levee Elev 737 Listed on HNTB's ist. No incication of X Slot Abandoned
abandonment
262+89 12" Storm Sewer Elev 736.8 X Gate Valve and Flap
266+76 16" Storm Sewer Elev 736.4 X Slot, Sluice and Flap
276400 NA Fiber Optic O(_:t 24 site visit: fiber optic observed between
bridges
276479 42" Kansas City Southern Pump Plant Elev 727 4 X
Outfall
281+50 42" Storm Sewer Invert Elev 728, Sluice and Flap RCP. P|pg Is under pressurg due to X'1-670 Storm Sewer
flows coming from elevated interstate
286450 g PBI Gordon Pump Plant Gravity Elev 729.7 X
Storm Flow
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Armourdale Utility Crossings: Inventory and Action for N500+3 Raise
Created by: Melissa Corkill
Peer Reviewed by: Hank Mildenberger

DRAFT

Date: 23-Aug-2006
Modified: 02-Mar-2007

UTILITY IDENTIFICATION

BACKGROUND DOCUMENTS AND RESEARCH NOTES FOR EACH UTILITY CROSSING

286+59

PBI Gordon Pump Plant Discharge

Pipe
290+52 24" Storm Sewer Elev 724.6 X
295+45 18" Storm Sewer Elev 735 18"RCP X - Sluice Gate
National Beef Pumping Plant / KCK - . L .
205452 24" Pump Plant / (Central Ave. PP - Elev 7317 Actlve."Water.fIOW|ng durlng site visit. There are X City - Central Ave
two 18" CIP pipes on the bridge PS
KVDD)
National Beef Pumping Plant / KCK
295+79 2" Pump Plant / (Central Ave. PP -  |Elev 753.4, Penetrates Floodwall
KVDD)
National Beef Pumping Plant / KCK
295+80 10" Pump Plant / (Central Ave. PP -  |Elev 753.6, Penetrates Floodwall
KVDD)
209420 3 Central Ave. Pumping Plant - Sump Elev 757.7
Pump
209420 914" Central Aye. Pump Plant - X - City - 2 flaps, 1
Discharge gate
311+11 75'X75 Storm Sewer only sluice gate, Elev 727.4 Called the split log outfall. Sluice Gate X 7.5x7.5 City
315+10 5'X4 Storm Sewer only sluice gate, Elev 735.3 This is possibly the outfallfor the X - 5x5
Fowler Street Sewer System
324+58 (41+45 LE) 48" Sanitary Force Main Line not present Gate Valve, Elev 740 Pressure Sewer Gate Valve :;:v:/tinEgl:;I = 740 (Armourdale Interceptor
328+18 (45+05 LE) 42" Storm Sewer/Sanitary Sewer ygzsgl_)wce gate or lap. Invert Elev Sluice Gate Wyandotte County maps show this as a CSO. Not listed No gate in structure per gatewell inventory table
329+35 (46+22 L.E.) 24" Storm Sewer No sluice gate indicated Inve_rt E_Iev. 753.8 No suice gate or Flap Gate Not listed
flap indicated
50+00 8" KS Gas Not listed KGS Maps
334+08 (50+ 95 LE) 2" Storm Sewer 24" CMP 24" CMP Invert Elev. 7536 No |\ ) o0 Not listed
sluice gate or flap indicated
334+83 (51+70 L.E.) 12" Spring Sump Drain 12" spring sump drain 12" spring sump drain Not included in list Not listed
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Armourdale Utility Crossings: Inventory and Action for N500+3 Raise

Created by: Melissa Corkill
Peer Reviewed by: Hank Mildenberger

DRAFT

Date: 23-Aug-2006
Modified: 02-Mar-2007

UTILITY IDENTIFICATION

BACKGROUND DOCUMENTS AND RESEARCH NOTES FOR EACH UTILITY CROSSING

Flap Gate, No Sluice Gate Required

339+54 (56+41 L.E) 24 Storm Sewer No sluice gate or flap No sluice gate or flap due to high ground Storm Pipe Shown Not listed

339+63 (56+60 LE) 1-36" Sanitary Force Main No line exists no sewer exists Forcemain, River Crossing 1-36" X ég?fea;ai\:mgs show Armourdale Interceptor
Listed on HNTB's list only because of
its inclusion in the inventory from

. . . previous feasibility phase. List . .

340+49 (57+36 LE) 12 Storm Sewer Working not plugged Active, Elev 755.5 indicates flap gate present. HNTB Storm Pipe Shown Not listed
indicates only 2 pipes operational in
this area.

341+43 (58+30 LE) 25" X 16" Storm Sewer Working not plugged Plugged, elev 755 Not included in list Storm Pipe Shown Not listed

343+59 (60+45 LE) 25" X 16" Storm Sewer No sluice gate or flap gate Invert Elev 755 Flap Gat.e, No Sluice Gate Required Storm Pipe Shown Not listed
due to high ground

LE Oxygen Not on drawings Not on drawings Not listed
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Exhitbit 5: Typical Utility Crossing
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Exhibit 6

Armourdale Utility Uplift Spreadsheet: Data Entry Worksheet - DRAFT WORKING COPY
Kansas City Levees Phase 2

Created By: Melissa Corkill Date: 11-Aug-08
Date Modified: 6-Mar-07
Peer Reviewed By: Date;

How to Use this Spreadsheet

Insert parameters into cells highlighted in orange and the corresponding spreadsheets wili update automatically.
Spreadsheets are linked, therafore spreadsheels must stay in their originat directories to maintain links.
Armourdale Unit was separated seven streiches based on geotech and seepage ¢riteria and numbered L1 to L7

-+ Lz :
Wt
o LF Lovee ttberm Ground Elev.
. o—Fipe
Blanket Matorial Blanket Base Elev.
Other Material

Badrock Elev.

a,aOE,EOEOTOTOOESETETETETETET T T sedrock

Levee Type Number

Station Start

Station End

Levee Width, L2 (from geotoch)

Riverside Blanket Width, Lr {from

P e T 4

Top of Levee Elev. (nb00 + 3ft)

Berm Width for the w/ Berm option, Wt
(i1} (from geotech)

Berm Height for the w/Berm opfion, t
(feet) {from geotech)

Ground Elev. Landside

Blanket Base Llev,

Bedrock Elev. {from O&M manual
Borings)

Pipe Depth 1. (enter on spreadsheet

Pipe Diameter in. {(enter on spreadsheset) aries
Bianket Soil Type (from geotech) N
Bianket Soil Unit Weight, soil density ‘

{pcf)

Blanket Thickness Dbo fi {from geotech
EC-GD) landside

Dapth of Sands Df ft (from Geotech EC-
GD)

Max Head or Levee Height # {from

geotech EC-GD) 155 | 170 | 150 | 185 | 158 | 160 | 120

Notes

Aot idaidg
Calculated

NA Not Applicable

KMissionProjects\civikansas_citys\CivilPhase2\General Civil Phase A\SpreadshestsiUplift 2007\UplifiinputDataHere Armourdale s



NOMENCLATURE for all Uplift Spreadsheets
Input

(Kif/Kb)R = niverside permeability
(Kf/Kb)L. = landside permeability
DbL. = landside blanket thickness
Dbr = riverside blanket thickness
Dbo = levee toe blanket thickness
Df = thickness of pervious foundation
Lr = length of riverside blanket
LL = length of landside blanket
H = max head or levee height
1.2 = levee base width
t = berm height, #t
ground elevation = average elevation of landside ground
Output
Cr = riverside effective length coefficient
CL = landside effective length coefficient
where C = | (KI/Kb) * Df * Db ]1/2
L1 =riverside effective length
where L1 = C* (e 2LR/C-1) )/ (¢CLR/C+1) )
Le = landside effective length
Lt = total effective length
ho = head above tailwater at levee toe
io = seepage gradient

1c = critical gradient = (ysat-ywater)/ywater

KAMissionProjectsicivikansas_citys\CivilPhaseZiGeneral Civil Phase 2\Spraadsheeta\Uplift 2007UpliftinputDataHereArmourdale xs



Exhibit 7

Kansas City's Levees - Phase 2

Armourdale - Utility Uplift Sample Calculation at Station 200+00 (Distance from toe - 0ft)
By: Melissa Corkill Date Created: 14-Aug-06

Date Modified: 15-Aug-06
Peer Reviewed By; Scott Loehr  Date Reviewed: 15-Aug-08

lL.evee Cross Section

Ly Levee Width, 1.2
150 | 105

Levee Elev.p 771 . 12 0 |Berm Width, W1 (feet)

0 Berm Height, t {ft}

Lr i
i b
Ground Elev.| 757 i

30 Pipe Depth (it}

Blanket Base Elav.| 727 o

727 |Pipe Elev. {{t)

Bedrock Elev.] 664

Pipe Diameter (in)

Soil Unit Weight, ysoil (peh

6
o %/ 3\’; LS Soil Type

Hydraulbe Gradient in Levee Cross Section - Without Belief Wells

Hydraulic Gradient in the Foundation Sands

o 10 = 10148 [ % geotechnical hydraulic gradient

»

H3=30 1t 4 1

H2 = Impervious Blanket
Thickness=30 i

Berin Beside Levee Cross Section

! Fy :
Laveoe i Berm
X
¥ \ 4 )

X= (t-s*d})
W2 = X * ysol I* (pipe diameter /12)

W= {H3-Pipe Diameter/12)*(Pipe Diameter/12)*1*ysoil

Definitions

H1 = Height of Hydraulic Gradient above base of Impervious Blanket - ft
H2 = Impervious Blanket Thickness - it

H3 = Depth of Pipe Invert -t

Ho' = Excess head above ground surface (initial Ho' is calculated at toe of
Lr = Length of riverside blanket {determined by geotechnical engineer) - ft
L1 = Riverside effective length (calculated by geotechnical engineer) - ft
L2 = Levee Width {toe to toe) - ft

Wt = Berm Width - it

t = Berm Height at toe of levee- ft

levee by geotechnical engincer) - ft

KiMissionProjectsicivikansas. cliys\CivinPhase2iGeneral Givil Phase 2\Spreadsheets\Uplift,_Ulilities\UplitSampleCaiculations . s
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x = Berm Height at structure {pipe)- ft
$ = slope of berm
Ws = weight of structure {pipe} per foot of length

18.97 Ib per ft (68" Diameter Steel Pipe, .280" wall thickness, Manual of Steel Construction)
We = weight ot water contained in the structure = pi ¥ 2 * 1 = 3.1416"{{3/12)"2) *1762.4 = 12 Ib/if

S = surcharge loads = weight of saturated soifs above structure = W1 + W2

W1 = Surcharge load above structure (not inciuding berm}
W2 = Surcharge load of herm above structure

P1 = Pressure at the base of the impervious blanket at the iocation of the structure being investigated

P3 = Pressure at the base of the structure {pipe} being investigated
U = Uplift force on the project area of structure = Area of pipe * P3

Wg = weight of surcharge water above top surface of structure control by gravity fiow = 0 for pipes

SF1 = Flotation Safety Factor = (Ws+We+S){U-Wg)

Sample Calculations

Sample Calculations are done at the toe of the levee (distance from toe = 0 ft)

H1
H1 = Ho' + Ground Elev - Impervious Blanket Base Elev
HY = 1048 ft + 757 ft - 727 it = 40.48 ft

P3
P3 = H3 x (H1/H2) x ywater
P3 = 30 ft x {40.48ft /30#) x 62.4 pcf = 25259 psf

Wc
We=Dpixr2x ywater
We = 3.1416 x {{3"/12)72} x 62.4 pcf = 12 1p/if

S

S=W14+W2

W1 = (H3-Pipe Diameter/12)*(Pipe Diameter/12}*1*ysoil

Wt ={(30f -6"12)x(6"12)x 115pcf x 1 If

W1 = 1696 pounds

W2 = (1 - s x d} {Pipe Diameter/12} x 1 i x ysoif

W2 ={5-(0.05x 0} x (6/12x 1 If x 115 psi) = 287.5 pounds
S=W1+W2= 1686 + 287.5 = 1983.5 pounds

U

U = Area of pipe " P3 = (Pipe Diamster/12) x 1 ft x P3
U=6"12x25269psfx 11t

U=12631b

SFE (Pipe Full

5Ff = Flotation Safety Factor = (Ws+Wc+S)(U-Wg)
S = (19 + 12 + 1696)/(1263-0)

SFf = 1.37

SFf (Pipe Empty)
SFf = (19 + 1696)/{1263-0)
5Ff =1.36

Diameter

el

3
g

L
Uplift {U)
U= P3 * diameter " |
Using L =1
S . g e
§ 20 g
LI A

K:issionProjecisicivikansas_citys\CivitPhase2\General Civit Phase 2\8preadshests\Uplift_Utikties\WpliftSampleCalculations xis
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Exhibit 8
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Projection: UTM Zone 15, Feet
Datum: NAD 83

Created by:
U.S. Army Corps of Engineers
Kansas City District, GDS Team

Users should refer
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for improving this product to:
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Kansas City District,
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Exhibit 9
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Exhibit 11

Amourdale Acea | Ko | KL | bt | Bbe T Db | B | W[ ie 1 Lr ] Wi | Safery i Ll i 1.2 [ te 1 i § Lt | Mo [Hw2] Hwt | 0 1 C | o | 1 1 &
Lt feat
Stationing Range
S1+00UE 300 | moo 22 | 22 | 22 Il 70 ] 65T o084 | 200 | ] I 37 i 194 i 100 [ g0 § 9w} o7a | 168 [ 085 [ w082 | 04v 1 o | 6w |0 [ 6600
66+00 Geotechnical data (above) presented in this spreadsheet was provided by Geotechnical Engineers and is used to develop the Hydraulic Gradient at various distances Trom the loe.
500yt + 3it
Lr_ Levee Wldtn L2
e
Leves Elay.
Ground Elev. A N N RS e Deot (0T e e L S S
Blanket Base Elev. 742 T
Bedrock Elev. > & Fy
Hl 5 O H1 H2 = Bnpervious Blanket Thickness
Soil Unit Weight, ysolt {pef} v
Pipe Deplh {Check)
d=Landside [No Berm Calcs
Distance Excess tnvert Besign Base | Ground &lev
from Toe Head Elev of pipe Blanket H3 H2 H1 P3 Ws We L) i Wg
Feet Feet, Ho' 6 -int steg] Feet, MS1. Feet, MSL Feet Feet Feat Psf ib b [is] ib th
[i] 10.82 75867 740 762 333 22 328 305.9 1G9 12 163 155 0
25 10.42 758.67 740 752 3.33 22 32.4 306.3 19 12 163 153 0
50 10.05 758.67 740 762 333 22 32.0 302.7 19 12 163 181 1]
100 9.34 758.67 740 762 3.33 22 3t.3 286.0 18 12 163 145 &
125 9,00 758.67 740 762 3.33 22 31.0 2528 19 i2 163 146 8]
150 8.67 758.67 740 762 2.33 22 30.¥ 289V 19 12 163 145 G
200 8.08 75867 740 762 3.33 22 30.1 283.9 19 12 163 142 [
300 6.06 758.67 749 762 3.33 22 20.0 2735 19 12 163 137 Iy
400 £.00 758.67 740 762 3.33 22 280 264.5 19 12 163 132 [
500 5.18 758.67 740 762 3.33 22 27.2 256.7 19 12 163 128 G
Ws Cale See Bample Calculations for list of abbreviations and sample catculations
6 -in steet 14 W = weight of structure per foot of fenglh = 18.97 Ib per # (6-inch Diameter Steel Pipe, .280* thick)
[lUse this table to determine the distance from toe at which the Safety Factor is met 19 We = waight of water contained in lhe structure = pi * 12 * 1 = 14167 [A12pA2) *1°62.4 = 12 pif
Enter the Distance from loe and change the value until the SF1 is equal to that required S = surcharge loads = weight of satuarted soils above = (H3-Pipe Diameter/12){Pipe Diameter/12)™1ysoil
Ground 762 Distance from toe {if) fi] We Calg P3 = H3Y{H1/H2) ywater
Elev Upilt Safely 12 U = Uplift force on the project area of struciure = Area of pipe * P3 = (Pipe Diamater/12)" 123
I Ws= 18 We= 12 Extreme Case Wg = weight of surcharge water above top surface of structure control by gravity How
Full (1.1 REQ'D) SFf = Flolation Salety Factor (Ws+WerSM(I-We)
Fipe lnv § Surcharge | UpHfi (U} Fipe Full water SFf SFi
Elav, It ilLoad, S, IbsAt Force, s/l [Weight, Lbsst] Wt Lhs /1t Full Empty
762 0 19 12
758,67 163 i85 19 12
75757 220 202 19 12
756.87 278 248 19 12
75567 335 295 19 12
754.67 393 341 19 12 Ws "
753.67 450 388 ig 12 Wwe Diameter
752.87 508 434 19 12
751.67 565 A81 18 12
750.67 623 527 18 i2 I ;
Uplift (U}
Conelusions
Forlevee siretch: S00UE o 56+00 U = P3 * diameter * |
For pipe diam (in): 6 Using i=1
There is no uplilt concern at a depih of 40 inches {3.3 feet) or greater within 500 feel landward of 1he levee
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Ammourdafe Area} K [ K& f Db [ Bbe | Dbr | Df | H T ic 1 Lr ] Wi Safety | L i 1.2 foLe | b | BT Ho [ www2 [ dwt | e | o ] o] 1 s
Lt feet
Slalioning Range
5+00UE 300 | 306 22 I 22 | 22 [ 70 "7 155 | 68% | 200 ] 3 171 104 | 100 lese [ 9om | o714 T vosz | 1087 | 1032 | o040 | 686 1 680 1 8 0.000
66+00 Geotechnical dala (above) presented in this spreadsheel was provided by Geotechnical Engineers and i$ USed 10 develop the Hydradlic Gradient at various distances from the toe.
500-yr + 3t
Levee Eigv.
Berm Height, { (feet)
Ground Elev.  § 33 tPipe Deptt () R e g e .
Blanket Base Elev. F= Pipe Elev. T
Bedrock Elev. |2 52 7 T Pipe Dismeter {in) 4 4
: @hﬁ Soll Type HI ¢ Hl H2 = Impervious Blanket Thickness
=Sl Unit Weight, ysoll (pef) = +
3.33  Pipe Depth {Check)
d=Landside [No Berm Calcs
Distance Excess Invert Design Base | Ground Elev
from Toe Head Elev of pipe Blanket H3 H2 H1 P3 Ws We 5 %] Wg SFf SFf
Feet Faet, Ho' 12 -in steel Feet, MSL Feet, MSEL Feet Feot Feet Psf ib 113 I ib ib
i} 10.52 758.67 740 762 3.33 22 32.8 309.9 50 49 268 310 ¢
25 10.42 758.67 740 762 3.33 22 324 306.3 5G 49 268 306 ¢
50 10.05 755.67 740 762 3.33 22 320 2.7 5G 49 268 303 4]
160 9.34 758.67 740 762 3.33 22 31.3 206.0 50 49 268 296 0
125 9.00 758.67 740 752 3.33 22 310 202.8 50 49 268 293 0
150 867 758.67 744 752 3.33 22 30.7 280.7 50 49 268 280 0
200 8.06 T58.67 7490 762 3.33 22 30.1 283.9 50 48 268 284 0
300 6.96 758.67 740 762 3.33 22 29,0 273.5 50 49 268 273 0
400 8,00 758.67 740 762 3.33 22 28.0 264.5 50 49 268 265 {3
500 5.18 758.67 740 762 3.33 s 27.2 266.7 50 49 268 257 4
Ws Calc Sea Sample Caleulations for list of abbreviations and sample calculations
12 -t steo! 1# Ws = weight of structure per foot of length = 50 Ib per ft {12-inch Diameter Steel Pipe, .375" thick}
Use this table (0 determine the distance from toe af which the Safety Factor is met 50 We = weight of water contained in the struclure = pi * 12 * 1 = S AHE(6/1202) "1°62.4 = 49 pi
Enter the Distance from toe and change the value until the SFF is equal 1o that required S = surcharge loads = weight of satuarted solis above = (H3-Pipe Diametar/i2)"{Pipe Diameter/1 231 ysoil
Ground 762 Distance from toe (ft) 1] Wi Cale F3 = H3Y{H1/H2ywater
Efev Uplitt Safely 48 U = Uplift force on the project area of structure = Area of pipe * P3 = (Pipe Diameter/t2)*1"P3
] Ws = 50 We= 49 Exirerne Case Wy = weight of surcharge water above top surface of structure control by gravity flow
Full {1.1 REQ'D) SFf = Flotation Safety Factor (Ws+WesS)HU-We)
Pipelnv { Surcharge | Uplit {U) Pipe Fult water SFf SFf
Elev, Fi_[Load, S, ibsfit] Force, Ibs/t iWeight, Lbsfth Wt Lbs /it il Empty
762 0 50 48
758.687 288 310 50 49
757.67 383 403 50 49
756.67 498 496 50 49
755.67 613 589 50 40
754,67 728 682 50 49 Ws ‘
783.67 843 775 50 43 We Diameter
75267 a58 868 50 49
751.67 1073 961 50 49
750.67 1188 1055 50 49 |
Congtusions Uiptift (L)
IFm‘ levee stretch:  5+00UE  to 66400
For pipe diam (in} 12 U= P3* diameter * |
There is uplift concem at a depth of 40 inches (3.3 feet} and less within 200 feel landward of the levee Using =1
There is uplift concern ai a depth of 4.33 feet and less at the landward loa
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There is no uplift concern at a depth of 10 feat or deeper within 500 feet landward of the leves

Armourdalc Area | Kv | K4 [ DL | Bbo | Dbr | Df | H 1 i< [ Lt ] Wit Safety 1 Ll | 12 [ te [ B} 11 [ He [Hw2 | Hwt | o | G | L | s
i1 fest
Stationing Range
5+00UE 300 1 8s00 i 22 ] 22 | 22 | 70 1 155 | o84 ] 200} [ 171 i 104 i 100 |_o80 ] 914 T o7a | 1682 | 082 | 1082 1 049 1 680 1 680 ¢ [ 0000
66+00 Geotechnical data {above} presented in this spreadsheet was provided by Geotechnical Engineers and is used o develop the Hydraolic Gradient al various distances ifom the 106.
500-y7 + 31t
Levee Eiev,
ight, t {feet}
Ground Eley, | APipeDepti (0 e E e R -
Bianket Base Elev. Pipe Elev.
Bedrock Elev. =5 ] Pipe Diameler {in) 4 4
M= Soil Type H3 ¢ O H1 H2 = Imspervious Blanket Thickness
Soit Unit Weight, yseil (pef) R v i3
Pipe Deplh (Check}
d=Landside |No Berm Calcs
Distance Excess Invert Design Base | Ground Elev
from Toe Head Elev of pipe Blanket H3 H2 Ht P3 Ws We 8 ] Wy SFt SFf
Feet Feet, Ho' 12 -in steel | Feet, MSL Feat, MSL Feet Feet Feot Pst (i} ib th ib h Fuilf Emph
i) 10.82 752 740 762 19 22 328 930.8 50 49 1035 931 0
25 18.42 752 740 762 10 22 32.4 918.7 50 49 1035 920 0
50 10.05 752 749 762 10 22 320 0909.0 50 40 1035 909 0
100 9.34 782 740 762 10 22 313 883.8 50 449 1035 888 0
125 9.00 752 740 762 10 e 31.0 8§79.2 50 49 14035 87S [
156 8.57 752 740 762 i0 22 30.7 870.0 506 49 1035 870 0
200 8.06 752 740 762 10 22 30.1 8526 50 49 1035 853 4]
300 6.96 752 740 762 10 28 29.0 8421,3 50 49 1035 821 0
400 6.00 752 740 762 14 22 280 794.3 50 49 1035 794 0
500 518 752 740 762 10 22 7.2 771.0 50 49 1035 771 0
Wz Caip See Sample Calculations for Hst of abbrevialions and sample calcutalions
12 Hn steel 14 Ws = weight of struciure per foot of lengih = 50 1b per ft (12-inch Diameter Steel Pipe, 375 thick)
Use this table to determine the distance from toe at which the Safety Factor is met 50 W = weight of water contained in the structure = Pi * 2% 1 = 31416Y{(B/12)2) “1%62.4 = 40 plf
{Enter the Distance from toe and change the vaiue until the SFf is equal to that required 5 = surcharge foads = weight of saluarted sofls above = {(H3-Pipe Diameter 2¥'(Pipe Diamelerf12)*1*ysoil
Ground 762 Distance from foe (it 4 We Cale P3 = H3YH1AH2) ywater
Elev Uplift Safety A% U = Uplift force on the project area of structure = Area of pipe * B3 = (Pipe Diameter/12)*1"F3
; Ws = 50 We = 49 Extreme (Case Wg = weight of surcharge water above lop surface of structure control by gravity How
Fuit {1.1 REQ'D) SFf = Flatation Safety Factor (Ws+We+SH([]-We)
Pipe Inv | Surcharge | Uplift {U) Pipe r! Full water SHf SFf
Eley, ¥t |Load, S, Ibsfl| Force, ibsAt [Weight, LhsfAti Wi, Lbs /it Full Empty
782 0 50 49
752 1035 931 50 49
757 1150 1024 50 44 &
750 1265 1117 50 49 J’
749 1380 1210 50 43
748 1495 1303 50 49 Ws ‘
747 1610 1356 50 49 We Diameter
746 1725 1489 50 49
745 1840 1582 50 49
744 1955 1675 50 4G T |
Uplift {U}
{Conclusions
[Forlevee stielch:  5+00UE o 66400 U= P3 * diameter * )
For pipe diam (in); 12 Using 1=1
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AmnourdaleArea] Kor | KL | Dbl | bbe | Bbr | DF | W | ic | Lt ] Wi Sufety L1 i L2 | te § L& | 1% | #He | Hww2 [ Hwi ] io Cr Cl i s
i1 feet
Stationing Range
5+00UE 306 | 300 ] 22 i 22 1 2 T 7 T 185 | 684 1 o001 Q 1.71 | 194 i 10 1 680 [ 974 1 971 | 1082 1 ing2 | e | 048 680 680 0 0.600
66+00 Geotechnical data {above} presented in this spreadshect was provided by Geotechnical Engineers and is used 1o develop the Hydraulic Gradient at various distances from the toe.
500-yr + 3it
ir Levee Widlh, L2
tevee Elev,
Berm Height, t (feel)
Ground Efev. e deipeDept g e T T - S L
Bianket Base Elev. 27 Pipe Elev. T
Bedrock Elev, | 6= = {Pipe Diarneler (i} 4 4
' = Seil Type H3 ¢ HI M2 = Impervious Blanket Thickness
“[Soil Linit Weight, ysoil (pef} . v
3.33  Pipe Depth (Check)
d=Landside {No Berm Calcs
Ristance Excess nvert Design Base | Ground Elev
from Toe Head Elev of pipe Blanket H3 H2 H1 P3 Ws We S u Wy
Feet Feet, Ho' 16 -in steel Feet, MSL Feet, M51. Feet Feet Feot Psf ib b i:] [in] 1B
0 10.82 758,67 740 762 333 22 32.8 309.9 £3 87 06 413 0
25 10.42 758.67 740 762 3.33 22 32.4 308.3 853 B7 306 408 0
50) 10.05 758.67 740 762 3.33 22 320 3027 63 87 306 404 0
180 9.34 7H8.87 740 762 3.33 22 31.3 206.0 63 87 306 385 o
125 Q.03 758.67 740 762 3.33 22 L 202.8 63 87 306 320 &
150 8.67 758.67 740 762 3.33 22 307 2849.7 62 87 306 388 i
200 8.05 758,67 740 762 3.33 22 30.1 283.9 63 b7 308 379 1]
300 .96 758.67 740 762 3.33 a2 260 273.5 53 87 306 365 0
400 6.00 758.67 740 762 3.33 22 28.0 264.5 63 #7 308 353 0
500 518 758.67 740 762 3.33 22 27.2 2567 £3 87 306 342 0
Ws Gale See Sample Calculations for fist of abbreviations and sample caleulations
186 -in steet 11 Ws = weight of struciure per foot of length = 82.58 1 per It {16-inch Diameter Stesl Pipa, 375" thick)
Use this table to determine the distance from toe at which the Safety Factor is met 63 We = weight of water contained in the structure = pi * 12 * 1 = 314165874 233} M1°62.4 = 49 plf
Enter the Distance krom tee and change the vaiue unlif the SFI is equal to that required S = surcharge loads = welght of satuarted soils above = (H3-Pipe Diameler/12)*{Pipe Diameter/12)*1 *ysoil
Ground 762 Distance from toe (1t 0 We Calc P3 = H3"(H1/H2) ywater
Elev Unptilt Salety a7 U = Uplilt foree on the project area of siucture = Area of pipe * P3 = (Pipe Diameter/12)*1"P3
i Ws= 63 W = 87 Extreme Case W = weight of surcharge water above 10p surface of struclure control by gravity flow
Full {1.1 REQ'D)} SHf = Flotation Ssfety Factor (Ws+We+SH{U-Wi)
Pipelnv | Surcharge { Uplift {U} Pipe Full water SFf S
Deolh Below Ground| Eiev, £t {Load, S, lbs/fif Force, [bsft [Weight, Lbsfl Wi, Lbs /1t Full Emply
762 [i] 63 87
333 75867 306 413 63 87
4,33 757.687 459 537 63 87
5.33| 756.87 613 §61 63 87
633 75547 766 THE 63 87
733 75467 Ak 918 63 87
8.33] 75367 1073 1034 63 87 We Diameter
9.33] 75267 1226 1158 63 87
10.331 751,67 1378 1282 63 87
11,33; 750.67 1533 1406 63 87 I 1
[Conciusions Uplift {U)
Forlevee strefch: 5+00UE o 66+00
For pipe diam {in}: 1B U = P3 * diameter *
There is uplift concern at a depth of 40 inches (3.3 feet} and less within 500 feet landward of lhe levee Using 1=1
Thare is uplift concem at z depth of 8,33 feet and fess at the landward toe
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Amourdaic Area | Kor | KL [ Dbl [ Dbo | Dbk | DF | H i-e | ir Wi Safety | L1 ] L2 [ Le | Lo [ Ut [ Ho | fwv2 | fiwt | o Cr Cl t 5
i1 legt
Siationing Aange
S+00UE 300 |} 300 1 22 i 22 | 22 | 71 158 0.84 200 0 BTl | 194 | 106) I 680 17974 1 94| i0Rre | 1683 | 1082 | D49 G20 680 0 0.000
86100 Geotechnical data (above} presented in 1his Spreadsheet was provided by Geotechnical Engineers and is used to develop the Hydrauiic Gradiont al vanous Gelances from the loe.
500-yr + 3t
Ly Levee Width, L2
Levee Clev. Berm Width, Wi {feel
i “jBerm Height, 1 (feet}
Ground Eley. ; Pipe Cep {6 B Y e
Blanket Base Elev. |5 Pipe Elev. T
Bedrock Elev. — 182 tPipe Diameter {in) 4 4
=1 Soil Type H3 4 Hi H2 = Impervious Blanket Thickness
5 Soil Unit Weight, ysail (pef) T ¥
10 Pipe Depth {Check)
d=Landside |No Berm Calcs
Distance Excess Invert Design Base | Ground Elev
from Toe Head Elev of pipe Blanket H3 H2 H P3 Ws We s 1] Wy
Fent Feat, Ho 16 -in stes! Feet, MSE Feet, MS1 Faet Feet Feet Psf ib b ib Ib Jiv]
0 1682 752 740 762 10 22 32.8 930.8 63 87 1329 1241 0
25 13.42 752 740 762 10 22 32.4 819.7 63 a7 1329 1226 4]
50 10.05 752 740 762 10 22 32.0 904.0 63 87 1329 1212 ¢
140 934 752 745 762 10 22 1.3 8538.8 63 87 1329 1185 O
125 9.00 752 740 752 10 22 3.0 879.2 63 87 1328 1172 Q
150 8.67 762 740 762 10 22 7 870.0 63 87 1329 1160 0
200 8.05 752 740 762 16 22 30.1 85286 63 87 1329 1137 []
300 6.85 752 740 762 10 22 28.0 821.3 63 87 1329 1095 G
400 800 752 740 762 30 22 280 7943 63 87 1329 1058 ]
500 5,18 752 740 752 10 22 27.2 771.0 63 87 1326 1028 0
Ws Cale See Sample Calculations for list of abbreviations and sample calculalions
16 -in steel 1 W = weight of structure per foot of length = 62.58 1b per it {16-inch Diameter Steet Pipe, .375* thick)
Use this fable to determing the distance from toe at which the Safety Factor is met 63 We = weight of water contained in the structura =pi " r2* 1 = 3. H416°((BA2P02) *1762.4 = 49 pif
Erder the Distance from tos and change the value unti the SFfis equal to that required 5 = surcharge loads = weight of satuarted soils above = {H3-Pipe Diameter/12)*(Pipe Diameted/ 12} 1 *ysoil
Ground 762 Distance from toe (it) i) We Cale P3 = H3"(H /M2 ywater
Eley Uplitt Safety 87 U = Upiift force on the prisject area of structure = Area of pipe * P3 = {Pipe Diameter/12)"1"P3
i Ws= 63 We = 87 Extreme Case Wy = weight of surcharge water above 10p surface of structure control by gravity flow
Fulf {1.1 REQ'D) SEf = Flolation Safety Factor {Ws+WerSWU-We)
Pipe Iny | Surcharge | Uplift {Lh Pipe Full water SFt SF¢
Diepth Below Ground| Elev, Ft |toad, S, Ibs/if Force, Iba/R Weight, Lbs/itl Wi, Lbs /1t Full Empty
762 0 63 87
i0 752 1329 1241 63 87
1 751 1482 1365 63 87
12 750 1636 1484 63 B7
13 749 1789 1613 63 87
14] 748 1842 1737 63 87
i8] 747 2096 1852 63 87 We Diameter
16 745 224G 1986 63 87
17] 745 2402 2110 63 87
18] 744 2558 2234 62 87 I |
Upiitt {L3)
{Conciusions
Forleveo strelch: 5+00UE 1o EG+00 U = P3 * diarneter * |
Fot pipe diam {in}; 15 Using =1

There is no uplift concem at a depth of 10 feet of deaper within 500 feet landward of the levee
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Amourdale Area] K-r | KL [ Dbl | Phe | Do | Df | H_ 1 ic I ix Wi Safety | 11 | 1.2 [ te 1 Lo T wu [ Ho [ mwoz | Tiwt | to 1 Cr C { s
L1 feef
Stationing Range
5+00UE 300 [ 360 ] 22 I 22 ] 22 | w0 T 185 1 o084 | 200 0 .71 | 194 | 100 | s80 | 974 1 o7 1 1082 | 1082 | 1082 | 049 | & 680 0 0000
66+00 Geofechnicat data (above) presented in this spreadsheet was provided by Geotechrical Engineers and is ysed to develop the Hydraukic Gradient al various distances from the foe.
SO0-yr + 3it
ir  Levee Width, L2
Lavee Flov, Berm Width, Wi {eot
T Height, 1 (feel)
Ground Flev. PipeDeptiey T e, B
Blanket Base Efev. Pipe Elev. T
Bedrock Elav. . |28 0ipe Diameler (in) 4 4
N M= S0l Type H3 ¢ Hl  |H2 = Impervious Blanket Thickness
ZRS ] Soll Unit Weight, vsoif {peh) T i)
15 Fipe Depth (Check)
d=Landside [No Berm Cales
Distance Excess nvert Design $iase | Ground Elev
from Toe Head Elev of pipe Blarket H3 H2 Hi P3 Ws Wce s ] |
Faat Feet, Ho' 16 -in steel Foet, MSL Feef, MG Faet Faet Feet Pst ih ib ib h [ix]
0 10.82 747 740 762 15 22 328 1396.1 63 87 2096 1862 0
25 10.42 747 740 762 15 22 324 13795 63 a7 2096 1839 Q
50 10.05 747 740 782 15 22 32.0 1383.5 §3 87 20885 1818 0
140 9.34 747 740 762 15 22 31.3 1333.2 63 a8y 2095 1778 0
125 9.00 747 740 762 15 22 31.8 1318.8 63 87 2096 1758 0
150 867 747 740 762 15 22 30.7 1305.0 63 87 2096 1740 i
200 8.08 747 740 752 i5 22 30.1 1278.8 63 87 2096 1705 a
300 6.95 747 740 762 16 22 29.0 12319 63 87 2096 1643 0
403 6.04 747 740 762 i5 22 28.0 1181.5 63 87 2006 589 0
500 518 747 740 762 15 22 27.2 1156.5 63 a7 2086 542 0
Ws Cale See Sample Calculations for list of abbreviations and sample calculations
16 -in steel 1If Ws = weight of struclure per foot of fength = 62.58 Ib per R {16-inch Diameter Steel Pipe, .375 thick)
Use this table to determine the distance from foe al which the Salely Factor is et 63 We = weight of water contained in the structure = pi * (2 * 1 = 3 1416°((BH )2} *1°62.4 = 40 pli
Enter the Distance from toe and change the value unlit the SFE is equal te that required § = surcharge loads = weight of satuarted soils above = (H3-Fipe Diameter/12)*(Pipe DiamelerA12)*1 “ys0il
Ground 762 Distance from foe (it) i} We Cale 1P3 = H3{(H1/H2 ywaler
Eley Uplift Safety 87 i = Uplilt ferce on the project area of slucture = Area of pipa * P3 = {Pipe Diameter/12)'*17P3
[ Ws= 83 We = 87 Extreme Case Wg = weight of surcharge waler above top surface of structure contro! by gravity flow
Fyll {1.1 REQ'D} SEf = Flotation Safety Factor (Ws+WesSH({-We)
Fipe Inv | Surcharge Uptift {U}) Pipe Full water SFt SF
Depth Below Ground| Elev, Ft_{lLoad, S, tbs/| Foroe, bsfit feight, Los/i Wt Los /1t Full Ermpty
762 1] 63 87
i5 747 2086 1852 63 87
16 746 2249 1586 63 87
17 745 2402 2310 B3 87
18 744 2556 2234 £3 57
19 743 2708 2358 63 B7 Ws J
200 742 2862 2482 63 87 We DHameter
21 7431 3016 2605 683 87
22 740 3169 2730 63 a7
23] 739 3322 2854 63 a7 I |
Uplife {L3
|Conclusions
Forlevee siretch:  5+00UE o 66+00 L= P3 " diameter * |
For pipe diam {in): 16 Using I =1
There is no uplift concern at a deplh of 10 feet or doeper within 500 fest fandward of the levee
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Amourdale Area | Kor 1 KL | DbL | Dbo | Dbr ] DF | H ie | Lr Wi i Safety | Ll i L2 I Le [ bt | v [ Ho THw2 | fwi | o ] cr [ o 1 ] s
Li feet
Slationing Range
5+00UE 300 b 3001 22 oz | 22 i 70 [ 1h5 084 ] 200 0 I 171 ] 194 100 i.680 [ o [ 974 [ i087 T 1082 | 1082 | 049 1 686 | 60 1 0 ] 0006
86400 Geotechnical data {above) presented in Iis spreadsheet was provided by Geotechrical Engineers and s used Lo develop the Hydraulic Gradient at various distances from the toe.
500-yr + 3t
Leven Widih, L2
Levee Elev. -
Ground Elev.
Biznkel Base Elev.
Bedrock Clev.
Pipe Depth (Check}
d=Landside {No Berm Calcs
Distance Excess Invert Besign Base | Ground Elev
from Toe Head Elev of pipe Blanket H3 H2 H1 P3 Ws We s u Wg
Faat Feat, Ho' 24 -in steel Feel, MSL. Feet, MSL Feat Feet Feet Pst ib i) h §:] 2]
1] i0.82 758,67 740 762 333 22 32.8 3099 95 196 306 620 0
25 10.42 THB.E7 740 762 3.33 22 32,4 306.3 95 196 306 613 0
50 10.05 758.67 740 762 3.33 22 32.0 302.7 25 196 306 805 G
100 $.34 758.67 740 762 3.33 22 31.3 296.0 95 196 306 592 G
125 $.60 758.67 740 7652 3.33 22 31.0 282.8 95 joG 305 586 G
150 8.67 758.67 740 7682 3.33 22 30.7 289.7 a5 196 308 579 o
200 8.06 758.67 740 762 3.33 22 30.1 251.9 95 196 306 568 O
300 8.96 768.67 740 762 333 22 29.0 2735 a5 196 306 547 [1]
400 5.00 758.67 740 762 333 22 28.0 264.5 95 186 306 529 0
500 518 758.67 740 762 3.33 22 7.2 256.7 o5 196 306 513 0
Ws Cale See Samnple Caleutalions for list of abbraviations and sample calcutalions
24 -in steel 13 Ws = weight of structure per foot of fength = 94.62 b per it (24-inch Diameter Steef Pipe, .375" thick)
Use this {able (o determine the distance from toe at which the Salety Factor is met 95 W = welght of water contained in the structure = pi * M2 % 1 = 3.14164(({12/12)72) *1*62.4 = 196 pH
Enter the Distance from lee and change the valug untii the SF1 is equal to that required § = surcharge ioads = weight of saluaried soiis above = (H3-Pipe Diameter 2)4{Pipe Diameter!12)*1ysoil
Ground 762 Distance from toe (ft) 0 We Cale P3 = H3YH1 A2 ywater
Elav Uplift Safely 185 U = Uplift force on the project area of slructure = Area of pipe * P3 = {Pipe Diameter/12)"17P3
| Wsg= G5 We= 196 Extreme Case Wq = weight of surcharge waler above {op surface of structure contro! by gravity flow
Full {1.1 REQ'L} SEL = Flotation Safety Foctor {Ws+WerSW(U-Wa)
Pipe v | Surcharge | Uplift {W) Pipe :l Full water 5Ff SFf
Depth Below Ground] Efev, Ft |Load, S, IbsAll Force, Ibs/it IWeight, Lbs#t Wt Lbs/ it Futl Empty
762 0 95 186
3331 75867 306 620 95 196
4.33; 757.67 538 806 95 198
533} 756.67 765 992 a5 196
6.33} 75567 205 1178 95 196
7.33] 75467 1226 1354 g5 196 Ws 'L
8.33| 753.67 1456 1551 85 186 We Diameter
9.33| 752.67 1686 1737 g5 186
10.33] 751.67 1916 1923 a5 196
11.33] 750.67 2146 2108 45 196 1
12.33] 74967 2376 2295 95 166
13.33] r48.67 2605 2481 95 196 Uptifs (L)
14.33] 747.57 2836 2668 95 198
16.33] 746.67 3066 2054 95 196 L= P3 " diameter * |
tsing 1= 1
Conclusions
Forfevee stretch:  54+00UE  to 66+00
For pipe diam {in): 24

There is upliff concem at a depth of 40 inches (3.3 feet) and less within 500 fest landwardg of the leves
Threre is uplilt concern af a depth of 14.33 fee! and less al the landward toe
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AmmourdaleArea | Ko | KL [ DL T Dbo | Dbr I DF | H_ | i< ] Lt ! Wi Safety | L | [ le | Lt L1 Ho' | Hwt2 | Hwt | o ] Cr 1« t s
LY foet
Siationing Range
5400UE 200 300 ] 22 [ 22 i 22 | 70 T 158 T 0684 ] 200 | 0 171 I 194 i HK) 680 1 074 974 1082 | 1082 | 1082 [ 040 | Gwo | 680 0 G.000
66+00 Geotechnical dala {above) presented in this spreadsheel was provided by Geotechnical Engineers and is used to develop the Hydratdic Gradien! at vanous distances from 1he 106,
S00-yT + 3¢
Lr  Levee Width, |2
Levee Elev.
h, t (feat)
Ground Elev, Z HPipe Deptt (1t} T e — g S e _
Blanket Base £lev. § Pipe Elev. T
Bedrock Elev, . 238 7 iPipe Diameler {in) 4 4
=02 ISoll Type H3 HI  [H2 = impervious Blanket Thickness
105 Soil Unit Weight, ysoll (pef) T +
10 Pipe Depth {Check)
d=Landside |No Berm Cales
Distance Excess Invert Design Base | Ground Elev
from Toe Head Elev of pipe Blanket H3 H2 H1 P3 Ws We s U Wg
Feat Feat, Ho' 24 -in sieef Feet, MSE. Feet, MSI, Feet Feet Feat Psf b 4] b Ik th
0 10.82 752 749 752 10 28 328 930.8 85 196 1840 1862 0
a5 10.42 752 740 782 10 22 32.4 19,7 g5 196 1§40 1838 0
50 10.05 752 740 762 it 22 320 909.0 95 1596 1840 1818 0
10 8.34 752 740 762 0 22 313 288.8 a5 196 1840 1778 0
125 3.00 752 740 762 10 22 31.0 879.2 95 186 1840 1758 G
150 8.57 752 740 762 10 22 30.7 870.0 a5 156 840 1740 4
200 8.06 752 740 762 10 22 30.1 8526 o5 196 1840 1705 O
300 6.96 752 740 762 10 22 28.0 821.3 85 196 1840 1643 a
400 6,00 752 740 762 10 22 28.0 794.3 a5 146 1840 1589 Q
504 5.8 752 7490 762 10 22 272 7710 95 196 1840 1542 0
Ws Caic See Sample Calcutalions for {ist of abbraviations and sample calculations
24 -in steel 14 We = weight of structure per foot of length = 84.62 Ib per ft (24-inch Diameter Stee) Pipe, .76 thick)
tse 1his table to delermine the distance from toe al which the Satety Factor is met 95 We = weight of waler comtalned in the structure = pi * 112 * 1 = 33446 ({(12/121°2) *1"62.4 = 196 pit
{Enter the Distance from loe and change the value unlil the SF1 is equal to that required S = surcharge loads = weight of satuarted sofls above = (H3-Pipe Diameter/1 2y (Fipe Diameter/i 251 ysoil
Grognd 762 Distance from toe (it a We Cale 73 = H3"{H1/H2y ywater
Eiev Uplift Safety 196 §UJ = Uplift force on the project area of strutlure = Area of pipe * P3 = {Pipe Diameter/12)“1-P3
H Wsg= 05 We = 196 Extreme Case Wa = weight of surcharge water above top surface of slructure contro! by gravity flow
Full {1.1 REQ'D) SEF = Flation Safery Faclor (Ws+We+S)U-Wi)
Pipelnv | Surcharge | LipliRt (U} Pipe Fult water SEf SFf
Depih Below Ground] Elev, Ft |load, S, thsfil| Foroe, Ibsift [Weight, Lbs/it Wi, Lhs /1t Full Ermply
762 { 95 196
10 752 1840 1862 95 196
11 751 2070 2048 95 198
2] 750 2300 2234 85 196
13 749 2530 2420 a5 196
14 748 2760 2606 95 196
15 747 2990 2792 95 168 Wc Diameter
16] 748 3220 2078 95 1596
17 745 3450 3185 95 196
18 744 3580 3351 85 186 |
ig 743 3910 3537 85 198 1
20 742 4140 3723 85 198 Updift {LB
21 ey 4370 3908 85 196
22 740 4600 4095 95 166 U= P3* diameter * |
lconctusions
[For levee strelch: S+00UF  to B6+00
For pipe diam {in): 24
There is uplift concem at a deplh of 10 feet and less within 100 feet landward of the levee Using | =1
There is uplilt concern at a deplh of 14 feet and fess at the landward loe
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Armourdale Area ] Kor ] KL | Dbl | Dbe | Bbr [ Df | W | ic | Lr ] Wy | Safety | L1 | L2 | ie | e [ L f H [ Hww2 | Hwt | e 1 Cr 1oCl [ 1 ] s
L1 feet
Stationing Range
5:00UE 300 1 300 ] 22 ] 2z i 22 | 70 | 55 } oBd | 200} [ REE i 194 H0 | eao ] 674 ] 97a ] tosz | 1082 | 182 P 049 1 s 1 680 | © 3 G000
66+00 Geotechnical data (above) presented in this spreadsheet was provided by Geotechnical Engineers and is used to develop the Hydraulic Gradient at various distances from the toe,
500-yr + 3t
Levee Efev. 1
ht, ¢ {feel}
Ground Elev. ; Celfipe Depy g8y e SN T g S e
Blanket Base Elev. 2780 Pipe Efev. T
Bedrock Elev, t-= Pips Diameter fin) A
=450l Type Hi1 H2 = Impervious Blanket Thickness
Soil Uinit Weight, ysoll {pcf} ¥
Pipe Depth (Check)
d=Landside iNo Berm Cales
Bistance Excess nvert Design Base | Ground Elev
from Toe Head Elev of pipe Bianket Ha H2 H1 P3 Ws We 5 u Wg SFt SFt
Feat Feet, Ho' 24 -jn steel Feeot, MSL Feet, MSL Feet Feat Feet Psf ib Ib ib th ity
0 10.82 747 740G 762 15 22 328 13561 g5 156 2090 2762 Q
25 10.42 747 740 762 15 22 324 1374.5 95 196 2960 27589 4]
50 10,05 747 748 762 15 22 320 1363.5 45 156 2990 2727 1]
100 9,34 747 740 762 15 22 31.3 1.333.2 85 196 2980 2668 0
125 8.00 747 740 762 15 22 31.0 1318.8 a5 156 2980 2638 0
150 8.67 747 740 762 15 a2 37 13050 g5 166 2964 2610 [1]
200 2.06 747 740 762 15 22 6.1 1278.8 g5 196 2990 2558 4]
300 6.96 747 749 762 15 22 28.0 1231.9 85 198 2990 2464 0
400 600 747 740 762 15 22 28.0 11615 85 196 2960 2383 0
5G0 518 747 740 762 15 22 272 1156.5 95 196 2980 2313 0
Ws Calc See Sample Caleulations for list of abbreviations and sampie caloulations
24 -in steal if Ws = weight of structure per foot of fength = 94.62 Ib per it (24-inch Diameter Stee! Pipe, 375" hick}
Use s fable to delermnine the distance from toe a1 which the Safety Faclor is met a5 We == weight of water contained inthe struclure = pi * 2 * 1 = 314164(12M120°2) *1'62.4 = 196 pif
Enter the Distance from tog and change {he value uniil the SFf is equal to that required § = surcharge loads = weight of satuarted soils above = (H3-Pipe Diameter/§ 2)*{Pipe Diameter/ 12} 1 *ysoit
Ground 762 Dislance from toe {{t) 4] W Cale iP3 = H3*{HiMH2) ywater
Elav Uplift Safety 156 i = Uptifi foree on the projoct area of structure = Area of pipe * P3 = (Pipe Diameter/ 12y 1°P3
i Ws = 95 We= 196 Extreme Case Wy = weight of surcharge water above fop suface of structure controt by gravity fow
Fult {1.1 REQ'D) SFE = Flatation: Safety Faclor (Ws+We+SH(U-We)
Pipe Inv | Surcharge §  Uplift (U} Pipe I; Fult water SFt SFt
Depth Below Ground] Eley, F{ |Load, 8, ths/if Force, ibafit |Weight, Lbs/iti W1, Lbs 71t Full Emply
762 Q 25 196
15] 747 2980 2762 95 195
6] 746 3220 2078 95 196
171 7458 3454 3165 25 196
18] 744 3880 3351 95 196
19] 743 3810 3537 95 196 Ws }'
201 742 4140 3723 95 186 We Diametar
23 741 4374 3809 25 196
221 740 4600 4085 95 195
23 739 4830 4281 95 165 i
24 738 5060 4468 95 196
251 737 52490 4654 o5 185 Uiplift (U}
26 736 5520 4840 95 196
27 735 5750 5026 95 186 U=P3* diameter * |
Using J=1
Conclusions
For fevee siretch:  5+00UE  io 66400
For pipe drarn (in}: 24
There is no uplilt concern at a depth of 15 feel or deeper within 500 fect landward of the levee
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Amourdale Area | K-r | KL | Db, | Bbe | Dbw | DI [ H | Lr Wi Safely Ll | 1.2 I Le © Lt i Lt | Wo | Hwtz | Hwt | io C 1o | v ] s
Lt feat
Slationing Range
S+00UE 30 [ 300 | o2 i 22 i 22 [ 770 1 8 200 [ 1.7 194 I 100 b oose } o T om | 1682 | lesz | 1083 | 049 680 ¢ a8 | o T oo0n
66+00 Geolechnical data (above) presented in Lhis spreadsheet was provided by Geolechnicat Engmeer Scolt Loehr, and is used to develop the Hydraulic Gradient at various dislances from the toe. Vernilication of lhese RUMBDETS is 4one separately.
S00-yr + 3it
Lx Levee W:d!h L2
Levee Elev.
Gro“nd Efﬂ\d‘. """""""""""""""" e i b —
Blanket Base Elev. T
Bedrock Elev. 4
H1 H2 = Impervious Blanket Thickpess
L
& Pipe Depth (Check)
d=Landside |No Berm Cales
Distance Excess invert Dasign Base | Ground Elev
from Tos Head Etev of pipe Blanket H3 H2 Hi P3 Ws We s u Wy
Feet Feet, Ho' 48 -in steel |  Feet, MSL Feat, MSL Fest Fect Feet Psf b ib ih b ib
0 10.82 756 740 7682 [i] » 328 558.5 191 784 924 2234 0
25 10.42 756 740 762 8 22 32.4 551.8 191 784 024 2207 0
50 10.05 756 740 752 6 22 320 545.4 191 784 920 2182 {
$00 G.34 756 740 782 6 22 313 533.3 191 784 920 2133 O
125 2.00 756 740 762 [ 22 31.0 527.5 191 784 920 2410 [
150 8.67 756 740 762 6 22 30.7 5220 141 784 920 2088 ]
204 B.06 756 740 762 [ 22 30.1 511.5 ig 784 920 2045 1]
300 6.96 756 740 762 5] 22 29.0 492 8 191 784 920 1971 [i]
400 65.00 756 740 762 £ 22 28,0 476.6 191 784 920 1906 0
500 5.18 758 740 762 B 22 272 452.6 i1 784 920 1850 0
Ws Calo See Sample Calculations for list of abbreviations and sample calculations
48 -in stee! 1H Wi = weight of structure per fool of length = 190.70 |b per ft (4B-inch Diameter Steel Pipe, 375" thick}
Use ihis fable to determine the distance from toe at which the Safety Facior is met 1501 We = welght of water contained in the siruclure = pt * 2 * 1 = 3.1416*({24/12)°2) *1°62.4 = 780 plf
Enter the Distance from 1oe and change the value untif the S is equal to that required S = surcharge loads = weight of satuarted soifs above = (H3-Pipe Diameter/12)*(Pipe Diameter/12)*1 *ysoil
Ground 762 Distance from toe (D 0 We Cale P3 = H3*H1/H2)“ywnter
Eiev Uphift Safely 784 U = Uplit force on the project area of structure = Area of pipe * P3 = (Pipe Diameter/12)* 1P3
I Ws = 141 We= 784 Exreme Case Wy = weighl of surcharge waler above top surface of structure contret by geavity fiow
Full (1.1 REQ'D) SF = Flotation Safely Factor (Ws+WetSyill-We)
Pipe Inv | Surcharge {  Uplit (U} Pipe Fult water SEt SF
Bepih Below Ground| Eley, Ft ioad, S, ibs/i] Force, s/t [Weight, Lbs/ff Wi, Lbs /it Full Empiy
752 {3 191 784
5 756 920 2234 191 784
10 752 2760 3723 191 784
14 748 4600 5212 161 784
18 744 £440 5701 191 784
22 740 8280 8199 161 784 Ws i
28 735 10120 DB50 191 784 Weo Diameter
0p V32 11960 11169 EL 784
34 728 13800 12658 191 784
38 724 165640 14148 191 784 I |
Iconciusions Uptift (1)
Forlevee strefch: 540QUE 1o 66+00
For pipe diam {in): 48 U= P3 " diameter * 1

There is uplift concern at a depth of 6 feat and {ess within 500 feet jandward of the levee
There is upiitt concem af a depth of 30 feat and less at the fandward toe

Using 1 =1
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Armowrdate Aveaf Kt | KL | DbL Dbo | Dbr Df i H i< 1 Ly Wi Safety L1 i 1.2 { 1e | Lt [ B T Ho | w2 | ftwi | io Cr Ct t s
Ly feel
Stationing Range
5+00UE 300 1 300 i 22 22 | s 70 | 155 e84 | D0p 0 1.71 194 i 100 b 630 1 ona 1 Gms 1 7osz | 1082 | 1682 | .49 630 680 i 0000
66400 Geotechnical data {above) presented in this spreadsheel was provided by Gealechnical Engineer, Scoll Loehr, and is used (o develop the Hydraulic Gradient at various distances from the loe. Verilication of these numbers is done separalely,
500-yr + 3f
Lr  Levee Width, L2
Levee Elgv,
207 2 Borm Height, 1 (leet)
Ground Eley. o Pipelepi (R} L R T T e L e e,
Blankel 8ase Elev. {274 Pipe Clov. T
Bedrock Etev. Pipe Diameter {in} -
S 150l Type O Hi  |H2 = Impervious Blanket Thickness
1152150l Unit Weight, ysoill {pef) v
15 Pipe Depth (Check)
d=l.andside |No Berm Calcs
Distance Excess invert Design Base | Ground Elev
from Toe Head Efev of pipe Blanket H3 H2 Ht P3 Ws We b [ Wo
Feat Feet, Ho' 48 -in steel | Feetl, MSL Feef, MSL Feet Feet Feet Psf Ih It ib Ib b
0 16.82 747 740 762 15 22 328 13961 191 784 5060 5585 {
25 10.42 747 740 762 15 22 32.4 1379.5 191 784 5060 5518 O
50 10.05 747 740 762 i5 22 320 1363.5 191 784 BOED 5454 4]
160 9.34 747 740 762 15 22 31.3 1333.2 191 784 5060 5333 1
125 9.00 747 740 762 15 22 310 13188 191 724 5050 5275 [i]
150 B.67 747 740 762 15 22 30.7 1305.0 191 784 5060 5220 4]
200 8.06 747 740 762 15 22 30.1 1278.8 181 784 5060 5115 0
300 6.95 747 740 782 15 22 29,0 12319 191 784 5060 4928 0
400 600 747 740 752 15 22 28.0 1161.6 161 784 5080 4766 {)
500 5.18 747 740 762 15 22 27.2 1156.5 191 784 5060 4626 [¢]
Ws Cale See Sample Caleulations for fist of abbreviations and sample calcufalions
48 -in steel 14 Ws = welght of structure per foot of length = 190,70 #b per It (48-Inch Diameter Steet Pipe, 375" thick)
]Use this table o detennine the distance from toe al which the Safely Faclor is met 191 We = weight of water contained in the structure = pi * ¥A2 * 1 = 3. 1416 ({2412)°2) *1962.4 = 760 pif
Enter the Distance from loe and change the value until the SFf is equal 1o that required 5 = surcharge loads = weigh! of safuarted soils above = (H3-Pipe Diamater/12) (Pipe Diameter/12)*1*ysoil
Ground 762 Distance from lpe {1t) 0 We Cale P3 = H3{HYH2Y ywater
Elev Uiphif Safely 784 U = Uptit foree on the project area of structure = Area of pipe * P3 = {Pipe Diameler/12)"1"F3
| Ws = 191 Wo = 784 Exireme Case Wi = weight of surcharge waler above top surface of slructure coniral by gravity flow
Ful {1.1 REQ'D) SH = Flatation Safely Factor {Ws+WetSH(U-We)
Pipe lnv { Surcharge { Uplift (1) Pipe tI Full water SFf SFt
Depih Befow Groundp Elev, Ft JLoad, S, s/l Foroe, lbaAl [Weighl, Lbs/f] Wt Lbs /1t Eull Empty
762 4 i91 784
15 747 5060 5585 191 784
i7| 745 5980 6320 191 784
18] 743 6900 7074 161 B84
21 741 7820 7818 161 784
23] 738 8740 8563 191 784 Ws'L
25 737 9660 2308 191 784 We Diameter
27 735 10580 15052 191 784
28 733 1500 10797 19 784
31 731 12420 11541 191 784 |
33 729 13340 12286 191 784
35p 727 14260 13031 191 784
IConclusions Uplift (1)
Forievee stretch:  5+00LE 1o 56400

Faor pipe diam (in): 48
There is uplift concem at a depth of 15 leat and iess within 300 feet landward of the leves
There is uplill concern at a depth of 31 feet and less al the fandward toe

U= P3 * diameter * §
Using l=1
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There is uplifl concern at a depth of 25 teet and {ess within 50 feet landward of the lovee
There i$ uplift concern at a deplh of 32 feet and fess at the tandward toe

Amourdgle Area | K+ | Kt} Db | Dbe | Bbr 1 Df | H | ic | be ] Wi Safety | L1 | 1.2 [ te 1 Bt | k% | Ho' | Hwt2 [ Hwt | o | Cr | C | 5
L1 feel
Stationing Range
5+00UE 300 1360 22 i 22 I o2 P70 1955 T oes | 200 | 0O .71 | 194 | 100 f o680 f 974 | 9w [ 1082 | 1087 1 (08) | 0av | 686 1 &k ] 0 .000
66+00 Geolechnical data {above} presented in lhis spreadsheet was provided by Geotechnical Engineer, Scotl Loehr, and is used to develop the Hydraulic Gradient al vanious dislances from the oo, VOrcation of Ihese numbers is dome separately.
500-yr + 3l
Lr  Levee Widlh, {2
Leves Elev. B :
Ground Elev, 2 g dPipeDeptt (e R e -
Blankel Base Efev. 2
Bedrock Elev. +
£]} H2 = Iinpervious Blanket Thickness
A5 Soit Unil Weight, ysoif {pof} v
25 Pipe Deplll(ﬁgg(i___]
d=landside {No Berm Cales
Distance Excess invert Deslgn Base { Grour Elev
from Toe Head Elev of pipe Blanket H3 H2 H1 P3 Ws We ) u Wg SFf SFf
Feol Feet, Ho' 48 -in steel §  Feet, MSL, Fest, MSL Feet Feat Feet Psf ib b b tb b Full Empt
G 10.82 737 740 762 25 22 328 2326.9 191 784 9860 3308 g
25 10.42 737 740 762 25 22 324 2299.2 191 784 9560 9157 G
50 10.05 737 740 762 25 22 320 22725 191 784 G660 9060 {
100 9.34 737 740 762 25 22 3.3 23220 191 784 G660 3888 4]
125 9.00 737 740 762 25 a 3o 21981 191 84 9660 a87a2 1]
150 B.67 737 740 762 25 22 30.7 2175.0 191 784 9660 B700 0
200 8.06 737 740 762 25 22 301 2131.4 191 784 9660 B526 0
300 6.96 737 740 52 25 a2 20.0 2063.2 191 784 96480 8213 0
400 600 737 740 752 25 22 28.0 16858 191 784 9660 7943 0
500 5.18 737 740 762 25 22 27.2 1627 5 191 784 9650 770 0
Ws Cale See Sample Calculations for list of apbreviations and sample saleulations
48 -in steel 1if Ws = weight of structure per foot of length = 190.70 Ib per 1t (48-Inch Diameter Stesl Pipe, 375" thick)
Use this table 10 defeitnine the distance from foe al which the Safety Factor is met 191 We = weight of water contained in the stiructure = pi * 12 * 1 = 3, 1416(24/12)2) *1*62.4 = 780 pif
Enter the Distance irom foe and change the value until the SF1 is squal 19 that required S = surcharge loads = weight of satuaried solls above = {H3-Pipe Diameter/12)*{Pipe Diameter/1 2} 1 ysoif
Ground 762 !Disiance from toe {f} 0 We Cale iP3 = H3Y {1 H2) yweater
Elev Upliit Safety 784 U = Uplift foree on the project area of struclure = Area of pipe * P3 = (Pipe Diameter/12)"1*P3
] Ws= 191 We= 784 Extreme Case Wg = weight of surcharge water above 1op surface of struclure cantrol by gravity flow
Fuif {1.1t REQ'D) SFL = Flotation Safety Factor {Ws+We+SW1-We)
Pipe Inv | Surcharge [ Uplift (U} Pipe Full water SFf SFt
Depth Below Ground| Elev, Ft_[Load, §, lbs#il| Force, befit |Weight, thsAE Wi, Lha/ Full Emply
Fa2 0 15 784
25 737 G660 9308 191 784
26 736 10120 9680 191 784
27 735 10580 10052 191 784
281 734 11040 10425 191 784
29 733 11500 10797 191 784 Ws“
30; 739 11960 11169 199 784 we ""@/ Dlameter
3 731 12420 11541 191 784
20 730 12880 i1914 191 784
33 729 13340 12266 i 784 |
Conclusions Uiphift ()
For levee streich:  5+00UE o 88+00
[For pipe diam (in): 48 U = P3~ diameter * 4

Using 1=1
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Armourdale Area
L2
Stationing Hange
66+00
T94+00
S00-yr + 3t
Levee Elev.
Berm Height, { (feet)
Ground Elev. 2760 Pipe Deptt (i} I
Blanket Base Flev, |Zo2ra8 Pipe Flev. T _
Bedrock Elev. 2267% — i Pipe Diameter {in} 4
BE e o H3 ¢ H1 H2 = impervious Blanket Thickness
Groungd Flev = Landside Average ace Used as Seference Dalum =1 Soil Linit Weight, ysoll (pef} e
Fipe Depth (Check)
d=Landside [No Berm Calcs With WELLS
[From Geotechnical Seepage Calculations with Cutoff Wall {2-27-2007) Distance Excess invert Design Base | Ground Elav
st from toe F{ Ho FT from Toe Head Elev of pipe Blanket H3 HZ i P3 Ws We 5 ¥ Wg
0 Feet Feet, Ho' 6-insteel | Feet, MSL | Feet, MSL Feet Feet Feet Pst b I i b b
= 3 0O 7.0 756.7 748 760 33 12 19.0 328.0 19 i2 181 163 O
25 6.9 7587 748 780 3.3 12 18.9 323.5 19 i2 181 162 Q
50 6.7 755.7 748 760 33 12 8.7 3209 19 12 161 180 0
160 6.4 7E6.7 748 760 33 12 i8.4 3187 19 12 161 158 0
125 6.3 758.7 748 760 33 12 18.3 313.2 19 t2 161 157 0
150 6.1 756.7 748 760 33 12 18.1 3106 19 i2 161 155 0
200 5.8 7567 748 760 33 12 17.8 305.4 18 12 161 153 0
300 5.2 TH6.¥ 748 760 33 i2 17.2 295.2 i3 12 161 148 0
400 4.5 758.7 748 760 3.3 i2 16.6 284.5 19 12 161 142 ¢
500 4,0 756.7 748 780 33 12 16.0 2748 19 12 151 137 i
Ws Cale See Sample Calofalions for list of abbreviations and sample caleatations
6 -in stee! 1if Ws = weight of structure per foot of length = 18.97 Ib per #t (6-Inch Diameter Steel Pipe, .280" thick)
19 We = weight of water contained in the strvelure = pi * 12 * { = 3. 3416°({312/%2) *1"62.4 = 12 pif
8 = surcharge joads = weight of satuarted soils above = {H3-Pipe Diameter/12)*{Pipe Diameter/{ 2¥1*ys0il
We Cale P3 = H3'{H1/H2Yywater
i2 U = Uplift force on the project area of struclure = Area of pipe * P3 = {Pipe Diameler/12)° 1"P3
Wa = weight of surcharge waler above top surface of structure controt by gravity flow
SFf = Flotation Safety Factor (Ws+WeeS){U-We)
Conclusions
For levee stretch: 66+00 to 79400
For pipe diarn {in): &
There is no uplili concern at a depth of 3.33 feet or deeper within 500 feel landward of the feves
Wwe Diameter
I H
Uphift (U}
U=P3"diameter*|
Using =1
RihtssionProfectsioivikansas, oitys\ChilPhaselGenars] il Phase 2Sprascsheststt i 200PL200CHW al-6-inch Stoat NEOT+3_Amourdate XES DRAFT
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Conclusions

Forlevee stretch: 66400 o 76+00

For pipe diam {in}: 12

There is uplili concern at a depth of 40 inches (3.3 feet) and less wilhin 300 fee! landward of the levee

Wg = weight of surcharge waier above fop suriace of structure controt by gravity flow
SFf = Flotation Safeiy Factor {(Ws+WerSH(LL-We)

wet
We .&Diammer

I H
Uplift ¢)

U = P3° dinmeter * |
Using {1

Armoundale Area
L2
Staligning Range
65+00
79400
500-yr + 3l
lLevae Elov.
rm Height, t {feet}
Ground Eley. edPipeDeptigy T T
Blankel Base Elev, Pipa Elay.
Bedrock Elev. -2 Pipe Diameter {in) 4
] H2 = Impervious Blanket Thickness
7oA | Sofl Unit Weight, ysoll {pof) v
a3 #ipe Deplh {Check)
d=Landside |No Berm Calcs With WELLS
Distance Excess tnvert Design Base | Ground Elev
from Toe Head Efev of pipe Blanket H3 HZ2 Hi P3 Ws We 3 4 Wa

Feet Feet, Ho' 12 -in steel Feet. MSE Feet, MSL Fest Feat Feet Paf ib ib iv) ib i)

0 7.4 758.7 748 750 a3 12 19.0 3280 50 48 264 326 0
25 69 756.7 748 760 33 i2 18.2 323.5 50 48 264 323 0
50 6.7 756.7 748 760 3.3 12 18.7 320.9 50 449 264 321 0
180 6.4 756.7 748 760 33 12 18.4 315.7 54 49 264 316 G
125 6,3 756.7 748 760 3.3 12 18.3 313.2 50 49 264 313 i)
150 6.3 7567 748 760 3.3 12 18.1 3.6 50 49 264 311 i
200 5.8 756.7 748 760 3.3 12 17.8 305.4 50 49 264 3065 0
300 5.2 7568.7 748 760 3.3 12 17.2 295.2 50 49 264 295 0
400 4.6 756.7 748 760 33 i2 16.6 284.9 50 49 264 285 0
500 4.0 756.7 748 760 3.3 12 16.0 274.6 50 49 2684 275 0

Ws Cale See Sample Calculations for #ist of abbreviations and sample calcilations
12 -in steet 1lf Ws = welght of structure per foot of fength = 50 1 per I (12-inch Diameter Steel Pipe, 375 thick)
50 We = weight of water centained in the sfructure = pi * P2 “ 1 = 3.1416°{{B8/12)°2) *1*62.4 = 4 pil
§ = surcharge loads = weight of satuarted seils above = (H3-Pipe Diametor/i 2)*(Pipe Diameter12)*  *ysoil
We Cale P3 = H3%{H1/H2}ywater
49 U= Liplift ferce on the project area of struglure = Area of pipe * P3 = (Pipe Diameter/12)” 1"P3

HilasionProjecis\oivikansas cilysiChiPhasedGenoal Givi Phage ASpreadehoelsUint 2007L2C0OHWET- 5 inah Stoa! NEAT+3 Armourdala XES
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Avmourdale Area
L2
Stationing Range
66+00
TE+00
S50y + it
Levee Elev,
Grotind Etev. ] et st B . W PP Dt (8 e R T T ey e
Blanke! Base Efev.
Bedrock Elev. o2 4
e T =~ H2 = Impervious Blankel Thickness
Ground Elev = Landside Average Ground Surlace Used as Reference Datum = H R Ooll Unit Weight, vsoll (pef) +
10 Pipe Depth {Check)
d=Landside {No Berm Calcs With WELLS
From Geotechnical Seepage Calculations with Cutof! Wall {2-27-2007) Distance Excess Invert Design Base | Ground Elev
[Distfromfoe FT | HoFT | from Toe Head Elev of pipe Blanket HI Az Hi Pa W5 We g 1 Wo L35 SFf
e Feet Feet, Ho' 12-lnsteel | FeeL,MSL | Feet,MSL | Feet | Fest | [Feet pst i i ib b Ity Ful) | (Empt
okt ' ¢ 7.0 750 748 760 10 12 18.0 988.0 50 45 1035 088 0
25 6.9 750 748 760 10 iz 8.9 aBo.2 50 49 1835 98¢ 0
50 6.7 750 748 760 i0 12 18.7 972.4 50 49 1035 972 0
100 6.4 750 748 760 10 12 18.4 958.8 50 49 1035 957 0
125 6.3 750 748 : 760 i0 12 18.3 949.0 50 49 1035 949 o
150 6,1 750 748 760 10 12 18.1 941.2 50 49 1035 941 1]
200 5.8 750 748 760 10 12 17.8 925.6 50 49 1035 926 g
300 5.2 ¥50 748 760 1G 12 17.2 804.4 56 49 135 894 i
400 4.6 750 748 760 19 12 16.6 863.2 56 49 1335 863 0
560 4.0 750 748 760 10 12 16.0 B32.0 50 4G 1035 832 0
Ws Calo See Sample Calculations for list of abbreviations and sample calculations
12 -in steel 1H Ws = weight of structure per foot of fength = 50 Ib per ft (12-inch Diameter Stes! Pipe, 375" ihick)
50 W = weight of water contained in the structure = pi * m2 * 1 = 31416 ({81 2)°2) *$*62.4 = 48 pif
8 = surcharge loads = weight of satuarted soils above = (H3-Pipe Diameter/1 2)*(Pipe Diameter/ 2)* t*ysoil
Wi Calo P3 = H3Y{H1/H2) ywater
49 U = Uplift force on the project area of slruclure = Ares of pipe * P3 = {Pipe Diameler/12)1P3

Consclusions

For levee streich: 66400 o
For pipe diam {in}: 12
There is uplifi concern at a depth of 40 inches (3.3 feet) and less at the loe of the feven

79400

Wo = weight of surcharge water above fop surface of structure control by gravily fiow
SEF = Hatation Safety Factor (Ws+We+SH(U-We

ey

Diameter

Uplitt {L)

L= P3 * diameter " §
Using =1
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Armourdale Area
iz
Stationing Range
66400
79400
S00-yr + 3H
teven Elev.
ht, t (feet)
Ground Flev. ; EaoFpeDept iy e T R -
Blanke! Base Elev. |77 Pipe Efev.
Bedrock Elev. =75 IPipe Diameter (in)
e - O Hi IHZ = Impervious Blanket Thickness
Ground Elev = Landside Average Ground Surface Used as Reference Datum = Sofl Unit Weight, ysoit {peh) ¥
Pipe Depth {Chack)
d=Landside [No Berm Calcs With WELLS
From Geotechnical Seepage Caleulations with Culoff Walk {2-27-2007) Distance Excess Invert Design Base | Ground Eiev
Distfromica FT_ F HoFY | from Toe Head Elevofpips| Blanket Hi HZ A F3 Ws WE 5 U Wg SFY SFT
; ““f g Feet Feet, Ho' 16 -in steef | Feet, MSL Feet, MSL Feet Feet Feet Pst ih ib th ib i {Fuiy (Empty)
0 7.0 756.67 748 760 3.23 12 19.0 329.0 63 87 306 439 0
25 6.9 756.67 748 760 333 12 18.9 326.4 63 87 306 435 &
&0 6.7 756.67 748 760 3.33 12 18.7 323.8 63 87 306 432 i)
100 0.4 756.67 748 765 3.33 i2 i8.4 318.6 63 az 306 425 ]
125 -~ 63 756,67 748 760 333 12 18.3 316.0 83 87 308 421 0
150 6.1 755.67 748 764 3.33 12 18,1 3134 63 87 306 418 0
200 5.8 756,67 748 760 3.33 12 17.8 308.2 63 a7 306 411 0
300 5.2 758.67 748 760 3.33 12 17.2 297.8 63 87 305 397 0
A00 4.6 756.67 748 760 3.33 i2 .6 287.4 63 87 3046 383 0
500 4.0 756.67 748 780 3.33 12 16.0 277.3 63 87 306 369 0
Ws Cale See Sample Calcutalions for tist of abbrevialions and sample calculations
16 -in sleel 1if Ws = weight of structure per foot of fength = 62.58 tb per i (16-inch Diameter Stee! Pipe, 375" thick)
63 W = weight of water contained in the structure = pi * P2 * 1 = 31416 ((BA2Y2} *1°62.4 = 49 pif
S = surcharge loads = weight of satuarted soils above = {H3-Pipe Diameter/12)*(Pipe Diametos 12} 1 *ysoll
We Calc P3 = H3*(H1/H2) ywater
87 U = Uplift force on the project area of struciure = Area of pipe * P3 = (Pipe Diameter/12)*1"P3
Wy = weight of surcharge water above top surface of structure control by gravity flow
SEL = Flotation Safety Factor {Ws+WerSW(U-We)
Conclusions
Forieves stretch: 66400 0 7400
For pipe diam {in); 15
There is uplift concern at 2 depth of 40 inches (3.3 feel) and less within 500 feet of the levee
Ws L
We 'y[)iameter
H
Uplidt (L)Y
U = B3 * diameter * §
Using =1
KMissionProjectsioniiansas, ciysiCivisPheseXiGaneral Chvil Phase Z\Spreadsheet=\UpH 200N 2CuONWaE-16-nch Steet NSOOyT+3_ Asmourdala XLS DRAFT
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Annourdale Area
14
Stationing Range
S6+00
79400
S00-yr + 3t
Levee Elev, Zoie 2 IBerm Width, Wi flest
Ground Blev, /\QY—T-;:;’\ S _
Blankel Base Hev. | O T
Bedrack Elev, [
: = L H2 = inpervious Blanket Thickness
Ground Elev = Landside Average Ground Surlace Ysed as Beferonce Datum LS Solf Unit Weight, ysoill (peh) +
10 Pipe Deplh {Chack)
d=Landside {No Berm Cales With WELLS
From Geolechnical Seepage Calculations with Cutolf Wall (2-27-2007) Distance Excess invert Design Base | Ground Elev
Dist fromtoe FT 1 HoF7T | from Toe Head Etevof pipe [  Blanket H3 2 H F3 Ws we g U Wa
ST = Feat Fest, Ho' 16 -in steel Feet, MSL Feat, MSL. Feet Feat Feat Pst ib b It Iy i)
= 4] 7.0 750 748 760 10 12 19.0 988.0 63 a7 1329 1317 0
25 6.9 750 748 T 10 12 18.9 g50.2 63 87 1329 1367 0
50 6.7 750 748 760 10 12 18.7 972.4 63 87 1329 1297 0
100 6.4 750 748 764 i0 12 18.4 G568 63 87 1329 1276 0
125 6.3 750 748 760 10 12 18.3 949.0 63 87 1329 1265 0
156 6.1 750 748 760 10 12 18.1 841.2 63 87 1329 1255 0
200 58 750 748 760 10 12 17.8 9256 63 57 1329 1234 0
3006 5.2 750 748 760 10 12 17.2 £94.4 63 87 1329 1193 1]
400 4.5 750 748 760 10 12 i6.6 £§63.2 63 87 1329 1151 0
500 4.0 750 748 760 10 12 i6.0 832.0 63 87 1329 1309 0
Ws Cale See Sample Calculations for list of abbwevialions and sample calculalions
16 -in steel ilf Ws = weight of structure per foot of length = 62.58 Ib per It {16-inch Giameter Steel Pipe, 375" thick)
63 We = weight of water confained in the structure = pi * 12 * 1 = 3.1416°({B/12)42) “1462.4 = 49 pif
8 = surcharge loads = weighl of satuarted soils above = {H3-Pipe Diameter/t2)* (Pipe Diameter/t2)"1 *ysoil
We Cale P3 = H3{H1/H2)ywater
87 L = Upfilt force on the project area of struciure = Area of pipe * £3 = (Pipe Diameter/12)"17P3
W@ = weight of surcharge water above top surface of structure controt by gravity ilow
SF@ = Flotation Safety Factor (Ws+We+Sy(1-Wa)
Canciusions
For fevee streteh; 6600 o 78400
Faor pipe diam {in): 16
Thers is uplift concern at a depth of 10 feet and less within 100 fest from the foe of the levee
Ws #
We %iam&ter
|
Upiilt (L)
= P3 " diamater * |
Using 1= 1
KMissinProecisiovkansas_ciysiChilPhaseiGenessl Civit Phasa ASpreadshents\UpiH 200MLICHCHIWaE 16 inch Steel N6GIy3_ Armourdate XLS DRAFT
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Ammaourdale Area
L2
Stationing Range
66+00
744006
SO0y + 3t

Lavee Eley.

Ground Elev.
Blanket 8ase Elev.
Bedrock Elev.

Ground Elev = L andside Average Ground Surface Used

b 2%

Conclusions

For levee strefch:
For pipe diam {in}:

66400 o 78+00
i6

There is uplift concern at a depth of 15 feet and less just al the loe of the levee

15

Wo = weighl of surcharge water above 1op surface of structure control by gravity flow
SEE = Flolation Safety Facter (Wt WeaSWU-We

e

I
Uit (U}

U= P3 " diameter * |
Using 1=t

F 3
H2 = Impervious Bianket Thickness
=2 iR Ol Unit Weighl, ysoil {pof} v
Pipe Depth {Gheck}
d=l.andside iNo Berm Cales With WELLS
Distance Excess Invert Design Base | Groend Elev
from Toe Head Elev of pipe Blanket H3 H2 Hi P3 Ws We 8 ) Wy
Feat Feet, Ho' 16 -in steel | Feet, MSL Feet, MSL Feet Feat Feet Pst ib th [I3] I [i4]
[i] 7.0 745 748 760 15 12 19.0 1482.0 63 87 2096 1976 1]
25 6.9 745 748 760 15 12 18.9 1470.3 %] a7 2006 1960 0
50 6.7 745 748 780 15 12 8.7 1458.6 63 87 2096 1945 0
100 6.4 745 748 7680 15 12 18.4 1435.2 63 87 2096 1914 0
i25 6.3 745 748 760 15 12 183 1423.5 63 87 2096 1898 0
150 6.1 745 748 760 15 12 18.1 i411.8 63 B7 2006 1882 0
200 5.8 745 748 760 15 12 17.6 1388.4 63 87 2096 1851 0
300 5.2 745 748 760 i5 12 17.2 13416 63 a7 2096 1789 0
400 4.6 745 748 760 15 12 16.6 1294.8 63 a7 2006 1726 0
500 4.0 745 748 760 15 12 15.0 1248.0 63 87 2096 1664 [¢]
Ws Cale See Sample Calculations for fist of abbreviations and sample calculations
16 -in steegl i Ws = weight of structure per foot of length = 62.58 ib per it (16-inch Diameter Steel Pipe, (375" thick)
63 Wo = weight of water contained in the structure = pi * 172 * 1 = 31418 {BH2)72) *1°62.4 = 40 pif
5 = surcharge ioads = weight of satuaried solls above = (H3-Pipe Diameterf1 2)* (Pipe Diameter/12)*$*ysoil
We Cale iP3 = H3(H1/H2y ywater
87 U = Uplift force on the project area of sinucture = Area of pipe * P3 = (Pipe Diamater/12y*1"P3
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Armmourdale Area
L2
Stationing Ranae
66400
79400
S00-yr + 3it
Leves Eiev. E 2252 e Width, Wi (leet
e =22 Berm Height, { (feet) ; e ’
Graund Elev, \\ ! A Al Pipe Deplt (1) B B N -
Blanket Base Eley, 766.7  |Pipe Elav. T
Bedtock Elev. . =347 A Pipe Diameter (in) A
s " 12 = Impervions Blanket Thickness
b5 | Soil Unit Weight, ysoll {pet) +
33 Pipe Depth {Check
d=landside {No Berm Calcs With WELLS
Distance Excess invert Design Base | Ground Eley
from Toe Head Blevofpipe| Blanket HI HZ HI P3 Ws We ) t W&
Feet Feet, Ho' 24 -in steel Feet, MSL Feet, MSL Feet Feet Fest Pst ib ib Ib ib i
0 7.0 756.7 748 760 3.3 i2 18,0 326.0 95 196 209 652 0
25 6.9 756.7 748 760 3.3 12 8.9 3235 95 196 209 647 0
50 6.7 756.7 748 760 3.3 12 18.7 320.9 25 196 285 842 G
1460 6.4 756.7 748 760 3.3 12 18.4 315.7 495 196 289 631 O
125 6.3 7H6.7 748 760 33 iz i8.3 313.2 95 196 299 626 0
150 6.1 755.7 748 760 3.3 12 18.1 310.6 g5 196 289 621 0
200 5.8 756,7 748 760 3.3 12 7.8 305.4 95 196 299 611 G
300 5.2 756,7 748 780 3.3 12 17,2 2952 a5 196 208 590 &
430 4.6 756.7 748 760 33 i2 16.6 284.9 95 196 209 57¢ 4]
500 4.0 7568.7 748 760 3.3 i2 16.0 274.6 95 146 299 549 0
Ws Cale See Sample Caleulations for list of abbreviations and sample calculations
24 -in steef 1lf Ws = welght of struciure per {00! of length = 94.62 ib per It {24-inch Diameter Steel Pipe, 375" thick)
85 Wo = weight of water confained in the slrutture = pi * 1A2* 1 = 341 21202) *1°62.4 = 196 plf
S = surcharge loads = weight of satuaded soils above = {H3-Pipe Diametar/12)*{Pipe Diameter/t2Y1 “ysoil
We Cale P3 = HIYH1H2)ywater
196 U = Uplift force on the project area of struciure = Area of pipe * P3 = (Pipe Diameterf{2)* 1" D3
W = weighl of surcharge water above top surtace of struciure contro! by gravity fiow
SEf = Flotation Safely Factor (Ws+WetS(U-Wa)
Condclusions
For tevee strefch: 6G+00 e} 79400
For pipe diam (in} 24
There Is uplift concern at a depth of 3,33 feet or less within 500 feet landward of the fevee
Ws &
We /%Diameler
|
Liplifs {L3)
Ui = P3 * diameter * §
Using §=1
KwissonProjects\oivikansas GlysiCiviPhasedGencrel Civi Phaso preadshisetalU ISt 2007 2CUONWaS 24-inch Stee] NSOyr1 4, Ammmsssdite XLS DRAFT
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Armourdale Ares
L2
Stationing Range
66+00
79+00
500-yr + 3it

Leves Elev,

Ground Elay,

B

22 Berm Widlh, Wi Ieet _

Bianket Base Elev.

e
Bedrock Elev. a8t

From Geotechnical Seepage Caloulations with Cutelf Wal {2-27-2007)
_ist rom toe 1 _ Ho

Conclusions

[For lavee strelch:
For pipe diam {in}: 24

There is uplilt concern at a depth of 10 feet or less within 308 feet landward of the levee

66+00 o 7400

A_,_m Pipe Dept €

Hydraulic Gradient

Wg = weight of surcharge water above lop surface of structure control by gravity flow
5K = Flolation Safety Factor {(Wa+WosSiHU-W

i

Ws i
We %}iamter

|
LIpiift {Li)

U= P3 " diameter *)
USERQ l=1

r0_lppern 1
-' £ 21Pipe Diameter (in) 4 A
H3 4 H1 H2 = Impervious Blanket Thickness
T8 Soll Unil Welght, ysofl (pef) e v
10 Pipe Depih (Check)
d=Landside [No Berm Calcs With WELLS
Cistance Excess Invert Design Base | Ground Eley
from Toe Head Elev of pipe Bitanket 35 HE HI 3 Ws We g 0 Wg SFF g
Feet Feet, Ho' 24 -in steel |  Feeotf, MSE Feet, MSL Feet Feat Feet Psf L33 ib b 1b ib Full Emph
0 7.0 750 748 780 1G 12 19.0 988.0 g5 1496 1840 1976 [
25 6.9 750 748 760 16} 12 18.9 9g0.2 a5 196 1840 1960 Y
50 6.7 750 748 760 10 12 18.7 9724 g5 196 1840 1945 4]
100 6.4 750 748 760 10 12 18.4 956.8 95 196 1840 1914 4]
125 6.3 750 4B 76{ 10 12 18.3 949.0 95 196 1840 1858 0
150 6.1 750 748 760 10 12 181 941.2 95 196 1840 igg2 1]
200 58 750 748 760 10 12 i7.8 925,86 95 196 1840 1851 0
300 5.2 780 748 780 in 12 17.2 894.4 95 198 1840 1789 0
400 4.6 750 748 750 10 12 166 863.2 a5 186 1840 1726 0
500 4.0 750 748 760 10 12 18.0 832.0 g5 198 1840 1864 D
Ws Gale Bee Sample Calculations for Hist of abbreviations and sarmnple calculations
24 iz steed 14 Ws = weight of striciure per foot of fength = 84.62 ib per 1t (24-inch Diameter Steel Pipe, .375" thick}
95 W = weight of water contalned in the structure = pi* 2 ¥ 1 = 3.1416°((12/12Y°2) *1*62.4 = 196 pif
§ = surgharge foads = weight of saluanied soils above = (H3-Pipe Diameter/12)"(Pipe Diameter/12) 1*ysolt
We Cale P3 = H3"{(H1/H2) ywater
196 U = Upliit force on the project area of structure = Area of pipe * P2 = {Pipe Diameler/12)“1*P3
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Armourdale Area
L2
Stationing Range
66400
79+00
500-yr + 3l
Berm Height, t (feet)
it : 1 F'zpe Depti {n) _______________________________________
| 745 {Pipe Elow.
z Pipe Diamatar {in)
e : o N : - H2 = Impervious Blanket Thickness
Ground Elev = Landsice Ave!age Gmur:d Surface Used as Referenoe Damm 2 0 | Soil Unit Weight, ysoit {pef)

15 Fipe Deplh {(Check)

d=bandside [No Berm Cales With WELLS
From Gegtechnical Seepage Calculations with Gutoff Wall (2-27-2007) Distance Excess vert Design Base | Ground Elev
m from Toe Head Efev of pipe Blanket H3 HZ HY |3k} Ws We 5 tH Wo
= s Feat Feet, Ho' 24 -in steel Feet, MSL Feet, MSL Feot Feet Feet Psf ih i8] ir] ih ib
=k [ 7.0 745 748 760 i5 12 18.0 1452.0 g5 156 2890 2964 0
25 6.9 745 748 760 ib 12 18.9 1470.3 g5 186 2900 2941 0
50 6,7 745 748 760 15 i2 8.7 1458.6 85 166 2980 2917 0
100 6.4 745 748 760 15 i2 18.4 1435.2 g5 156 2980 287G 0
125 6.3 745 748 760 15 i2 18.3 1423.5 G5 185 2990 2847 0
150 [ 745 748 763 15 12 18.1 14118 g5 156 2950 2824 0
200 5.8 745 748 760 15 12 17.8 1388.4 85 196 2950 2777 0
300 5.2 745 748 760 15 12 17.2 1341.6 95 196 2000 2683 [i]
A0D 4.6 745 748 760 15 12 16.6 1264.8 9% 196 2060 2580 4]
500 4.0 745 748 760 15 12 16.0 1248.0 95 196 2990 2496 -4
Ws Gale See Sample Calculations for list of abbrevialions and sample calculations
24 -in sfeel 14 Ws = weight of structure per foot of length = 24.62 1b per It (24-inch Diameter Steel Pipe, (375" thick}
G5 We = weight of water contained in the structure = pi * #2 * 1 = 314168 ((12/112)82) *1762.4 = 196 pif
S = surcharge loads = weight of satuarted soils above = (H3-Pipe Diameter/12)"(Pipe Diarneter 21 ysuil
We Calc P3 = H3*{H1/H2) ywater
196 U = Uplilt ferce on the project area of structure = Area of pipe * P3 = (Pipe Diameler/12*1°P3
Wa = weight of surcharge water above top surface of struciure conlrol by gravity flow
SFf = Flotation Salety Factor (Ws+WetSiHL1-Wa)

Conclusions

For levee stretech: 66460 o 79400

For pipe diam {in): 24

There is ulift concern at a depth of 15 feel or less wilhin 150 feel landward of the levee

We

[
Uplift (U}

U = P3 * diameler* |
Using 1=1

KhEssionProjecisieivkansas ciys\ChvifPhase2\G enoral Givil Phase ASreadshests\UpH 2007 2CuCHWal-24-inch Stoet NS00yr+3_Amourdale LS DRAFT
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Arsnourdale Area
L2
Stationing Bange
£6+00
72+00
S00-yr + 3t
tevee Elev. [Eg7s =
GroundBlev. BEEEES N1 N Teesedopenepti T S e e -
Bianket Base Elev. | T
Badrock Elev.
k H! H2 = [mpervious Blanket Thickness
45 Soil Unit Weight, ysoll (pot}
Pipe Depth {Check)
d=landsite [No Berm Cales With WELLS
Distance Excess invert Dasign Base | Ground Elev
from Toe Head Eiev of pipe Blanket 3 H2 Hi F3 Wi We o3 1 Wo
Feel Fent, Ho' 24 -in steel | Feet, MSE Feat, MSL, Feet Feat Feet Psf th th h Ih b
0 7.0 740 748 760 20 12 19.0 1976.0 95 186 4140 3952 [
23 6.6 740 748 760 20 {2 18.9 1960.4 95 186 4140 3021 0
50 6.7 740 748 760 20 i2 18.7 1944.8 95 1956 4140 3850 0
100 6.4 740 748 760 20 i2 18.4 1913.6 95 186 4140 3827 0
125 6.3 740 748 760 20 12 18.3 1888.0 G5 1896 4140 3796 0
150 6.1 7490 748 760 20 12 18.1 1882.4 95 196 4140 3765 1]
200 5.8 740 748 T80 20 12 17.8 18512 95 196 4140 3702 {
360 5.2 740 748 760 20 12 7.2 1788.8 a5 196 4140 3578 O
404 4.6 740 748 760 20 12 16.6 17264 95 196 4140 3453 {
500 4.0 740 748 760 20 12 i6.0 1664.0 95 168 4140 3328 G
Ws Calc See Sample Calculations for list of abbrevistions and sample calcufations
24 -in steel 14 Ws = weight of structure per foot of length = §4.62 b per ft (24-inch Diamelter Steet Pipe, 375" thick)
a5 We = weight of water contained in the structure = pi * 2 * 1 = 3. 1416°{12/12)°2)} *1°62.4 = 196 pif
S = surcharge loads = weight of saluarted soils abave = (H3-Pipe Diameter/12)*(Pipe Diameler/ 12} 1 *ysoit
We Cale F3 = H3"(H1/H2) ywaler
196 U = Upilt force on the project arga of struclure = Area of pipe * P3 = (Pipe Diameter/12)“1"P3
Wq = weight of surcharge waler above lop surface of struciure conirol Dy gravity Tlow
SEf = Flalation Safely Factor (Ws+WetSH(U-We)
Caonclusions
For levee stretoty,. 66400 to 79400
For pipe diam {n). 24
There is upliff concem at a depth of 15 {eet or fess within 50 feet fandward of the levee
We .%Diameler
T H
Lplift {U)
U= P3 " diameter * |
tsing t=1
KehissicnProiectaichiikansas, Gly\CritPhaseGeneral Civi Phase DSpreadsheels\Upiil 2007 2CAIOIWA 24-inch Steel NSODyre3_Armourdale XLS DRAFT
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Armourdale Area
2
Stationing Ranoe
86+00
79400
S00-yr + 38
Levee Flov, 20277 |Berm Width, Wi (feet
Ground Eiov. : s \\\. I e i
Blanke! Base Elev, {2 [e)
Bedrock Elev. . _ I 4
e V\s \\“ﬁ\ = Hi H2 = Tmpervious Blanket Thickaess
Grourd Elev = Landside Average Ground Surface Used as Reference Datum Soil Unit Weight, ysoit {pch v v
Pipe Depih {(Check)
d=Landside [No Berm Calcs With WELLS
Distance Excess invert Besign Base | Ground Elev
from Toe Head Ejev of pipe Blanket H3 2 Hi 3 Ws We g U Wg
Feet Feet, Ho' 24 -in steel |  Feet, MS1. Feot, MSL Feat Feot Feel Pst 0] b I i3] b
0] 7.0 735 748 760 25 12 19.0 2470.0 95 156 5290 4940 [i]
25 6.9 735 748 760 25 12 18,9 24505 85 196 5290 4901 0
50 6.7 7358 748 760 25 12 18.7 2431.0 B85 166 5280 4862 0
190 6.4 735 748 760 25 12 18.4 2392.0 G5 196 5280 A784 0
125 6,3 735 748 760 25 12 18.3 23725 g5 196 5280 4745 4]
150 6.1 735 748 760 25 12 18.1 2353.0 35 196 5280 4706 0
200 5.8 735 745 760 25 12 17.8 2314.0 95 196 5250 4628 0
300 5.2 735 748 T63 25 12 17.2 22380 $5 196 52480 4472 0
400 4.6 735 745 760 25 12 166 2158.0 95 106 5290 4316 jt]
500 4.0 735 748 it 25 12 16.0 2080.0 a5 196 5280 4160 0
Ws Cale See Sample Calculations for list of abbreviations and sample calculations
24 +in steel 1If W = weight of slructure per foot of lenglh = §4.62 1o per 1t {24-inch Diarneter Steel Pipe, 375" thick)
95 Woe = weight of water contained in the structure = pi * M2 * 1 = 3.14184{(12/12V2} *1*62.4 = 196 pif
$ = surcharge loads = weight of satuarted soifs above = (H3-Pipe Diameler/12)*(Pipe Diameter/12)**ysoil
We Cale P3 = M3 (H1H2) ywater
195 U = Uplift force on the project area of structure = Area of pipe * P3 = {Pipe Diameter/12)*{*P3
W = weight of surcharge water above top surlace of structure control by gravity How
SEf = Floation Safety Factor {Ws+WetS(U-We)
Conclusions
iFor lavee stretch; 66+00 o 79400
For pipe diam {in}: 24
There is uptift concemn at a depth of 15 feet or less within 25 fee! landward of the levee
We %iamefer
I |
Uptift (L)
U= P3 " diameler * ¢
tising i= 1
KidissionProjecisicivikanaas_oitysiCvit#haseZGensrat Civi Phise MSpreadsheets\Uphtt 2007EZCUIOHWaE-24-inch Steet NSOy, Anrourdate, XUS DRAFT
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Armourdale Area
L2
Stationing Hange
G6+00
78+00
500-y7 + 30
tevee Elev,
Ground Elev.  B=SgBlo] o e e N BEARGESPIPe Depll () e R T e —
Blanket Base Elev. .
Bedck Eley. e - Pipe Diameter (in} 4
S e H2 = Impervious Blankel Thicksess
Ground Elev = Landside Average Ground Surface Used as Beference Datum Soit Unit Weight, ysoil (pct) v
Pipe Depih {Check)
d=Landside |No Berm Calcs With WELLS
From Geotechnical Seepage Calculations with Cutolf Wall (2-27-2007) Distance Excess nvert Degign Base { Ground Elev
Distfromice F1 | HoFY ] from Toe Head Elev of pipe Blanket H3 HZ Hi B3 Ws Wc 3 t} Wg
Y o Fest Feet, Ho' 24 -in steel | Feet, MSL Feel, MSL Feet Feet Feet Pst b b ib b b
: : 0 7.0 730 748 760 30 12 18.0 2064.0 85 196 6440 5528 7
25 6.9 730 748 760 30 12 8.9 20406 o5 196 6440 5881 G
50 a.7 730 748 760 30 12 18.7 2017.2 g5 195 6440 5834 [
100 6.4 730 748 780 30 12 18.4 2870.4 g5 196 6440 5741 {
125 6.3 730 748 750 30 12 183 2847.0 05 196 6440 5694 &
150 6.1 730 748 760 30 12 18.9 28235 g5 196 6440 5647 £
200 58 730 748 780 30 12 178 2776.8 G5 1896 6440 5554 &
300 5.2 730 748 760 30 12 17.2 2683.2 95 196 6440 5366 g
400 4.6 730 748 780 30 12 16.6 2580.5 g5 196 6440 5178 4
800 4.0 730 748 780 30 12 16.0 2496.0 85 196 6440 4992 G
Ws Cale See Sample Calcudations for list of abbrevialions and sample caloulations
24 -in stes! 1if Ws == weight of structure per foot of length = 84.62 1b per ft {24-inch Diameter Steel Pipe, 375° thick)
95 Woe = weight of water confained in the struciure = pi * #2* 1 = 3.14165((12/12)°2) *1°62.4 = 196 pif
5 = surcharge loads = weight of satuarted soils above = (H3-Pipe Diameter/12)*{Pipe Diameter/12}*1*ysoit
Woe Cale P32 = H3(HIH2) ywater
196 U = Upiilt force on the project area of structure = Area of pipe * P3 = {Pipe Diameter/12)*1"P3

Conclusions

IFor levee sfretch: 66400 o
For pipe diam {in): 24
There is no uplilk concem al a deplh of 30 feet or less within 500 feel landward of the levee

79:00

W = weight of surcharge water above fop surface of slructure controt by gravity How
SH = Flotation Safety Faclor (Ws+We+SHiU-Wey

Diamator

Uiphift {U)

U =P3*diameler *}
Using =1
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Armourdale Area
12
Slationing Rande
66400
73400
500-yr + 3t
Levee Elev. ““{Berm Width, Wt {fee!
{Berm Height, t {feet}
Groundd Efev. : AR Pipe Depli (1) e T T e S .
Blanket Base Elov. 555 Pipe Elev. i T
Bedrock Elav. _ HB 2| Pipe Diameter (in} 4 4
e H3 ¢ Hi H2 = Impervious Blanket Thickness
[Ground Elev = Landsice Average Grou 15| Soil Unit Weight, ysoil (pei) T 1 4
15 Pipe Depth {Check)
d=tandside |No Berm Cales With WELLS
From Geotechnical Seepage Caleulations with Cutoff Wall (2-27-2007) Distance Excess nvert Besign Base | Ground Elev
Dist frem ioe from Toe Head Elev of pipe Blanket H3 H2 Hi %] Ws W [ 1 Wg
S a Feet Feat, Ho' 48 -in steal |  Feet, MSL Feet, MSL. Feet Feet Feet Pst ib b ib b th
0 7.0 745 748 7680 15 i2 19.0 14820 161 784 5060 5928 4]
25 6.9 745 748 780 15 i2 8.9 14733 191 784 5060 5881 1]
50 6.7 745 748 750 15 12 iB.7 1458.6 191 784 5064 5834 g
jiy 6.4 745 748 760 15 12 18.4 14352 151 784 5060 5741 0
125 6.3 745 748 760 15 12 183 14235 13 784 5080 5694 0
150 6.1 745 748 760 15 12 18.1 1411.8 191 784 5060 o647 0
200 5.8 745 748 760 15 12 17.8 i388.4 191 784 5060 5554 0
300 5.2 745 748 760 15 12 172 13416 19 784 5060 5366 0
400 4.6 745 748 760 15 12 16.6 1204.8 1 784 5080 5179 0
500 4.0 745 7438 760 15 12 16.0 1248.0 191 784 5060 4992 0
Ws Cale See Sample Calculalions for list of abbreviations and sample cafoutations
48 -in sleet §IF Ws = weight of structure per foot of length = 186.70 Ib per ft {48-inch Diameter Stee! Pipe, .375" thick)
141 We = weight of water contained in the slruchre = pi* 2 * 1 = 3, 1416 ({2411 2%} “1°62.4 = 780 plf
§ = surcharge loads = weight of saluarted soils above = (H3-Fipe Diameter/i 2)* (Pipe Diameter/12) 1 *ysoit
We Cale P3 = H3*(H1/H2) ywater
784 U = Uplitt foree on the project area of struclure = Area of pipe * P3 = (Pipe Diameter/12}17P3
Wy = welght of surcharge water abova top surace of structure conlro! by gravity tlow
SEf = Flotation Safety Factar {Ws+WetSH{LU-We)
Conclusions
For levee streteh:  66+00 Ha) 79400
For pipe diam {in): 48
There is uplift concern at 2 depih of 15 feet or less within 5040 feet landward of the leves
Ws l
W %iameter
|
Upiiff {)
U=P3° diameter * §
Using =t
KiMissionProiactsicivikansas, cilys\CvifPhaseZGenera! Civil Phase 21Speeadshests\Upitt 2007TLECUIONIWaT-48-inch S1eal NS0Oyr+3_ Anmoutdale XLE DRAFT
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Amourdale Area
L2
Stationing Ranue
G6+0G
79408
500-yr + 3L
Levee Biey. il
== Benm Helght, t (feel)
Ground Elev. [ 7E0 22 =P8 Pipe Dept (i)
Blankel Base Elev. 748 | 735 |Pipe Efev
Bedrock Elev. |67 =] Pipe Diameler (in)

e e

e S = =
Ground Elev = Landside Average Ground Surface Used as Felerence Datum

=P Soll Unit Weight, ysoll (pef)
25 Pipe Depth {Check)

Hydraulic Gradient

Conclusions

Forlevee stretch. 66400 o 78100
For gipe diam (in): 48
There is up_liﬂ concem at a depth of 25 feet or less within 200 feet landward of tha levee

W = weight of surcharge water above lop surface of struclure control by gravity flow
SFf = Floation Safety Factor (Ws+We+SH(3-We)

‘\&Diamewr

t
Uplit {U)

ti = P3 " diameter * |
Using 1=1

d=Landside [No Berm Calcs With WELLS
Distance Excess invert Design Base | Ground Elev
from Toe Head Elev of pipe Blanket H3 HZ HY B3 Ws We L] 3] Wa
Feet Feet, Ho' 48 -in steel | Feef, MSL Feet, MSL fFeet Feet Feet Psf ib b ib b ib
O 7.0 735 748 760 25 12 18.0 2470.0 191 784 9560 S880 g
25 6.9 735 748 750 25 i2 18.9 24505 191 784 9660 9802 g
50 6.7 735 748 760 25 i2 18.7 2431.0 181 784 G860 G724 4
100 6.4 735 748 760 25 i2 18.4 2392.0 191 784 G660 8568 0
125 6.3 735 748 750 25 12 18.3 23725 161 784 9660 4490 ]
150 6.1 i35 745 760 25 12 18.1 2353.0 191 784 o860 8412 0
200 5.8 735 748 750 25 12 17.8 2314.0 191 784 9660 8256 [v]
300 5.2 735 748 760 25 12 17.2 2236.0 191 784 9660 8944 Q
400 4.6 735 748 780 25 12 166 2158.0 191 784 9660 8632 0
500 4,0 735 748 760 25 12 165.0 2080.0 191 784 9660 8320 0
Ws Cale Ses Sampte Calcutations for list of abbreviations and sample calculations
48 -in steel 14 Ws = weight of structure per (ool of length = 190.70 i per it {48-inch Diameter Steef Pipe. .375% thick)
181 We = weight of waler contained in the struciure = pi * #2 ¥ 1 = 3 141167{(24/12)°2) *162.4 = 780 plf
S = surcharge ioads = weight of satuared soils above = {H3-Pipe Diameter/12)*{Pipe Diameter/12)*1 *ysoil
We Calc P3 = HI(HEH2) ywater
784 L = Uit force on the project area of structure = Area of pipe * P3 = {Pipe Diameter/12y*1"P3

KoEssionProiects\civikansas. ey \CividPhasemGeneral Cnnt Phase 2SmeadshoalsiLini 2007 20HOHWaE-48-Inch Sten! NSOOyr+3. Armourdate XLS
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Anmnourdale Area
L2
Stationing Range
66+00
T9+00
500-yr + 3it

Levee Elav,

“§Berm Widlh, Wi (feet

Hydrautic Gradient

Ground Elev. 480 ] e, e
Bianket Base Elev. 274" T
Bedrock Elov. : [}
%@\“&gz\mm H2 = impervious Blanket Thickness
rice Datim B ¥
35 Pipe Depth {Check}
d=l.andside {No Berm Calcs With WELLS
Listance Excess invert Design Base | Ground Elev
from Toe Head Etev of pipe Blanket H3 35 Hi P3 Ws W [ U Wa
Feet Feet, Ho' 48 -in sfea} Feat, MSL Feet, MSE Fegt Feet Feet Psf 4] It b ib 1)
0 7.0 725 748 760 35 12 19.0 3458.0 L) 784 14280 13832 J
25 6.9 725 748 780 35 12 18.9 3430.7 191 784 14260 13723 0
50 6.7 725 748 780 35 12 18.7 3403.4 191 784 14260 13614 0
1060 6.4 725 748 760 35 i2 i8.4 3348.8 191 784 14260 133595 0
125 6.3 725 748 760 35 12 8.3 3321.5 1983 784 14260 13286 0
150 6.1 725 748 760 35 12 8.1 32642 191 784 14260 13177 4]
200 5.8 725 748 760 35 12 17.8 3230.6 191 784 14260 12858 0
300 52 725 748 760 35 12 17,2 3130.4 191 784 14260 12622 G
400 4.6 725 748 760 35 12 16.6 3021.2 191 784 14280 12085 0
500 4.0 725 748 760 35 12 16.0 28120 191 784 14260 11648 0
Ws Caic See Sample Galoulations for list of abbreviations and sample calculations
48 -in stee! i Ws = weight of struciure per foot of lenglh = 180.78 1b per 1t (48-inch Diameter Steel Fipe, .375" thick}
151 We = weight of water contained in the structre = pi 12 * {1 = 34416%(24112)72) *1762.4 = 780 pif
5 = surcharge ipads = weight of satvaried sails above = (H3-Pipe Diameier/12y{Fipe Diameter/12)*1*ysoil
We Cale P3 = HA{H1H2 vwater
784 U = Uplifi force on the project area of structure = Area of pipe * P3 = (Pipe Diarmeter/i2y*1"P3
W = weight of surcharge water above top surface of structure contiol by gravity fow
SFE = Flotation Salety Factor (Ws+WetS)1KU-We)

Conclusions

Forlevee stratch:  66+00 te
For pipe diam {in): 48
There is uplilt concern at a depth of 35 feet or less within 158 feet landward of the levee

79400

|
Uptift (1)

U = P32 * diameter *
Using =1

DRAFT
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Conclusions

Forlevee strelch:  66+00 o
For pipe diam {in): 48
There is uplift concern at a depth of 45 feet oF fess within 50 feet landward of the levee

79:00

Wy = weight of surcharge waler above top surface of structure control by gravity flow
SEf = Flolation Safety Factor (Ws+We+S)HJ-We

e

|
Uplitt (U)

U =P3" diamater *1
Using =1

Armourdate Area
L2
Slationing Range
85+00
79+080
500-yr + 3it
Levee Eley. Barm Width, Wt {feel
Ground Elev. A e ™G N T PeDe ey T e S e
Bianket Base Elav. ; T
tedrock Elev. . i Pipe Diameter {in} 4
R \«\ H3 O H1 IHZ = Impervious Blanket Thickness
% Reference Datum 15 21508 Unit Weight, ysoll (pcf)
45 Pipe Depth {Check}
d=Landside |No Berm Calcs With WELLS
Distance Excess invert Design Base | Ground Elev
from Toe Head Elev of pipe Blanket HI HZ H 73 Ws We ] 4 Wo B SFf

Feet Fget, Ho' 48 -in steel Feet, MSL Feet, MSL Feet Fest Feat Psf Ib is) i) Ik b

0 7.0 715 748 760 45 i2 19.0 4446 .0 191 784 18860 17784 0
25 6.9 715 748 760 45 12 18,5 441009 191 784 18860 17644 4]
50 6.7 715 748 760 45 12 18.7 43758 191 784 18860 17503 {
100 6.4 715 748 7iE) 45 i2 18.4 4305.6 191 784 18860 17222 Q
125 6.3 715 748 760 45 12 18.3 4270.5 191 784 18860 17082 0
150 6.1 715 748 780 45 12 i8.1 4235 4 181 784 18860 16842 ¢}
200 5.8 715 748 760 45 12 17.8 4185.2 161 784 18860 16661 O
300 5.2 715 743 760 45 12 17.2 4024.8 191 784 18860 16099 &
430 4.5 715 748 760 45 12 16.6 3884.4 191 784 15880 15538 0
500} 4.0 715 748 760 45 i2 16.0 3744.0 191 784 18880 14976 0

Ws Cale See Sample Calcudations for st of abbreviations and sarmple calculations
48 -in steet 1l Ws = weight of structure per foot of fength = 100.70 tb per ft (48-inch Diameter Steel Pipe, .375" thick}
191 We = weight of waler contained in the structure = pi * 142 * 1 = 3.5416%((24/12)°2) “1°62.4 = 780 pif
8 = surcharge loads = weight of satuarled soils above = (H3-Pipe Diameter/12)*{Pipe Diameter/12)* t *ysaif
We Cale P3 = H3*(Hi/H2 ywaler
784 U = Uplift foree on the preject area of structure = Area of pipe * P3 = {Pipe Diameterst 21"1*P3

KlihssionProectsicivikansas ety CaiPhaseGanarat Civil Phase 2Spreadsheeta g 2007 20O RS- 48-inch Stenl NS+ 3, Arrourdate. XLS
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Armourdale Area
1.2
Slationing Hange
86400
78+00
500-y7 + 3t
Leves Elev.
ght,  (feet)
Ground Elev. s PipeDept () e N R e -
Blanket Base Elev. 272K L 705 iPipe Elev,
Bedrock Elev. Al S48 1Pipe Diameter (in) 3
- H2 = Impervious Blanket Thickness
=45 1 Soll Unit Weight, vsoit {pef) 1
&5 Pipe Dapth (Check)
d=landside {No Berm Calcs With WELLS
From Geolechnical Seepage Caloulations with Cutoff Wall (2-27-2007) Distance Excass invert Design Base | Ground Elev
istfromtoe FT ~ ] HoFT | from Toe Head Elevoifpipe|  Bianket H3 HI HY P3 Ws Wz L3 5] Wa
i e - 7 Feet Feet, Ho' 48 -in steet Feat, MSL Feet, MSE Fest Feet Feet Psf i) Ih ib ib e
0 7.0 705 748 760 55 12 19.0 5434.0 191 784 23480 21736 0
25 6.9 705 748 760 55 12 18.8 53911 191 784 23450 21564 0
50 6.7 705 748 760 55 12 18.7 5348.2 191 784 23480 21363 0
108 6.4 705 748 760 55 12 18.4 5262.4 i 784 23460 21050 0
125 6.3 705 748 760 55 12 18.3 5218.5 i91 784 23450 20878 0
150 6.1 705 748 760 55 12 18,1 5176.6 191 784 23480 20706 0
200 5.8 705 748 TE0 55 i2 178 5080.8 191 784 23480 20363 0
300 5.2 705 748 760 55 12 17.2 49189.2 191 784 23480 19677 0
400 4.6 705 748 760 55 i2 16.5 4747 .6 191 784 23480 18530 0
500 4.0 705 748 760 55 i2 16.0 4576.0 191 784 23450 18304 0
Ws Lale See Sample Caleulations for list of abbreviations and sample calculations
48 -in steel 1# Ws = weight of structure per foo! of length = 180.70 b per fi (48-inch Diameter Steel Pipe, .375° thick)
161 We = weight of water conlained in the strusture = pi * 12 * 1 = 3.1416°((24/12)°2)} *1°62.4 = 780 pif
8 = surcharge foads = weight of satuarted soils above = {H3-Pipe Diameter/1 2 (Pipe Diameter/12)*1*ysofl
Wc Cale £3 = H3' (H1/H2) ywater
784 U = Upift foree on the project area of sfructure = Area of pipe * P3 = (Pipe Diarmeter/12)17"P3
Wg = weight of surcharge water above top surface of structure conlrof by gravity fiow
SEF = Flotation Safely Factor {Ws+WetSH(U-Was

Conclusions

For fevee stretct:  B8+00 to 79+00

For pipe diam {in); 48

There is uplilt concern at a depth of 55 feet or less within 25 fee! fandward of the levee

¢Diameler

I
U;Iin (th

U=P3" diameter * |
Using 1=1

KMEssionProjectsioiikansss_clys\ChvitPhaseZGeneral Civi Phase ZSpreadsheststUpii 2007 2CUCH WAL 48-inch Steel NSOOv+3_Armourdale ¥LS DRAFT
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Armourdale Area
L=
Stationing Range
66+00
78+00
500-yr + 3l
iHydrauIic Gradient |
Leves Elev. AB8erm Widih, Wi (feet
g Berm Height, 1 {feet}
Ground Efev. Bz Pipe Deptl {ft) 1 ------------------------------ e -
Blanket Base Eiev. Pipe Elev. T
Bedrock Elev. : ) 72 5| Pipe Diameter (in) 4 4
_&\:&ﬁ Nt\\‘: H3 X HE H2 = Iimperviows Blankel Thickness
Ground Efpv = Landside Average Ground St feren 1Sl Unit Weight, ysoit {pcf} T ¥
Pipe Depth {Check)
d=f andside {No Berm Cales With WELLS
From Geotechnicat Seepage Calculations with Cuteff Wall (2-27-2007} Distance Excess Fnvert Design Base | Ground Elav
Tistiromioe FT [ Ho Tl from Toe Head Elevofpipe|  Blanket H3 H3 Hi 2] Ws We 5 1] Wy
Sy : Feet Feat, Ho' 72 -in steel Feet, MSL Feet, MSL Feet Feat Feet Psf ik I ib b I
O 7.0 745 748 780 15 12 18.0 1482.0 1532 1764 6219 8892 0
25 6.9 745 748 760 15 12 18.9 1470.3 1532 1764 6210 au22 4]
50 6.7 745 748 760 15 12 18.7 1458.6 1532 1764 62140 8752 0
100 6.4 745 748 760 15 12 i8.4 1435.2 1532 1764 E2190 8611 0
125 5.3 745 748 760 15 12 18.3 14235 1532 1764 821G 8541 0
150 6.1 745 748 780 15 12 18.1 1411.8 1532 1764 6219 8471 0
200 5.8 745 748 760 15 12 i7.8 1388.4 1532 1764 6210 8330 ]
308 52 745 748 760 15 12 17,2 13416 1532 1764 G210 5050 1]
404 4.6 745 748 780 15 12 16.68 1294.8 1632 1764 6210 7769 4]
500 4,0 745 748 760 15 i2 16.0 1248.0 1532 1764 6210 7488 4]
Ws Cale See Sample Calculations for list of abbreviations and sample calculalions
72 -in RGP 1lf Ws = weight of strurcture per foot of length = 15632 [b per ft {72-inch Diameler RCP, 6" wall thick)
1532 Wo = weight of water contained in the structure = pi " M2 * 1 = 31416°¢24/12)°2} *1°62.4 = 1764 pif
S = surcharge loads = weight of satuarted soils above = (H3-Pipe Diameten/12)°(Pipe Diameter/12) 1 ysoil
We Cale P3 = H3* (H1/H2) ywater
1764 L = Uplift force on the project area of struclure = Area of pipe * P3 = {Pipe Diameter/12)1"P3

Conclusions

For tevee sirelch: 668400 ta 79+00
Faor pipe: diam (in): 72
There is uplift concern at a depth of 15 fee! or less within 500 feet landward of the laves

Wy = weighi of surcharge water above top surface of structire control by gravily tlow

SFT = Flatation Safety Factor (Ws+WeSIKUT-We)

I I
Uplilt (1)

U =P3 " diameter*{
Using §i=1

HOMasionP sects\sivikansas,_cilysVOnviPhase@iGenarat Chvid Phase 2iSpreadshauts\Upttt 2007 200CHWall-72-inch Bteet NSOGyr+3_ Armourdale XLS
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Armourglaie Area
L2
Stationing Range
66+00
79+00
500-yr + 3H

Leves Elev.

Ground Eley.
Blanket Base Elav.
Bedrock Elev.

Pipe Elev.

Pipe Digmeter (in)

Soil Unit Weight, ysoit {pof}
25 Pipe Depth {Check}

Hydraulic Gradient

d=Landside iNo Berm Calgs With WELLS
Fram Gisotechnical Seepage Calculations with Cutoff Walt {2-27-2007) Distance Excess trvert Design Base | Ground Elgy
Pistirom 1oe ET Ho FT from Toe Head Elev of pipe Blanket H3 H2 Hi k] Ws We 3 ¥ Wy
rrs e o h 7o Feat Feet, Ho' 72 -in steel | Feet, MSE Feet, MSL Feot Feet Feot Psf th i 11} 1B Ib
0 7.0 735 748 760 25 12 19.0 2470.0 1532 1764 13110 14820 0
25 6.9 735 748 760 25 12 18.8 2450.5 1532 1764 13110 14703 0
50 6.7 735 748 760 25 12 10.7 24310 1532 1764 13110 14586 4
100 6.4 735 748 760 25 12 18.4 2392.0 1532 1764 13110 14352 0
125 6.3 735 748 760 25 12 i8.3 23725 1632 1764 13110 14235 i
150 6.1 735 748 760 25 12 181 2353.0 1532 1764 13116 14118 G
200 5.8 735 748 760 25 12 17.8 2314.0 16832 1764 13110 13884 g
300 5.2 735 748 760 25 12 17.2 2238.0 1532 1764 13116 13416 4]
400 4.6 735 748 760 25 12 16.6 2158.0 1532 1764 13110 12948 [i]
500 £.0 735 748 760 25 i2 15.0 2080.0 1532 1764 13114 12480 i)
Ws Cale See Sample Caleulations for list of abbreviations and sample calculations
72-in RGP 1lf Ws = weight of struclure per (oot of fength = 1532 Ib per it {72-inch Diameter RCE, 6* wall thick}
1532 W = weight of water contained in the structure = pi * 12 * 1 = 314165((24/122) *1'62.4 = 1764 [aff
3 = surcharge loads = weight of satuaried solls above = {(H3-Pips Diameter/1 2)*{Pipe Diametar/12)"1*ysoil
We Cale P3 = H3*(H$/H2Y ywater
1764 U = Upilt force on the project area of struclure = Area of pipe * P3 = {Pipa Diameter/12)* 1"P3
Wg = weight of surcharge water above top surface of structure control by gravity flow
SEL = Flatation Safezy Factor (Ws+ WS U-We)

Conclusions

For levee stretch: £6+00 0
For pipe diam {in): 72
There is uplift concern at a depth of 25 feef or less within 300 feet landward of the levee

79400

I
Uptift (L)

U =93 diameter * |
Using 1=1

HihssionProecisvivikansas_oitys\CrhitPhasedGeneral Civil Phase SSpreadshests\Uphl 200MLS0utOWat 72-mch Steal NSOOwr+3_Amourdale, XLS
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Armourdale Area
2
Stationing Range
66+00
79+00
S00-yr + 3t

Levee Elev.

== Berm Width, Wi {feet

.

s

A

% i
urface Used as

| Berrn Height, 1 {feet)

= Pipe Dept (i)
Pipe Elov,

Pipe Diameter (in}

Ground Etey.  E
Blankot Base Elev. E
Badrock Elev.

und S 3
35 Pipe Depth {Check)

Soil Unit Weighl, ysoll (poi}

Hydraulic Gradient

Conclusions

For levee stretch: 65+00 to 79400

For pipe diam (in}: 72

There is uplift concern at a depth of 35 feet or less within 156 feet landward of the levee

Wy = weight of surcharge waler above top surface of structure control by gravity fow
SEf = Flotation Safely Factor (Ws+We+SW(U-W,

[~

Ws ¢
Wo ymameter

Upiift {U)

= P3*dlamster *#
Using 1=1

d=landside [No Berm Cales With WELLS
From Geotechnical Seepage Calcutations with Cutoff Wall (2-27-2007) Distance Excess invert Design Base | Ground Elav
] . 1 from Toe Head Etev of pipe Blanket H3 HZ Hi P3 Ws We [ 1 Wg

Feet Feet, Ho' 72 in steel Feat, MSL Feet, MSL. Feet Feet Feet Psf I h ib i4] 153

0 7.4 725 748 760 35 12 19.0 J458.0 1532 1764 20014 20748 0

25 6.9 725 748 760 35 12 18.9 3430.7 1532 1764 20010 20584 0

54 6.7 725 748 760 35 12 18.7 3403.4 1532 1764 20010 20420 0

100 6.4 725 748 780 35 12 184 3348.8 1532 1784 2001 20083 0

125 5.3 725 748 760 35 12 18.3 3321.5 1532 1764 20010 16929 0

150 6.1 725 748 760 35 12 18,1 3204.2 1532 17654 20018 19765 [¢]

200 5.8 725 748 760 a5 12 17.8 32356 1532 1764 2001 G 19438 0

300 5.2 725 748 760 35 12 12.2 31304 1532 1764 20010 15782 G

400 1.6 725 748 760 35 12 16.5 3021.2 1532 1764 20019 18127 1]

500 4.0 725 748 760 a5 12 16.0 29120 1532 1764 20010 17472 G

Ws Calc See Sample Catculations for list of abbreviations and sample calcutations
72 -in ACP 1If Ws = weight of slructure par foot of fenglh = 1532 Ik per ft {72-inch Diameter RCP, 6" wall thick}
1632 We = weight of water contained in the structure = pi * 2 * 1 = 3.1416%{24/12172) *1°62.4 = 1764 pif
% = surcharge loads = weight of saluaried soils above = (H3-Pipe Diameter/12)*{Pipe Diameter/12)*1*ysail
Wc Cale P3 = H3* (F1/H2ywater
1764 U = Upliit force on the project area of struclure = Area of pipe * P3 = (Pipe Diameler/12)*1"P3

KikkssionProects\cavikansas_cily\ChitPhase:Gonerat Civil Phase ShEpraadshecets\Ipktt 20071 20Ol 72-inch Steot NGOy 3_Armourdale. XLS
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Armourdale Area
L2
Stationing Range
66+00
79400
S500-yr + 3it

Levee Elev,

Ground Eley.
Blanket Base Elav,
Bedrock Elev.,

Conchusions

For levee stretch:
For pine diam {in}:
There is uplilt concemn at a deptly of 45 {eet or less within 5¢ feet landward of the levee

66400

72

Berm Width, Wt ffeet

rface Used as Reference Datum

L

72400

45

Pipe Deplh (Check)

b 45 1 Soil Unil Weight, ysoll (pef)

Hydraulic Gradient

HI IHZ = [mpervious Blankel Thickiess

Wy = weighl of surcharge waler above top surtace of structure controt by gravity flow

SEF = Flotation Safety Factor (Ws+We+Sy(U-W

1]

)]

d=Landside [No Barm Cales With WELLS
Distance Excess Invert Besign Base | Ground Elev
fram Toe Head Efev of pipe Blanket H3 H2 Hi F3 Ws We 5 1] Wg
Fent Feet, Ho' 72 -in RCP Feet, MSL Feet, MSL Foat Fest Feat Psf 1y ity ib fix ib
O 7.0 715 748 760 45 12 19.0 4446.0 1532 1764 26910 26676 4]
25 6,9 raks 748 760 45 12 18.9 4410.9 1532 1764 26910 25465 ¢
50 6.7 715 748 760 45 12 18.7 4375.8 1632 1764 26910 26285 i
100 6.4 715 748 760 45 12 18.4 4305.6 1532 1764 26910 25834 G
125 6.3 715 748 760 45 12 18.3 4270.5 1532 1784 26010 25623 0
150 6.1 715 748 760 45 12 18.1 4235.4 1532 1764 26910 25412 i
200 5.8 715 748 760 45 12 17.8 4185.2 1532 1764 26910 24991 7]
300 5.2 715 748 760 45 12 7.2 40248 1532 1764 26010 24149 G
400 4.6 715 748 780 45 12 16.6 3884.4 1532 1764 26010 23306 ]
500 4.0 715 748 760 45 i2 16.0 3744.0 1532 1764 26910 22464 4]
Ws Caic See Sample Galewlations for sl of abbreviations and sample calculations [
72 -in ROP 1# W = weight of structure per fool of fength = 1532 [b per it {72-inch Diameter RCP, 6° wall thick) (Am. Conc. Pipe Ass.}
1532 W = weight of water contained in the structure = pi * 12 * 1 = 3.1416%({24M1212) *1"62.4 = 1764 pll
5 = surcharge loads = weight of satuaried scils above = {H3-Pipe Diameter/12)*{Fipe Diameter/t 2)*1 *ysolf
We Calc P3 = H3*Y{H1/H2) ywater
1764 U = Uplifi force on the project area of struclure = Area of pipe * P3 = (Pipe Diameter/12y*1"P3

We Diarneter

Upiift ()

= P3 * diameler " §
Using 1= 1

KkEssionProjpcisieivikansas_citys\iChitPhasefiGenerat Civit Phase MSpreadsheeta\Uplift 2000 2CLIANTWEE- 72 inch Steet NSO+ 3. Arnogriate XLS
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There is no uplitt concern af & depth of 3.33 fect or deeper within 500 feel fandward of the levee

sing i=1

Anuoogdale Avea Ky { KL | wb | bbe | Bbr [ DI | H } lr i Wit Safety | Ej ] 1.2 i le | Bt b1y b RO | Hw2 | Hwt | e [ G | ] 5
13 feel
Slationing Bange
79400 I 358 | 30 36 ] 30 [T63 T 15 ] 65 ] 1 2.03 | 65 | 104) ] "st2 [ o T o978 | 1247 | 1247 | 1247 | 042 ] 83 | 8I3 ¢ | oooe
190400 Gesotechnical data (above] presented in this spreadsheet was provided by Geotechnical Engineers and is used to develop the Hydraulic Gradient al various distances from the toe,
SO0-yr + 3t
Lr  Levee Widlh, 12
Levee Elev.
iBarm Height, t (feet)
Ground Elov. ! 2 e
Blankel Base Elev. 22730
Bedrock Elov. o 4
HZ = Impervious Blanket Tiickness
Y ¥
333  Pipe Depth {Check) :
d=l.andslde iNo Berm Calcs
Bistance Excess nvert Besign Base | Ground Elev
from Toe Head Elev of pipe Blanket H3 H2 Hi P3 Ws We 5 31 Wy
Faet Feet, Ho' 6 -In steel Feat, MS1. Feot, MSL Faet Feet Fest Psf b 141 513 b i1]
o 12.47 756.67 730 760 3.33 30 42.5 294.2 19 12 163 147 Q
25 12.09 756.87 736 760 3,33 30 421 291.5 19 12 163 146 4]
50 11.73 756.67 730 760 3.33 30 41.7 280.0 19 12 163 145 [i]
100 11.03 758.67 730 780 3.33 30 41.0 284.2 19 12 163 142 1]
125 10.70 758.67 730 750 3.33 30 40.7 281.9 19 12 163 141 O
150 10.37 156.67 730 760 3.33 30 40.4 2786 19 12 163 140 7
200 3.75 758.67 730 760 3.33 30 39.8 275.3 19 12 163 138 G
300 8,62 756.67 730 780 3.33 30 356 257.5 1% 12 163 134 &
400 7.63 756.67 730 760 3.33 30 37.6 260.6 18 12 163 130 I
500 6.74 756.67 730 780 2.33 30 36.7 254.5 18 12 163 127 g
Ws Caic See Sample Calaudations for Bist of abbreviations and sample caleiiations
6 -in steel if Ws = weight of slructure per fooi of length = 18.97 Ib per it {6-inch Diameler Sieet Pipe, 280" thick)
Use this table to determine the distance from 1oe at which the Satety Factor is met 19 Woe = weight of waler contained in the siructire = pi * 12 * 1 = 31418Y(3N122) *1*62.4 = 12 p
[Enter 1he Distance from toe and change the vatug untit the SH s equat o that required 5 = syrcharge loads = weight of satuaried soils above = (H3-Pipe Diameter/i2)*{Pipe Diarmeter/12)" 1 ysoit
Ground 760 Distance from toe {f1} 0 We Calc {P3 = HIH1H2) ywater
Elev Uplift Safety 12 U = Uplift force on the profect area of structure = Area of pipe * P3 = (Pipe Diamster/12)"17P3
| Ws = 18 We= 12 Extrerme Case W = weight of surcharge water above lop surface of struclure conlbrol by gravity flow
Folt {1.1 REQ'D} SEE = Flotation Safety Factor (Ws+WedS1(U-We)
Fipe Inv | Surcharge | Uptift (U} Pipe j Full water 571 SFf
Deplh Below Ground] Elev, Ft |Load, §, losfitl Force, tbs/lt [Weight, Lbsfitl Wi, Lbs / #t Fuli Empty
760 Y] 19 12
3.33F 756.87 162 147 19 12
4,331 75567 220 191 19 12
5.33F 754.57 278 235 19 12
6.33] 753.87 335 280 15 12 ¢
7.33] 75267 393 324 19 12 Ws
8.33] 75167 50 368 19 iz We /’@/ Diameter
9.33] 76067 508 432 18 12
10.33] 748.67 565 458 19 12
11.33 748.67 523 500 19 12 H
Conclusions Uplift (W)
Forlevee stretch: T8+00 to 190480
For pipe diam {in}: 6 U =P3 " diameter *|

K ssionProectsichvikansas, ctys\ChinPhase@iGeneral Cavd Phase SpreadshoetsiUpidl 200705 NoWets 6-inch Steal NSOOvrs 3 Anmourdale XLE
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Amourdale Area [ K | KL | DL | Pho [ Dw | Df | H | i< | kr Wi Safety | L1 | 1.2 | te | 1t b 1 ] Ho | Hwv2 | Hwt | i-o Cr Cl T
L3 feat
Stalioning Range
78400 s b ass ] 30 | 30 | 30 [ 83 T 15 | 084 ] 65 i} 243 i 65 ] 100 |os13 | wme b ove 1 1247 | 1247 | 1247 | o4z 813 313 0 | oo
150+50 Geolechnical data (above) presenied in this spreadsheet was provided by Geolechnical Engineers and is used to develop the Hydraulic Gradient af various distances from the toe.
500-yr + 3t
Lt Levee W;dth [94]
tevee Elev.
Ground Elev. e P+pe Cepti (fy N R e e
Bianket Base Elev. Pipe Elev,
Bedrock Elev. M Pipe Diamater {in) 4
.... = = = Soit Type H2 = Impervious Blanket Thicknoss
Ground Elev = Landside Average Ground Surface Used as Relerence Dalum = {Soit Unit Weight, ysoil {pcf} v
3.33  Pipe Deplh (Chack)
d=landside iNo Berm Calcs
Distance Excess Invert Design Base | Ground Elev
from Toe Head Elev of pipe Blanket H3 H2 H1 P3 Ws We 8 1] Wg SFf SF1
Feat Feet, Ho' 12 -in steel Feat, MSL Fegt, MSL Feet Feet Feet Psf i) iy b b Ib £l Empt
0 12 .47 756.67 730 760 3.33 20 425 294.2 50 49 268 284 0 )
25 12.08 756.87 730 760 3.33 30 42,1 291.6 4] 49 268 282 0
50 11,73 756.67 730 760 3.33 30 41.7 2B9.0 53 49 268 289 0
100 11.03 756.67 730 760 3.33 30 41,0 284.2 50 49 268 284 0
125 10.70 756.67 730 760 3.33 30 40.7 281.9 5 49 268 282 Y
150 10.37 750.67 730 760 3.33 30 40.4 2798 50 49 268 280 ]
200 975 756.67 730 760 3.33 3G 39.8 275.3 50 49 258 275 [
300 8.62 756.67 730 160 3.33 3o 38.6 267.5 50 49 268 268 G
400 7.63 756.67 730 760 333 30 37.6 260.6 50 49 268 261 [
500 674 756.67 730 760 3.33 30 36,7 254.5 50 49 268 255 a
Ws Cale See Sample Caleulations for list of abbreviations and sample calculations
12 -in steel 1if Ws = weight of struciure per foot of length = 50 1b per f (12-inch Diameter Steal Pipe, .375" thick)
LIse this table to delersnine the distance from toe at which the Safety Factor is met 50 W = weight of water contained in the structure = pi * 2" 1 = 31416 {(B/12)72) *1°62.4 = 49 pif
Enier the Distance from loe and change the value until the SF is equal to thal required 5 = surcharge loads = weight of satuarted sells above = {H3-Pipe Diameter/12)*{Pipe Diametei/12)* 1*ysoil
Ground 760 Distance from toe {{t) 0 We Calg iP3 = HAYH1H2) ywater
Elev Uplist Safety 49 U = Uplift force on the project area of structure = Area of pipe * P3 = {Pipe Diameler/12)*1"P3
{ Ws= 50 We= 49 Extreme Case Wy = weight of surcharge water above lop surface of struclure control by gravity How
Full {1.1 REG'D) SFF = Flotation Salety Factor {Ws+WeSIH(1-We)
Fipe Inv | Surcharge | Uplili (L) Pipe Full water SFt SFt
Depth Below Groundf Elev, Ft iload, S, Ibsfil| Force, tosfli [Weight, Lbsfitl Wt, Lbs /1 Full Empty
760 0 50 49
333 756.87 268 284 50 49
4.33} 755.67 353 383 50 49
533F 754.67 498 471 50 49
633} 753.67 613 554 50 4G
7.33] 752.67 728 648 50 49 VVS¢
§.33| 751.67 843 735 5 49 We Diameter
933 750.67 958 624 50 49 >
10.33| 748.67 1073 913 50 49
11,33 748,67 1188 1001 50 49 ‘[ I
Conclusions {Iplift (L}
Forievee strefch: 79400 o 180+00
For pipe diam {in) 12 U = P3 * digmeter * |

There is uplift concern at a depth of 40 inches (3.3 feet) and less within 50 feet landward of the levee
There is uplift concern at a depth of 3.33 feel and less at the landward toe

Using 1= 1

KihssionProectshoaikansas cdys\DrhinPhase®Genetal Chvil Phase SSpreadsheataiUphH 200703 NoWads -1 2-inch Sieal NEQOyT+2_Ammourdale X1L5
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Amaourdale Area | Ko | KL | Db, | Dbo i Dbr | Bf 1 H | de | Lx Wi Safety Li [ L2 [ e | i ] Lt} Ho I Hwy2 ] Hwi | o | Cr i t s
1.3 feet
Stationing Hanue
78+00 30 | 350 ] 30 | 30 I 30 | 83 T "i5 | o84 i 65 [ 2.03 65 I 16} [ iz | evs T ov T 1247 T 1247 1 1247 | 042 | 8i3 413 0 0.000
180+030 Geotechnical data (above) presented in this spreadsheet was provided by Geotechnical Engineers and is used 10 develop the Hydraulic Gradient at varous distances from the toa,
500-yr + 3t
Lr leves Widih, {2
Levea Elev,
Ground Elev. BBl N ke EmMpeE Pipe Deptt (Y s T T e e R
Btanket Base Elev, T
Bedrock Elev. 4 »
m\ =2 1 Soll Type H3 ¢ Hi H2 = [mpervious Blanket Thickacss
ce Datm == 5 Soll Unit Welght, soft {peh R v
10 Pipe Deplh (Check)
d=Landside [No Berm Cales
Distance Excess nvert Design Base | Ground Elev
from Toe Head Etev of pipe Blanket H3 H2 H1 P3 Ws We S u Wg
Feet Feet, Ho' 12 -insteal | Feel, MSL Feet, MSL Feet Feet Feet Pst ib b ib i2] b
0 12.47 754 730 760 10 30 42.5 883.4 50 44 1035 BA3 0
25 12.08 750 730 760 10 30 421 875.6 50 49 1035 B76 0
50 11.73 750 7306 760G 104 30 417 §67.9 50 49 1035 868 0
104 11.03 754 730 760 10 30 41.0 853.4 50 49 1035 853 0
i25 10,70 750 730 760 14 30 407 846.5 50 49 1035 246 0
150 106.37 750 7230 760 18 30 40.4 839.7 50 49 1035 840 0
200 9.75 750 730 760 10 30 38.8 8269 50 49 1035 827 1]
300 562 750 730 760 10 30 386 803.4 50 49 1035 803 G
4083 763 750 730 760 14 30 376 782.6 50 49 1035 783 0
500 574 750 730 760 10 30 36.7 764.3 50 49 1035 764 &
Ws Calc See Sample Calouiations for fist of abbreviations and sample caleulations
12 -in steet 11 Ws = weight of structure per fool of length = 50 Ib per ff (12-inch Diameter Steel Pipe, 375 thick)
Use this lable to determine the distance from toe at which the Salety Faclor is met 50 Woe = weight of water contained in the slructure = pi * 12 7 1 = 3. 14168°({6/12)°2) *1°62.4 = 49 pif
Enter the Distance from loe and change 1he value until the SFI is equal to that required 5 = surcharge loads = weight of satuarted soils above = (H3-Fipe Diameterf1 2 {Pipe Diameter/12)* 1 *ysoit
Ground 760 Distance from toe {ft) ] . W Cale £3 = H3Y(H1AH2Y ywater
Elgv Liphift Safely 49 U = Uplift force on the project area of siructure = Area of pipe * P3 = {Pipe Diameter/12)*1P3
i Ws= 50 We= 49 Exireme Case Wy = weight of surcharge waler above top surface of struclure controt by gravity fiow
Fulf {11 REQ'D) SE{ = Flotation Safety Factor (Ws+WeaSW(-We)
Fipe v | Surcharge | Uplit{U} Pipe r! Full water SFf SFt
Depth Below Ground}  Elev, FI ioad, 5, tbafi| Force, Ibs/it Weight, Lbs#AE WY, Lhs /i Full Emply
760 0 50 49
)iy 750 1635 883 50 49
11 745 1150 972 50 49
2] 748 1265 1060 50 49
13 747 1380 1148 540 49
14 746 1495 1237 50 49 VVS‘
18F 745 1610 1325 54 49 Wa Diameter
16 744 1725 1413 5G 49
i7 743 1840 1502 50 49
18 742 1955 15480 50 49 |
Conclusions Uiplift (U}
For levee sirelch: 7400 H) 190+00
For pipe diam (in): 12 U= F3 * diameter * |
Therg is no uplift concern at a depth of 10 {eel or deeper within 500 feet landward of the levee Using =1

KidtissioaProiects\civikansas clys\CivilPhaseZGeneral Crdl Fhase S\SpregdeheetsiUpst 200703 NoWeis. 12-inch Slesd NSOy 3 Armourcale XLS
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AmmourdsleArea ] Ko | KL | Db | Dhe | P | DI | H [ ic | Lr ] Wi 1 Safay | L1 | 1.2 I le P ke § i3 1 Ho [ Hww2 ] Hwi | 0o | € | ¢ 1 (| s
L3 feat
Slationing Bange
78+00 sy T 380 | ae i 20 | 30 | 63 1 15 ] 084 ] 65 | 0 T 65 ] 100 Iosyd '} o7s [ o 1 1247 | 1247 1 1247 1 042 1 813 | 813 F 0 ] 06w
160+00 Geolechnical data (above) presented in this spreadsheet was provided by Geolechnical Engingers and is used 1o develop the Hydraulic Gradien! at various (iSiances irom he 1oe.
500-yr + 3
ir  Levee Widlh, LZ
fevee Elev. Berm Width, Wt {feet
=7 7 1Berm Height, { (feet)
Ground Elev. = 1 B _—
Blanket Base Elev. 527300 T
Bedroek Elev. 2 RBZE 4
g e Hi  [H2 = impervious Blanket Thickness
Ground Elev = Landside Average Ground Surlace Used as Relerence Datum 3 ¥
333  Pipe Deplh (Check)
d=Landside iNo Berm Cales
Distance Excess Invert Dasign Base | Ground Elev
from Toe Head Elev of pipe Blanket H3 H2 H1 P3 Ws We 5 L Wg
Feet Feet, Ho' 16 -in steel Feet, MSL Feet, MGl Feeat Feet Fest Psi ib £l 15) I ib
[V, i2.47 756.67 730 760 233 30 42.5 284.2 a3 a7 306 3oz [
25 12.09 785.67 730 760 3.33 30 42,1 2916 63 87 306 388 0
50 11.73 756.67 730 760 3.33 36 41,7 289.0 83 87 306 385 1]
100 11.03 755.67 730 760 3.33 30 41.0 2842 63 a7 306 379 {
125 10.70 756.67 730 760 3.33 30 47 281.9 63 87 306 376 0
150 10.37 756.67 730 760 3.33 30 40.4 279.6 63 87 306 373 0
200 875 786.67 730 760 3.33 35 353 275.3 63 87 306 367 0
300 8.62 756.67 730 760 3.33 30 38.8 267.5 63 87 306 357 4]
400 7.63 756.67 730 760 333 34 37.6 260.6 63 a7 306 347 0
500 6.74 756.67 73} 761 3.33 30 35.7 2545 63 a7 306 339 0
Ws Cale See Sample Caloulations for lst of abbreviations and sample calculalions
16 -in steef 14 Ws = weight of structure per foot of fength = 62.58 b per it (16-inch Diameter Steel Pipe, .375° thick)
Use this table to determine the distance from loe at which the Salety Factor is met 63 W = weight of water conlained in the struclure = pi * 2 * 1 = 31418 ({8/12)72) *1*62.4 = 49 plf
{Enter the Distance from toe and change the value uniil the SF is equal to that required S = surcharge loads = weight of satuarted solls above = (H3-Pipe Diameter/12)*(Pipe Diameter/12)*  “ysoil
Ground 780 Distance from toe {t) a We Calc P3 = H3YH1H2)ywaler
Elev Uptilt Safety 87 U = Upiiit force on the project area of structure = Area of pipe * P3 = (Pipe Diameler/12)*1"P3
{ Ws = 63 We = 87 Exirema Case Wg = weight of surcharge water above lop surface of struciure control by gravity ffow
Fuil {1.1 REQ'LY}) SFf = Flotation Safely Factor (Ws+We+SH(U-We)
Pipe Inv | Surcharge | Upliit {L)) Pipe Full water SFf SFi
Depth Below Ground| Elev, Ft iload, S, lhs/tl Force, Ibsffl {Weioht, LbsHll Wi, Lbs 7 1t Full Emply
760 0 63 87
3.33| 756.67 308 392 63 a7
4.33| 785.67 459 510 63 87
533 754.67 613 628 63 87
6.33] 753.67 766 746 63 a7
7.33| 752.67 913 863 683 87 Wsi'
833 75167 1073 g81 3 87 We Diameter
8.33] 750.67 1226 j089 £3 87
10.33| 749.67 1379 1217 63 a7
11.33] 748.67 1533 1335 63 87 |
Conclusions Updilt (&)
For levee sirefch: 78400 o 180+00
For pipe digm {in); i6 LU= P3* diameter * {
There is uplift concem at a depth of 40 inches (3.3 feet) and less wilhin 500 feet landward of the loves Using 1 =1
There is uplift concem at a depth of 5.33 feet and less at the landward ioe
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Blanket Base Elev.
Bedrogk Elev,

Ammourdale Area | Kor | KoL b Dbl | Dho [ Bt bf | H | i | Lr Wi Safety L1 i 1.2 [ e 3 14 | Lt | Ho | Hw2 | Hwt | io Cr Cl i1 s
L3 igel

Stationing Range

75400 350 T 380 30 | 30 | 30 i 63 [ 15 T osa | 65 0 203 65 1 100 [ 8t3 1 o978 [ oy [ 247 ] 1247 | 1247 1 042 813 %13 ¢ 1 0000

150+00 Geotechnical data (above} presented in this spreadshecl was provided by Geotechnical Engineers and is used o develop the Hydraulic Gradient at various dislances from the lee.

S00-y + 3l

ir Llevee Widlh 12
Leves Elev,
Berrmn Height, t (feet)
Ground Elev. - PipeDeptifty N A T mra e

There is no uplift concern at a depth of 3.33 feet or deaper wilhin 500 feel fandward of the levee

Using I =1

_ S e s Type 3y (O iHl [H2= lmpervious Blanket Thickness
Ground Elev = Landside Average e tsed as Reference Datum S5 1 Soil Unit Weight, ysoll {pef . 4
16 Pipe Depth (Check)
dzlLandside {No Berm Cales
Distance Excess Invert Besign Base | Ground Elav
from Toe Head Elev of pipe Blanket H3 H2 Hi P3 Ws We 5 y Wy
Feet Feet, Ho' 16 -in stee] | Feet, MSL Feet, MSL Feet Feet Feet Psf Ib b th i) I
1] 12.47 750 730 76{ 10 30 42.5 £83.4 63 87 1329 1178 0
25 12.09 750 730 i 10 30 42.1 875.6 63 a7 1329 1167 Q
50 $1.73 750 730 760 10 30 41.7 867.9 63 87 1329 1157 Q
1600 11.03 750 730 760 10 30 41.0 8453.4 63 87 1329 1138 ]
125 10.70 750 730 760 10 30 40.7 B46.5 63 a7 1329 1120 0
150 10.37 750 730 760 10 30 404 839.7 63 87 1329 1120 0
200 9.75 750 730 760 10 3¢ 3G.8 826.9 63 B/ 1329 1102 0
3n0 8,682 750 730 764 10 30 38.8 803.4 63 a7 1329 i071 0
400 763 750 730 760 10 30 376 7828 63 87 1328 1044 0
500 68.74 750 730 760 10 30 38,7 764.3 63 87 i329 1019 0
Ws Calc See Sample Calculations for list of abbreviations and sample calculations
16 -in sleel 11 W = weight of sinscture per fool of fength = 62.58 tb per ft (16-inch Diameter Sieel Fipe, .375" thick)
Use this table o determine the distance from foe at which the Safety Factor is met 63 W = weight of water contained in the structure = pi * 192 * 1 = 31416 {B/A212) “1°62.4 = 49 pli
Enter the Distance fram tee and change the value until the 551 is equal ta that required 3 = surcharge loads = weight of satuaried soils above = {H3-Pipe Diameler/12)*{Pipe Diameler/12)" 1 *ysail
Ground 760 Distance from toe (it) 0 We Cale P3 = H3 (H1/H2) ywater
Elev Uplift Safely 87 U = UUptift force on the project area of structure = Area of pipe * P3 = {Pipe Diameter/i2)"1*P3
I Ws = 83 We = 87 Exireme Case Wg = weight of surcharge water above top surface of structure contro! by gravity flow
Ful {1.1 REQ'D} SFf = Flotation Safely Factor (Ws+WerS)(U-Wa)
Pipe Inv | Surcharge | Uplift {LH Fipa Full water SFt SFf
Depin Below Ground}  Elev, Ft [l oad, S, Ibsfitl Foree, Ibsit |Weight, Lbs/i] Wi, £bs / ft (REL] Emply
760 0 63 87
10;  7&0 1329 1178 63 87
11 749 1482 1206 63 57
12 748 1635 1413 653 87
13f 747 1789 1531 63 57
14 748 1942 1649 63 87 Ws'L
15 745 2086 1767 B3 87 Wce Ciameter
16§ 744 2249 1885 63 87
178 743 2402 2002 63 87
15 742 2556 2320 53 87 H
Conclusions Uplift {LB
Forlevee slrefch: 79400 o 150+00
For pipe diarn {in}: 16 U} = P3 " diameter *1

K \hSssionProectsicvikansas oitys \CiviPhasedGenarst Givd Phase 2WSpreadsheets\UpH 20070 3-NoWess-16-inch Steal NSOGyrs 3 Armourdals X115
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Amnourdale Avea | Kor | KL Db, | bPbo | Dbr | Bf | H { e i itr | Wi Safety | Li | 1.2 [ e ] e ] Lt ] He f Hw2 7 Hwt | ie | Cr Cl t 1 s
L3 feat
Stationing Bacge
75400 350 [ 350 | 20 I 30 [ 30 [ e ] i5 T d8a ] 65 ! 0 2403 i 65 i 100 T 783 ] o1 ] 918 | 1247 § q247 1 1247 | 042 T 813 813 0 1 000
1680+00 Gentechrical dala (abave) presented in this spreadsheet was provided by Geotechnical Engineers and is used to develop the Hydraulic Gradient at various distances from the toe.
500-yr + 3f
Lr {evee VWidth L2
Levee Elev,
Berrn Height, t {feel)
Ground Siev,  EE e PeDept (0 TN e e
Blanket Base Flev. 52730 ) Pipe Elev. T
Bedrock Elev. {2 2294 1 Pipe Diameter {in} Y 4
— M2 500 Type H3 § M |H2 = Impervious Blanket Thickness
Ground Elev = Landside Average Ground a ] Soil Unit Weight, ysoll (pch) ¥
333 Fipe Depth {Check)
d=Landside [No Berm Cales
Distance Excess invert Design Base | Ground Elev
from Toe Head Elev of pipe Blanket H3 H2 Ht P3 Ws We b3 u Wy
Foet Feet, Ho' 24 -in steel Feet, MSE Feat, MSL Feet Feet Feat Psif Hiz b b ib th
14 12.47 756.67 730 760 3.33 3 42.5 204.2 85 186 306 588 Q
25 12.09 75667 730 760 333 30 42.1 291.6 85 196 306 583 0
50 11.73 756.67 730 760 3.33 30 1.7 288.G 95 196 306 578 0
00 11.03 758.67 730 760 3.33 36 41,0 284.2 85 196 306 568 Q
125 10,70 756.87 730 750 3.33 30 40.7 281.8 8h 196 308 564 0
150 13.37 756.687 730 760 3.33 3¢ 40.4 2788 85 196 306 558 [1]
2060 9.75 756.67 730 760 3.33 36 38.8 275.3 95 196 306 551 Q
300 862 756.67 730 760 3.33 30 38.6 267.5 a5 196 306 535 0
408 7.63 756.67 738 760 3.33 30 37.6 260.6 85 196 308 521 i]
50 6.74 756.67 730 760 3.33 30 8.7 254.5 95 196 306 509 ]
Ws Cale See Sampla Calcutalions for list of abbreviations and sample caleulations
24 -in steel Hf Ws = weight of struciure per foo! of length = 24.62 [b per &t (24-inch Diameter Steel Pipe, 375" thick}
Lise this table 10 datermine the distance from toe at which the Salety Factor is mat 95 We = weight of water contained in the struclure = pi ¥ A2 * 1= 3.1416°({12M12)°2) *1762.4 = 186 pif
Enter the Distance from toe and change the value uniit the SFi is equal fo that required S == surcharge joads = weight of satuared soils above = (H3-Pipe Diameter/12)*{Pipe Diametes/ 1211 “ysail
Ground 760 Distance from toe (i) [t} We Cale {P3 = H3Y{H1/H2 ywater
Elev Upiift Safety 196 U = Uplift force on the project area of strugiure = Area of pipe * P3 = (Pipe Diameler/12)*17P3
i Ws = 95 We= 1866 Extreme Case Wy = weight of surcharge waler above top surface of structure control by gravity How
Fuf {1.1 REQY'D) SFf = Flowtion Safely Factor (Ws+We+S(U-We)
Pipe tnv 1 Surcharge | Uplift (U} Pipe J Full water SFf SF§
Depth Below Ground| Elev, FIL iLoad, S, Ibsfl] Force, s/t [Weight, Lbs/Al Wt ibs /it Full Emply
760 O 95 196
3.33| 756867 306 588 95 196
4.33H 755.67 536 765 95 196
5.33| 754.67 786 942 95 196
6.33| 753.67 G085 1118 95 186
733 75267 1228 1205 95 196 Wse #
8.33 75167 1456 1472 95 196 We Diameter
933 75067 1686 1648 95 196
10.33] 749.87 1915 825 95 196
11,33 74867 2148 2002 95 196 I ]
Conchusions LIplift ()
For levee siretch;  79+00 0} 1943200
For pipe diam {in); 24 U = P3 * diameter *
There is uplitt concern at a depth of 40 inches (3.3 feel) and less within 500 {eet landward of the levee Using (=1
There is upliit concern at a depth of 9.33 feet and less al the landward toe
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Ammourdale Asea; Ker | KB [ Dbl [ Bho § Bbr | Pf 1 H | se x| Wi i Safery | il ! 2§ le | Kt | Lt i Ho {HwvZ | Hwt | jo | & O F v { s
L3 feat
Stalioning Range
79400 30 1 3k | 30 | 30 i 30 [ s ] 15 ] o84 | 65 ] [ I 203 i 65 i 100 I 813 1 078 ] 9rs 1 1247 | 1247 ] 1247 1 042 P g1z fog1x P 0 [ 000
180+00 Geotechnicat data {above) presented in this spreadsheet was provided by Geolechnical Enginesrs and is used to develop the Hydraulic Gradient at various distances from the toe.
500-yr + 30
Lr  iovee W:dth L2
'
Levee Elev, .
Ground Elev. R Pape Deph iy T N T e g,
Blanket Base Elev, 2 — Pipe Elev.

Bedrock Elev.  EZ087 ] v _ . " " Plpe Diameter (in}

Inz = hmpervious Blanket Thickness

Ground Efev = Landside Average Grcun uriace Use{j 25 Reference Dalum ﬂﬁjgﬁ Soit Unit Weight, ysoit {pcf)
Pipe Depth {Check)
d=tandside [No Berm Cales
Bistance Excess Invert Design Base | Ground Elev
from Toe Head Elev of pipe Blanket H3 H2 Ht P3 Ws We 8 U Wg SFf SKE
Feet Feet, Ho' 24 -in stes) Feet, MSL Feet, MSL Feet Feel Feet Paf b ib 1] 5+] o Full Empt
0 i A7 750 730 760 10 30 42.5 £883.4 85 196 1840 1767 G
25 12.09 750 730 760 10 30 42,1 875.6 95 196 1840 1751 3]
50 11.73 750 730 760 10 30 a1.7 867.9 95 196 igdo 1736 1]
100 11.03 750 730 760 10 30 41.0 853.4 95 196 1840 1707 &
125 10.78 750 7303 760 14 30 40.7 846.5 95 196 1840 1693 O
150 10,37 750 730 760 10 30 40.4 839.7 95 196 1840 1679 O
200 .75 750 730 760 16 30 30.8 826.9 95 196 1840 1654 &,
300 8.62 750 730 760 10 30 38.6 803.4 95 196 1840 1607 O
400 7.63 750 730 760 10 30 37.6 782.6 95 196 1840 1565 G
500 6.74 750 736 760 10 30 36.7 764.3 95 196 840 1526 &
Ws Calc See Sampie Calcutations for lis? of abhreviations and sample caleulations
24 -in steet il Ws = weight of structure per foot of length = 94.62 Ib per 1t {24-inch Diametlor Steel Pipe, .375" thick}
[Use this table to deterrnine the distance from toe at which the Safety Faclor is met g5 W = weight of water containad in {he structure = pi * 2 1 = 3AHNEH{12H2P2) " 1762.4 = 196 pif
Enter the Distance from tee and change the vatue unlit the SFf is equal to that required . S = surcharge loads = weight of satuarted soits above = (H3-Pipe Diameter/t 2) (Pipe Diameler/12)*1 *ysoit
Ground 760 Distance from toe (&) 0 We Cale P3 = H3(H1/H2) ywater
Hlay Uplift Safely 196 L = Upiiit force on the project area of struclure = Area of pipe * P3 = {Pipe Blameler12)* 1"P3
{ Ws= 85 We = 188 Extrere Case W = weight of surcharge water above top surface of slrusiure contret by gravity liow
Falf {1.1 REG'DY) SHI = Flowation Safety Factor (Ws+WesS)WU-Wey
Fipa lov | Surcharge Uplilt () Pipe '! Full water SFf SFf
Cepth Below Ground|  Elev, Ft {Load, S, ibaftt Force, Ibs/it |Weight, EbsAll Wt Lbs /it Futl Ernply
760 & 95 196
16 750 1840 1767 95 196
11 749 2070 1944 95 196
12| 748 2300 2120 95 196
13 747 2530 2257 95 196 ‘
14 746 2760 2474 a5 196 Ws
15 745 2990 2650 95 196 Wce Ciameter
16 744 3220 2827 95 196
17 743 3450 3004 55 196
18 742 3880 3120 a5 196 I H
Conclusions Uplift {U)
For levee streteh: 72+00 to 180+00
[For pipe diam: (in): 24 U = P3 * diameter * |
Thiere is uplift concem at a depih of 40 inches {3.3 feet) and less at the toe of the levee Using =1
There is uplift concem at a depth of 10 feet and fess at the landward toe
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